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.2T�`iK2Mi Q7 AM7Q`K�iB+b 1M;BM22`BM;
6�+mHiv Q7 a+B2M+2b �M/ h2+?MQHQ;v

lMBp2`bBiv Q7 *QBK#`�

:`QmT +QKKmMB+�iBQM
K2+?�MBbKb BM

J�+?BM2@iQ@J�+?BM2
2MpB`QMK2Mib

�M/`û 6B;m2B`� _BF2`

.Q+iQ`�H S`Q;`�K BM AM7Q`K�iBQM a+B2M+2 �M/ h2+?MQHQ;v
S?. h?2bBb bm#KBii2/ iQ i?2 lMBp2`bBiv Q7 *QBK#`�

�/pBb2/ #v .`X J�`BHB� S�b+Q�H *m`�/Q
�M/ #v S`Q7X .`X 1/KmM/Q JQMi2B`Q

CmHv- kyR3





.2T�`i�K2MiQ /2 1M;2M?�`B� AM7Q`K{iB+�
6�+mH/�/2 /2 *BüM+B�b 2 h2+MQHQ;B�

lMBp2`bB/�/2 /2 *QBK#`�

J2+�MBbKQb /2 *QKmMB+�Ê¸Q 2K
:`mTQ 2K �K#B2Mi2b J{[mBM�

T�`� J{[mBM�

�M/`û 6B;m2B`� _BF2`

S`Q;`�K� /2 .QmiQ`�K2MiQ 2K *BāM+B�b 2 h2+MQHQ;B�b /� AM7Q`K�Ï½Q
h2b2 /2 .QmiQ`�K2MiQ �T`2b2Mi�/� ¨ lMBp2`bB/�/2 /2 *QBK#`�

P`B2Mi�/Q T2H� S`Q7X .`�X J�`BHB� S�b+Q�H *m`�/Q
2 T2HQ S`Q7X .`X 1/KmM/Q JQMi2B`Q

CmH?Q /2 kyR3





h?Bb rQ`F r�b T�`iB�HHv bmTTQ`i2/ #v SQ`im;m2b2 6QmM/�iBQM 7Q` a+B@
2M+2 �M/ h2+?MQHQ;v U6*hV mM/2` i?2 ;`�Mi JP_61l USh.*f11�@
*_PfRy3j93fkyy3V �M/ .1La1L1h USh.*f11A@a*_fe98jfkyR9V- �b r2HH
�b #v "`�xBHB�M L�iBQM�H *QmMb2H Q7 h2+?MQHQ;B+�H �M/ a+B2MiB}+ .2p2HQT@
K2Mi U*LS[V mM/2` i?2 ;`�Mi k9e8NNfkyRk@yX





hQ Kv /2�` ;`�M/T�`2Mib- G2M2 � aBMp�H 6B;m2B`� �M/ _Qb� � .2HK�b _BF2`X
1p2M i?Qm;? KQbi Q7 vQm �`2 MQi ?2`2- vQm` H2;�+v Bb 2p2`H�biBM;X

�Qb K2mb [m2`B/Qb �pƦb- G2M2 � aBMp�H 6B;m2B`� 2 _Qb� � .2HK�b _BF2`X
J2bKQ [m2 � K�BQ`B� /2 pQ+āb M½Q 2bi2D� �[mB- Q pQbbQ H2;�/Q û 2i2`MQX





�+FMQrH2/;2K2Mib

.m`BM; �HH i?2b2 HQM; bBt v2�`b- K2 �M/ Kv rB72 �M/`2bb� ?�p2 2tT2`B2M+2/
K�Mv �``Bp�Hb �M/ 7�`2r2HHbX Ai b22Kb i?�i :Q/ ?�b H2�/ mb iQ KQmMi�BMiQTb �M/
p�HH2vbX �7i2` i?Bb HQM; DQm`M2v- r2 +�M HQQF #�+F �M/ b22 � HQi Q7 BMbTB`�iBQM
�M/ 7`mBib QM Qm` #2BM;bX h?�MFb :Q/X
A M22/ iQ b�v KQ`2 i?�M i?�MFb iQ bQK2QM2 r?Q 2K#`�+2/ i?Bb DQm`M2v bBM+2 Bi
r�b � /Bbi�Mi /`2�KX aQK2QM2 r?Q [mBi ?2` DQ#- H27i 7`B2M/b �M/ 7�KBHv �i ?2`
bQQ HQp2/ TH�+2 iQ 7QHHQr � +`�xv B/2�X �i i?2 2M/ Q7 i?Bb HB72 7`�;K2Mi- A b22 ?Qr
A �K � #H2bb2/ ;mv iQ #2 K�``B2/ iQ vQm- �M/`2bb�X A rBHH M2p2` 7Q`;2i �HH vQm
?�p2 /QM2 7Q` mbX
A b�v mb #2+�mb2 MQr r2 ?�p2 Qm` HBiiH2 im;� #�#v- *H�`Bbb2X aQ- A ?�p2 iQ b�v
i?�MFb iQ *H�`Bbb2- � ;B7i 7`QK :Q/- �M/ �HbQ iQ �HH i?2 +QKBM; HBiiH2- #2�miB7mH-
MQBbv- HQp2/ #�#B2bX uQm �`2 Kv KQiBp�iBQMX
� bT2+B�H i?�MFb ;Q2b iQ Kv 7�KBHv- r?B+? A H27i BM "`�xBH �M/ A KBbb bQQ Km+?X
Jv KQi?2` J�`+B�- Kv 7�i?2` .2HK�b _BF2`- 2p2`vi?BM; A FMQr Q`B;BM�i2/ 7`QK
vQm` BMp�Hm�#H2 i2�+?BM;bX LQ QM2 HQp2b K2 HBF2 vQm /Q- mM+QM/BiBQM�HHvX h?�MF
vQm- Kv #`Qi?2`b .�MB2H- .�pB/ �M/ 6`�M+Bb+QX A +�MMQi 7Q`;2i- "`2M� �M/
h�vM�?X
Jv i?�MFb �HbQ ;Q iQ Kv S?. bmT2`pBbQ`b- J�`őHB� �M/ 1/KmM/QX A �TT`2+B�i2
�HH i?2 2zQ`i vQm /2/B+�i2/ iQ K2 /m`BM; i?2b2 v2�`bX A �K `2�HHv ;`�i27mH 7Q`
i?2 QTTQ`imMBiv vQm ;�p2 K2 iQ ;`Qr rBi? vQm` �/pB+2X
A M22/ iQ K2MiBQM � bT2+B�H T2`bQM- 1/m�`/Q *2`[m2B`�X A7 A �K }MBb?BM; i?Bb
S?. Bb #2+�mb2 i?Bb T`Q72bbQ` �M/ 7`B2M/ #2HB2p2/ A +QmH/X J22iBM; vQm- #�+F BM
kyRy- r�b i?2 im`MBM; TQBMi 7Q` i?Bb DQm`M2vX
aQK2 T2QTH2 K�v MQi FMQr- #mi r2 ?�p2 7QmM/ � 7�KBHv BM SQ`im;�HX S2QTH2
r?Q i`mHv +�`2 �#Qmi mbX S�biQ` J�`+Q *�`p�H?Q- LûB�- CQ½QxBM?Q- a�`BM?�- GBHB-
K�2bi`Q 1HBb2m "�``Qb- S2/`Q- E�iBm+2- .QM� Ab�#2H- b2m �MiƬMBQ- /QM� 6HQ`BM/�
�M/ K�Mv Qi?2`b 7`B2M/bX qBi?Qmi vQm- Qm` HB72 BM *QBK#`� rQmH/ MQi #2 i?2
b�K2X
G�bi #mi MQi H2�bi- "`mMQ .�HK�xQ �M/ _Q;2` AKKB+?X qBi?Qmi vQm A rQmH/
MQi ?�/ H�m;?2/ �M/ /`mMF bQ Km+? +Qz22 �b A /B/X





�#bi`�+i

J �+?BM2@iQ@J�+?BM2 UJkJV Bb �M 2K2`;BM; T�`�/B;K i?�i `�TB/Hv ?�b
;�BM2/ ;`QmM/ BM i?2 b+2M�`BQ Q7 KQ/2`M rB`2H2bb +QKKmMB+�iBQMbX AM
`2+2Mi v2�`b- +QKT�MB2b ?�p2 bi�`i2/ iQ BMi`Q/m+2 MmK2`Qmb T`Q/m+ib

�M/ b2`pB+2b 7Q` K�+?BM2@iQ@K�+?BM2 +QKKmMB+�iBQM- �M/ Bi Bb biBHH 2tT2+i2/ i?�i
JkJ rBHH 2M�#H2 i?2 +QMM2+iBpBiv Q7 KBHHBQMb Q7 /2pB+2bX h?2 +2Mi`�H B/2� Q7
i?Bb T�`�/B;K Bb iQ T`QpB/2 � T2`p�bBp2 T`2b2M+2 Q7 K�+?BM2b �M/ K�F2 i?2K
b?�`2 /�i� +QQT2`�iBp2Hv iQ i�F2 /2+BbBQMb rBi? HQr ?mK�M BMi2`p2MiBQMX AM i?Bb
+QMi2ti- ;`QmT +QKKmMB+�iBQM Bb T`2b2Mi BM JkJ �b � ivT2 Q7 +QKKmMB+�iBQM
7`2[m2MiHv `2[mB`2/- bBM+2 i?2 MmK#2` Q7 /2pB+2b Bb 2tT2+i2/ iQ #2 H�`;2X >Qr2p2`-
i?2 +QKTH2tBiv- i?2 ?2i2`Q;2M2Biv- i?2 H�`;2 b+�H2- �M/ p�bi ivT2b Q7 b+2M�`BQb im`M
2{+B2Mi K�+?BM2@iQ@K�+?BM2 ;`QmT +QKKmMB+�iBQM BMiQ � K�DQ` +?�HH2M;2X

h�+FHBM; i?Bb +?�HH2M;2- i?Bb i?2bBb BM i?2 }`bi T�`i T`QTQb2b K2+?�MBbKb- mbm�HHv
+H�bbB}2/ �b BM@M2irQ`F /�i� �;;`2;�iBQM- iQ BKT`Qp2 K�+?BM2@iQ@K�+?BM2 ;`QmT
+QKKmMB+�iBQM #v �HHQrBM; i?2 K2K#2` MQ/2b Q7 � JkJ ;`QmT iQ 2HBKBM�i2 /�i�
`2/mM/�M+v �M/ iQ `2/m+2 Qp2`?2�/ +�mb2/ #v i`�MbKBbbBQMb Q7 bK�HH T�vHQ�/bX
�//BiBQM�HHv iQ i?2 T`QTQb2/ BM@M2irQ`F /�i� �;;`2;�iBQM- i?Bb i?2bBb T`2b2Mib
i`22@#�b2/ ?2m`BbiB+b �M/ �HbQ 7Q`KmH�i2b � K�i?2K�iB+�H KQ/2H iQ +QKTmi2 i?2
K�tBKmK M2irQ`F HB72iBK2X Ai �HbQ /Bb+mbb2b � T2`7Q`K�M+2 +QKT�`BbQM #2ir22M
i?2 T`QTQb2/ ?2m`BbiB+b �M/ i?2 QTiBK�H bQHmiBQM- ?B;?HB;?iBM; i?2 T`Qb �M/ +QMb
Q7 2�+? �TT`Q�+?X 6m`i?2`KQ`2- i?Bb i?2bBb /2b+`B#2b � b2i Q7 2tT2`BK2Mib mbBM;
`2�H /2pB+2b iQ i2bi i?2 72�bB#BHBiv Q7 i?2 T`QTQb�Hb �M/ K2�bm`2 i?2 T2`7Q`K�M+2
Q7 i?2 BKT`Qp2K2Mib BM � ;`QmT +QKKmMB+�iBQM b+2M�`BQX

h?2 b2+QM/ T�`i Q7 i?Bb i?2bBb �//`2bb2b i?2 T`Q#H2K Q7 2M2`;v 2{+B2M+v Q7 MQ/2b
rBi? +�T�#BHBiB2b iQ ?�`p2bi 2M2`;v 7`QK i?2 �K#B2MiX _2;�`/BM; i?Bb T`Q#H2K-
irQ K2+?�MBbKb i?�i �TTHv /�i� �;;`2;�iBQM T`Q+2/m`2b �`2 T`QTQb2/X AM #Qi?
+�b2b- i?2 �TTHB2/ /�i� �;;`2;�iBQM T`Q+2/m`2b �`2 mb2/ iQ `2;mH�i2 i?2 �KQmMi
Q7 i`�{+ ~QrBM; Qp2` i?2 T�i?bX h?2 mHiBK�i2 Q#D2+iBp2 Q7 i?Bb i`�{+ `2;mH�iBQM
Bb iQ +QMi`QH i?2 2M2`;v +QMbmKTiBQM Q7 i?2 MQ/2b BM Q`/2` iQ �+?B2p2 M2mi`�H
QT2`�iBQM Q` 2M2`;v bmbi�BM�#BHBivX h?2 +QM/BiBQM iQ #2 BM M2mi`�H QT2`�iBQM Bb
iQ F22T i?2 `2K�BMBM; 2M2`;v Q7 � MQ/2 �r�v 7`QK K�tBKmK �M/ KBMBKmKX
h?2 }`bi K2+?�MBbK mb2b i?2 `2bB/m�H 2M2`;v �b T�`�K2i2` iQ /2i2`KBM2 i?2
�KQmMi Q7 /�i� i?�i b?QmH/ #2 �;;`2;�i2/ #27Q`2 i?2 i`�MbKBbbBQMX h?2 b2+QM/
K2+?�MBbK 2tTHQBib i?2 7�+i i?�i i?2`2 Bb � #QiiH2M2+F BM i2`Kb Q7 `2bB/m�H 2M2`;v
BM i?2 T�i? iQr�`/b i?2 ;�i2r�vX h?Bb #QiiH2M2+F Bb i?2 MQ/2 rBi? KBMBKmK
2M2`;v `2b2`p2 BM i?2 T�i?X aQ- i?2 2M?�M+2/ K2+?�MBbK 2t+?�M;2b K2bb�;2b iQ
}M/ i?2 +`BiB+�H MQ/2 r?B+? Bb +�mbBM; i?2 #QiiH2M2+F �M/ �;;`2;�i2b i?2 i`�{+ iQ
K�BMi�BM i?2 +`BiB+�H MQ/2 BM M2mi`�H QT2`�iBQMX h?Bb K2+?�MBbK Bb BKTH2K2Mi2/
BM � `2�H 2K#2//2/ bvbi2K �M/ �/�Tib �M/ 2ti2M/b bQK2 Q7 i?2 JkJ bi�M/�`/
T`QiQ+QHbX

h?2 #2M2}ib �M/ /`�r#�+Fb Q7 i?2 +QMi`B#miBQMb ?�p2 #22M /2KQMbi`�i2/ mbBM;



/Bz2`2Mi 2p�Hm�iBQM K2i?Q/b- bm+? �b bBKmH�iBQMb- K�i?2K�iB+�H KQ/2Hb- �M/
`2�H 2tT2`BK2Mi�iBQMX 6m`i?2`KQ`2- i?2 2p�Hm�iBQMb ?�p2 #22M +QM/m+i2/ rBi?
r2HH@FMQrM K2i`B+b �M/ i?2 `2bmHib b?Qr i?�i �HH i?2 T`QTQb2/ K2+?�MBbKb r2`2
�#H2 iQ QmiT2`7Q`K `2H�i2/ T`QTQb�Hb BM HBi2`�im`2X

E2vrQ`/b, J�+?BM2@iQ@J�+?BM2 UJkJVc .�i� �;;`2;�iBQMc 1M2`;v
1{+B2M+vc L2irQ`F GB72iBK2c L2mi`�H PT2`�iBQMX



_2bmKQ

J �[mBM� T�`� K�[mBM�UJkJV û mK T�`�/B;K� 2K2`;2Mi2 [m2 `�TB@
/�K2Mi2 ;�M?Qm i2``2MQ MQ +2M�`BQ /�b +QKmMB+�ÏǤ2b b2K }Q KQ/@
2`M�bX LQb ȹHiBKQb �MQb- �b 2KT`2b�b +QK2Ï�`�K � BMi`Q/mxB` BM@

ȹK2`Qb T`Q/miQb 2 b2`pBÏQb T�`� � +QKmMB+�Ï½Q JkJ- 2 �BM/� û 2bT2`�/Q [m2
JkJ T2`KBi� � +QM2+iBpB/�/2 /2 KBH?�`2b 2 KBH?Ǥ2b /2 /BbTQbBiBpQbX � B/ûB�
+2Mi`�H /2bb2 T�`�/B;K� û 7Q`M2+2` T`2b2MÏ� T2`p�bBp� /2 /BbTQbBiBpQb 2 7�xā@HQb
+QKT�`iBH?�` /�/Qb /2 7Q`K� +QQT2`�iBp� T�`� iQK�` /2+BbǤ2b +QK #�Bt� BM@
i2`p2MÏ½Q ?mK�M�X L2bi2 +QMi2tiQ- � +QKmMB+�Ï½Q 2K ;`mTQ 2bi� T`2b2Mi2 2K
JkJ +QKQ mK iBTQ /2 +QKmMB+�Ï½Q 7`2[m2Mi2K2Mi2 M2+2bb�`B�- mK� p2x [m2 b2
2bT2`� [m2 Q MȹK2`Q /2 /BbTQbBiBpQb b2D� ;`�M/2X LQ 2Mi�MiQ- � +QKTH2tB/�/2-
� ?2i2`Q;2M2B/�/2- � ;`�M/2 2b+�H� 2 Qb p�biQb iBTQb /2 +2M�`BQb i`�Mb7Q`K�K �
+QKmMB+�Ï½Q 2}+B2Mi2 /2 ;`mTQb JkJ 2K mK ;`�M/2 /2b�}QX
1M7`2Mi�M/Q 2bi2 /2b�}Q- M� T`BK2B`� T�`i2 /2bi� i2b2 û T`QTQbiQ T`Q+2/BK2MiQb
T�`� K2H?Q`�` � +QKmMB+�Ï½Q 2K ;`mTQ JkJ- T2`KBiBM/Q [m2 Q MƦ K2K#`Q /2
mK ;`mTQ JkJ 2HBKBM2 � `2/mM/�M+B� /2 /�/Qb 2 `2/mx� Q Qp2`?2�/ +�mb�/Q
TQ` i`�MbKBbbǤ2b /2 T2[m2MQb T�vHQ�/bX �/B+BQM�HK2Mi2 �Qb T`Q+2/BK2MiQb T`Q@
TQbiQb- 2bi� i2b2 �T`2b2Mi� ?2m`őbiB+�b #�b2�/�b 2K �`pQ`2 2 i�K#ûK 7Q`KmH�
mK KQ/2HQ K�i2K�iB+Q T�`� +�H+mH�` Q i2KTQ /2 pB/� K�tBKQ /� `2/2X lK�
+QKT�`�Ï½Q /2 /2b2KT2M?Q 2Mi`2 �b ?2m`őbiB+�b T`QTQbi�b 2 � bQHmÏ½Q ƦiBK�
i�K#ûK û /Bb+miB/�- /2bi�+�M/Q@b2 Qb T`Ʀb 2 +QMi`�b /2 +�/� �#Q`/�;2KX �HûK
/BbbQ- 2bi� i2b2 /2b+`2p2 mK +QMDmMiQ /2 2tT2`BK2MiQb mb�M/Q /BbTQbBiBpQb `2�Bb
[m2 i2bi�K � pB�#BHB/�/2 2 K2/2K Q /2b2KT2M?Q /�b K2H?Q`B�b T`QTQbi�b 2K
mK +2M�`BQ /2 +QKmMB+�Ï½Q 2K ;`mTQX
� b2;mM/� T�`i2 /� i2b2 �#Q`/� Q T`Q#H2K� /� 2}+BāM+B� 2M2`;ûiB+� /2 MƦb +QK
+�T�+B/�/2 /2 2ti`�B` 2M2`;B� /Q �K#B2Mi2X 1K `2H�Ï½Q � 2bi2 T`Q#H2K�- /QBb
K2+�MBbKQb [m2 �THB+�K �;`2;�Ï½Q /2 /�/Qb b½Q T`QTQbiQbX 1K �K#Qb +�bQb-
Qb T`Q+2/BK2MiQb /2 �;`2;�Ï½Q /2 /�/Qb b½Q mb�/Qb ggT�`� `2;mH�` � [m�MiB/�/2
/2 i`�72;Q [m2 ~m2K T2HQb +�KBM?QbX P Q#D2iBpQ }M�H /2 `2;mH�` Q i`�72;Q û
+QMi`QH�` Q +QMbmKQ /2 2M2`;B� /Qb MƦb � }K /2 �H+�MÏ�` QT2`�Ï½Q M2mi`� Qm
bmbi2Mi�#BHB/�/2 2M2`;ûiB+�X � +QM/BÏ½Q T�`� 2bi�` 2K QT2`�Ï½Q M2mi`� bB;MB}+�
K�Mi2` � 2M2`;B� `2bB/m�H /� `2b2`p� /2Mi`Q mK BMi2`p�HQ HQM;2 /Q K�tBKQ 2
KőMBKQX P T`BK2B`Q K2+�MBbKQ T`QTQbiQ +QK 2bb2 }K mb� � 2M2`;B� `2bB/m�H
+QKQ T�`�K2i`Q T�`� /2i2`KBM�` � [m�MiB/�/2 /2 /�/Qb [m2 /2p2 b2` �;`2;�/�
�Mi2b /� i`�MbKBbb½QX P b2;mM/Q K2+�MBbKQ 2tTHQ`� Q 7�+iQ [m2 2tBbi2 mK
;�`;�HQ 2K i2`KQb /2 2M2`;B� `2bB/m�H MQ +�KBM?Q 2K /B`2Ï½Q �Q ;�i2r�vX 1bb2
;�`;�HQ û Q MƦ +QK `2b2`p� KőMBK� /2 2M2`;B� MQ +�KBM?QX �bbBK- Q K2+�MBbKQ
�T`BKQ`�/Q i`Q+� K2Mb�;2Mb T�`� 2M+QMi`�` MƦ +`őiB+Q [m2 Q ;�`;�HQ /2 2M2`;B�
MQ +�KBM?Q 2 �;`2;� Q i`�72;Q T�`� K�Mi2` Q MƦ +`őiB+Q 2K QT2`�Ï½Q M2mi`�X 1bi2
K2+�MBbKQ 7QB BKTH2K2Mi�/Q 2K mK bBbi2K� 2K#�`+�/Q `2�H- �/�Ti� 2 2bi2M/2
�H;mMb T`QiQ+QHQb T�/`Ǥ2b /2 JkJX
Pb #2M27ő+BQb 2 /2bp�Mi�;2Mb /�b +QMi`B#mBÏǤ2b 7Q`�K /2KQMbi`�/Qb mb�M/Q



/B72`2Mi2b KûiQ/Qb /2 �p�HB�Ï½Q- i�Bb +QKQ bBKmH�ÏǤ2b- KQ/2HQb K�i2K�iB+Qb
2 2tT2`BK2Mi�Ï½Q `2�HX �HûK /BbbQ- �b �p�HB�ÏǤ2b 7Q`�K `2�HBx�/�b +QK Kûi`B+�b
#2K +QM?2+B/�b 2 Qb `2bmHi�/Qb KQbi`�K [m2 iQ/Qb Qb K2+�MBbKQb T`QTQbiQb
7Q`�K +�T�x2b /2 bmT2`�` T`QTQbi�b `2H�+BQM�/�b /� HBi2`�im`�X

S�H�p`�b@+?�p2, J�[mBM� T�`� J�[mBM� UJkJVc �;`2;�Ï½Q /2 .�@
/Qbc 1}+BāM+B� 1M2`;ûiB+�c oB/� ȸiBH /� _2/2c PT2`�Ï½Q L2mi`�X



6Q`2rQ`/

h ?2 rQ`F /2i�BH2/ BM i?Bb i?2bBb r�b �++QKTHBb?2/ �i i?2 G�#Q`�iQ`v Q7
*QKKmMB+�iBQM �M/ h2H2K�iB+b UG*hV Q7 i?2 *2Mi`2 7Q` AM7Q`K�iB+b
�M/ avbi2Kb Q7 i?2 lMBp2`bBiv Q7 *QBK#`� U*Aal*V- rBi?BM i?2 +QMi2ti

Q7 i?2 7QHHQrBM; T`QD2+ib,

1SPKFDU .03'&6 @ SQ`im;m2b2 6QmM/�iBQM 7Q` a+B2M+2 �M/ h2+?MQHQ;v U6*hV
JP_61l T`QD2+i USh.*f11�@*_PfRy3j93fkyy3VX

1SPKFDU %&/4&/&5 @ 1{+B2Mi *QKKmMB+�iBQM BM .2Mb2 L2i@
rQ`Fb U.1La1L1hV T`QD2+i USh.*f11A@ a*_fe98jfkyR9V- +Q@}M�M+2/
#v 6*hf61.1_f*PJS1h1 kyky T`QD2+iX

h?Bb rQ`F r�b 7mM/2/ #v i?2 7QHHQrBM; ;`�Mib,

1SPKFDU HSBOU SQ`im;m2b2 6QmM/�iBQM 7Q` a+B2M+2 �M/ h2+?MQHQ;v U6*hV JP_@
61l T`QD2+i USh.*f11�@*_PfRy3j93fkyy3VX

%PDUPSBM HSBOU "`�xBHB�M L�iBQM�H *QmMb2H Q7 h2+?MQHQ;B+�H �M/ a+B2MiB}+ .2@
p2HQTK2Mi U*LS[V Uk9e8NNfkyRk@yVX

1SPKFDU HSBOU SQ`im;m2b2 6QmM/�iBQM 7Q` a+B2M+2 �M/ h2+?MQHQ;v U6*hV
.1La1L1h T`QD2+i USh.*f11A@a*_fe98jfkyR9VX

h?2 Qmi+QK2 Q7 i?2 /2bB;M- 2tT2`BK2Mib- �M/ �bb2bbK2Mib Q7 b2p2`�H K2+?�MBbKb
QM i?2 +Qm`b2 Q7 i?Bb rQ`F `2bmHi2/ BM i?2 7QHHQrBM; Tm#HB+�iBQMb,

CQm`M�H T�T2`b,
Ç _BF2`- �X �M/ *2`[m2B`�- 1X �M/ *m`�/Q- JX �M/ JQMi2B`Q- 1X- ǳ� hrQ@

hB2` �/�TiBp2 .�i� �;;`2;�iBQM �TT`Q�+? 7Q` JkJ :`QmT@
*QKKmMB+�iBQMǴ- a2MbQ`b CQm`M�H- A111- oQHmK2, Re- Abbm2, j- TT
3kj@3j8- A111- kyReX AKT�+i 6�+iQ`, kX8RkX

Ç _BF2`- �X �M/ 6QMb2+�- *X �M/ *m`�/Q- JX �M/ JQMi2B`Q- 1X-
ǳ1M2`;vɢ2{+B2Mi KmHiB;`QmT +QKKmMB+�iBQMǴ- h`�Mb�+iBQMb QM
1K2`;BM; h2H2+QKKmMB+�iBQMb h2+?MQHQ;B2b- qBH2v- oQHmK2, kN- Abbm2,
j- TT R@R8- A111- kyRdX AKT�+i 6�+iQ`, RX8j8X

"QQF +?�Ti2`b,
Ç _BF2`- �X �M/ *m`�/Q- JX �M/ JQMi2B`Q- 1X- ǳ_QH2 *QQ`/BM�iBQM BM

G�`;2@a+�H2 �M/ >B;?Hv@.2Mb2 AMi2`M2i@Q7@h?BM;bǴ- BM AMi2`M2i Q7



h?BM;b UAQhV BM 8: JQ#BH2 h2+?MQHQ;B2b- oQHmK2 3- TT dd@N3- aT`BM;2`-
kyReX

Ç _BF2`- �X �M/ *m`�/Q- JX �M/ JQMi2B`Q- 1X- ǳ:`QmT +QKKmMB+�iBQM
BM K�+?BM2@iQ@K�+?BM2 2MpB`QMK2MibǴ- BM qB`2H2bb L2irQ`FBM; 7Q`
JQpBM; P#D2+ib- oQHmK2 3eRR- TT kRN@kj3- aT`BM;2` GL*a- kyR9X

*QM72`2M+2 T�T2`b,
Ç _BF2`- �X �M/ :`�MD�H- CX �M/ *m`�/Q- JX �M/ JQMi2B`Q- 1X- ǳJB//H2r�`2

:`QmT *QKKmMB+�iBQM J2+?�MBbKb BM JkJ 2MpB`QMK2MibǴ- BM
i?2 kM/ CQBMi 1_*AJ 2JQ#BHBiv �M/ JQ#Ba2Mb2 qQ`Fb?QT- kyRjX

Ç _BF2`- �X �M/ *`mx- hX �M/ J�`[m2b- "X �M/ *m`�/Q- JX �M/ aBKQ2b- SX
�M/ JQMi2B`Q- 1X- ǳ1{+B2Mi �M/ b2+m`2 JkJ +QKKmMB+�iBQMb 7Q`
bK�`i K2i2`BM;Ǵ- BM i?2 1K2`;BM; h2+?MQHQ;v �M/ 6�+iQ`v �miQK�iBQM
U1h6�V- A111- kyR9X

Ç _BF2`- �X �M/ *2`[m2B`�- 1X �M/ *m`�/Q- JX �M/ JQMi2B`Q- 1X- ǳ.�i�
�;;`2;�iBQM 7Q` ;`QmT +QKKmMB+�iBQM BM K�+?BM2@iQ@K�+?BM2 2M@
pB`QMK2MibǴ- BM i?2 qB`2H2bb .�vb Uq.V- A6AS- kyR9X

Ç _BF2`- �X �M/ *2`[m2B`�- 1X �M/ *m`�/Q- JX �M/ JQMi2B`Q- 1X- ǳ.�i�
�;;`2;�iBQM 7Q` K�+?BM2@iQ@K�+?BM2 +QKKmMB+�iBQM rBi? 2M2`;v
?�`p2biBM;Ǵ- BM i?2 AMi2`M�iBQM�H qQ`Fb?QT QM J2�bm`2K2Mib �M/ L2i@
rQ`FBM; UJ�LV- A111- kyR8X

Ç _BF2`- �X �M/ *2`[m2B`�- 1X �M/ *m`�/Q- JX �M/ JQMi2B`Q- 1X-
ǳ*QMi`QHHBM; .�i� �;;`2;�iBQM �M/ +QKKmMB+�iBQM T2`BQ/B+Biv
BM 1M2`;v >�`p2biBM; M2irQ`FbǴ- BM i?2 A111 PMHBM2 *QM72`2M+2 QM
:`22M *QKKmMB+�iBQMb UPMHBM2:`22M*QKKV- A111- kyR8X

Ç _BF2`- �X �M/ *m`�/Q- JX �M/ JQMi2B`Q- 1X- ǳL2mi`�H PT2`�iBQM Q7 i?2
JBMBKmK 1M2`;v LQ/2 BM 2M2`;v@?�`p2biBM; 2MpB`QMK2MibǴ- BM
i?2 A111 avKTQbBmK QM *QKTmi2`b �M/ *QKKmMB+�iBQMb UAa**V- A111-
kyRdX

*Q@�/pBbQ` Q7 Ja+ i?2bBb,
Ç am#iBH- CX �M/ _BF2`- �X �M/ *m`�/Q- JX- ǳ1{+B2Mi *QKKmMB+�iBQM BM

.2Mb2 L2irQ`FbǴ- lMBp2`bBiv Q7 *QBK#`�- kyRdX

aT2+B�H b2bbBQM T`2b2Mi�iBQMb,
Ç _BF2`- �X �M/ *m`�/Q- JX �M/ JQMi2B`Q- 1X- ǳ:2bi½Q /2 :`mTQb 2

*QKmMB+�Ï½Q 2}+B2Mi2 2K JkJǴX 3Ǟ *QM;`2bbQ GmbQ@JQÏ�K#B+�MQ
/2 1M;2M?�`B�X



$POUFOUT

"DLOPXMFEHFNFOUT YJ

"CTUSBDU YJJJ

3FTVNP YW

'PSFXPSE YWJJ

-JTU PG 'JHVSFT YYJJ

-JTU PG "MHPSJUINT YYJJJ

-JTU PG 5BCMFT YYW

"CCSFWJBUJPOT BOE "DSPOZNT YYWJJ

� *OUSPEVDUJPO �
RXR "�+F;`QmM/ �M/ JQiBp�iBQM X X X X X X X X X X X X X X X X X X X X R
RXk P#D2+iBp2b �M/ *QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X j
RXj h?2bBb 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 X X X 8

� .BDIJOF�UP�.BDIJOF &OWJSPONFOUT �
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 d
kXk J�+?BM2@iQ@J�+?BM2 *QKKmMB+�iBQM X X X X X X X X X X X X X X X Ry

kXkXR a+2M�`BQb �M/ �TTHB+�iBQMb X X X X X X X X X X X X X X X X Ry
kXkXk .�i� h`�{+ X X X X X X X X X X X X X X X X X X X X X X X X Rk
kXkXj L2irQ`F �`+?Bi2+im`2 X X X X X X X X X X X X X X X X X X X Rj

kXj ai�M/�`/b _2H�i2/ iQ JkJ *QKKmMB+�iBQM X X X X X X X X X X X R8
kXjXR *QMbi`�BM2/ �TTHB+�iBQM S`QiQ+QH X X X X X X X X X X X X X R8
kXjXk _QmiBM; S`QiQ+QH 7Q` GQr@SQr2` �M/ GQbbv L2irQ`Fb X X Rd

kX9 *?�HH2M;2b BM J�+?BM2@iQ@J�+?BM2 *QKKmMB+�iBQM X X X X X X X RN
kX9XR _2H2p�Mi *?�HH2M;2b X X X X X X X X X X X X X X X X X X X X ky
kX9Xk a+2M�`BQb �M/ _2[mB`2K2Mib X X X X X X X X X X X X X X X X kk

kX8 amKK�`v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8

� 3FMBUFE 8PSL ��
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 kd
jXk ai�i2@Q7@i?2@�`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 k3

jXkXR Pp2`?2�/ _2/m+iBQM X X X X X X X X X X X X X X X X X X X X k3
jXkXk .�i� _2/mM/�M+v 1HBKBM�iBQM X X X X X X X X X X X X X X kN
jXkXj _QmiBM;@"�b2/ aQHmiBQMb 7Q` 1M2`;v 1{+B2Mi :`QmT

*QKKmMB+�iBQM X X X X X X X X X X X X X X X X X X X X X X X jy

tBt



*QMi2Mib

jXkX9 L2mi`�H PT2`�iBQM BM _2M2r�#H2 1M2`;v "m/;2i X X X X X je
jXj PT2M Abbm2b X X X X X 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

jXjXR JmHiBTH2 �M/ ?2i2`Q;2M2Qmb :`QmT *QKKmMB+�iBQM X X X jN
jXjXk L2mi`�H PT2`�iBQM BM 1M2`;v >�`p2biBM; a+2M�`BQb X X X 9R

jX9 amKK�`v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9R

� .FDIBOJTNT GPS &OFSHZ &ĔDJFODZ JO .�. (SPVQ $PNNVOJDBUJPO ��
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 99
9Xk .�i� �;;`2;�iBQM �M/ Pp2`?2�/ _2/m+iBQM a+?2K2 X X X X X X X 99
9Xj >2m`BbiB+b 7Q` 1{+B2Mi :`QmT *QKKmMB+�iBQM X X X X X X X X X X 9d

9XjXR avbi2K JQ/2H 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
9XjXk .�i� �;;`2;�iBQM 7Q` JmHiBTH2 :`QmTb X X X X X X X X X X 8R
9XjXj hrQ@hB2` �;;`2;�iBQM 7Q` JmHiB@i�`;2i �TTHB+�iBQMb X X X 8j
9XjX9 S2`7Q`K�M+2 1p�Hm�iBQM �M/ _2bmHib X X X X X X X X X X X 83

9X9 L2irQ`F GB72iBK2 lTT2` "QmM/ X X X X X X X X X X X X X X X X X X ee
9X9XR L2irQ`F JQ/2H �M/ S`Q#H2K ai�i2K2Mi X X X X X X X X X ed
9X9Xk AMi2;2` GBM2�` S`Q;`�KKBM; 6Q`KmH�iBQM X X X X X X X X ed
9X9Xj JmHiBTH2 aBMF 6Q`KmH�iBQM X X X X X X X X X X X X X X X X X dk
9X9X9 S2`7Q`K�M+2 1p�Hm�iBQM �M/ _2bmHib X X X X X X X X X X X dk

9X8 h2bi#2/ AKTH2K2Mi�iBQM �M/ 1tT2`BK2Mib X X X X X X X X X X X X dN
9X8XR J2bb�;BM; JmHiBTH2 S�vHQ�/b G�v2` X X X X X X X X X X X X 3y
9X8Xk 1tT2`BK2Mi�H S`QiQivTBM; X X X X X X X X X X X X X X X X X 3R
9X8Xj h2bi#2/ 1p�Hm�iBQM �M/ _2bmHib X X X X X X X X X X X X X X 3e

9Xe amKK�`v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 33

� %ZOBNJD %BUB "HHSFHBUJPO JO 3FQMFOJTIBCMF &OFSHZ &OWJSPONFOUT ��
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 Ny
8Xk .�i� �;;`2;�iBQM 7Q` 1M2`;v >�`p2biBM; L2irQ`Fb X X X X X X X NR

8XkXR Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X X X X NR
8XkXk 1M2`;v >�`p2biBM; rBi? .�i� �;;`2;�iBQM X X X X X X X X Nk
8XkXj S2`7Q`K�M+2 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X Ne

8Xj _QmiBM; �M/ �;;`2;�iBQM 7Q` JBMBKmK 1M2`;v X X X X X X X X X Ryy
8XjXR Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X X X X RyR
8XjXk _QmiBM; �M/ .�i� �;;`2;�iBQM aQHmiBQM 7Q` PT2`�iBQM Q7

i?2 JBMBKmK 1M2`;v LQ/2 X X X X X X X X X X X X X X X X Ryk
8XjXj AKTH2K2Mi�iBQM BM *QMiBFB Pa X X X X X X X X X X X X X X X Ry8
8XjX9 S2`7Q`K�M+2 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X Ryd

8X9 amKK�`v X X X X X X 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

� $PODMVTJPOT BOE 'VUVSF 8PSL ���
eXR avMi?2bBb Q7 i?2 h?2bBb X X X X X X X X X X X X X X X X X X X X X X X RRj
eXk *QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR8
eXj 6mim`2 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 RRd

#JCMJPHSBQIZ ���

tt



-JTU PG 'JHVSFT

kXR "�bB+ JkJ qQ`F~Qr h�bFbX X X X X X X X X X X X X X X X X X X X X 3
kXk hvT2b Q7 /2pB+2b BM JkJ 2MpB`QMK2MibX X X X X X X X X X X X X X N
kXj L2irQ`F �`+?Bi2+im`2 Q7 JkJ *QKKmMB+�iBQMX X X X X X X X X X R9
kX9 *Q�S K2bb�;2 }2H/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 Re
kX8 _SG .P.�: i`22X X X X X X X X X X X X X X X X X X X X X X X X X X R3
kXe JmHiBTH2 :`QmT JQMBiQ`BM;X X X X X X X X X X X X X X X X X X X X X kk
kXd 1M2`;v >�`p2biBM; b+2M�`BQbX X X X X X X X X X X X X X X X X X X X X k9

jXR GBi2`�im`2 +H�bbB}+�iBQMX X X X X X X X X X X X X X X X X X X X X X X jR

9XR S�vHQ�/ �;;`2;�iBQMX 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
9Xk S�vHQ�/ *QM+�i2M�iBQMX X X X X X X X X X X X X X X X X X X X X X X 98
9Xj hrQ hB2` �;;`2;�iBQMX X X X X X X X X X X X X X X X X X X X X X X X 9e
9X9 AMi2`M�H �M/ 1ti2`M�H@:`QmT *QKKmMB+�iBQMX X X X X X X X X X X 8k
9X8 hh�J� QT2`�iBQMX X 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
9Xe h?2 L2irQ`F aT�MMBM; h`22 +QKTmi�iBQMX X X X X X X X X X X X X 8d
9Xd 1t�KTH2 Q7 hh�J� i`22b i?�i �`2 �#H2 iQ �;;`2;�i2 /�i� Q7 i?`22

;`QmTbX X X X X X X X X 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
9X3 h?2 bBKmH�i2/ *Q�S ;`QmTb BM i?2 M2irQ`FX X X X X X X X X X X X eR
9XN L2irQ`F HB72iBK2X X X 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
9XRy h?2 2M2`;v +QMbmKTiBQM T2` +QKKmMB+�iBQM `QmM/X X X X X X X X ek
9XRR h?2 +QHQ` K�T Q7 i?2 `2bB/m�H 2M2`;vX X X X X X X X X X X X X X X X ej
9XRk h?2 �p2`�;2 T2`+2Mi Q7 1ti2`M�H- AMi2`M�H- �M/ _2bB/m�H 1M2`;vX e9
9XRj h?2 T`Q#�#BHBiv /Bbi`B#miBQM 7mM+iBQM Q7 i?2 `2bB/m�H 2M2`;v r?2M

i?2 }`bi MQ/2 /2TH2i2b Bib 2M2`;vX X X X X X X X X X X X X X X X X X e8
9XR9 AHmbi`�iBQM Q7 i?2 :`�T? JQ/2HX X X X X X X X X X X X X X X X X X X ed
9XR8 AGS bQHmiBQM 2t�KTH2X X X X X X X X X X X X X X X X X X X X X X X X dR
9XRe :`QmTb .Bbi`B#miBQMX X X X X X X X X X X X X X X X X X X X X X X X X d8
9XRd AGS L2irQ`F GB72iBK2 Uo�`B�#H2 L2irQ`F aBx2VX X X X X X X X X X d8
9XR3 AGS GB72iBK2 �M/ 1M2`;v *QMbmKTiBQM U*QMbi�Mi L2irQ`F aBx2

@ Ryy MQ/2bVX X X X X X X X X X X X X X X X X X X X X X X X X X X X X de
9XRN PTiBK�HBiv ;�T, /Bz2`2M+2 #2ir22M i?2 `2H�t2/ KQ/2H �M/ AGSX d3
9Xky L2irQ`F HB72iBK2 Q7 H�`;2 b+2M�`BQb mbBM; /Bz2`2Mi ?2�/2` bBx2b

U*QMbi�Mi L2irQ`F aBx2VX X X X X X X X X X X X X X X X X X X X X X X dN
9XkR L2irQ`F HB72iBK2 Q7 _2H�t2/ GS rBi? JmHiBTH2 aBMFb U*QMbi�Mi

L2irQ`F aBx2 @ 9yy LQ/2bVX X X X X X X X X X X X X X X X X X X X X 3y
9Xkk JlGhASG1t Qp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X 3R
9Xkj 1M2`;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 38
9Xk9 h?`2b?QH/ δ X X X X X 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
9Xk8 h2bi#2/ hQTQHQ;v X X 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
9Xke 1M2`;v *QMbmKTiBQM 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

ttB



GBbi Q7 6B;m`2b

8XR .�i� �;;`2;�iBQM BM .�o@L1hX X X X X X X X X X X X X X X X X X X Nk
8Xk �;;`2;�iBQM S`Q+2/m`2bX X X X X X X X X X X X X X X X X X X X X X X N8
8Xj �p2`�;2 _2bB/m�H 1M2`;vX X X X X X X X X X X X X X X X X X X X X X N3
8X9 amK Q7 �;;`2;�i2/ T�vHQ�/bX X X X X X X X X X X X X X X X X X X X X NN
8X8 h`�MbKBii2/ T�vHQ�/bX X X X X X X X X X X X X X X X X X X X X X X X NN
8Xe �p2`�;2 *mKmH�iBp2 1M2`;v *QMbmKTiBQMX X X X X X X X X X X X X Ryy
8Xd _�J1 Qp2`pB2rX X X 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
8X3 EBM2iB+ "�ii2`v JQ/2H (CQM;2`/2M �M/ >�p2`FQ`i- kyyN)X X X X X Ryj
8XN .AP K2bb�;2 �M/ Bib }2H/bX X X X X X X X X X X X X X X X X X X X X Rye
8XRy �HT?� UαV Bb � 7mM+iBQM Q7 i?2 HQr2bi 2M2`;v H2p2HX X X X X X X X X RyN
8XRR �p2`�;2 2M2`;v +QMbmK2/ #v i?2 MQ/2 rBi? HQr2bi 2M2`;v- +QM@

bB/2`BM; α = 1X X X X 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
8XRk "�ii2`v BMBiB�i2b rBi? 38WX X X X X X X X X X X X X X X X X X X X X RRy
8XRj "�ii2`v #2;BMb rBi? 98WX X X X X X X X X X X X X X X X X X X X X X RRR
8XR9 "�ii2`v bi�`ib �i R8WX X X X X X X X X X X X X X X X X X X X X X X X RRR

ttBB



-JTU PG "MHPSJUINT

9XR AMi2`M�H �M/ 1ti2`M�H :`QmT �;;`2;�iBQM h`22 X X X X X X X X X X 8j
9Xk L2irQ`F aT�MMBM; h`22 X X X X X X X X X X X X X X X X X X X X X X X 8e
9Xj hh�J� i`22bX X X X 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
9X9 JlGhASG1t �H;Q`Bi?K X X X X X X X X X X X X X X X X X X X X X X X 3k

8XR .�i� �;;`2;�iBQM h`22 X X X X X X X X X X X X X X X X X X X X X X X Nj
8Xk 6BM/ GQr2bi 1M2`;v QM S�i? �M/ S�`2Mi a2H2+iBQMX X X X X X X X X X Ry9

ttBBB





-JTU PG 5BCMFT

kXR JkJ J�DQ` �`2�b �M/ aT2+B}+ �TTHB+�iBQMb U�/�Ti2/ 7`QK
(S�M/2v 2i �HX- kyRR)VX X X X X X X X X X X X X X X X X X X X X X X X RR

kXk *Q/2b BM *Q�S K2bb�;2bX X X X X X X X X X X X X X X X X X X X X X Re

jXR GBi2`�im`2 `2H�i2/ iQ aBM;H2 :`QmT *QKKmMB+�iBQMX X X X X X X X 9y
jXk GBi2`�im`2 `2H�i2/ iQ JmHiBTH2 :`QmT *QKKmMB+�iBQMX X X X X X X 9y
jXj GBi2`�im`2 `2H�i2/ iQ 1M2`;v >�`p2biBM; a+2M�`BQbX X X X X X X X X 9R

9XR h2`KBMQHQ;v .2}MBiBQM X X X X X X X X X X X X X X X X X X X X X X X 93
9Xk LQi�iBQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 93
9Xj *QM};m`�iBQM S�`�K2i2`bX X X X X X X X X X X X X X X X X X X X X X ey
9X9 .2}MBiBQM Q7 i2`KbX X 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
9X8 o�Hm2b 7Q` i?2 1M2`;v *QMbmKTiBQM JQ/2HX X X X X X X X X X X X dj
9Xe AGS S�vHQ�/ ai�iBbiB+b U*QMbi�Mi L2irQ`F aBx2 @ Ryy MQ/2bVX X X dd
9Xd AGS �M/ >2m`BbiB+b *QKT�`BbQM U*QMbi�Mi L2irQ`F aBx2 @ Ryy

MQ/2bVX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dd
9X3 *m``2Mi J2�bm`2K2Mi Q7 i?2 ai�i2b X X X X X X X X X X X X X X X X 39
9XN hQi�H 1M2`;v *QMbmKTiBQM X X X X X X X X X X X X X X X X X X X X 39
9XRy a2iiBM;b Q7 i?2 _2�H 1tT2`BK2Mib X X X X X X X X X X X X X X X X X 3e
9XRR 1M2`;v *QMbmKTiBQM X X X X X X X X X X X X X X X X X X X X X X X X 33

8XR S2`7Q`K�M+2 2p�Hm�iBQM T�`�K2i2`b �M/ p�Hm2bX X X X X X X X X X Nd
8Xk "�ii2`v �M/ *QKKmMB+�iBQM b2iiBM;bX X X X X X X X X X X X X X X X Ry3
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j:SS h?B`/ :2M2`�iBQM S�`iM2`b?BT S`QD2+i
�*E �+FMQrH2/;2K2Mi
�.aG �bvKK2i`B+ .B;Bi�H am#b+`B#2` GBM2
*aJ� *�``B2` a2Mb2 JmHiBTH2 �++2bb
*Sl *2Mi`�H lMBi S`Q+2bbBM;
**� *?�MM2H *H2�` �bb2bbK2Mi
*PL *QM}`K�#H2
*Q�S *QMbi`�BM2/ �TTHB+�iBQM S`QiQ+QH
*Q_1 *QMbi`�BM2/ _1ah7mH 1MpB_QMK2Mib
.�o@L1h .�i� �;;`2;�iBQM 7Q` 2M2`;v ?�`o2biBM; L1hrQ`Fb
.�JB: .�i� �;;`2;�iBQM 7Q` JmHiBTH2 :`QmTb
.*h .�i� *�Tim`2 h�bF
.�P .2biBM�iBQM �/p2`iBb2K2Mi P#D2+i
.P.�: .2biBM�iBQM P`B2Mi2/ .B`2+i2/ �+v+HB+ :`�T?
.�: .B`2+i2/ �+v+HB+ :`�T?
.AP .P.�: AM7Q`K�iBQM P#D2+i
.Aa .P.�: AM7Q`K�iBQM aQHB+Bi�iBQM
11a_ 1M2`;v 1{+B2Mi aT�MMBM; i_22
sJG 1ti2MbB#H2 J�`FmT G�M;m�;2
1th`22 1ti2`M�H :`QmT �;;`2;�iBQM h`22
1tS�i? 1si2`M�H ;`QmT S�i?
1:_2+2Bp2` 1ti2`M�H :`QmT _2+2Bp2`
:hS@l :S_a hmMM2HBM; S`QiQ+QH lb2`
:_�aa :`B/@#�b2/ _QmiBM; �M/ �;;`2;�iQ` a2H2+iBQM S`QiQ+QH
:J :`QmT J�M�;2`
>>� >2i2`Q;2M2Qmb >B2`�`+?B+�H �`+?Bi2+im`2
>a* >B;? ai�i2@Q7@*?�`;2

ttpBB



�##`2pB�iBQMb �M/ �+`QMvKb

>11. >v#`B/ 1M2`;v@1{+B2Mi .Bbi`B#mi2/ +Hmbi2`BM; �TT`Q�+?

JkJ >mK�M@iQ@>mK�M

>hhS >vT2`i2ti h`�Mb72` S`QiQ+QH

AGS AMi2;2` GBM2�` S`Q;`�K

Aa* AMi2`K2/B�i2 ai�i2@Q7@*?�`;2

AMi`�h`22 AMi2`M�H :`QmT �;;`2;�iBQM h`22

A:aBMF AMi2`M�H :`QmT aBMF

A1h6 AMi2`M2i 1M;BM22`BM; h�bF 6Q`+2

eGQqS�L ASpe Qp2` GQr@SQr2` qB`2H2bb S2`bQM�H �`2� L2irQ`Fb

_SG ASpe _QmiBM; S`QiQ+QH 7Q` GQr@SQr2` �M/ GQbbv L2irQ`Fb

EB"�J EBM2iB+ "�ii2`v JQ/2H

GS GBM2�` S`Q;`�KKBM;

G� GQ+�H �;;`2;�iQ`b

G@S1.�S GQ+�HBx2/ SQr2`@1{+B2Mi .�i� �;;`2;�iBQM S`QiQ+QH

Gh1 GQM; h2`K 1pQHmiBQM

G1�*> GQr 1M2`;v �/�TiBp2 *Hmbi2`BM; >B2`�`+?v

Ga* GQr ai�i2@Q7@*?�`;2

JkJ J�+?BM2 iQ J�+?BM2

J� J�bi2` �;;`2;�iQ`b

J�h J2bb�;2 �M/ �+im�iBQM h�bFb

JZhh J2bb�;2 Zm2mBM; h2H2K2i`v h`�MbTQ`i

JlGhASG1t J2bb�;BM; KlGhATH2 S�vHQ�/b G�v1`

J*l JB+`Q*QMi`QHH2` lMBi

Jah JBMBKmK aT�MMBM; h`22

JJ1 JQ#BHBiv J�M�;2K2Mi 1MiBiv

Lah L2irQ`F aT�MMBM; h`22

LPJ1L L2mi`�H PT2`�iBQM Q7 i?2 JBMBKmK 1M2`;v LQ/2

LB*/ LB+F2H@*�/KBmK

LBJ> LB+F2H@J2i�H >v/`B/2

LPL LQM@+QM}`K�#H2

LS LQM@/2i2`KBMBbiB+ SQHvMQKB�H
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�##`2pB�iBQMb �M/ �+`QMvKb

S1.�S@S� SQr2` 1{+B2Mi .�i� ;�i?2`BM; �M/ �;;`2;�iBQM S`QiQ+QH@
SQr2` �r�`2

S1:�aAa SQr2`@1{+B2Mi :�i?2`BM; BM a2MbQ` AM7Q`K�iBQM avbi2Kb
S.h S`Q+2bbBM; �M/ .2+BbBQM h�bF
_�J _�M/QK �++2bb J2KQ`v
_PJ _2�/@PMHv J2KQ`v
_1ah _2T`2b2Mi�iBQM�H ai�i2 h`�Mb72`
_ah _2b2i
_�J1 _QmiBM; �M/ �;;`2;�iBQM 7Q` JBMBKmK 1M2`;v
_PGG _QmiBM; BM GQr SQr2` �M/ GQbbv M2irQ`Fb
ahh a2i Q7 hh�J� h`22b
aSh a?Q`i2bi S�i? h`22
a**. aBM;H2 *v+H2 Q7 *?�`;2 �M/ .miv
aQ* ai�i2@Q7@*?�`;2
h�lb h`�+FBM; �`2� lT/�i2b
hh� hrQ hB2` �;;`2;�iBQM
hh�J� hrQ@hB2` �;;`2;�iBQM 7Q` JmHiB@i�`;2i �TTHB+�iBQMb
l_A lMB7Q`K _2bQm`+2 A/2MiB}2`
l.S lb2` .�i�;`�K S`QiQ+QH
q*.a q2B;?i2/ *QMM2+i2/ .QKBM�iBM; a2i
qBJ�s qQ`H/rB/2 AMi2`QT2`�#BHBiv 7Q` JB+`Qr�p2 �++2bb
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$IBQUFS �
*OUSPEVDUJPO

*UêT UIF KPC UIBUêT OFWFS TUBSUFE BT UBLFT
MPOHFTU UP ēOJTI�

	 +�3�3� 5PMLJFO
 5IF MPSE PG UIF SJOHT


*QMi2Mib
RXR "�+F;`QmM/ �M/ JQiBp�iBQM X X X X X X X X X X X X X X R
RXk P#D2+iBp2b �M/ *QMi`B#miBQMb X X X X X X X X X X X X X j
RXj h?2bBb PmiHBM2 X X X X X X X X X X X X X X X X X X X X X X 8

h?Bb i?2bBb �BKb iQ BKT`Qp2 i?2 2M2`;v 2{+B2M+v Q7 K�+?BM2@iQ@K�+?BM2
;`QmT +QKKmMB+�iBQMX AM Q`/2` iQ �+?B2p2 i?�i- � +QKT`2?2MbBp2 HBi@
2`�im`2 `2pB2r r�b +QM/m+i2/ iQ B/2MiB7v `2H2p�Mi QT2M Bbbm2b QM i?2

+m``2Mi `2b2�`+?X hQ 7mH}HH i?2 B/2MiB}2/ ;�Tb BM i?2 +m``2Mi �TT`Q�+?2b- � +QM@
bB/2`�#H2 MmK#2` Q7 K2+?�MBbKb r2`2 T`QTQb2/ �M/ 2p�Hm�i2/ mbBM; bBKmH�iBQM-
K�i?2K�iB+�H KQ/2Hb- �M/ `2�H 2tT2`BK2MibX

L2ti- i?2 Qp2`�HH `2b2�`+? KQiBp�iBQMb Q7 i?Bb i?2bBb �`2 T`2b2Mi2/ 7QHHQr2/ #v
i?2 /2i�BHBM; Q7 i?2 T`QTQb2/ Q#D2+iBp2b �M/ +QMi`B#miBQMb- �b r2HH �b i?2 i?2bBb
QmiHBM2X

��� #BDLHSPVOE BOE .PUJWBUJPO

AM i?2 H�bi v2�`b- �HH i?2 2H2+i`QMB+ 2[mBTK2Mi F22Tb ;2iiBM; bK�HH2`- KQ`2 TQr2`@
7mH �M/ H2bb 2tT2MbBp2X h?Bb i`2M/ iQr�`/b KBMB�im`Bx�iBQM Bb � T`Q+2bb i?�i ?�b
#22M +QMiBMmBM; 7Q` /2+�/2bX h?2 b2KB+QM/m+iQ` BM/mbi`v ?�b MQi QMHv H2/ iQ
i?2 KBMB�im`Bx�iBQM Q7 i`�MbBbiQ`b #mi �HbQ Qi?2` �`2�b Q7 2H2+i`QMB+b- BM+Hm/BM;
b2MbQ`b- i`�Mb/m+2`b- �+im�iQ`b- +QKKmMB+�iBQM KQ/mH2b- b�i2HHBi2 i`�Mb+2Bp2`b
�M/ �Mi2MM�bX LQr- b2p2`�H p2`v bK�HH +QKTQM2Mib �`2 �p�BH�#H2 QM i?2 K�`F2i
rBi? �M �zQ`/�#H2 T`B+2 /m2 iQ i?2 H�`;2 /2K�M/ 7Q` i?2b2 T`Q/m+ibX _mMMBM; BM
T�`�HH2H rBi? i?Bb i`2M/- +QKKmMB+�iBQM M2irQ`Fb ?�p2 T`QpB/2/ � ?m;2 `�M;2 Q7
i2+?MQHQ;B2b iQ BMi2`+QMM2+i i?2 /2pB+2bX h?2`2 �`2 i2+?MQHQ;B2b 7Q` �HH ivT2b Q7

ě R ě



*>�Sh1_ RX ALh_P.l*hAPL

/Bbi�M+2b- 2M2`;v +QMbmKTiBQM- KQ#BHBiv �M/ #�M/rB/i?X aT2+B�H �ii2MiBQM ?�b
#22M TH�+2/ QM rB`2H2bb i2+?MQHQ;B2b- bBM+2 i?2v 2Mbm`2 2�b2 Q7 /2THQvK2Mi- i?2
KQ#BHBiv Q7 i?2 /2pB+2b �M/ `2/m+2/ +QbibX

h?Bb +QMi2ti Q7 +?2�T2`- KQ`2 TQr2`7mH /2pB+2b �M/ HQr@+Qbi rB`2H2bb M2irQ`F
+QMM2+iBpBiv /`Qp2 iQ i?2 +QM+2Ti Q7 J�+?BM2@iQ@J�+?BM2 UJkJVX JkJ +�M #2
/2}M2/ �b i?2 i2+?MQHQ;v i?�i Bb �#H2 iQ T`QpB/2 `2KQi2 +QMi`QH 7Q` � H�`;2 MmK@
#2` Q7 /2pB+2b rBi? HBiiH2 Q` MQ ?mK�M BMi2`p2MiBQM (w?�M; 2i �HX- kyRR#)X

h?2 K�`F2i `2;�`/b JkJ +QKKmMB+�iBQM �b � F2v i2+?MQHQ;v i?�i Bb �#H2 iQ
`2�+? � ?m;2 M2r K�`F2i- bBM+2 i?2 i`�/BiBQM�H >mK�M@iQ@>mK�M U>k>V K�`F2i
Bb b?QrBM; bB;Mb Q7 b�im`�iBQMX q?BH2 i?2 KQ#BH2 /�i� `�i2b �`2 T`2/B+i2/ iQ
/Qm#H2 �MMm�HHv- i?2 �p2`�;2 >k> K�`F2i `2p2Mm2 T2` mb2` Bb HBF2Hv iQ `2K�BM
}t2/ (J�`b+? 2i �HX- kyRk)X hQ /�i2- i?2`2 �`2 �#Qmi 3 #BHHBQM KQ#BH2 /2pB+2b-
BM+Hm/BM; KQ#BH2 T?QM2b �M/ JkJ /2pB+2b (*Bb+Q- kyRe)X h?Bb MmK#2` Bb 2tT2+@
i2/ iQ ;`Qr- bBM+2 i?2 MmK#2` Q7 +QMM2+i2/ /2pB+2b BM i?2 rQ`H/ Bb 2tT2+i2/ iQ
#2 ky #BHHBQM BM i?2 2M/ Q7 kyky (sB� 2i �HX- kyRd)X AM i?2 HB;?i Q7 i?Bb- i?2`2 Bb �
;`2�i 2tT2+i�iBQM i?�i JkJ rBHH +`2�i2 � M2r K�`F2i 7Q` /2pB+2 K�Mm7�+im`2`b-
�TTHB+�iBQM /2p2HQT2`b �M/ KQ#BH2 M2irQ`F QT2`�iQ`bX

qBi? i?2 �B/ Q7 JkJ i2+?MQHQ;v- i`�MbTQ`i bvbi2Kb U2X;X `�BHr�vb- ?B;?r�vb
�M/ #`B/;2bV +�M #2 KQMBiQ`2/ rBi? � H�`;2 MmK#2` Q7 /2pB+2b- bBM+2 /2THQvBM;
KmHiBTH2 b2MbQ`b BM � KQMBiQ`BM; bvbi2K Bb MQ HQM;2` +Qbi T`Q?B#BiBp2X JQ`2Qp2`-
BKTH�MiBM; /2pB+2b 2[mBTT2/ rBi? KmHiBTH2 b2MbQ`b �M/ �+im�iQ`b ?�b #2+QK2
Km+? KQ`2 T`�+iB+�H- BM pB2r Q7 i?2 HQr +Qbib �M/ `2/m+2/ b2MbQ` bBx2bX >�pBM;
i?2b2 +?�`�+i2`BbiB+b- i?2 JkJ /�i� i`�{+ Bb +QKTQb2/ Q7 KmHiBTH2 ivT2b rBi?
?2i2`Q;2M2Qmb `2[mB`2K2Mib (h�H2# �M/ EmMx- kyRk)X

J�+?BM2@iQ@J�+?BM2 /Q2b MQi QMHv `272` iQ � H�`;2 MmK#2` Q7 /2pB+2b- Bi �HbQ
BMpQHp2b MmK2`Qmb �TTHB+�iBQMb �M/ /�i�@+QMbmK2` 2MiBiB2bX lbBM; � b2`pB+2
TH�i7Q`K UKB//H2r�`2V KmHiBTH2 �TTHB+�iBQMb �M/ 2MiBiB2b �`2 �#H2 iQ `2[m2bi
/�i� 7`QK JkJ /2pB+2bX h?2 KB//H2r�`2 H�v2` T`QKQi2b i?2 M2+2bb�`v BMi2`@
QT2`�#BHBiv #2ir22M K�Mv bi�F2?QH/2`b- �M/ Bi `2/m+2b i?2 +Qbib rBi? bQ7ir�`2
/2p2HQTK2Mi (w?�M; 2i �HX- kyRy)X qBi? i?2 �B/ Q7 KB//H2r�`2 b2`pB+2 H�v2`-
KmHiBTH2 JkJ /�i�@+QMbmK2`b +�M `2[m2bi /�i� 7`QK i?2 JkJ /2pB+2b- +QM+m`@
`2MiHvX h?2 `2bTQMb2b iQ i?2b2 /�i� `2[m2bib �`2 7`2[m2MiHv T`Q/m+2/ #v ;`QmTb
Q7 JkJ /2pB+2b i?�i b�iBb7v i?2 /�i�@+QMbmK2`b +`Bi2`B� U2X;X ;2Q;`�T?B+ HQ+�@
iBQM �M/ /�i�@ivT2VX aQ- Bi Bb M2+2bb�`v iQ T2`7Q`K �M/ K�M�;2 +QM+m``2Mi /�i�
;�i?2`BM; BMpQHpBM; ;`QmTb Q7 /2pB+2b BM K�+?BM2@iQ@K�+?BM2 bvbi2KbX

h?2 bm++2bb Q7 JkJ bvbi2Kb +�M QMHv #2 �bbm`2/ #v ?�pBM; K2+?�MBbKb i?�i �`2
�#H2 iQ BKT`Qp2 i?2 2M2`;v 2{+B2M+v Q7 JkJ ;`QmT +QKKmMB+�iBQMbX hQ �+?B2p2
i?Bb- bT2+B�H �ii2MiBQM ?�b #22M ;Bp2M iQ i?2 i`�Mb+2Bp2`- �b Bi Bb � +QKTQM2Mi
i?�i KQbi +QMbmK2 2M2`;vX Ai Bb � +QMb2Mbmb i?�i iQ BKT`Qp2 2M2`;v 2{+B2M+v-
i?2 �+iBQMb UbMBz- B/H2- `2+2Bp2 �M/ i`�MbKBiV Q7 i?2 /2pB+2Ƕb `�/BQ Kmbi #2 F2Ti
iQ � KBMBKmK �M/ i?2 bH22T Q` i?2 HQr TQr2` bi�i2 Kmbi #2 T`QHQM;2/X �
K�MM2` iQ mb2 i?2 i`�Mb+2Bp2` �i KBMBKmK Bb iQ `2;mH�i2 i?2 �KQmMi Q7 i`�{+
+QKKmMB+�i2/ #v i?2 ;`QmT Q7 MQ/2bX

lM/2` i?2 �7Q`2K2MiBQM2/ �bT2+ib- JkJ +QKKmMB+�iBQM ?�b iQ 2KTHQv K2+?@

ě k ě



*>�Sh1_ RX ALh_P.l*hAPL

�MBbKb iQ `2;mH�i2 i?2 �KQmMi Q7 /�i� i`�MbKBii2/X AM i?Bb /B`2+iBQM- /�i�
�;;`2;�iBQM �TT`Q�+?2b ?�p2 2K2`;2/ �b BKTQ`i�Mi K2+?�MBbKb 7Q` ;`QmT +QK@
KmMB+�iBQMX Ai Bb �#H2 iQ bmKK�`Bx2 i?2 /�i� i`�{+- `2/m+2 i?2 pQHmK2 Q7 /�i�
+QKKmMB+�i2/- �M/ KBMBKBx2 i?2 +QKKmMB+�iBQM Qp2`?2�/X AM ;2M2`�H- /�i�
�;;`2;�iBQM Bb #�b2/ QM i?2 T`2KBb2 i?�i � b2i Q7 MQ/2b T`Q/m+2 +Q``2H�i2/ /�i�
(6�bQHQ 2i �HX- kyyd)X h?Bb T`2KBb2 Bb i`m2 B7 i?2`2 Bb � ;`QmT Q7 MQ/2b b2MbBM;
i?2 b�K2 T�`iB+mH�` 2MpB`QMK2Mi Q` T?2MQK2MQM- r?B+? Bb i?2 +�b2 Q7 ;`QmT
+QKKmMB+�iBQM BM JkJ b+2M�`BQbX

AM pB2r Q7 i?2 7�+i i?�i /�i� ;�i?2`2/ 7`QK i?2 ;`QmT ?�b bQK2 H2p2H Q7 `2@
/mM/�M+v- /�i� �;;`2;�iBQM +�M 2ti`�+i i?2 M2B;?#Q`BM;@/�i� �HQM; i?2 `Qmi2
�M/ �TTHv � bmKK�`v 7mM+iBQM iQ `2/m+2 i?2 �KQmMi Q7 /�i� (6�bQHQ 2i �HX-
kyyd)X _QmiBM; 7mM+iBQM�HBiB2b �`2 M22/2/ iQ 2t2+mi2 i?2 /�i� �;;`2;�iBQM Qp2`
i?2 M2irQ`F- bBM+2 `QmiBM; BM~m2M+2b i?2 TQBMib Q7 �;;`2;�iBQM �M/ /2i2`KBM2b
i?2 M2irQ`F ~QrbX AM �//BiBQM iQ i?2 TQBMib Q7 �;;`2;�iBQM- /�i� �;;`2;�iBQM
K2+?�MBbKb Kmbi +QQ`/BM�i2 i?2 �KQmMi Q7 /�i� QM i`�MbKBbbBQMb- #v /2}MBM;
�M �;;`2;�iBQM H2p2HX Pi?2`rBb2- +QM;2biBQM Q` BM2{+B2Mi mb2 Q7 2M2`;v K�v
Q++m`X

� MmK#2` Q7 /Bz2`2Mi bQHmiBQMb ?�p2 #22M T`QTQb2/ iQ �//`2bb 2M2`;v 2{+B2M+v
BM ;2M2`�H JkJ +QKKmMB+�iBQMX a2p2`�H Q7 i?2b2 T`QTQb�Hb �`2 `2pB2r2/ �M/
bmKK�`Bb2/ BM *?�Ti2` jX >Qr2p2`- i?2 HBi2`�im`2 `2pB2r b?Qrb i?�i i?2`2 �`2
BKTQ`i�Mi QT2M Bbbm2b iQ #2 bQHp2/ bT2+B}+�HHv BM JkJ ;`QmT +QKKmMB+�iBQMX hQ
}HH i?2b2 ;�Tb- i?Bb i?2bBb T`QTQb2b- /Bb+mbb2b �M/ 2p�Hm�i2b ;`QmT +QKKmMB+�iBQM
K2+?�MBbKb �#H2 iQ BKT`Qp2 i?2 2M2`;v 2{+B2M+v #v `2;mH�iBM; i?2 M2irQ`F
i`�{+ �M/ `2/m+BM; i?2 +QKKmMB+�iBQM Qp2`?2�/X

��� 0CKFDUJWFT BOE $POUSJCVUJPOT

h?2 K�BM ;Q�H Q7 i?Bb i?2bBb Bb iQ BKT`Qp2 2M2`;v 2{+B2M+v Q7 K�+?BM2@iQ@
K�+?BM2 ;`QmT +QKKmMB+�iBQMX �b i?2 /2}MBiBQM Q7 2M2`;v 2{+B2M+v Bb #`Q�/-
bT2+B�H �ii2MiBQM b?QmH/ #2 ;Bp2M 7Q` i`�/BiBQM�H #�ii2`v@TQr2`2/ rBi? HBKBi2/
2M2`;v `2bQm`+2b �M/ `2M2r�#H2 b+2M�`BQbX AM #�ii2`v@TQr2`2/ b+2M�`BQb- i?2
MQ/2b ?�p2 � }t2/ �KQmMi Q7 2M2`;v- �M/ i?2 M2irQ`F HB72iBK2 Bb i?2 K�BM T2`@
7Q`K�M+2 K2i`B+ iQ #2 K�tBKBx2/X AM i?2 Qi?2` +�b2- BM `2M2r�#H2 b+2M�`BQb-
MQ/2b +�M `2+?�`;2 i?2B` `2b2`p2b- bQ i?2B` bT2Mi Q7 2M2`;v Kmbi #2 +QMi`QHH2/
iQ �+?B2p2 bmbi�BM�#H2 +QMbmKTiBQM- r?B+? K2�Mb iQ �pQB/ #�ii2`v /2TH2iBQM Q`
Qp2`~QrX

h?Bb i?2bBb +QMi�BMb �M BM /2Ti? HBi2`�im`2 `2pB2r `2H�i2/ iQ K�+?BM2@iQ@K�+?BM2
;`QmT +QKKmMB+�iBQM �M/ 2M2`;v 2{+B2M+vX "2bB/2b- Bi 7QHHQrb � `2b2�`+? /B`2+@
iBQM �#H2 iQ KBiB;�i2 `2H2p�Mi QT2M Bbbm2b BM i?Bb }2H/X h?2 T`QTQb2/ K2+?�MBbKb
7Q` K�+?BM2@iQ@K�+?BM2 ;`QmT +QKKmMB+�iBQM r2`2 BKTH2K2Mi2/ �M/ 2p�Hm�i2/
mbBM; /BbiBM+i K2i?Q/QHQ;B2b- bm+? �b bBKmH�iBQM- K�i?2K�iB+�H KQ/2Hb- �M/
i2bi#2/ 2tT2`BK2Mi�iBQMX

h?2 bT2+B}+ ;Q�Hb Q7 i?Bb i?2bBb �`2 �b 7QHHQrb,

ě j ě



*>�Sh1_ RX ALh_P.l*hAPL

(PBM � @ .2}M2 � ;2M2`B+ �TT`Q�+? bmBi�#H2 �M/ �/�Ti�#H2 7Q` K�+?BM2@iQ@
K�+?BM2 ;`QmT +QKKmMB+�iBQM iQ 2HBKBM�i2 /�i� `2/mM/�M+v �M/ `2/m+2
Qp2`?2�/c

(PBM � @ S`QTQb2 � b2i Q7 ;`QmT +QKKmMB+�iBQM K2+?�MBbKb i?�i �BKb iQ BK@
T`Qp2 i?2 2M2`;v 2{+B2M+v BM i`�/BiBQM�H #�ii2`v@TQr2`2/ /2pB+2b rBi?
}t2/ 2M2`;v #m/;2i �M/ `2M2r�#H2 2M2`;v bQm`+2bc

(PBM � @ aim/v i?2 T2`7Q`K�M+2 Q7 i?2 T`QTQb2/ K2+?�MBbKbX

h�FBM; BMiQ +QMbB/2`�iBQM i?2 bT2+B}+ ;Q�Hb- i?Bb i?2bBb ?�b T`Q/m+2/ i?2 7QHHQr@
BM; +QMi`B#miBQMb,

$POUSJCVUJPO �
 " HFOFSJD BQQSPBDI GPS .�. HSPVQ DPNNVOJDBUJPO

h?Bb +QMi`B#miBQM Bb `2H�i2/ iQ i?2 T`QTQb�H Q7 � ;2M2`B+ �TT`Q�+? bmBi�#H2
iQ BKT`Qp2 JkJ ;`QmT +QKKmMB+�iBQMX h?2 T`QTQb2/ �TT`Q�+? �TTHB2b
irQ /BbiBM+i ivT2b Q7 T`Q+2bbBM; 7mM+iBQMb QM i?2 ;`QmT i`�{+ iQ 2M�#H2
H2bb Qp2`?2�/ �M/ 2HBKBM�i2 /�i� `2/mM/�M+vX h?Bb �TT`Q�+?- hrQ hB2`
�;;`2;�iBQM- Bb ~2tB#H2 2MQm;? iQ #2 mb2/ QM /Bz2`2Mi ;`QmT +QKKmMB+@
�iBQM b+2M�`BQb �M/ �HHQrb i?2 ;`QmTb iQ ?�p2 T�`iB+mH�` +QKKmMB+�iBQM
b2iiBM;bX �HH i?2 K2+?�MBbKb �M/ KQ/2Hb T`2b2Mi2/ BM *?�Ti2` 9 #2M2}i
7`QK i?Bb +QMi`B#miBQM- r?B+? Bb b?QrM BM a2+iBQM 9Xkc

$POUSJCVUJPO �
 )FVSJTUJDT UP QSPMPOH UIF OFUXPSL MJGFUJNF

_QmiBM; ?2m`BbiB+b TH�v �M 2bb2MiB�H `QH2 BM i?2 T2`7Q`K�M+2 Q7 i?2 T`Q@
TQb2/ hrQ hB2` �;;`2;�iBQMX h?2 ?2m`BbiB+ /2+B/2b �bT2+ib `2H�i2/ iQ
i?2 TQBMib Q7 �;;`2;�iBQM �M/ ?Qr i`�{+ rBHH ~Qr Qp2` i?2 M2irQ`FX
h?2 T`QTQb2/ ?2m`BbiB+b �`2 i`22@#�b2/ bQHmiBQMb i?�i }M/ +QKT�iB#H2
;`QmTb iQ `2/m+2 i?2 Qp2`?2�/ �M/ 2HBKBM�i2 i?2 /�i� `2/mM/�M+vX h?Bb
+QMi`B#miBQM Bb T`2b2Mi2/ BM a2+iBQM 9Xjc

$POUSJCVUJPO �
 .PEFM GPSNVMBUJPO GPS OFUXPSL MJGFUJNF NBYJNJ[BUJPO

h?2 7Q`KmH�iBQM Q7 K�i?2K�iB+�H KQ/2Hb Bb � TQr2`7mH i2+?MB[m2 �#H2 iQ
}M/ i?2 QTiBK�H bQHmiBQM 7Q` � ;Bp2M T`Q#H2KX 1p2M i?Qm;? i?2 +QKTmi�@
iBQM +Qbi iQ }M/ i?2 QTiBK�H bQHmiBQM Bb iQQ ?B;? iQ #2 BKTH2K2Mi2/- i?2
QTiBK�H bQHmiBQM Bb BKTQ`i�Mi 7Q` i?2 bim/v Q7 � T`Q#H2K #2+�mb2 Bi /2}M2b
�M mTT2` #QmM/X AM i?Bb +�b2 i?2 M2irQ`F HB72iBK2 mTT2` #QmM/ r�b
Q#i�BM2/ mbBM; AMi2;2` GBM2�` S`Q;`�KKBM; �M/ �HHQr2/ i?2 +QKT�`BbQM
#2ir22M i?2 QTiBK�H �M/ i?2 ?2m`BbiB+b bQHmiBQMbX h?Bb +QMi`B#miBQM Bb
BMi`Q/m+2/ BM a2+iBQM 9X9c

$POUSJCVUJPO �
 1SPUPUZQJOH BOE UFTUCFE FYQFSJNFOUBUJPO

h?Bb +QMi`B#miBQM Bb `2H�i2/ iQ i?2 BKTH2K2Mi�iBQM �M/ 2p�Hm�iBQM Q7 i?2
K�BM T`QTQb2/ 7mM+iBQM�HBiB2b BM `2�H /2pB+2bX h?2 2tT2`BK2Mi�iBQM mbBM;
T`QiQivT2b �M/ `2�H 2MpB`QMK2Mib TQb2b b2p2`�H +?�HH2M;2b MQi +QKKQMHv
+QMbB/2`2/ BM bBKmH�iBQM Q` K�i?2K�iB+�H KQ/2HbX lbBM; `2�H /2pB+2b-

ě 9 ě
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Bi Bb TQbbB#H2 iQ ?�p2 � `2�HBbiB+ MQiBQM Q7 i?2 ;�BMb �M/ HBKBi�iBQMb Q7
i?2 T`QTQb2/ T`Q+2/m`2bX h?2 +QM/m+i2/ i2bi#2/ 2tT2`BK2Mi�iBQM r�b
7Q+mb2/ QM K2�bm`BM; i?2 2M2`;v +QMbmKTiBQM- i2biBM; #�bB+ +�b2b �M/
�M�HvxBM; i?2 BKT�+i i?2 �;;`2;�iBQM T`Q+2/m`2b ?�p2 QM i?2 2M2`;vX
h?Bb +QMi`B#miBQM Bb /2i�BH2/ BM a2+iBQM 9X8c

$POUSJCVUJPO �
 .FDIBOJTNT GPS FOFSHZ TVTUBJOBCMF PQFSBUJPO

J2+?�MBbKb r2`2 T`QTQb2/ iQ F22T BM bmbi�BM�#H2 QT2`�iBQM /2pB+2b rBi?
2M2`;v `2+?�`;BM; bQm`+2bX h?2 7Q+mb Q7 i?2b2 K2+?�MBbKb r�b iQ
`2;mH�i2 i?2 �KQmMi Q7 i`�{+ ~QrBM; i?`Qm;? � MQ/2 mbBM; /vM�KB+
/�i� �;;`2;�iBQM T`Q+2/m`2bX AM i?2 }`bi T`QTQb2/ K2+?�MBbK- 2�+? MQ/2
`2;mH�i2b �miQMQKQmbHv Bib i`�{+ mbBM; �b K�BM T�`�K2i2` i?2 `2bB/m�H
2M2`;v BM i?2 `2b2`p2X AM i?2 b2+QM/ K2+?�MBbK- 2�+? MQ/2 /2+B/2b i?2
�KQmMi Q7 i`�{+ #v FMQrBM; i?2 KBMBKmK 2M2`;v H2p2H BM i?2 T�i?X h?Bb
+QMi`B#miBQM Bb T`2b2Mi2/ BM a2+iBQMb 8Xk �M/ 8Xjc

$POUSJCVUJPO �
 "EBQUBUJPO BOE FYUFOTJPO PG TUBOEBSE .�. QSPUPDPM TUBDL

h?2`2 �`2 b2p2`�H bvbi2Kb �M/ TH�i7Q`Kb iQ 7�+BHBi�i2 BKTH2K2Mi�iBQM
�M/ bmTTQ`i i?2 bQHmiBQM 2K#2//BM; QM `2�H /2pB+2bX >Qr2p2`- bQK2 Q7
i?2b2 bvbi2Kb BKTH2K2Mi i?2B` QrM T`QiQ+QH bi�+F Q` /Q MQi ;Bp2 �++2bb
iQ i?2 bQm`+2 +Q/2X AMbi2�/ Q7 mbBM; T`QT`B2i�`v b2i Q7 T`QiQ+QHb- i?2
bi�M/�`/ JkJ T`QiQ+QH bi�+F r�b �/�Ti2/ �M/ 2ti2M/2/ iQ T`QKQi2 i?2
+QMp2`;2M+2 �M/ i?2 �/p�M+2 Q7 i?2 JkJ T`QiQ+QHb BM 2M2`;v ?�`p2biBM;
b+2M�`BQbX h?Bb +QMi`B#miBQM Bb T`2b2Mi2/ BM a2+iBQM 8XjXjX

h?2 M2ti b2+iBQM b?Qrb i?2 QmiHBM2 Q7 i?2 i?2bBbX

��� 5IFTJT 0VUMJOF

h?2 `2KBM/2` Q7 i?Bb i?2bBb Bb Q`;�MBx2/ BM }p2 +?�Ti2`b- �b /2b+`B#2/ #2HQrX

$IBQUFS � � .BDIJOF�UP�.BDIJOF &OWJSPONFOUT
h?Bb +?�Ti2` BMi`Q/m+2b i?2 K�BM +QM+2Tib �M/ +Qp2`b � b2i Q7 #�+F;`QmM/
MQiBQMb M2+2bb�`v 7Q` i?2 mM/2`bi�M/BM; Q7 i?2 HBi2`�im`2 `2pB2r �M/ i?2
T`QTQb2/ bQHmiBQMbX h?2 2KT?�bBb Q7 i?Bb +?�Ti2` Bb iQ bim/v K�+?BM2@
iQ@K�+?BM2 �TTHB+�iBQMb- i?2 /Bz2`2Mi ivT2b Q7 +QKKmMB+�iBQM- �M/ i?2
M2irQ`F �`+?Bi2+im`2X h?Bb +?�Ti2` �HbQ T`2b2Mib i2+?MQHQ;B2b `2H�i2/ iQ
;`QmT +QKKmMB+�iBQM BM JkJ 2MpB`QMK2Mib- bm+? �b i?2 *QMbi`�BM2/
�TTHB+�iBQM S`QiQ+QH �M/ i?2 ASpe _QmiBM; S`QiQ+QH 7Q` GQr@SQr2` �M/
GQbbv L2irQ`FbX h?Bb +?�Ti2` �HbQ /2i�BHb i?2 ;2M2`�H +?�HH2M;2b �M/ �HbQ
T`2b2Mib bT2+B}+ K�+?BM2@iQ@K�+?BM2 b+2M�`BQbX h?2 bT2+B}+ b+2M�`BQb �`2
BKTQ`i�Mi iQ M�``Qr i?2 b+QT2 Q7 i?2 `2b2�`+? �M/ r2`2 mb2/ �b #�b2 iQ
B/2MiB7v �M/ HBbi � b2i Q7 +QKKmMB+�iBQM `2[mB`2K2Mibc

$IBQUFS � � 3FMBUFE 8PSL
h?Bb +?�Ti2` T`2b2Mib � bi�i2@Q7@i?2@�`i bim/v +QM/m+i2/ iQ �M�Hvx2 i?2

ě 8 ě
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+m``2Mi bQHmiBQMb KQbi bmBi�#H2 iQ 7mH}HH i?2 HBbi2/ +QKKmMB+�iBQM `2[mB`2@
K2MibX h?2 }M�H Qmi+QK2 Q7 i?Bb +?�Ti2` Bb i?2 B/2MiB}+�iBQM Q7 QT2M
`2b2�`+? Bbbm2b- r?B+? b2`p2b �b `2b2�`+? /B`2+iBQM 7Q` i?2 /2bB;M Q7 i?2
T`QTQb2/ bQHmiBQMbc

$IBQUFS � � .FDIBOJTNT GPS &OFSHZ &ĔDJFODZ JO .�. (SPVQ $PNNVOJDBUJPO

h?Bb +?�Ti2` T`QTQb2b � ;2M2`B+ �TT`Q�+?- +�HH2/ hrQ hB2` �;;`2;�iBQM-
iQ BKT`Qp2 i?2 2M2`;v 2{+B2M+v Q7 K�+?BM2@iQ@K�+?BM2 ;`QmT +QKKmMB+@
�iBQMX AM �//BiBQM- i?Bb +?�Ti2` T`QTQb2b �M/ �bb2bb2b irQ K2+?�MBbKb
i?�i �TTHv hrQ hB2` �;;`2;�iBQM QM ?2i2`Q;2M2Qmb ;`QmT +QKKmMB+�iBQM
�TTHB+�iBQMbX h?2 }`bi K2+?�MBbK- M�K2/ .�i� �;;`2;�iBQM 7Q` JmHiBTH2
:`QmTb U.�JB:V- +QKTmi2b BM/2T2M/2Mi i`22b iQ +QKKmMB+�i2 �M/
�;;`2;�i2 i?2 BMi2`M�H �M/ i?2 2ti2`M�H ;`QmT i`�{+X h?2 b2+QM/
K2+?�MBbK- M�K2/ hrQ@hB2` �;;`2;�iBQM 7Q` JmHiB@i�`;2i �TTHB+�iBQMb
Uhh�J�V- +QKTmi2b � bT�MMBM; i`22 BM+Hm/BM; �HH �+iBp2 ;`QmTb �M/ i?2M
T`mM2b i?2 mMM2+2bb�`v MQ/2bX h?Bb +?�Ti2` �HbQ b?Qrb i?2 7Q`KmH�iBQM
Q7 � K�i?2K�iB+�H KQ/2H �#H2 iQ }M/ i?2 K�tBKmK M2irQ`F HB72iBK2
Q7 i?2 hrQ hB2` �;;`2;�iBQM �TT`Q�+?X � T2`7Q`K�M+2 +QKT�`BbQM Bb
K�/2 #2ir22M i?2 T`QTQb2/ K2+?�MBbKb �M/ QTiBK�H �M/ M2�`@QTiBK�H
bQHmiBQMbX S`QiQTvBM; �M/ i2bi#2/ 2tT2`BK2Mib �`2 �HbQ /2b+`B#2/ BM i?Bb
+?�Ti2`- BM+Hm/BM; i?2 K2�bm`2K2Mib �BKBM; iQ }M/ i?2 2z2+iBp2 �KQmMi
Q7 2M2`;v i?2 T`QTQb2/ �;;`2;�iBQM T`Q+2/m`2b b�p2bc

$IBQUFS � � %ZOBNJD %BUB "HHSFHBUJPO JO 3FQMFOJTIBCMF &OFSHZ &OWJSPO�
NFOUT

h?Bb +?�Ti2` T`QTQb2b �M/ 2p�Hm�i2b irQ K2+?�MBbKb i?�i mb2 /�i� �;@
;`2;�iBQM T`Q+2/m`2b iQ `2;mH�i2 i?2 2M2`;v +QMbmKTiBQM- b22FBM; iQ
K�BMi�BM i?2 MQ/2b BM M2mi`�H QT2`�iBQMX h?2 }`bi K2+?�MBbK- .�i�
�;;`2;�iBQM 7Q` 2M2`;v ?�`o2biBM; L1hrQ`Fb U.�o@L1hV- mb2b i?2
`2bB/m�H 2M2`;v QM i?2 #�ii2`v iQ /2}M2 �M �;;`2;�iBQM H2p2HX h?2 b2+QM/
K2+?�MBbK- _QmiBM; �M/ �;;`2;�iBQM 7Q` JBMBKmK 1M2`;v U_�J1V-
7QHHQrb � bBKBH�` B/2�- #mi Bi mb2b i?2 KBMBKmK `2bB/m�H 2M2`;v BM i?2
T�i? iQ /2i2`KBM2 i?2 �KQmMi Q7 /�i� iQ #2 �;;`2;�i2/X AM +QKT�`BbQM iQ
.�o@L1h- _�J1 Bb � Km+? KQ`2 +QKT`2?2MbBp2 bQHmiBQM bBM+2 Bi 7Q+mb
QM F22TBM; �i M2mi`�H QT2`�iBQM i?2 MQ/2b rBi? KBMBKmK 2M2`;v `2b2`p2bX
"2bB/2b- Bi �/�Ti2/ �M/ 2ti2M/2/ i?2 bi�M/�`/ T`QiQ+QHb *QMbi`�BM2/
�TTHB+�iBQM S`QiQ+QH U*Q�SV �M/ ASpe _QmiBM; S`QiQ+QH 7Q` GQr@SQr2`
�M/ GQbbv L2irQ`Fb U_SGVc

$IBQUFS � � $PODMVTJPO BOE 'VUVSF 8PSLT
h?Bb +?�Ti2` T`2b2Mib i?2 }M�H `2K�`Fb �M/ +QM+HmbBQMb i�F2M 7`QK i?Bb
i?2bBb- �b r2HH �b i?2 `2b2�`+? /B`2+iBQMb 7Q` 7mim`2 rQ`FbX

h?2 M2ti +?�Ti2` T`2b2Mib i?2 7mM/�K2Mi�Hb �M/ #�+F;`QmM/ +QM+2Tib `2H�i2/
iQ K�+?BM2@iQ@K�+?BM2 +QKKmMB+�iBQMX

ě e ě



$IBQUFS �
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"MM NZ NPWFNFOUT BSF DBSFGVMMZ
QSFNFEJUBUFE�

	&M $IBQVM­O $PMPSBEP


*QMi2Mib
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 d
kXk J�+?BM2@iQ@J�+?BM2 *QKKmMB+�iBQM X X X X X X X X X Ry

kXkXR a+2M�`BQb �M/ �TTHB+�iBQMb X X X X X X X X X X X X X Ry
kXkXk .�i� h`�{+ X X X X X X X X X X X X X X X X X X X X X Rk
kXkXj L2irQ`F �`+?Bi2+im`2 X X X X X X X X X X X X X X X X Rj

kXj ai�M/�`/b _2H�i2/ iQ JkJ *QKKmMB+�iBQM X X X X X R8
kXjXR *QMbi`�BM2/ �TTHB+�iBQM S`QiQ+QH X X X X X X X X X X R8
kXjXk _QmiBM; S`QiQ+QH 7Q` GQr@SQr2` �M/ GQbbv L2irQ`Fb Rd

kX9 *?�HH2M;2b BM J�+?BM2@iQ@J�+?BM2 *QKKmMB+�iBQM X RN
kX9XR _2H2p�Mi *?�HH2M;2b X X X X X X X X X X X X X X X X X ky
kX9Xk a+2M�`BQb �M/ _2[mB`2K2Mib X X X X X X X X X X X X X kk

kX8 amKK�`v X X X X X X X X X X X X X X X X X X X X X X X X X k8

J�+?BM2@iQ@J�+?BM2 +QKKmMB+�iBQMb ?�p2 T`2b2Mi2/ � H�`;2 ;`Qri? QM
b2p2`�H }2H/b �M/ ?�p2 /`Bp2M i?2 2K2`;2M+2 Q7 � M2r 2`� Q7 bK�`i
�TTHB+�iBQMbX h?Bb +?�Ti2` 2tTHQ`2b BKTQ`i�Mi iQTB+b Q7 K�+?BM2@iQ@

K�+?BM2 2MpB`QMK2Mib- BM+Hm/BM; i?2 �bT2+ib `2H�i2/ iQ b+2M�`BQb- �TTHB+�iBQMb-
M2irQ`F �`+?Bi2+im`2- /�i� i`�{+- �M/ i2+?MQHQ;B2bX

��� *OUSPEVDUJPO

J�+?BM2@iQ@K�+?BM2 bvbi2Kb ?�p2 #`Qm;?i ;`2�i TQi2MiB�H QTTQ`imMBiB2b 7Q`
/2bB;MBM; KQMBiQ`BM; �M/ `2KQi2 +QMi`QH �TTHB+�iBQMbX Ai Bb b22M �b � F2v i2+?@
MQHQ;v iQ +QMM2+i i?2 ?m;2 MmK#2` Q7 2K#2//2/ /2pB+2b- r?B+? Bb BM+`2�bBM;

ě d ě
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i`2K2M/QmbHv- �M/ iQ �++2H2`�i2 i?2 /2p2HQTK2Mi Q7 MmK2`Qmb BMMQp�iBp2 �T@
THB+�iBQMbX JQbi T�`i Q7 i?2 �+�/2KB+ +QKKmMBiv �;`22b rBi? i?2 7QHHQrBM;
#`Q�/ /2}MBiBQM 7Q` K�+?BM2@iQ@K�+?BM2, ǳJkJ `272`b iQ � bvbi2K 7Q`K2/ #v �
H�`;2 MmK#2` Q7 HQr@TQr2` �M/ HQr@+Qbi 2K#2//2/ /2pB+2b b?�`BM; BM7Q`K�iBQM
�M/ K�FBM; +QHH�#Q`�iBp2 /2+BbBQMb rBi? HBiiH2 Q` MQ ?mK�M BMi2`p2MiBQMǴ (w?�Q
2i �HX- kyRd)X

6Q` �M mM/2`bi�M/BM; Q7 K�+?BM2@iQ@K�+?BM2 2MpB`QMK2Mib- 6B;m`2 kXR b?Qrb i?2
+QMiBMmQmb rQ`F~Qr T2`7Q`K2/ #v � ;2M2`B+ JkJ bvbi2KX h?2 }`bi i�bF i?�i
Kmbi #2 T2`7Q`K2/ #v i?2 JkJ /2pB+2b Bb .�i� *�Tim`2 h�bF U.*hV- r?B+?
BMpQHp2b +QHH2+iBM; /�i� 7`QK i?2 `2�H rQ`H/X 1t�KTH2b Q7 2H2+i`QMB+ b2MbQ`b i?�i
+�``v Qmi i?Bb i�bF �`2, i2KT2`�im`2- ?mKB/Biv �M/ ~Qr K2�bm`2K2MiX

�7i2` i?2 .*h- i?2 K�+?BM2b Kmbi T2`7Q`K i?2 S`Q+2bbBM; �M/ .2+BbBQM h�bF
US.hVX h?Bb i�bF `2[mB`2b TQr2`7mH +QKTmi�iBQM�H +�T�#BHBiB2b iQ ?�M/H2 i?2
/�i� �+[mB`2/- �M/ bmTTQ`i /2+BbBQM@K�FBM; 7mM+iBQM�HBiB2bX

JkJ bvbi2Kb ?�p2 /2pB+2b �#H2 iQ /2TB+i K2bb�;2b �M/ 2t2+mi2 �+iBQMbX h?Bb
i�bF Bb +�HH2/ J2bb�;2 �M/ �+im�iBQM h�bF UJ�hV �M/ Bib Tm`TQb2 Bb iQ T`QpB/2
i?2 2MpB`QMK2Mi rBi? bvbi2K `2bTQMb2bX h?2b2 `2bTQMb2b KB;?i #2 �H2`ib- BM@
7Q`K�iBQM- K2bb�;2b- +QKK�M/b Q` BKTQ`i�Mi 2p2Mib 7Q` �+im�iQ`bX h?2 J�h
Bb i?2 QmiTmi Q7 i?2 JkJ bvbi2K �M/ Bib /2biBM�iBQM KB;?i #2 ?mK�Mb �M/fQ`
K�+?BM2bX

6B;m`2 kXR, "�bB+ JkJ qQ`F~Qr h�bFbX

h?2 JkJ bvbi2K #2+QK2b KQ`2 +QKTH2t r?2M i?2b2 i?`22 #�bB+ i�bFb �`2 �`@
`�M;2/ BM � /Bbi`B#mi2/ 7�b?BQMX AM i?2 HB;?i Q7 i?2 /Bbi`B#mi2/ 2t2+miBQM Q7 i?2b2
i�bFb- i?2 7QHHQrBM; +H�bb2b Q7 K�+?BM2b 2K2`;2 BM i?2 JkJ bvbi2K,

Ç Sm`2 .*h K�+?BM2b, .2pB+2b QMHv 2[mBTT2/ rBi? i?2 M2+2bb�`v ?�`/@
r�`2fbQ7ir�`2 iQ b2Mb2 i?2 2MpB`QMK2MiX

Ç Sm`2 S.h K�+?BM2b, .2pB+2b �#H2 iQ +QKTmi2 i?2 /�i� �M/ +?QQb2 i?2
�TT`QT`B�i2 �+iBQM #�b2/ QM � b2i Q7 `mH2b Q` TQHB+B2bX

ě 3 ě
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Ç Sm`2 J�h K�+?BM2b, .2pB+2b i?�i ?�p2 i?2 `2bQm`+2b M2+2bb�`v iQ
T2`7Q`K bQK2 �miQK�i2/ �+iBQMb �M/fQ` /BbTH�v �H2`ibfK2bb�;2bX

Ç >v#`B/ J�hf.*h K�+?BM2b, .2pB+2b �#H2 iQ �+i 2Bi?2` �b � b2MbQ`
Q` �+im�iQ`fBM7Q`K�MiX

6B;m`2 kXk /2TB+ib i?2b2 /Bbi`B#mi2/ �``�M;2K2Mib Q7 7mM+iBQM�HBiB2b �M/ i?2 b2i
Q7 K�+?BM2b rBi? /Bz2`2Mi +�T�#BHBiB2bX Ai b?QmH/ #2 MQi2/ i?�i bQK2 Q7 i?2
S.h K�+?BM2b KB;?i ?�p2 /Bz2`2Mi H2p2Hb Q7 `2bQm`+2b U2X;X +QKTmiBM; TQr2`-
K2KQ`v �M/ TQr2` bmTTHvV �M/ KB;?i #2 /2THQv2/ �i /BbiBM+i /Bbi�M+2b 7`QK
i?2 Qi?2` K�+?BM2bX

Message and Actuation Tasks (MAT) Data Capture Task (DCT)

Processing and Decision Tasks (PDT)

Machines with DCT/MAT
functionalities

Machines with
DCT functionalities

Machines with
MAT functionalities

Machines with
PDT functionalities

Data 
acquisition

Commands

Information
exchange

Commands

Data 
acquisition

6B;m`2 kXk, hvT2b Q7 /2pB+2b BM JkJ 2MpB`QMK2MibX

AM i?2 +m``2Mi bi�;2b Q7 JkJ bvbi2Kb- i?2 ivTB+�H bvbi2K �`+?Bi2+im`2 Bb +QK@
TQb2/ Q7 K�+?BM2b rBi? J�h �M/fQ` .*h +�T�#BHBiB2b `2KQi2Hv +QMM2+i2/ iQ
+2Mi`�HBx2/ S.h K�+?BM2bX >Qr2p2` i?Bb �`+?Bi2+im`2 ?�b #22M 2ti2M/2/ iQ b+2M@
�`BQb BMpQHpBM; K�+?BM2b rBi? KmHiBTH2 7mM+iBQM�HBiB2b UJ�hf.*hV i?�i +QK@
KmMB+�i2 rBi? S.h 7mM+iBQM�HBiB2b /Bbi`B#mi2/ Qp2` b2p2`�H /2pB+2b (J2?KQQ/
2i �HX- kyRd)X

AKTQ`i�Mi MQiBQMb iQ #2 2ti`�+i2/ 7`QK i?2 K�+?BM2@iQ@K�+?BM2 bvbi2Kb �`2, UBV
JkJ bvbi2Kb �`2 +QKTQb2/ Q7 /2pB+2b rBi? p2`v /BbiBM+i ?�`/r�`2 �M/ bQ7ir�`2
+�T�#BHBiB2bc �M/ UBBV JkJ /2pB+2b T2`7Q`K i?2B` 7mM+iBQM�HBiB2b BM � /Bbi`B#mi2/
�M/ +QKTH2K2Mi�`v 7�b?BQMX

h?2 `2K�BM/2` Q7 i?Bb +?�Ti2` T`2b2Mib �M/ 7m`i?2` /Bb+mbb2b i?2 K�BM +QM+2Tib
Q7 K�+?BM2@iQ@K�+?BM2 +QKKmMB+�iBQMX a2+iBQM kXk T`2b2Mib i?2 b+2M�`BQb Q7
�TTHB+�iBQMb- i?2 ivT2b Q7 /�i� i`�{+- �M/ i?2 M2irQ`F �`+?Bi2+im`2X a2+iBQM

ě N ě
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kXj /2i�BHb BKTQ`i�Mi bi�M/�`/b /2}M2/ 7Q` JkJ +QKKmMB+�iBQMX a2+iBQM kX9
BMi`Q/m+2b i?2 K�BM `2b2�`+? +?�HH2M;2b BM JkJ +QKKmMB+�iBQMbX

��� .BDIJOF�UP�.BDIJOF $PNNVOJDBUJPO

�7i2` bim/vBM; JkJ bvbi2Kb 7`QK � ?B;? H2p2H T2`bT2+iBp2- Bi Bb BKTQ`i�Mi iQ
/2b+`B#2 �M/ b?Qr i?2 +?�`�+i2`BbiB+b Q7 bQK2 JkJ �TTHB+�iBQMb- bBM+2 i?2 JkJ
bvbi2Kb ?�p2 i?2 TQi2MiB�H iQ #2 �TTHB2/ iQ b2p2`�H b+2M�`BQbX

����� 4DFOBSJPT BOE "QQMJDBUJPOT

J�Mv +QKT�MB2b �M/ BM/mbi`B2b �`2 biBHH 2tTHQ`BM; JkJ b+2M�`BQb �M/ �TTHB+�@
iBQMbX h?2 /2b+`BTiBQMb Q7 i?2 K�BM JkJ b+2M�`BQb �M/ �TTHB+�iBQMb �`2 T`QpB/2/
#2HQrX

Ç aK�`i :`B/ �M/ aK�`i J2i2`BM;, h?2 �BK Q7 bK�`i K2i2`BM; Bb iQ
K2�bm`2 i?2 +QMbmKTiBQM Q7 i?2 miBHBiB2b- +QMi`QH i?2 �bb2ib- 2M?�M+2 i?2
T2`7Q`K�M+2 Q7 i?2 bvbi2K �M/ T`QpB/2 b2+m`BivX Ai Bb �HbQ /2bB;M2/ iQ
`2/m+2 QT2`�iBQM�H- K�BMi2M�M+2 �M/ bvbi2K TH�MMBM; +Qbib (:?�pBKB �M/
*?2M- kyR8)X aK�`i K2i2`BM; Bb �HbQ mb2/ iQ KQMBiQ` �M/ +QMi`QH /`BHHb-
r2HHb �M/ TBT2HBM2bX aQK2 Q7 i?2b2 7�+BHBiB2b �`2 +?�`�+i2`Bx2/ �b BM�++2bb@
B#H2- �M/ JkJ +QKKmMB+�iBQM #2+QK2b � pB�#H2 QTiBQM iQ KQMBiQ` i?2
2ti`�+iBQM- i`�MbTQ`i �M/ /Bbi`B#miBQM Q7 QBH- ;�b- 2H2+i`B+Biv �M/ r�i2`X

Ç �miQKQiBp2, h?2 �miQKQiBp2 K�`F2i ?�b �ii`�+i2/ K�Mv bi�F2?QH/2`b
U2X;X �miQKQiBp2 +QMbmK2`b- K�Mm7�+im`2`b �M/ T`QpB/2`b Q7 �miQKQiBp2
b2`pB+2bVX JQbi Q7 i?2 K�Mm7�+im`2`b �`2 BMpQHp2/ BM i?2 +`2�iBQM Q7 �T@
THB+�iBQMb- 7Q` BMbi�M+2- b�72iv �M/ +QHHBbBQM �pQB/�M+2- i`�{+ K�M�;2K2Mi
BM7`�bi`m+im`2 bvbi2Kb- p2?B+H2 i2H2K�iB+b- BM@+�` 2Mi2`i�BMK2Mi �M/ BMi2`@
M2i b2`pB+2b ("QQvb2M 2i �HX- kyRk)X AM i?2 JkJ �miQKQiBp2 b+2M�`BQb-
i?2 /`Bp2` Bb �#H2 iQ Q#i�BM BM7Q`K�iBQM �#Qmi i`�{+- �++B/2Mib- M�im`�H
/Bb�bi2`b- +HBK�iB+ +QM/BiBQMb- `Qmi2 �bbBbi�M+2 �M/ AMi2`M2i �++2bbX "v
?�pBM; �++2bb iQ K2+?�MB+�H `2TQ`ib- i?2 �miQKQ#BH2 K�Mm7�+im`2`b �`2
�#H2 iQ K�F2 T`Q;`2bb BM i?2 `2b2�`+? �M/ /2p2HQTK2Mi Q7 M2r i2+?MQHQ@
;B2b iQ 7m`i?2` BKT`Qp2 2{+B2M+v- BM+`2�b2 /`Bp2` b�iBb7�+iBQM �M/ T`QpB/2
2MpB`QMK2Mi�H #2M2}ibX

Ç >2�Hi?, >2�Hi?+�`2 �TTHB+�iBQMb 2M�#H2b /�i� +QHH2+iBQM �#Qmi i?2 #Q/v
+QM/BiBQM U2X;X #HQQ/ T`2bbm`2- #Q/v i2KT2`�im`2- ?2�`i `�i2- r2B;?i �M/
#Q/v HQ+�iBQMbV pB� #Q/v b2MbQ`bX h?2 #�bB+ B/2� Q7 >2�Hi?+�`2 �TTHB+�@
iBQMb Bb iQ 7Q`r�`/ i?2 /�i� ;�i?2`2/ 7`QK i?2 T�iB2Mib iQ +HBMB+�H +2Mi2`b-
r?2`2 i?2 T?vbB+�H BM/B+�iQ`b +�M #2 ?�M/H2/ i?`Qm;? `2KQi2 KQMBiQ`BM;X
h?2 �M�HvbBb #v i?2 �TT`QT`B�i2 T`Q72bbBQM�Hb �HHQrb i?2 T�iB2Mib iQ #2
;Bp2M #2ii2` i`2�iK2Mi Q` bQK2 722/#�+F r?B+? Bb mb27mH- 7Q` BMbi�M+2- 7Q`
#2ii2` }iM2bb �+iBpBiB2bX

ě Ry ě
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Ç aK�`i *BiB2b, *m``2MiHv- +BiB2b M22/ iQ ?�p2 � #2ii2` BM7`�bi`m+im`2 �M/
`2bQm`+2 K�M�;2K2MiX h?Bb ?�b 2K2`;2/ 7`QK i?2 i`2M/ iQr�`/ ;`2�i2`
m`#�MBx�iBQM- �b r2HH �b TQTmH�iBQM ;`Qri? �M/ i?2 M22/ 7Q` 2MpB`QMK2Mi�H
bmbi�BM�#BHBivX *Biv KQMBiQ`BM; Bb � b+2M�`BQ- BM r?B+? i?2 JkJ bvbi2K
2M+Qm`�;2b i?2 BMi2;`�iBQM Q7 T`Bp�i2 �M/ Tm#HB+ b2`pB+2bX h?2 /�i� +QHH2+@
i2/ #v i?2 JkJ +QKKmMB+�iBQM bvbi2K +QmH/ #2 mb2/ iQ TH�M i?2 bmTTHv
Q7 M2r `2bQm`+2b- K�M�;2 +m``2Mi b2`pB+2b U2X;X Tm#HB+ i`�MbTQ`i BM7Q`K�@
iBQM �M/ i`�{+ +QMi`QHV �M/ BKTH2K2Mi b2`pB+2b U2X;X TQHB+2 QT2`�iBQMb BM
bi`�i2;B+ HQ+�iBQMbVX

Ç JQMBiQ`BM; �M/ *QMi`QH Q7 P#D2+ib, E22TBM; i`�+F Q7 Q#D2+ib �M/fQ`
�MBK�Hb Bb �HbQ �M BKTQ`i�Mi }2H/ 7Q` JkJ �TTHB+�iBQMbX � HQi Q7 +QK@
T�MB2b �M/ T2QTH2 �`2 BMi2`2bi2/ BM F22TBM; i`�+F Q7 i?2B` TQbb2bbBQMbX h?2
JkJ bvbi2K +�M T`QpB/2 � +QKT`2?2MbBp2 pB2r Q7 i?2 bi�i2 Q7 i?2B` �bb2ib
bQ i?�i i?2v +�M i�F2 �+iBQM r?2M M2+2bb�`vX AM K�Mv bBim�iBQMb- +QK@
T�MB2b �`2 BMi2`2bi2/ BM +�`27mHHv +QMi`QHHBM; i?2B` T`QT2`iB2b #v K2�Mb Q7
`2KQi2 KQMBiQ`BM;X 6Q` BMbi�M+2- BM � `m`�H �`2�- ?Q`b2b +QmH/ #2 KQM@
BiQ`2/ U2X;X i?2B` TQbBiBQM- ?2�Hi? +QM/BiBQMb �M/ i?2 i2KT2`�im`2 Q7 i?2
?2`/VX AM �M m`#�M �`2�- i?2 JkJ KQMBiQ`BM; �TTHB+�iBQMb +QmH/ #2 mb2/
�;�BMbi #m`;H�`v Q` 7Q` �H2`iBM; � /Bbi`B#miQ` r?2M � p2M/BM; K�+?BM2 Bb
Qmi Q7 /`BMFb Q` i?2 K�BMi2M�M+2 bi�z r?2M �M �B`@+QM/BiBQMBM; mMBi ?�b
� K�H7mM+iBQMX

h�#H2 kXR bmKK�`Bx2b i?2 K�DQ` �`2�b Q7 JkJ �M/ ;Bp2b bQK2 2t�KTH2b Q7
bT2+B}+ �TTHB+�iBQMbX

h�#H2 kXR, JkJ J�DQ` �`2�b �M/ aT2+B}+ �TTHB+�iBQMb U�/�Ti2/ 7`QK (S�M/2v
2i �HX- kyRR)VX

J�DQ` �`2�b aT2+B}+ �TTHB+�iBQMb
�miQKQiBp2 6�BHm`2b +�HHb- biQH2M p2?B+H2 i`�+FBM;- `2KQi2 /B�;MQbBb- BM@

bm`�M+2 b2`pB+2b- ~22i K�M�;2K2Mi- 2KBbbBQM +QMi`QH- iQHH
T�vK2Mi- `Q�/ b�72iv �M/ M�pB;�iBQM

aK�`i J2i2`BM; J�M�;2K2Mi Q7 2H2+i`B+Biv /Bbi`B#miBQM M2irQ`F- K2i2` `2�/@
BM; +QKKmMB+�iBQM- K�M�;2K2Mi Q7 TQr2` [m�HBiv �M/ Qmi@
�;2- i�`Bz b2iiBM; �M/ T�vK2Mi- i?27i T`Qi2+iBQM

*Biv KQMBiQ`BM; h`�{+ ~Qr K�M�;2K2Mi- T�bb2M;2` BM7Q`K�iBQM bvbi2K- /v@
M�KB+ i`�{+ HB;?i +QMi`QH- bm`p2BHH�M+2 �M/ b2+m`Biv

>2�Hi?+�`2 JQMBiQ`BM; Q7 T�iB2MibǶ ?2�Hi? �M/ }iM2bb- i`B;;2`BM; �H�`Kb
BM +`BiB+�H +QM/BiBQMb- `2KQi2 +QMi`QH Q7 K2/B+�H i`2�iK2Mi

h`�+F �M/ +QMi`QH
US2`bQMfP#D2+ibV

aiQ+F KQMBiQ`BM;- T`Q/m+iBQM HBM2 KQMBiQ`BM; �M/ i?27i T`Q@
i2+iBQM- B/2MiB7vBM; 7�mHib

h?2 M2ti b2+iBQM T`2b2Mib i?2 2tBbiBM; ivT2b Q7 i`�{+ BM JkJ +QKKmMB+�@
iBQMbX

ě RR ě
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����� %BUB 5SBĔD

"27Q`2 JkJ- i?2 mbm�H AMi2`M2i i`�{+ r�b KQbiHv +`2�i2/ #v T2QTH2 �++2bb@
BM; BM7Q`K�iBQMX h?2 �/p2Mi Q7 JkJ +QKKmMB+�iBQM `2bmHib BM M2r ivT2b Q7
M2irQ`F i`�{+X h?2 JkJ i`�{+ ?�b 2K2`;2/ BM i?2 AMi2`M2i �M/ i?2`2 �`2
2tT2+i�iBQMb i?�i i?2`2 rBHH #2 � Km+? H�`;2` MmK#2` Q7 bK�`i /2pB+2b i?�i M22/
iQ #2 bmTTQ`i2/ BM i?2 AMi2`M2i i?�M i?2 i`�/BiBQM�H +QKTmi2`b mb2/ �i T`2b2Mi
("2�H2 �M/ JQ`BQF�- kyRR)X

h`�/BiBQM�H AMi2`M2i b2`pB+2b- bm+? �b- r2#@#`QrbBM;- }H2 /QrMHQ�/BM; �M/ r2#@
K�BH- �`2 +?�`�+i2`Bx2/ #v H�`;2 #HQ+Fb Q7 /�i�X PM i?2 Qi?2` ?�M/- JkJ +QK@
KmMB+�iBQM Bb +?�`�+i2`Bx2/ #v ?�pBM; � rB/2 p�`B�iBQM Q7 i`�{+ +?�`�+i2`BbiB+b
(GBQmKT�b 2i �HX- kyRR)X 6Q` BMbi�M+2- bQK2 JkJ �TTHB+�iBQMb ;2M2`�i2 BM7`2@
[m2Mi �M/ /2H�v@iQH2`�Mi T�+F2ib U2X;X bK�`i K2i2`BM; �M/ T�`FBM; K2i2`BM;V-
r?BH2 Qi?2` JkJ �TTHB+�iBQMb `2[mB`2 `2�H@iBK2 i`�MbKBbbBQM U2X;X pB/2Q bm`p2BH@
H�M+2VX �HbQ- i?2`2 Bb T2`BQ/B+ �M/ 2p2Mi@#�b2/ i`�{+X

PM i?2 #�bBb Q7 i?2 h2+?MB+�H _2TQ`i ha kkXj3e /`�rM mT #v i?2 j:SS (Uj:SSV-
kyRy)- i?2 K�BM +?�`�+i2`BbiB+b Q7 JkJ i`�{+ �`2 HBbi2/ �b 7QHHQrbX

Ç hBK2 +QMi`QHH2/, JkJ /�i� /2HBp2`v QMHv /m`BM; T`2/2}M2/ iBK2 BMi2`@
p�HbX

Ç hBK2 iQH2`�Mi, h?Bb Bb i?2 /�i� r?B+? /Q2b MQi ?�p2 /2H�v `2[mB`2K2MibX

Ç AM7`2[m2Mi i`�MbKBbbBQM, h?Bb `272`b iQ /�i� i?�i Bb ?�`/Hv 2p2` ;2M2`@
�i2/X

Ç aK�HH /�i� i`�MbKBbbBQMb, Ai Bb i?2 72�im`2 `2H�i2/ iQ i?2 �TTHB+�iBQMb
i?�i QMHv +QKKmMB+�i2 bK�HH �KQmMi Q7 /�i�X

Ç JQ#BH2 Q`B;BM�i2/, h?Bb Bb i?2 /�i� ;2M2`�i2/ BM KQ#BH2 bBim�iBQMbX

Ç GQr KQ#BHBiv, Ai Bb i?2 +QKKmMB+�iBQM ;2M2`�i2/ #v /2pB+2b i?�i `�`2Hv
KQp2 Q` QMHv KQp2 rBi?BM � +2`i�BM ;2Q;`�T?B+ �`2�X

Ç 1p2Mibf2MiBiB2b, JQMBiQ`BM; 2p2Mib `2H�i2/ iQ T�`iB+mH�` JkJ /2pB+2bX

Ç S`BQ`Biv �H�`K, h?Bb Bb i?2 +QKKmMB+�iBQM +�mb2/ #v i?2 Q++m``2M+2 Q7
bT2+B�H 2p2Mib Q` bBim�iBQMbX

Ç :`QmT "�b2/ *QKKmMB+�iBQM, h?Bb Bb i?2 +QKKmMB+�iBQM BMpQHpBM;
� b2i Q7 JkJ /2pB+2bX

Ç hrQ@q�v, Ai Bb BKTQ`i�Mi iQ MQiB+2 i?�i JkJ +QKKmMB+�iBQM BMpQHp2b
irQ@r�v U7Q`r�`/ �M/ #�+Fr�`/V +QKKmMB+�iBQM- �M/ 2�+? Q7 i?2K ?�p2
/BbiBM+i H�i2M+v `2[mB`2K2Mib iQ #2 b�iBb}2/X

Ç JmHiBTH2 .�i�@hvT2, AM ;2M2`�H- 2�+? JkJ �TTHB+�iBQM +QKKmMB+@
�i2b KQ`2 i?�M � bBM;H2 /�i�@ivT2X h?Bb Bb #2+�mb2 i?2 JkJ /2pB+2b �`2
2[mBTT2/ rBi? KmHiBTH2 b2MbQ`b- �M/ bQK2 Q7 i?2 i`�{+ +?�`�+i2`BbiB+b �`2
`2H�i2/ iQ KQ#BHBiv- 7`2[m2M+v- �KQmMi Q7 /�i�- /2H�v iQH2`�M+2- T`BQ`Biv
�M/ i?2 MmK#2` Q7 /2pB+2b BMpQHp2/ BM i?2 +QKKmMB+�iBQMX

ě Rk ě
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h?2 ;2M2`�iBQM Q7 � T�`iB+mH�` ivT2 Q7 /�i� i`�{+ /2T2M/b QM i?2 +?�`�+i2`Bbi@
B+b �M/ BKTH2K2Mi�iBQM Q7 i?2 �TTHB+�iBQMbX 6Q` 2t�KTH2- � ?2�`i KQMBiQ`BM;
�TTHB+�iBQM +QmH/ #2 BKTH2K2Mi2/ iQ +QKKmMB+�i2 i?2 ?2�Hi? `2TQ`ib �i `2;m@
H�` iBK2 BMi2`p�Hb Q` r?2M bQK2 2K2`;2M+v bBim�iBQM Q++m`bX AM i?2 +�b2 Q7 i?2
7Q`K2`- i?2 �TTHB+�iBQM `2[mB`2b +QMiBMmQmb KQMBiQ`BM;- r?B+? K2�Mb i?2 /�i�
i`�{+ +�M #2 +?�`�+i2`Bx2/ �b iBK2 +QMi`QHH2/X AM i?2 +�b2 Q7 i?2 H�ii2`- i?2 �T@
THB+�iBQM QMHv ;2M2`�i2b i?2 MQiB}+�iBQM r?2M �M 2K2`;2M+v 2p2Mi Bb /2i2+i2/-
bQ Bi T`Q/m+2b T`BQ`Biv �H�`K i`�{+X

h?2 bim/v Q7 ivT2b Q7 i`�{+ T`Q/m+2/ #v JkJ /2pB+2b Bb mb27mH iQ mM/2`bi�M/
i?2 M2irQ`F �`+?Bi2+im`2- r?B+? Bb i?2 bm#D2+i Q7 i?2 7QHHQrBM; b2+iBQMX

����� /FUXPSL "SDIJUFDUVSF

h?2 +QK#BM�iBQM Q7 rB`2/ �M/ rB`2H2bb M2irQ`F i2+?MQHQ;B2b K�v `2bmHi BM b2p2`�H
p�`B�Mib Q7 M2irQ`F �`+?Bi2+im`2b �#H2 iQ T`QpB/2 +QKKmMB+�iBQM 7Q` i?2 JkJ
bvbi2KbX "v BMi2;`�iBM; M2irQ`F i2+?MQHQ;B2b- bQK2 bQHmiBQMb U(J2?KQQ/ 2i �HX-
kyRd) �M/ (:?�pBKB �M/ *?2M- kyR8)V ?�p2 b?QrM � >2i2`Q;2M2Qmb >B2`�`+?B+�H
�`+?Bi2+im`2 U>>�VX

�b +�M #2 Q#b2`p2/ BM 6B;m`2 kXj- i?2 HQr2bi H�v2` Bb i?2 JkJ *�TBHH�`v L2irQ`F-
r?B+? Bb 7Q`K2/ Q7 JkJ .2pB+2b �M/ JkJ :�i2r�vb (�b?`�7mxx�K�M �M/ 6�@
TQDmrQ- kyR3)X h?2b2 /2pB+2b +�M #2 +QMM2+i2/ pB� "Hm2iQQi? ("Hm2iQQi?- kyyR)-
wB;#22 (�HHB�M+2- kyye)- Q` A111 3ykXR8X9- r?B+? `mM QM i?2 kX9 :>x #�M/X

h?2 JkJ .2pB+2b �`2 /2bB;M2/ iQ K�BMi�BM HQr +Qbi T2` mMBi- �HHQrBM; i?2 /2@
THQvK2Mi Q7 � H�`;2 MmK#2` Q7 mMBibX AM �//BiBQM- i?2 ?�`/r�`2 +�T�#BHBiB2b Q7 i?2
JkJ .2pB+2b �`2 `2bi`B+i2/ BM i2`Kb Q7 *2Mi`�H lMBi S`Q+2bbBM; U*SlV- #�ii2`v
�miQMQKv �M/ K2KQ`vX h?Bb HBKBi2/ ?�`/r�`2 +�T�+Biv BKTQb2b b2p2`2 `2bi`B+@
iBQMb QM i?2 7mM+iBQM�HBiB2b +�``B2/ Qmi #v JkJ .2pB+2bX AM ;2M2`�H- i?2v ?�p2
HQr i`�MbKBbbBQM `�i2b �M/ T2`7Q`K bBKTH2 QT2`�iBQMb U2X;X b2MbQ` Q` brBi+?2b
QzfQMVX AM +QMi`�bi rBi? JkJ .2pB+2b- KQbi JkJ :�i2r�vb ?�p2 � +QMbi�Mi
2M2`;v bmTTHv �M/ `Q#mbi ?�`/r�`2X

h?2 JkJ �++2bb L2irQ`F G�v2` Bb i?2 +QKKmMB+�iBQM bvbi2K i?�i T`QpB/2b
AMi2`M2i +QMM2+iBQM U*Q`2 L2irQ`FbV iQ i?2 JkJ :�i2r�vbX 1t�KTH2b Q7 JkJ
�++2bb L2irQ`F i2+?MQHQ;B2b �`2, 1i?2`M2i- qB@6B (�HHB�M+2- kyyd)- �bvKK2i`B+
.B;Bi�H am#b+`B#2` GBM2 U�.aGV (ai�M/�`/- RNN3)- GQM; h2`K 1pQHmiBQM UGh1V
(�++2bb- kyyd) �M/ qQ`H/rB/2 AMi2`QT2`�#BHBiv 7Q` JB+`Qr�p2 �++2bb UqBJ�sV
(:`QmT 2i �HX- kyy9)X

"v K2�Mb Q7 JkJ :�i2r�vb- i?2 >B2`�`+?B+�H >2i2`Q;2M2Qmb �`+?Bi2+im`2 `2@
/m+2b i?2 MmK#2` Q7 K�+?BM2b i?�i �`2 /B`2+iHv +QMM2+i2/- �b r2HH �b i?2 i`�{+
HQ�/ �M/ i?2 MmK#2` Q7 bm#b+`B#2`b Qp2` i?2 �++2bb L2irQ`F G�v2`X JkJ :�i2@
r�v MQ/2b Kmbi 7Q`r�`/ i?2 /�i� 7`QK JkJ .2pB+2b iQ i?2 �++2bb L2irQ`F
G�v2` �M/ pB+2@p2`b�- #v bmTTQ`iBM; +QMM2+iBQMb #2ir22M #Qi? H�v2`b (L�22K
2i �HX- kyRd)X 6Q` BMbi�M+2- r?2M �M 2ti2`M�H MQ/2 M22/b iQ +QMi�+i � JkJ
.2pB+2 i?�i Bb �ii�+?2/ iQ � JkJ :�i2r�v- i?Bb 2ti2`M�H MQ/2 Kmbi }`bi +QM@
i�+i i?2 �TT`QT`B�i2 JkJ :�i2r�v- �M/ i?2M- i?2 JkJ :�i2r�v Bb �#H2 iQ

ě Rj ě
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6B;m`2 kXj, L2irQ`F �`+?Bi2+im`2 Q7 JkJ *QKKmMB+�iBQMX

2bi�#HBb? � +QMM2+iBQM rBi? i?2 T�`iB+mH�` JkJ .2pB+2X h?Bb K2�Mb i?�i i?2
JkJ :�i2r�v +�M �+i �b � T`Qtv- #v T`QpB/BM; � b2`pB+2 Q7 `2KQi2 �++2bb (Ab?�[
2i �HX- kyRe)X

h?2 JkJ SH�i7Q`K �M/ �TTHB+�iBQM H�v2`b �`2 �i i?2 iQT Q7 i?2 >>�X h?2b2
H�v2`b �`2 i?2 /2biBM�iBQM Q7 i?2 BM7Q`K�iBQM +QHH2+i2/ #v i?2 MQ/2bX h?2 JkJ
SH�i7Q`K �M/ �TTHB+�iBQM G�v2` �`2 mbm�HHv ?Qbi2/ BM i?2 "�+F2M/ a2`p2`b �M/
2[mBTT2/ rBi? TQr2`7mH ?�`/r�`2 `2bQm`+2b i?�i �`2 �#H2 iQ T`Q+2bb � H�`;2
MmK#2` Q7 i`�Mb�+iBQMb (J�iQ#� 2i �HX- kyRR)X

h?2 JkJ TH�i7Q`K U�HbQ +�HH2/ KB//H2r�`2V +�M #2 /2}M2/ �b � bQ7ir�`2 H�v2`
i?�i 2M�#H2b JkJ �TTHB+�iBQMb iQ �++2bb i?2B` /2pB+2b #v mbBM; � +QKKQM b2i Q7
b2`pB+2bX h?2 rB/2 `�M;2 Q7 /2pB+2b BM i2`Kb Q7 +�T�#BHBiB2b- bQ7ir�`2 +QKTH2tBiv
�M/ +Qbib- �M/ i?2 M2+2bb�`v BMi2`QT2`�#BHBiv #2ir22M K�Mv bi�F2?QH/2`b- ?�p2
`2bmHi2/ BM i?2 �/QTiBQM Q7 � JkJ KB//H2r�`2 (w?�M; 2i �HX- kyRy)X h?Bb �/QT@
iBQM 2M�#H2b i?2 BMi2`�+iBQM Q7 /Bz2`2Mi �TTHB+�iBQMb 7`QK /Bz2`2Mi bi�F2?QH/2`b
�M/ `2/m+2b i?2 T`Q;`�KKBM; +QbibX

h?2 M2ti b2+iBQM /2i�BHb bQK2 bi�M/�`/b /2}M2/ 7Q` K�+?BM2@iQ@K�+?BM2 +QKKm@
MB+�iBQMb i?�i rBHH #2 K2MiBQM2/ BM i?2 `2K�BMBM; +?�Ti2`b Q7 i?Bb i?2bBbX

ě R9 ě
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��� 4UBOEBSET 3FMBUFE UP .�. $PNNVOJDBUJPO

h?2 AMi2`M2i 1M;BM22`BM; h�bF 6Q`+2 UA1h6V Bb QM2 Q7 i?2 H2�/BM; BMbiBimiBQMb
�BKBM; iQ /2}M2 bi�M/�`/b �M/ T`QiQ+QHb 7Q` K�+?BM2@iQ@K�+?BM2 +QKKmMB+@
�iBQMX A1h6 ?�b +`2�i2/ rQ`FBM; ;`QmTb iQ �//`2bb /Bz2`2Mi �bT2+ib BM i?Bb
}2H/X PM2 rQ`FBM; ;`QmT Bb i?2 _QmiBM; BM GQr SQr2` �M/ GQbbv M2irQ`Fb
U_PGGV- r?B+? �//`2bb2b �HH i?2 `QmiBM; �bT2+ibX Pi?2` rQ`FBM; ;`QmT- +�HH2/
*QMbi`�BM2/ _1ah7mH 1MpB_QMK2Mib U*Q_1V- r�b 2bi�#HBb?2/ iQ K�F2 T`Q;`2bb
QM � 7`�K2rQ`F i?�i 2M�#H2b 2K#2//2/ r2# 7Q` +QMbi`�BM2/ JkJ /2pB+2bX

h?2 M2ti b2+iBQM /2i�BHb i?2 *QMbi`�BM2/ �TTHB+�iBQM S`QiQ+QH U*Q�SV- r?B+?
Bb i?2 `2bmHiBM; T`QiQ+QH 7`QK i?2 *P_1 rQ`FBM; ;`QmTX

����� $POTUSBJOFE "QQMJDBUJPO 1SPUPDPM

J�Mv BMi2`M2i �TTHB+�iBQMb /2T2M/ QM i?2 q2# �`+?Bi2+im`2 �M/ mb2 i?2 >v@
T2`i2ti h`�Mb72` S`QiQ+QH U>hhSV (6B2H/BM; 2i �HX- RNNN)X .m2 iQ i?2 bm++2bb
Q7 >hhS- i?2 *QMbi`�BM2/ �TTHB+�iBQM S`QiQ+QH U*Q�SV (a?2H#v 2i �HX- kyR9)
Bb � HB;?ir2B;?i �TTHB+�iBQM T`QiQ+QH BMbTB`2/ QM i?2 >hhS- #mi /2bB;M2/ 7Q`
JkJ /2pB+2b rBi? HQr 2M2`;v �M/ +QKTmi�iBQM `2bQm`+2bX *Q�S Bb #�b2/ QM
i?2 _2T`2b2Mi�iBQM�H ai�i2 h`�Mb72` U_1ahV �`+?Bi2+im`2- r?B+? B/2MiB}2b i?2
BM7Q`K�iBQM `2bQm`+2b #v lMB7Q`K _2bQm`+2 A/2MiB}2` Ul_AVX

h?2 BMi2`�+iBQM KQ/2H mb2/ #v *Q�S Bb #�b2/ QM i?2 +HB2Mi �M/ b2`p2` T�`�/B;K-
r?2`2 � +HB2Mi `2[m2bib �M �+iBQM QM � `2bQm`+2 HQ+�i2/ �i i?2 b2`p2`X h?2 *Q�S
K2bb�;2b +�M #2 *QM}`K�#H2 U*PLV- LQM@+QM}`K�#H2 ULPLV- �+FMQrH2/;2@
K2Mi U�*EV �M/ _2b2i U_ahVX

*QM}`K�#H2 K2bb�;2b BKTH2K2Mi � `2i`�MbKBbbBQM K2+?�MBbK mbBM; � /27�mHi
iBK2Qmi �M/ 2tTQM2MiB�H #�+F@Qz mMiBH �M �+FMQrH2/;2K2Mi K2bb�;2 Bb `2+2Bp2/X
h?2 +QM}`K�#H2 K2bb�;2 �`2 BKTH2K2Mi2/ #2+�mb2 *Q�S �bbmK2b i?2 mM`2HB@
�#BHBiv Q7 i?2 i`�MbTQ`i H�v2`- 7Q` BMbi�M+2 lb2` .�i�;`�K S`QiQ+QH Ul.SVX �/@
/BiBQM�HHv- i?2 QTiBQM Q7 LQM@*QM}`K�#H2 Bb �HbQ T`QpB/2/ 7Q` �TTHB+�iBQMb i?�i
/Q MQi `2[mB`2 `2HB�#H2 +QKKmMB+�iBQMX

1�+? *Q�S K2bb�;2 +�``B2b � J2bb�;2 A. �M/ hQF2M BM i?2 ?2�/2`- �b /2TB+ib
6B;m`2 kX9X h?2 J2bb�;2 A. Bb � Re@#Bi +Q/2 i?�i Bb mb2/ iQ /2i2+i /mTHB+�i2/
K2bb�;2b- r?BH2 i?2 iQF2M Bb � b2[m2M+2 Q7 y iQ 3 #vi2b i?�i Bb mb2/ iQ K�i+? �
`2bTQMb2 rBi? � `2[m2biX 1p2`v `2[m2bi +�``B2b � +HB2Mi@;2M2`�i2/ iQF2M i?�i i?2
b2`p2` Kmbi 2+?Q UrBi?Qmi KQ/B}+�iBQMVX

�MQi?2` }2H/ BM i?2 *Q�S ?2�/2` Bb i?2 *Q/2X Ai Bb � 3@#Bi mMbB;M2/ BMi2;2`-
BM r?B+? i?2 }`bi j@#Bib �`2 mb2/ iQ B/2MiB7v i?2 +H�bb �M/ i?2 `2K�BMBM; 8@#Bib
/2i2`KBM2 i?2 /2i�BHbX h?2 +H�bb2b /2}M2/ bQ 7�` �`2, `2[m2bi UyV- � bm++2bb
`2bTQMb2 UkV- � +HB2Mi 2``Q` `2bTQMb2 U9V- �M/ � b2`p2` 2``Q` `2bTQMb2 U8VX

h?2 K�BM +Q/2 p�Hm2b BM `2[m2bi �M/ `2bTQMb2 K2bb�;2b �`2 T`2b2Mi2/ BM h�#H2
kXkX

ě R8 ě
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6B;m`2 kX9, *Q�S K2bb�;2 }2H/bX

h�#H2 kXk, *Q/2b BM *Q�S K2bb�;2bX

hvT2 *Q/2 L�K2

_2[m2bi
yXyR :1h
yXyk SPah
yXyj Slh
yXy9 .1G1h1

_2bTQMb2

kXyR *`2�i2/
kXyk .2H2i2/
kXyj o�HB/
kXy9 *?�M;2/
kXy8 *QMi2Mi
9Xyy "�/ _2[m2bi
9XyR lM�mi?Q`Bx2/
9Xyk "�/ PTiBQM
9Xyj 6Q`#B//2M
9Xy9 LQi 6QmM/
9Xy8 J2i?Q/ LQi �HHQr2/
9Xye LQi �++2Ti�#H2
9XRk S`2+QM/BiBQM 6�BH2/
9XRj _2[m2bi 1MiBiv hQQ G�`;2
9XR8 lMbmTTQ`i2/ *QMi2Mi@6Q`K�i
8Xyy AMi2`M�H a2`p2` 1``Q`
8XyR LQi AKTH2K2Mi2/
8Xyk "�/ :�i2r�v
8Xyj a2`pB+2 lM�p�BH�#H2
8Xy9 :�i2r�v hBK2Qmi
8Xy8 S`QtvBM; LQi amTTQ`i2/

L2ti- i?2 P#b2`p2 �M/ :`QmT@*QKKmMB+�iBQM QTiBQMb Q7 � *Q�S `2[m2bi K2b@
b�;2 �`2 /2i�BH2/X

������� 0CTFSWF

h?2 P#b2`p2 QTiBQM Q7 *Q�S `2[m2bi ;Bp2b i?2 +�T�#BHBiv iQ `2+2Bp2 T2`BQ/B+�HHv
/�i� mT/�i2b Q7 � /�i� `2bQm`+2 HQ+�i2/ BM � *Q�S b2`p2`X lbBM; i?Bb QTiBQM-
*Q�S +HB2Mib /Q MQi b2M/ � *Q�S :1h `2[m2bi 7`2[m2MiHv 7Q` i?2 b�K2 /�i�
`2bQm`+2X AMbi2�/- rBi? � bBM;H2 P#b2`p2 :1h `2[m2bi- i?2 +HB2Mi bm#b+`B#2b 7Q`

ě Re ě
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� T�`iB+mH�` /�i� `2bQm`+2X

h?2 P#b2`p2 QTiBQM Bb BKTQ`i�Mi 7Q` JkJ +QKKmMB+�iBQM- bBM+2 Bi �pQB/b `2@
T2�i2/ `2[m2bib 7Q` i?2 b�K2 /�i� `2bQm`+2X "2bB/2b- Bi �HHQrb i?2 2t2+miBQM Q7
�M �bvM+?`QMQmb +QKKmMB+�iBQM KQ/2H- bBM+2 i?2 b2`p2` mT/�i2b i?2 +HB2Mi 2p2`v
iBK2 i?2 P#b2`p2/ /�i� ?�b }HH2/ � +`Bi2`B�X

L2ti- Qi?2` BKTQ`i�Mi *Q�S QTiBQM- ;`QmT +QKKmMB+�iBQM- Bb /2b+`B#2/X

������� (SPVQ $PNNVOJDBUJPO

� T�`iB+mH�` b+2M�`BQ 7Q` *Q�S Bb r?2M � +HB2Mi r�Mib iQ +QKKmMB+�i2 iQ �
;`QmT Q7 b2`p2` MQ/2bX AM i?Bb +�b2- BM7Q`K�iBQM Kmbi #2 b2Mi iQ Q` `2+2Bp2/ 7`QK
� ;`QmT Q7 /2pB+2b- �HHQrBM; � bBM;H2 *Q�S +HB2Mi iQ ;2i Q` b2M/ bBKmHi�M2QmbHv
/�i� `2bQm`+2b 7`QK Q` iQ KmHiBTH2 *Q�S b2`p2`bX

*Q�S Bb /2bB;M2/ iQ bmTTQ`i ;`QmT +QKKmMB+�iBQM iQ BKT`Qp2 2{+B2M+vX �
*Q�S ;`QmT Bb /2}M2/ �b � b2i Q7 *Q�S 2M/TQBMib- r?2`2 �M 2M/TQBMi Bb �M
2MiBiv T�`iB+BT�iBM; BM i?2 +QKKmMB+�iBQM �b +HB2Mi Q` b2`p2`X

� *Q�S b2`p2` Bb �HHQr2/ iQ #2HQM; iQ KmHiBTH2 ;`QmTb �M/ ;`QmT K2K#2`b?BT
Q7 � MQ/2 K�v /vM�KB+�HHv +?�M;2 Qp2` iBK2X P`B;BM�HHv- i?2 *Q�S bi�M/�`/
/2}M2b i?�i i?2 *Q�S ;`QmTb +�M #2 `2�+?2/ i?`Qm;? ;`QmTǶb �bbQ+B�i2/ AS
KmHiB+�bi �//`2bbX >Qr2p2`- i?2 BM/BpB/m�H `2bTQMb2 #v 2�+? ;`QmT K2K#2` iQ
� *Q�S ;`QmT +QKKmMB+�iBQM `2[m2bi Bb �Hr�vb b2Mi #�+F �b mMB+�biX

h?2 M2ti b2+iBQM T`2b2Mib �MQi?2` T`QiQ+QH T`Q/m+2/ #v i?2 A1h6- i?2 _SG
T`QiQ+QHX

����� 3PVUJOH 1SPUPDPM GPS -PX�1PXFS BOE -PTTZ /FUXPSLT

h?2 `2/m+2/ 2M2`;v �M/ ?�`/r�`2 `2bQm`+2b Q7 JkJ /2pB+2b +`2�i2b � M2irQ`F
+?�`�+i2`Bx2/ #v ?B;? HQbb `�i2b- HQr `�M;2- HQr /�i� `�i2b- �M/ HBMF BMbi�#BHBivX
AM i?Bb +QMi2ti- i?2 AMi2`M2i 1M;BM22`BM; h�bF 6Q`+2 ?�b K�BMi�BM2/ i?2 _QmiBM;
Pp2` GQr TQr2` �M/ GQbbv M2irQ`Fb U_PGGV rQ`FBM; ;`QmT bBM+2 kyy3X hQ K22i
i?2 `2[mB`2K2Mib Q7 i?2 GQr SQr2` �M/ GQbbv L2irQ`Fb _PGG ?�b /2p2HQT2/
i?2 ASpe _QmiBM; S`QiQ+QH 7Q` GQr@SQr2` �M/ GQbbv L2irQ`Fb U_SGVX

h?2 bT2+B�H 7Q+mb Q7 _SG Bb QM KmHiBTQBMi@iQ@TQBMi +QKKmMB+�iBQM r?2`2 KmH@
iBTH2 /2pB+2b b2M/ i`�{+ iQr�`/ � +2Mi`�H TQBMi- �M/ pB+2@p2`b� UBX2X TQBMi@iQ@
KmHiBTQBMiVX h?2 +2Mi`�H TQBMi Bb �HbQ +�HH2/ bBMF MQ/2 �M/ KQbi Q7 i?2 iBK2b
Bi �+ib �b :�i2r�vX _SG +`2�i2b �M/ K�BMi�BMb � i`22 iQTQHQ;v- M�K2/ .2b@
iBM�iBQM P`B2Mi2/ .B`2+i2/ �+v+HB+ :`�T? U.P.�:V- `QQi2/ �i i?2 :�i2r�vX
JmHiBTH2 BMbi�M+2b Q7 _SG +�M +Q2tBbi BM i?2 M2irQ`F �M/ KmHiBTH2 .P.�:b
+�M #2 +QMbi`m+i2/ BM 2�+? BMbi�M+2- #mi � MQ/2 #2HQM;b iQ � bBM;H2 .P.�: 7Q`
2�+? _SG BMbi�M+2 Bi DQBM2/X

h?2 B/2� Q7 KmHiBTH2 _SG BMbi�M+2b +QK2b 7`QK i?2 M2+2bbBiv Q7 QTiBKBxBM;
i?2 M2irQ`F T�i?b 7Q` /Bz2`2Mi Q#D2+iBp2bX h?2 b�K2 M2irQ`F MQ/2b +�M `mM

ě Rd ě
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U�V :2Q;`�T?B+�H TQbBiBQM Q7 i?2
MQ/2bX

U#V .P.�: i`22 #mBH/ #v _SGX

6B;m`2 kX8, _SG .P.�: i`22X

bBKmHi�M2QmbHv irQ Q` KQ`2 _SG BMbi�M+2b iQ b2`p2 � T2`7Q`K�M+2 +`Bi2`B�- ;Bp2M
#v i?2 P#D2+iBp2 6mM+iBQMX 6Q` BMbi�M+2- QM2 _SG BMbi�M+2 b22Fb iQ `2/m+2 i?2
H�i2M+v r?BH2 �MQi?2` �BKb iQ `2/m+2 i?2 2M2`;v +QMbmKTiBQMX

AM _SG- i?2 K�BM K2+?�MBbK iQ /2i2+i �M/ �pQB/ HQQTb BM i?2 `Qmi2b Bb _�MFX Ai
Bb � b+�H�` `2T`2b2Mi�iBQM Q7 i?2 MQ/2 BM i?2 .P.�:X �Hi?Qm;? i?2 2t�+i +�H+m@
H�iBQM Q7 i?2 _�MF Bb bT2+B}2/ #v i?2 P#D2+iBp2 6mM+iBQM- i?2 ;2M2`�H T`BM+BTH2
Q7 _�MF Bb � K2i`B+ i?�i `2p2�Hb i?2 MQ/2Ƕb BM/BpB/m�H TQbBiBQM `2H�iBp2 iQ Qi?2`
MQ/2b i�FBM; i?2 `QQi �b `272`2M+2X h?2 _�MF p�Hm2 Kmbi KQMQiQMB+�HHv /2+`2�b2
�b � `Qmi2 Bb K�/2 BM i?2 .P.�: i`22 iQr�`/b i?2 `QQiX AM i?2 Qi?2` +�b2- i?2
_�MF Kmbi KQMQiQMB+�HHv BM+`2�b2 ;QBM; 7`QK i?2 `QQi iQ i?2 MQ/2bX

�b b?QrM BM 6B;m`2 kX8- _SG /BbiBM;mBb?2b lTr�`/ �M/ .QrMr�`/ i`�{+ �+@
+Q`/BM; iQ i?2 /B`2+iBQM i?2 K2bb�;2b i`�p2HbX "2BM; KQ`2 bT2+B}+�HHv- .QrMr�`/
Bb i?2 i2`K mb2/ iQ BM/B+�i2 i?�i i?2 +QKKmMB+�iBQM Bb ;QBM; 7`QK i?2 `QQi iQ
i?2 MQ/2b- �M/ lTr�`/ BM/B+�i2b i?�i BM7Q`K�iBQM Bb ~QrBM; 7`QK i?2 MQ/2b iQ
i?2 `QQiX

h?2 .P.�: i`22 Bb +`2�i2/ BM � /Bbi`B#mi2/ r�vX h?2 T`Q+2bb BMBiB�i2b rBi? i?2
�MMQmM+2K2Mi Q7 � M2r .P.�:- iQ r?B+? i?2 MQ/2b +�M DQBMX q?2M � M2r MQ/2
DQBM i?2 .P.�:- Bi Kmbi T`QpB/2 �i H2�bi QM2 T�`2Mi MQ/2 �b � /27�mHi `Qmi2
iQr�`/b i?2 `QQiX � T�`2Mi Q7 � MQ/2 Bb /2}M2/ �b QM2 Q7 i?2 BKK2/B�i2 bm++2bbQ`b
Q7 i?2 MQ/2 QM � T�i? iQr�`/b i?2 `QQiX � MQ/2 i?�i ?�b MQi �HH i?2 `2bQm`+2b
M2+2bb�`v iQ �+i �b T�`2Mi K�v DQBM i?2 .P.�: �b H2�7 MQ/2X hQ }M/ i?2 T�`2Mi
iQr�`/b i?2 `QQi �M/ �HbQ iQ 2M�#H2 i?2 +QKKmMB+�iBQM #2ir22M i?2 `QQi iQ i?2
MQ/2b- _SG 2t+?�M;2b 7`2[m2MiHv i?`22 ivT2b Q7 +QMi`QH K2bb�;2b,

Ç .P.�: AM7Q`K�iBQM P#D2+i U.APV, J2bb�;2 i?�i +QMi�BMb BM7Q`K@
�iBQM i?�i K�F2b � _SG AMbi�M+2 /Bb+Qp2`�#H2X h?Bb K2bb�;2 +�``B2b i?2
_SG BMbi�M+2 A.- .P.�: A.- JQ/2 Q7 PT2`�iBQM- _�MF Q7 i?2 b2M/BM;
MQ/2- J2i`B+ *QMi�BM2`- _QmiBM; AM7Q`K�iBQM- �M/ .P.�: *QM};m`�@
iBQMX

ě R3 ě
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Ç .P.�: AM7Q`K�iBQM aQHB+Bi�iBQM U.AaV, h?Bb K2bb�;2 ?�b i?2
bBKTH2 Q#D2+iBp2 iQ bQHB+Bi � .AP 7`QK � _SG MQ/2X � MQ/2 �HbQ K�v
mb2 .Aa iQ T`Q#2 Bib M2B;?#Q`?QQ/ 7Q` M2�`#v .P.�:bX

Ç .2biBM�iBQM �/p2`iBb2K2Mi P#D2+i U.�PV, h?Bb K2bb�;2 Bb mb2/ iQ
T`QT�;�i2 /2biBM�iBQM BM7Q`K�iBQM lTr�`/ �HQM; i?2 .P.�:X Ai K2�Mb
i?�i i?Bb K2bb�;2 Bb mb2/ iQ bmTTQ`i .QrMr�`/ `Qmi2bX

h?2 QMHv K�MM2` � MQ/2 +�M DQBM iQ � .P.�: i`22 Bb mbBM; BM7Q`K�iBQM +QM@
i�BM2/ BM .AP K2bb�;2bX .m2 iQ i?Bb `2�bQM .AP K2bb�;2b +�``v KQ`2 BM7Q`K�@
iBQM i?�M Qi?2` _SG K2bb�;2bX h?2 .�P K2bb�;2 �HbQ T`QT�;�i2b _SG `QmiBM;
BM7Q`K�iBQM- #mi Bi +QMi�BMb lTr�`/ `Qmi2 BM7Q`K�iBQM r?B+? Bb p�HB/ QMHv iQ
K2K#2`b Q7 i?2 b�K2 .P.�:X

_SG /2}M2b bQK2 KQ/2b Q7 QT2`�iBQM- r?B+? �`2 `2H�i2/ iQ i?2 ivT2 Q7 bmTTQ`i
Bi ;Bp2b iQ i?2 .QrMr�`/ `Qmi2b, UBV LQM@biQ`BM; KQ/2, LQ .QrMr�`/ `Qmi2b
�`2 K�BMi�BM2/ #v i?2 `2;mH�` MQ/2b- r?B+? K2�Mb i?�i i?2 BM7Q`K�iBQM ~Qrb
7`QK i?2 MQ/2b iQ i?2 `QQi �M/ QMHv i?2 `QQi biQ`2b i?2 `QmiBM; i�#H2 2Mi`B2b
7Q` /2biBM�iBQMb 7QmM/ #v .�P K2bb�;2bc �M/ UBBV aiQ`BM; KQ/2, �HH MQ/2b-
2t+2Ti `QQi �M/ H2�p2b- biQ`2 `QmiBM; i�#H2 2Mi`B2b 7Q` /2biBM�iBQMb H2�`M2/ 7`QK
.�PX

_2;�`/BM; i?2 _SG KQ/2 Q7 QT2`�iBQM- r?2M � MQ/2 DQBMb � .P.�:- Bi Kmbi
�++2Ti i?2 QT2`�iBQM KQ/2 /2}M2/ #v i?2 `QQiX AM +�b2 � MQ/2 /Q2b MQi bmTTQ`i
i?2 b2H2+i2/ QT2`�iBQM KQ/2- Bi DQBMb i?2 .P.�: �b � H2�7 MQ/2- r?B+? K2�Mb
i?�i Bi +�MMQi #2 T�`2Mi Q7 �Mv Qi?2` MQ/2 BM i?2 .P.�: i`22X

h?2 M2ti b2+iBQM T`2b2Mib i?2 +?�HH2M;2b BM J�+?BM2@iQ@J�+?BM2 +QKKmMB+�@
iBQMX

��� $IBMMFOHFT JO .BDIJOF�UP�.BDIJOF
$PNNVOJDBUJPO

a2p2`�H `2TQ`ib T`2/B+i � ?m;2 ;`Qri? 7Q` i?2 JkJ K�`F2i BM i2`Kb Q7 /2pB+2b
�M/ +QMM2+iBpBivX Ai Bb 2biBK�i2/ i?�i i?2 MmK#2` Q7 bK�`i@K2i2`BM; /2pB+2b T2`
+2HH BM � ivTB+�H +Biv rBHH #2 i2Mb Q7 i?Qmb�M/b (�FT�Frm 2i �HX- kyR3)X >Qr2p2`-
rBi? i?Bb TQi2MiB�H BMi`Q/m+2b �//BiBQM�H Q#bi�+H2bX h?mb- i?2 bm++2bb Q7 JkJ
+QKKmMB+�iBQM /2T2M/b QM i?2 /2p2HQTK2Mi Q7 �TT`Q�+?2b �#H2 iQ i�+FH2 K�DQ`
+?�HH2M;2b BM #mbBM2bb �M/ BM �+�/2KB+ `2b2�`+?X

PM2 BKTQ`i�Mi #mbBM2bb #�``B2` 7Q` JkJ bm++2bb Bb i?2 �/QTiBQM Q7 bi�M/�`/
T`QiQ+QHb �M/ i2+?MQHQ;B2bX qBi?Qmi i?2 BMb2`iBQM Q7 bi�M/�`/b BM i?2 K�`F2i-
/Bz2`2Mi bi�F2?QH/2`b +�MMQi BMi2`TH�v 2�bBHvX GQr KQM2i�`v +Qbi T2` /2pB+2 mMBi
Bb �MQi?2` #mbBM2bb /2K�M/ 7Q` JkJ 2MpB`QMK2MibX h?2 �zQ`/�#H2 T`B+2 Q7 i?2
/2pB+2b Bb 2bb2MiB�H iQ /2THQv ?mM/`2/b Q7 JkJ /2pB+2b QM H�`;2 �`2�bX

_2b2�`+? +?�HH2M;2b BM K�+?BM2@iQ@K�+?BM2 �BK iQ BKT`Qp2 i?2 T2`7Q`K�M+2 #v
T`QpB/BM; M2r �TT`Q�+?2b iQ BM+`2�b2 i?2 2M2`;v 2{+B2M+v- Q` T`QpB/2 KQ`2

ě RN ě
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K�M�;2�#BHBiv Q` iQ bmTTQ`i b+�H�#BHBiv Q7 i?2 M2irQ`FX :Bp2M i?2 p�bi `�M;2
Q7 JkJ �TTHB+�iBQMb- i?2`2 �`2 b2p2`�H `2b2�`+? +?�HH2M;2bX aQK2 Q7 i?2K �`2
`2H2p�Mi 7Q` i?Bb i?2bBb- bm+? �b, 2M2`;v 2{+B2M+v- ;`QmT +QKKmMB+�iBQM- �M/
i`�{+ +QM;2biBQM BM ?2i2`Q;2M2Qmb /2Mb2 M2irQ`FbX
h?2 M2ti b2+iBQM ;Bp2b �M Qp2`pB2r Q7 i?2 KQbi `2H2p�Mi +?�HH2M;2b `2H�i2/ iQ
i?Bb i?2bBbX

����� 3FMFWBOU $IBMMFOHFT

qBi? `2;�`/ iQ `2b2�`+? +?�HH2M;2b BM JkJ +QKKmMB+�iBQM- K�Mv �bT2+ib Kmbi
#2 BMp2biB;�i2/X h?2 KQbi `2H2p�Mi `2b2�`+? +?�HH2M;2b �`2 b?QrM BM i?2 M2ti
b2+iBQMbX

������� &OFSHZ &ĔDJFODZ

h?2 �KQmMi Q7 2M2`;v `2bQm`+2 �p�BH�#H2 7Q` i?2 MQ/2b Bb � 7�+iQ` i?�i BKT�+ib
i?2 `2bi`B+iBQMb Q7 JkJ /2pB+2bX �b i?2 2M2`;v Bb `2bQm`+2 2bb2MiB�H 7Q` �HH
?�`/r�`2 +QKTQM2Mib- JkJ /2pB+2b TQr2`2/ #v bK�HH #�ii2`B2b Kmbi MQi #2
2[mBTT2/ rBi? ?B;? +QMbmKTiBQM +B`+mBib- 2p2M i?Qm;? Bib +Qbi K�v #2 HQrX
h?mb- 2M2`;v +QMbmKTiBQM ?�b 2z2+ib QM /Bp2`b2 bvbi2K �bT2+ib- bm+? �b +QK@
KmMB+�iBQM `2HB�#BHBiv- `�i2 Q7 /�i� 2t+?�M;2- +B`+mBib /2bB;M- �M/ Qi?2` ?�`/r�`2
+QMbi`�BMibX
hQ 2{+B2MiHv mb2 i?2 2M2`;v `2bQm`+2 Bb � +?�HH2M;2 BM JkJ +QKKmMB+�iBQM-
#mi i?2 2M2`;v 2{+B2M+v +�M �/KBi /Bz2`2Mi K2�MBM;b /2T2M/BM; QM i?2 2M2`;v
bQm`+2b i?2 MQ/2b ?�p2X AM ;2M2`�H- i?2 MQ/2b +�M ?�p2 HBKBi2/ Q` `2TH2MBb?�#H2
2M2`;v `2bQm`+2bX h?2b2 +�b2b �`2 /2i�BH2/ M2tiX
"�ii2`v@SQr2`2/
hvTB+�HHv- i?2 JkJ /2pB+2b �+iBM; �b b2MbQ` Q` �+im�iQ`b �`2 TQr2`2/ #v bK�HH
#�ii2`B2bX � bK�HH 2M2`;v `2b2`p2 +QMi`B#mi2b 7Q` i?2 HQr@+Qbi Q7 i?2 /2pB+2b �M/
K�F2b i?2 /2THQvK2Mi Q7 � H�`;2 MmK#2` Q7 MQ/2b 2�bB2`X AM i?2b2 b+2M�`BQb- i?2
2M2`;v 2{+B2M+v +?�HH2M;2 Bb i�+FH2/ r?2M i?2 /2pB+2b b�p2 i?2 2M2`;v `2bQm`+2b
�b Km+? �b TQbbB#H2X P`- BM +�b2 Q7 +QMM2+i2/ /2pB+2b +QKKmMB+�iBM; +QQT2`�i@
Bp2Hv U2X;X `2H�v �M/ 7Q`r�`/ MQ/2bV- 2M2`;v 2{+B2M+v Bb �+?B2p2/ K�tBKBxBM;
i?2 M2irQ`F HB72iBK2- r?B+? Bb � K2�bm`2K2Mi `2H�i2/ iQ i?2 7mHH QT2`�iBQM�H iBK2
Q7 i?2 M2irQ`F (�x�`B �M/ JB�Q- kyRd)X
1M2`;v >�`p2biBM;
aQK2 JkJ /2pB+2b ?�p2 K�MM2`b iQ +QHH2+i 2M2`;v 7`QK i?2 �K#B2Mi U2X;X bQH�`-
rBM/- �+QmbiB+- �M/ pB#`�iBQM (am/2p�H�v�K �M/ EmHF�`MB- kyRR)V- r?B+? K2�Mb
i?�i i?2B` 2M2`;v `2bQm`+2b �`2 `2TH2MBb?�#H2X aQ- MQi �HH JkJ /2pB+2b Kmbi
KBMBKBx2 i?2 2M2`;v +QMbmKTiBQM �i �HH iBK2X 6Q` i?2b2 /2pB+2b- 2M2`;v 2{+B2M+v
K2�Mb iQ mb2 i?2 �KQmMi Q7 �p�BH�#H2 2M2`;v �i � `�i2 i?�i �pQB/b 2M2`;v r�bi2
�M/ /2TH2iBQM (Px2H 2i �HX- kyR8)X h?2Q`2iB+�HHv- �i �M QTiBK�H +QMbmKTiBQM `�i2-
i?2 /2pB+2 +�M K�BMi�BM Bib QT2`�iBQM BM/2}MBi2Hv- �bbmKBM; i?2 �K#B2Mi +�M
T`QpB/2 2M2`;v iQ #2 ?�`p2bi2/ (>2 2i �HX- kyR8)X h?Bb QTiBK�H QT2`�iBQM Bb �HbQ

ě ky ě
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+�HH2/ M2mi`�H QT2`�iBQM Q` b2H7@bmbi�BM�#H2 QT2`�iBQM �M/ ;m�`�Mi22b i?�i i?2
`2K�BMBM; 2M2`;v QM i?2 #�ii2`v Bb K�BMi�BM2/ �i � /2bB`�#H2 BMi2`p�HX

L2ti- i?2 ;`QmT +QKKmMB+�iBQM +?�HH2M;2 Bb /2i�BH2/X

������� (SPVQ $PNNVOJDBUJPO

JQbi JkJ �TTHB+�iBQMb- bm+? �b bK�`i@K2i2`BM; �M/ +Biv@KQMBiQ`BM;- BMpQHp2 �
H�`;2 MmK#2` Q7 /2pB+2bX h?2b2 /2pB+2b- r?2M +QMM2+i2/- 7Q`K � M2irQ`F i?�i
Kmbi #2 K�M�;2�#H2X AM T`�+iB+2- i?2 K�M�;2K2Mi Q7 JkJ /2pB+2 BMpQHp2b
}`Kr�`2 mT/�i2b- �MQK�Hv /2i2+iBQM- �M/ biQ`�;2 Q7 ?�`/r�`2 BM7Q`K�iBQM �M/
`2�+?�#H2 �//`2bb2bX hQ `2/m+2 i?2 +QKTH2tBiv Q7 i?2 K�M�;2K2Mi QT2`�iBQM-
K�Mv Q7 i?2 K�M�;2K2Mi i�bFb Kmbi #2 2t2+mi2/ BM ;`QmTb Q7 /2pB+2b (:?�pBKB
�M/ *?2M- kyR8)X

:`QmTb Q` +Hmbi2`b +�M #2 7Q`K2/ �++Q`/BM; iQ i?2 bBKBH�`Biv Q7 i?2 /2pB+2b Q`
/�i�X h?2 TQbbB#BHBiB2b 7Q` ;`QmTBM; i?2 /2pB+2b �`2 p�biX PM2 Q7 i?2 2t�KTH2b Bb
iQ ;`QmT i?2 /2pB+2b i?�i ?�p2 i?2 b�K2 +H�bb Q7 b2MbQ`b HQ+�i2/ BM � ;Bp2M �`2�X
h?2 2tBbiBM; ;`QmTb �HHQr � +HB2Mi iQ `2[m2bi /�i� rBi?Qmi bT2+B7vBM; QM2@#v@QM2
i?2 �//`2bb2b Q7 i?2 i�`;2i /2pB+2bX h?mb- i?2 �++2bb 7Q` i?2 ;`QmT #2+QK2b
i`�MbT�`2Mi 7Q` �Mv +HB2Mi BMi2`2bi2/ QM `2�+?BM; i?2 ;`QmTX

*QMiBMmBM; i?2 T`2b2Mi�iBQMb Q7 i?2 +?�HH2M;2b- i?2 M2ti b2+iBQM b?Qrb i?2 QM2
`2H�i2/ iQ i`�{+ +QM;2biBQMX

������� )FUFSPHFOFPVT %FOTF /FUXPSLT

h?2 bi`�B;?i7Q`r�`/ �TT`Q�+? iQ T`QpB/2 +QMM2+iBpBiv 7Q` JkJ /2pB+2b Bb mbBM;
bK�HH +2HHb Q7 +2HHmH�` M2irQ`Fb (�HB 2i �HX- kyR8)X 6`QK i?2 M2irQ`F TQBMi Q7
pB2r- i?Bb bQHmiBQM Bb ?QKQ;2M2Qmb- #mi Bi Bb +Qbi@BM2{+B2Mi �M/ Bi Bb MQi bmBi�#H2
7Q` /2Mb2 M2irQ`FbX h?Bb B/2� rQmH/ `2bmHi BM ?2�pv i`�{+ bB;M�HBM; 7Q` +QM@
i`QHHBM; �M/ K�M�;BM; /2Mb2 �`2�b Q7 JkJ /2pB+2b- +QMi`B#miBM; iQ i?2 M2irQ`F
+QM;2biBQMX

>2i2`Q;2M2Qmb rB`2H2bb +QMM2+iBpBiv Bb 2MpBbBQM2/ 7Q` JkJ +QKKmMB+�iBQM #2@
+�mb2 Bi +�M #2 �TTHB2/ iQ `2/m+2 i?2 MmK#2` Q7 K�+?BM2b +QMM2+i2/ iQ i?2 +2H@
HmH�` M2irQ`F Q` Qi?2` i2+?MQHQ;vX �++Q`/BM; iQ i?Bb +QM+2Ti- JkJ /2pB+2b �`2
+QMM2+i2/ HQ+�HHv mbBM; � b?Q`i Q` K2/BmK `�M;2 rB`2H2bb i2+?MQHQ;v- �M/ bQK2
bT2+B�H MQ/2b- +�HH2/ ;�i2r�vb Q` #Q`/2`@`Qmi2`b- T`QpB/2 2ti2`M�H +QMM2+iBpBivX
h?Bb +?�HH2M;2 Bb iQ T2`7Q`K +QQT2`�iBp2 �TT`Q�+?2b QM i?2 M2irQ`F i`�{+ iQ
`2/m+2 i?2 /�i� `2�+?BM; i?2 ;�i2r�vX "2bB/2b- i?2 +QQT2`�iBp2 �TT`Q�+?2b-
2t2+mi2/ QM i?2 JkJ +�TBHH�`v M2irQ`F- b?QmH/ �pQB/ i?2 Qp2`?2�/ +�mb2/ #v
b2p2`�H K2bb�;2 i`�MbKBbbBQMb +QMi�BMBM; bK�HH bBx2 T�vHQ�/b ("Q++�`/B 2i �HX-
kyR9)X

h?2 M2ti b2+iBQM /Bb+mbb2b bT2+B}+b b+2M�`BQb �M/ +QKKmMB+�iBQM `2[mB`2@
K2MibX

ě kR ě
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����� 4DFOBSJPT BOE 3FRVJSFNFOUT

JkJ +QKKmMB+�iBQM BMpQHp2b /Bp2`b2 ivT2b Q7 �TTHB+�iBQMb �M/ Bib ;2M2`�H +?�H@
H2M;2b �`2 p2`v #`Q�/X hQ 7�+BHBi�i2 i?2 `2[mB`2K2Mib �M�HvbBb Q7 JkJ +QKKm@
MB+�iBQM- i?2 7QHHQrBM; b2+iBQMb M�``Qr i?2 b+2M�`BQb BM �M�HvbBbX aBM+2 2{+B2Mi
2M2`;v Bb i`�Mbp2`b�H 7Q` i?2 Qi?2`b +?�HH2M;2b- 2�+? bT2+B}+ b+2M�`BQ +QMbB/2`b
/Bz2`2Mi 2M2`;v bQm`+2bX AM i?2 }`bi b+2M�`BQ- i?2 MQ/2b �`2 TQr2`2/ #v #�ii2`B2b-
r?BH2 BM i?2 b2+QM/ i?2 /2pB+2b �`2 �#H2 iQ ?�`p2bi 2M2`;vX

������� (SPVQ $PNNVOJDBUJPO PWFS -PX 1PXFS /FUXPSLT

� +H�bb Q7 JkJ b+2M�`BQb Bb +QKTQb2/ #v i?2 �TTHB+�iBQMb r?B+? +HB2Mib M22/
iQ KQMBiQ` KmHiBTH2 ;`QmTb (h2FH2K�`B�K 2i �HX- kyRj) �M/ /2K�M/b T2`BQ/B+�H
+QKKmMB+�iBQM 7`QK 2�+? ;`QmT (6�/HmHH�? 2i �HX- kyRR)X aQK2 *Q�S QTiBQMb-
Q#b2`p2 �M/ ;`QmT +QKKmMB+�iBQM- �`2 BM �++Q`/�M+2 rBi? i?2b2 b+2M�`BQbX L2ti-
bQK2 T`�+iB+�H �TTHB+�iBQMb �`2 T`2b2Mi2/X
aK�`i S�`FBM; �M/ *Biv JQMBiQ`BM;
AM i?2 *Biv JQMBiQ`BM; �TTHB+�iBQM- b22 6B;m`2 kXeX�- i?2`2 �`2 irQ ;`QmTb Q7
/2pB+2b i?�i +�M +QKKmMB+�i2 /Bz2`2Mi K2�bm`2K2Mib- bm+? �b i?2 H2p2Hb Q7 +�`@
#QM /BQtB/2 2KBbbBQMb �M/ 2H2+i`B+Biv +QMbmKTiBQMX 1�+? ;`QmT +QKKmMB+�i2b
�M/ T`Q/m+2b � K2bb�;2 `2p2�HBM; i?2 K2�bm`2K2Mib 2p2`v ey b2+QM/bX
6B;m`2 kXeX# BHHmbi`�i2b irQ T2`BQ/B+ �TTHB+�iBQMb i?�i KQMBiQ` KmHiBTH2 ;`QmTb
Qp2` i?2 M2irQ`FX AM i?2 +�b2 Q7 i?2 aK�`i S�`FBM; �TTHB+�iBQM (w�M2HH� 2i �HX-
kyR9)- i?2 /2pB+2b �`2 /BpB/2/ BMiQ irQ ;`QmTb �M/ �`2 `2bTQMbB#H2 7Q` ;Bp@
BM; BM7Q`K�iBQM �#Qmi i?2 iQi�H MmK#2` Q7 �p�BH�#H2 T�`FBM; HQib 2p2`v jy
b2+QM/bX

U�V *Biv JQMBiQ`BM;X
a2MbQ`b, GmKBMQbBiv �M/ 1H2+i`B+ *m``2MiX
lT/�i2 BMi2`p�H ey b2+QM/bX

U#V aK�`i@T�`FBM;X
a2MbQ`b, h2KT2`�im`2- �M/ S`2b2M+2X
lT/�i2 BMi2`p�H jy b2+QM/bX

6B;m`2 kXe, JmHiBTH2 :`QmT JQMBiQ`BM;X

"mBH/BM; �miQK�iBQM
�MQi?2` 2t�KTH2 Q7 ;`QmT +QKKmMB+�iBQM- � JkJ #mBH/BM; �miQK�iBQM �TTHB+@

ě kk ě
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�iBQM Kmbi F22T i`�+F Q7 /Bz2`2Mi ;2Q;`�T?B+ �`2�b Q7 i?2 #mBH/BM; bQ i?�i Bi +�M
K�F2 i?2 �TT`QT`B�i2 QT2`�iBQM�H /2+BbBQMbX AM 2�+? #mBH/BM; �`2�- � ;`QmT Q7
/2pB+2b Kmbi b2Mb2 � T�`iB+mH�` i�`;2i- bm+? �b i2KT2`�im`2- ?mKB/Biv- HB;?i- �M/
+QM+2Mi`�iBQM Q7 iQtB+ ;�b2bX AM i?Bb +�b2- i?2 ;2Q;`�T?B+ �`2� �M/ i?2 ivT2 Q7
/�i� +�M #2 i?2 +`Bi2`B� iQ /2}M2 i?2 i�`;2ib i?�i Kmbi #2 KQMBiQ`2/ UBX2X i�`;2i
R4ǳ`QQK i2KT2`�im`2 RǴ- i�`;2i k4ǳ`QQK ?mKB/Biv RǴ- �M/ i�`;2i j4ǳi?2 HB;?i
BM i?2 `QQK kǴVX

"�b2/ QM i?2b2 �TTHB+�iBQMb �M/ QM i?2 �7Q`2K2MiBQM2/ JkJ +?�HH2M;2b- Bi Bb
TQbbB#H2 iQ B/2MiB7v � b2i Q7 `2[mB`2K2Mib 7Q` JkJ +QKKmMB+�iBQMX h?2b2 �bT2+ib
�`2 T`2b2Mi2/ �b 7QHHQrbX

RX 1HBKBM�i2 /�i� `2/mM/�M+v, �b � ;`QmT Q7 MQ/2b KQMBiQ`b i?2 b�K2
i�`;2i- i?2 H2p2Hb Q7 /�i� `2/mM/�M+v �`2 HBF2Hv iQ #2 ?B;? (�H@E�`�FB 2i �HX-
kyyN)X PrBM; iQ HBKBi2/ `2bQm`+2b- /�i� `2/mM/�M+v b?QmH/ #2 F2Ti iQ �
KBMBKmK iQ �pQB/ ?B;? +QKKmMB+�iBQM +Qbib �M/ +QMbmKTiBQM Q7 2M2`;v
`2bQm`+2bX

kX JBMBKBx2 Qp2`?2�/, h?2 2M2`;v +QMbmK2/ #v i?2 +QMi`QH K2bb�;2b
b?QmH/ #2 F2Ti iQ � KBMBKmK (GQ 2i �HX- kyRj)- bBM+2 i?2 K2bb�;2 T�vHQ�/
Bb bK�HH �M/ 7`2[m2Mi BM ;`QmT KQMBiQ`BM; (a?�}[ 2i �HX- kyRk)X AM T`�+@
iB+�H bBim�iBQMb- i?2 T�vHQ�/ +QMi2Mi `2T`2b2Mib QMHv i2M T2`+2Mi Q7 i?2
iQi�H K2bb�;2 bBx2- #mi Bi +�M +�mb2 M2irQ`F +QM;2biBQM ("Q++�`/B 2i �HX-
kyR9)X

jX amTTQ`i ?2i2`Q;2M2Qmb ;`QmTb, .2T2M/BM; QM i?2 `2[mB`2K2Mib Q7 i?2
+HB2Mib BMpQHp2/ BM i?2 ;`QmT +QKKmMB+�iBQM- i?2 bvbi2K b?QmH/ �HHQr 2�+?
;`QmT iQ 2t2+mi2 Bib QrM +QM};m`�iBQM (E�ib�`Qb 2i �HX- kyR9)X Ai K2�Mb
i?�i 2�+? ;`QmT +�M #2 +QM};m`2/ rBi? �M mMB[m2 b2iiBM;X h?2 ;`QmTb
KB;?i +QKKmMB+�i2 rBi? � T�`iB+mH�` T2`BQ/B+Biv U2X;X 2p2`v jy b2+QM/bV-
K�tBKBx2 � T�`iB+mH�` `2bQm`+2 U2X;X 2M2`;vV- T`QpB/2 � iQH2`�#H2 H2p2H Q7
T2`7Q`K�M+2 U2X;X K�tBKmK /2H�v �M/ HQbbV- �M/ 2t2+mi2 bQK2 BM@M2irQ`F
/�i� T`Q+2bbBM; 7mM+iBQMbX

h?2 M2ti b2+iBQM b?Qrb JkJ b+2M�`BQb r?2`2 i?2 MQ/2b ?�p2 i?2 +�T�#BHBiv Q7
?�`p2biBM; 2M2`;v 7`QK i?2 �K#B2MiX

������� &OFSHZ )BSWFTUJOH /FUXPSLT

�MQi?2` bT2+B}+ �`2� Q7 JkJ b+2M�`BQb Bb 7Q`K2/ #v �TTHB+�iBQMb i?�i +QHH2+i
/�i� 7`QK MQ/2b �#H2 iQ ?�`p2bi 2M2`;v 7`QK i?2 2MpB`QMK2MiX L2ti- irQ 2M2`;v
?�`p2biBM; b+2M�`BQb �`2 T`QpB/2/X

aK�`i :`22M?Qmb2 �M/ h�MF KQMBiQ`BM;
6B;m`2 kXdX� b?Qrb �TTHB+�iBQMb r?2`2 /2pB+2b K2�bm`2 i?2 HmKBMQbBiv- ?mKB/@
Biv- T`2bbm`2 �M/ i2KT2`�im`2X AM i?2 bK�`i ;`22M?Qmb2 �TTHB+�iBQM- i?2 /�i�
+QHH2+i2/ 7`QK i?2 MQ/2b +�M #2 mb2/ iQ +QMi`QH i?2 rBM/Qrb- HB;?ib- ?2�i2`b- Q`
7�MbX "2bB/2b- i?2 /�i� T`QpB/2/ #v i?2 MQ/2b Bb �HbQ �M BKTQ`i�Mi `2+Q`/ iQ
bim/v i?2 ;`Qri? Q7 i?2 bT2+B2bX

ě kj ě
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AM i?2 PBH i�MF KQMBiQ`BM; �TTHB+�iBQM /2TB+i2/ BM 6B;m`2 kXdX#- i?2 /2pB+2b
K2�bm`2 i?2 �KQmMi Q7 biQ`2/ T`Q/m+i- i?2 T`2bbm`2- �M/ i?2 i2KT2`�im`2X AM
i?Bb �TTHB+�iBQM- i�MFb +�M #2 }HH2/ rBi? /Bp2`b2 2H2K2Mib Qi?2` i?�M 7`2b? QBH-
bm+? �b mb2/ QBH- r�bi2/ HB[mB/b- Q` +?2KB+�H bm#bi�M+2bX
h?2 BM7Q`K�iBQM T`QpB/2/ #v i?2 /2pB+2b #2M2}ib +QMbmK2`b- bmTTHB2`b �M/ miBH@
Biv /Bbi`B#miQ`bX h?2 KQMBiQ`BM; 2M�#H2b +QMbmK2`b iQ K�F2 bK�`i2` /2+BbBQMb
�#Qmi ?Qr iQ +QMi`QH i?Bb `2bQm`+2- bBM+2 i?2 bmTTHv mb�;2 Bb KQMBiQ`2/ i?`Qm;?@
Qmi i?2 /�vX AM �//BiBQM- Bi �HHQrb i?2 bmTTHB2`b iQ #2ii2` mM/2`bi�M/ i?2 M22/b
Q7 i?2 +mbiQK2`b- �M/ i?2 /Bbi`B#miQ`b ?�p2 #2ii2` iQQHb iQ K�M�;2 �M/ KQMBiQ`
i?2B` M2irQ`FbX

U�V aK�`i :`22M?Qmb2X
a2MbQ`b, GmKBMQbBiv �M/ ?mKB/BivX

U#V h�MF JQMBiQ`BM;X
a2MbQ`b, h2KT2`�im`2 �M/ T`2bbm`2X

6B;m`2 kXd, 1M2`;v >�`p2biBM; b+2M�`BQbX

AM #Qi? b+2M�`BQb- i?2 �KQmMi Q7 `2M2r�#H2 2M2`;v Qz2`2/ iQ i?2 MQ/2b Bb �#mM/@
�MiX AM �//BiBQM- mbBM; 2M2`;v ?�`p2biBM; i?2 #�ii2`B2b H�bi HQM;2`- `2/m+BM; i?2
K�BMi2M�M+2 7`2[m2M+vX
"�b2/ QM i?2 +?�HH2M;2b iQ;2i?2` rBi? i?2b2 �TTHB+�iBQMb /2b+`BTiBQM Bi Bb TQb@
bB#H2 iQ B/2MiB7v � b2i Q7 /2bB`�#H2 7mM+iBQM�HBiB2b iQ #2 2t2+mi2/ QM i?2 JkJ
+QKKmMB+�iBQMX h?2b2 �bT2+ib �`2 T`2b2Mi2/ �b 7QHHQrbX

RX L2mi`�H QT2`�iBQM, L2mi`�H PT2`�iBQM Q` 1M2`;v a2H7@am{+B2Mi �`2
i2`Kb rB/2Hv mb2/ iQ /2}M2 2M2`;v ?�`p2biBM; 2{+B2M+vX Ai K2�Mb i?�i i?2
MQ/2b Kmbi +QMbmK2 i?2 2t�+i �KQmMi Q7 ?�`p2bi2/ 2M2`;v (Px2H 2i �HX-
kyR8)X hQ K�BMi�BM i?2 MQ/2b BM M2mi`�H QT2`�iBQM Bb � `2[mB`2K2Mi #2+�mb2
Bi ;m�`�Mi22b i?2`2 Bb MQ Qp2`mb2 Q` mM/2`mb2 Q7 i?2 2M2`;v QM i?2 #�ii2`vX
.QBM; bQ- i?2 M2irQ`F HB72iBK2 Bb T`QHQM;2/ �M/ i?2 2M2`;v +QMbi`�BMib Q7
i?2 MQ/2b +�M #2 `2H�t2/ /m`BM; i?2 bQK2 T2`BQ/bX

kX Pp2`?2�/ KBMBKBx�iBQM, h?2 `2/m+iBQM Q7 +QMi`QH /�i� +�M BKT�+i
TQbBiBp2Hv b2p2`�H T2`7Q`K�M+2 K2i`B+b- bm+? �b i?`Qm;?Tmi- HQbb `�i2- �M/
2M2`;vX aQ- Bi Bb BKTQ`i�Mi iQ mb2 H2bb +QMi`QH BM7Q`K�iBQM BMbB/2 i?2 K2b@
b�;2 ?2�/2`X

jX ai�M/�`/ T`QiQ+QH bi�+F, Ai Bb BKTQ`i�Mi iQ T`QKQi2 i?2 /2p2HQTK2Mi
Q7 bi�M/�`/ T`QiQ+QHb 7Q` HQr@TQr2` M2irQ`Fb /2}M2/ #v i?2 K�BM bi�M/�`/

ě k9 ě
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#Q/B2b- bm+? �b A1h6X h?2 BKT`Qp2K2Mib K�/2 QM bi�M/�`/ T`QiQ+QHb ?�p2
i?2 TQi2MiB�H Q7 H2p2`�;2 i?2 �/QTiBQM Q7 i?Bb i2+?MQHQ;v #v i?2 BM/mbi`vX

h?2 M2ti b2+iBQM bmKK�`Bx2b i?2 +QMi2Mi T`2b2Mi2/ BM i?Bb +?�Ti2`X

��� 4VNNBSZ

h?Bb +?�Ti2` T`2b2Mi2/ i?2 #�bB+ +QM+2Tib �M/ /2}MBiBQMb `2;�`/BM; K�+?BM2@
iQ@K�+?BM2 2MpB`QMK2MibX Ai #2;�M b?QrBM; i?2 JkJ bvbi2Kb �`2 +QKTQb2/
Q7 ?2i2`Q;2M2Qmb /2pB+2b i?�i b?�`2 BM7Q`K�iBQM iQ �++QKTHBb? bK�`i `2KQi2
+QMi`QHX
a2+iBQM kXk /2i�BH2/ i?2 /Bz2`2Mi b+2M�`BQb �M/ �TTHB+�iBQMb- �M/ i?2 ivT2b Q7
i`�{+ T`Q/m+2/ #v K�+?BM2@iQ@K�+?BM2 +QKKmMB+�iBQMX "2bB/2b- Bi /Bb+mbb2/
i?2 >2i2`Q;2M2Qmb >B2`�`+?B+�H �`+?Bi2+im`2- r?B+? Bb � r2HH@FMQrM JkJ M2i@
rQ`F �`+?Bi2+im`2X
a2+iBQM kXj QmiHBM2/ i?2 KQbi BKTQ`i�Mi bi�M/�`/b 7Q` i?2 mM/2`bi�M/BM; Q7 i?Bb
i?2bBb- `2H�i2/ iQ JkJ +QKKmMB+�iBQMX Ai 2KT?�bBx2/ i?2 *Q�S T`QiQ+QH- b?Qr@
BM; i?2 Q#b2`p2 �M/ ;`QmT +QKKmMB+�iBQM QTiBQMb- �M/ i?2 _SG T`QiQ+QHX
a2+iBQM kX9 T`2b2Mi2/ � b2i Q7 bT2+B}+ b+2M�`BQb �M/ i?2B` +QKKmMB+�iBQM `2[mB`2@
K2MibX h?2 b+2M�`BQb �//`2bb2/ BM i?Bb b2+iBQM r2`2 /BpB/2/ BMiQ irQ +H�bb2b-
i`�/BiBQM�H #�ii2`v rBi? HBKBi2/ 2M2`;v `2bQm`+2b �M/ 2M2`;v ?�`p2biBM;X AM i?2
7Q`K2`- i?2 MQ/2b ?�p2 b2p2`2 2M2`;v +QMbi`�BMib- r?BH2 BM i?2 H�i2`- i?2 MQ/2b
+�M `2TH2MBb? i?2 2M2`;v `2bQm`+2b 7`QK i?2 �K#B2MiX
h?2 M2ti +?�Ti2` BMi`Q/m+2b i?2 bim/v Q7 i?2 `2H�i2/ rQ`FX

ě k8 ě
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4UVEZ IBSE XIBU JOUFSFTUT ZPV UIF NPTU
JO UIF NPTU VOEJTDJQMJOFE
 JSSFWFSFOU
BOE PSJHJOBM NBOOFS QPTTJCMF�

	3JDIBSE 'FZONBO


*QMi2Mib
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 kd
jXk ai�i2@Q7@i?2@�`i X X X X X X X X X X X X X X X X X X X X X X k3

jXkXR Pp2`?2�/ _2/m+iBQM X X X X X X X X X X X X X X X X X k3
jXkXk .�i� _2/mM/�M+v 1HBKBM�iBQM X X X X X X X X X X X kN
jXkXj _QmiBM;@"�b2/ aQHmiBQMb 7Q` 1M2`;v 1{+B2Mi :`QmT

*QKKmMB+�iBQM X X X X X X X X X X X X X X X X X X X jy
jXkX9 L2mi`�H PT2`�iBQM BM _2M2r�#H2 1M2`;v "m/;2i X X je

jXj PT2M Abbm2b 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
jXjXR JmHiBTH2 �M/ ?2i2`Q;2M2Qmb :`QmT *QKKmMB+�iBQM X jN
jXjXk L2mi`�H PT2`�iBQM BM 1M2`;v >�`p2biBM; a+2M�`BQb X 9R

jX9 amKK�`v X X X X X X X X X X X X X X X X X X X X X X X X X 9R

hQ /2bB;M bQHmiBQMb �#H2 iQ BKT`Qp2 `2H2p�Mi �bT2+ib Q7 J�+?BM2@iQ@
J�+?BM2 +QKKmMB+�iBQM Bb � +QKTH2t i�bF i?�i `2[mB`2b � /22T FMQr@
H2/;2 Q7 /Bz2`2Mi +QM+2Tib- /2}MBiBQMb- �M/ bT2+B�HHv i?2 T`QTQb2/ bQHm@

iBQMb BM i?2 HBi2`�im`2X

��� *OUSPEVDUJPO

E22TBM; BM KBM/ i?2 K�BM +QKKmMB+�iBQM `2[mB`2K2Mib #�b2/ QM bT2+B}+ b+2M@
�`BQb- i?Bb +?�Ti2` T`2b2Mib � +QKT`2?2MbBp2 HBi2`�im`2 `2pB2rX h?2 `2K�BM/2` Q7
i?Bb +?�Ti2` T`2b2Mib BM a2+iBQM jXk i?2 bim/v �M/ �M�HvbBb Q7 i?2 `2H�i2/ rQ`FbX

ě kd ě
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L2ti- i?2 `2b2�`+? /B`2+iBQMb �`2 B/2MiB}2/ BM a2+iBQM jXjX 6BM�HHv- a2+iBQM jX9
T`2b2Mib � bmKK�`v Q7 i?2 +?�Ti2`X

��� 4UBUF�PG�UIF�BSU

h?2 bi�i2@Q7@i?2@�`i bim/v T`2b2Mi BM i?Bb b2+iBQM Bb 7Q+mb2/ QM `2pB2rBM; i?2
rQ`Fb �#H2 iQ 7mH}HH iQi�HHv Q` T�`iB�HHv i?2 +QKKmMB+�iBQM `2[mB`2K2Mib HBbi2/
BM b2+iBQM kX9XkX h?2 HBi2`�im`2 `2pB2r #2;BMb BM i?2 M2ti b2+iBQM T`2b2MiBM; i?2
bQHmiBQMb �#H2 iQ `2/m+2 i?2 +QKKmMB+�iBQM Qp2`?2�/X

����� 0WFSIFBE 3FEVDUJPO

Pp2`?2�/ +QMbmK2b i?2 `2bQm`+2b Q7 i?2 MQ/2b i`�MbKBiiBM; +QMi`QH BM7Q`K�@
iBQMX h?Bb Bb � T`Q#H2K #2+�mb2 Bi +QMbmK2b `2bQm`+2b Q7 i?2 MQ/2b- bm+? �b
2M2`;v- #�M/rB/i?- �M/ T`Q+2bbBM;X Pp2`?2�/ Bb +�mb2/ #v 2MiB`2 K2bb�;2b i?�i
+QMi�BM +QMi`QH BM7Q`K�iBQM Q` �//BiBQM�H #Bib BMi`Q/m+2/ BM i?2 ?2�/2` Q7 /�i�
K2bb�;2bX

AM Q`/2` iQ `2/m+2 i?2 Qp2`?2�/- GQ 2i �HX (GQ 2i �HX- kyRj) T`QTQb2 � imMM2H@
#�b2/ bQHmiBQM b+?2K2 r?B+? K2`;2b /�i� mMBib 7`QK b2p2`�H MQ/2b /2biBM2/ iQ
i?2 b�K2 imMM2H 2tBi@TQBMiX h?Bb B/2� �pQB/b `2T2�i2/ ?2�/2`b 7Q` i?2 b�K2
bQm`+2@/2biBM�iBQM T�B`X Ai Bb TQbbB#H2 iQ #2 2t2+mi2/ #2+�mb2 r?2M � /2pB+2
b2M/b K�Mv /�i� iQ i?2 b�K2 /2biBM�iBQM MQ/2- r?B+? Bb HQ+�i2/ QmibB/2 i?2
HQ+�H M2irQ`F- 2�+? T`QiQ+QH BMpQHp2/ �//b i?2 b�K2 ?2�/2` BM7Q`K�iBQM 7Q`
2�+? /�i� mMBiX AM +QMi`�bi iQ i?2 +H�bbB+ bQHmiBQM- i?2 BKTH2K2Mi2/ imMM2HBM;
bQHmiBQM �//b :2M2`�H S�+F2i _�/BQ a2`pB+2 hmMM2HBM; S`QiQ+QH lb2` U:hS@
lV- l.S �M/ AMi2`M2i S`QiQ+QH UASV ?2�/2`b 7Q` b2p2`�H /�i� mMBibX "2bB/2b-
i?2 bQHmiBQM Bb /2bB;M2/ iQ [m2m2 HQr T`BQ`Biv /�i� mMBib 7`QK /Bz2`2Mi MQ/2b
mMiBH i?2 K�tBKmK bBx2 Q7 imMM2HBM; Bb `2�+?2/X h?2 2p�Hm�iBQM Q7 i?Bb T`QTQb�H
b?Qrb � bB;MB}+�Mi Qp2`?2�/ `2/m+iBQM QM j`/ :2M2`�iBQM S�`iM2`b?BT S`QD2+i
Uj:SSV- bm+? �b GQM; h2`K 1pQHmiBQM- �M/ A111 3ykXReT (:`QmT 2i �HX- kyy9)
i2+?MQHQ;B2bX

h�H2# 2i �HX (h�H2# �M/ EmMx- kyRk) �HbQ �BK iQ `2/m+2 i?2 Qp2`?2�/ Q7 JkJ
+QKKmMB+�iBQM BM +2HHmH�` M2irQ`FbX h?2 �mi?Q`b Q7 i?Bb rQ`F b?Qr i?�i BM
JkJ +QKKmMB+�iBQM i?2`2 Bb � H�`;2 MmK#2` Q7 bB;M�HBM; K2bb�;2b 2t+?�M;2/
#2ir22M i?2 /2pB+2b �M/ i?2 JQ#BHBiv J�M�;2K2Mi 1MiBiv UJJ1VX PM2 Q7 i?2
K�BM bB;M�HBM; K2bb�;2b Bb i?2 h`�+FBM; �`2� lT/�i2b Uh�lbV- r?B+? Bb mb2/
#v i?2 MQ/2b iQ MQiB7v i?2 #�b2@bi�iBQM �#Qmi i?2B` ;2Q;`�T?B+ HQ+�iBQMX h?2
T`QTQb2/ bQHmiBQM /2}M2b � iBK2 rBM/Qr BM i?2 #�b2@bi�iBQM iQ `2+2Bp2 � ;Bp2M
MmK#2` Q7 K2bb�;2b- bQ �HH i?2 h�lb `2+2Bp2/ �`2 T`Q+2bb2/ �i QM+2X h?mb- i?Bb
bQHmiBQM `2/m+2b i?2 K2bb�;2 Qp2`?2�/ BMpQHp2/ BM i?2 +QKKmMB+�iBQM #2ir22M
i?2 #�b2@bi�iBQM �M/ i?2 JJ1X

EBK 2i �HX (EBK 2i �HX- kyRd) T`QTQb2 �M Qp2`?2�/ `2/m+iBQM bQHmiBQM BM +2HHm@
H�` M2irQ`F- r?2`2 � +QM+2Mi`�iQ` MQ/2 `2+2Bp2b K2bb�;2b 7`QK Qi?2` /2pB+2b

ě k3 ě



*>�Sh1_ jX _1G�h1. qP_E

�M/ Bb `2bTQMbB#H2 7Q` `2H�vBM; i?2 /�i� iQ i?2 #�b2 bi�iBQMX h?2 +QM+2Mi`�iQ`
MQ/2 BMb2`ib KmHiBTH2 bK�HH T�+F2ib BMiQ � H�`;2` T�+F2i- `2/m+BM; i?2 MmK#2` Q7
�++2bb2b #2ir22M i?2 MQ/2b �M/ i?2 #�b2 bi�iBQMX

hbBibBTBb 2i �HX (hbBibBTBb 2i �HX- kyRR) �M/ (hbBibBTBb 2i �HX- kyRk) �TTHv � b+?2K2
iQ BMb2`i KmHiBTH2 /�i� mMBib BMbB/2 i?2 b�K2 K2bb�;2X AM �//BiBQM- i?Bb rQ`F
7Q+mb2b QM HQr@TQr2` �M/ b?Q`i@`�M;2 M2irQ`Fb �M/ T`2b2Mib i?2 #2M2}ib Q7 i?2
T`QTQb2/ b+?2K2 BM i2`Kb Q7 2M2`;v +QMbmKTiBQMX

ai�bB 2iX �H (.B ai�bB 2i �HX- kyR9) 7Q+mb QM `2/m+BM; i?2 Qp2`?2�/ iQ BKT`Qp2
i?2 i?`Qm;?Tmi Q7 KmHiBTH2 T�i? K2b? M2irQ`FbX h?2 T`QTQb2/ bQHmiBQM }M/b
[m2m2/ T�+F2ib �i i?2 J�* H�v2` i?�i +�M #2 Tmi iQ;2i?2` BM � bBM;H2 J�*
7`�K2X h?2 2t2+miBQM Q7 i?Bb bQHmiBQM Bb /QM2 ?QT@#v@?QT- r?2`2 2�+? ?QT /Bb�b@
b2K#H2b i?2 BM+QKBM; T�+F2ib �M/ i?2M T�bb2b i?2 /�i� iQ i?2 �TT`QT`B�i2 H�v2`
r?B+? +QM+�i2M�i2b T�+F2ib /2biBM2/ iQ i?2 b�K2 M2ti@?QTX h?2 T2`7Q`K�M+2
2p�Hm�iBQM Q7 i?Bb T`QTQb�H b?Qrb #2M2}ib BM i2`Kb Q7 i?`Qm;?Tmi BM � b+2M�`BQ
r?2`2 i?2 MQ/2b /Q MQi ?�p2 *Sl Q` 2M2`;v +QMbi`�BMibX

h?2 M2ti b2+iBQM T`2b2Mib i?2 bQHmiBQMb �#H2 iQ `2/m+2 i?2 `2/mM/�M+v QM i?2
/�i� +QKKmMB+�iBQMX

����� %BUB 3FEVOEBODZ &MJNJOBUJPO

h?2 #�bB+ B/2� Q7 `2/m+BM; /�i� `2/mM/�M+v Bb iQ �TTHv �H;Q`Bi?Kb QM i?2 /�i�
+QHH2+i2/ 7`QK i?2 M2irQ`F iQ 2HBKBM�i2 i?2 /�i� bBKBH�`BiB2b- �M/ bQK2iBK2b
`2T2�i2/ BM7Q`K�iBQMX h?2 �TT`Q�+?2b �#H2 iQ `2/m+2 i?2 `2/mM/�M+v +�M #2
+H�bbB}2/ BMiQ,

Ç .�i� *QKT`2bbBQM a+?2K2b, h?2b2 bQHmiBQMb �TTHv +QKT`2bbBQM �H@
;Q`Bi?Kb QM 2�+? K2bb�;2 iQ 2HBKBM�i2 i?2 `2/mM/�M+vX h?2b2 b+?2K2b /Q
MQi BKT�+i i?2 �++m`�+v Q7 i?2 +QHH2+i2/ /�i�- bBM+2 �HH +QKT`2bb2/ /�i�
+�M #2 `2biQ`2/ rBi?Qmi BM7Q`K�iBQM HQbbX

Ç .�i� �;;`2;�iBQM a+?2K2b, h?2b2 b+?2K2b �TTHv K�i?2K�iB+�H 7mM+@
iBQMb QM /Bz2`2Mi K2bb�;2b iQ `2/m+2 i?2 �KQmMi Q7 +QKKmMB+�i2/ /�i�X
h?2b2 bQHmiBQMb `2/m+2b i?2 �++m`�+v Q7 i?2 /�i�- bBM+2 T�`i Q7 i?2 `2/mM/@
�Mi BM7Q`K�iBQM +�MMQi #2 7QmM/ BM i?2 /2biBM�iBQM bB/2X

AM i?Bb i?2bBb- � bT2+B�H 7Q+mb Bb ;Bp2M iQ /�i� �;;`2;�iBQM b+?2K2b- bBM+2 Bi Bb
+�T�#H2 Q7 `2/m+BM; i?2 2M2`;v +QMbmKTiBQMX

.�i� �;;`2;�iBQM b+?2K2b #2+�K2 TQTmH�` QM +QMbi`�BM2/ rB`2H2bb M2irQ`Fb-
#2+�mb2 KQbi Q7 i?2 +QHH2+i2/ /�i� 7`QK MQ/2b Bb `2/mM/�Mi �M/ i?2 }M�H /2b@
iBM�iBQM Bb BMi2`2bi2/ QM i?2 Qp2`�HH K2�bm`2K2Mi Q7 i?2 MQ/2bX 6Q` BMbi�M+2-
� ;`QmT Q7 MQ/2b KQMBiQ`BM; i2KT2`�im`2 Q7 � `QQK i2M/b iQ K2�bm`2 bBKBH�`
p�Hm2bX �TTHvBM; /�i� �;;`2;�iBQM- BMbi2�/ Q7 `2+2BpBM; /Bz2`2Mi K2bb�;2b rBi?
bBKBH�` i2KT2`�im`2- i?2 +HB2Mi `2+2Bp2b � bBM;H2 K2bb�;2 `2p2�HBM; i?2 �p2`�;2
`QQK i2KT2`�im`2X

.�i� 7mbBQM b+?2K2b /Bz2`2MiB�i2 7`QK /�i� �;;`2;�iBQM- #2+�mb2 i?2 7Q`K2`

ě kN ě
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`272`b iQ i?2 T`Q+2bb Q7 i�FBM; � /2+BbBQM #�b2/ QM i?2 +QMi2Mi Q7 QM2 Q` KQ`2
K2bb�;2X 6Q` BMbi�M+2- � /�i� 7mbBQM bQHmiBQM +�M #2 mb2/ iQ ;�i?2` i2KT2`�im`2
�M/ +�`#QM /BQtB/2 iQ /2+B/2 B7 � }`2 Bb Q++m``BM;X h?mb- /�i� 7mbBQM +�M 2p2M@
im�HHv `2bmHi BM /�i� 2HBKBM�iBQM- #mi Bib }M�H Q#D2+iBp2 Bb iQ T`Q/m+2 � /2+BbBQMX
PM i?2 Qi?2` ?�M/- /�i� �;;`2;�iBQM b+?2K2b /Q MQi BMpQHp2 /2+BbBQM i�FBM;
T`Q+2/m`2b- bBM+2 Bi mb2b i?2 K2bb�;2 +QMi2Mi K2`2Hv �b bi�iBbiB+�H BMTmibX

�b b?QrM #v C2bmb 2i �HX (C2bmb 2i �HX- kyR8)- i?2 KQbi TQTmH�` /�i� �;;`2;�@
iBQM b+?2K2b �TTHv bBKTH2 K�i?2K�iB+�H 7mM+iBQMb bm+? �b bmK- �p2`�;2- KBM@
BKmK- K�tBKmK �M/ +QmMiX h?2b2 7mM+iBQMb �`2 TQTmH�` #2+�mb2 i?2v `2p2�H
i?2 ;2M2`�H #2?�pBQ` Q7 i?2 K2�bm`2K2Mib- +�M #2 +QKTmi2/ /Bbi`B#mi2/ Qp2`
i?2 MQ/2b- �M/ ?�p2 i?2 T`QT2`iv Q7 i�FBM; K�Mv BMTmi p�Hm2b �M/ T`Q/m+BM; �
bBM;H2 p�Hm2X

PM2 Q7 i?2 KQbi `2T`2b2Mi�iBp2 bQHmiBQMb i?�i �TTHB2b bBKTH2 K�i?2K�iB+�H 7mM+@
iBQMb iQ �;;`2;�i2 /�i� Bb T`QTQb2/ #v J�//2M 2i �H (J�//2M 2i �HX- kyyk)X AM
i?Bb T`QTQb�H- mb2`b +�M b2M/ [m2`B2b iQ i?2 M2irQ`F �M/ `2+2Bp2 i?2 �;;`2;@
�i2/ `2bTQMb2X h?2 bQHmiBQM Bb /2bB;M2/ iQ �HHQr i?2 M2irQ`F iQ `2THv aZG@HBF2
[m2`B2b- r?B+? +�M bT2+B7v i?2 ivT2 Q7 /�i�- i?2 �;;`2;�iBQM 7mM+iBQM- �M/ i?2
HQ+�iBQMX

GBM 2i �HX (GBM �M/ *?2M- kyRd) T`QTQb2 � bQHmiBQM i?�i �TTHB2b i?2 �7Q`2K2M@
iBQM2/ /�i� �;;`2;�iBQM 7mM+iBQMb QM i?2 /�i� r?BH2 i?2 K2bb�;2b �`2 i`�p2HBM;
7`QK i?2 T`Q/m+2` MQ/2b iQ i?2 /2biBM�iBQMX 1�+? `2H�v MQ/2 `2+2Bp2b /�i�
7`QK M2B;?#Q`b- �;;`2;�i2b i?2 `2+2Bp2/ �M/ i?2 T`Q/m+2/ /�i�- �M/ i`�MbKBi
Bi iQ i?2 M2ti MQ/2X h?Bb +QQT2`�iBp2 /�i� �;;`2;�iBQM 2t2+miBQM Bb �HbQ +�HH2/
BM@M2irQ`F �;;`2;�iBQM �M/ +�M #2 T2`7Q`K2/ BM KmHiBTH2 ?QT +QKKmMB+�iBQM
b+2M�`BQbX

� H�`;2 MmK#2` Q7 rQ`Fb �TTHB2b �;;`2;�iBQM 7mM+iBQMb iQ `2/m+2 `2/mM/�M+v �M/
�;;`2;�i2 /�i�X J�Mv bQHmiBQMb BM i?Bb }2H/ �`2 +QmTH2/ rBi? 2M2`;v 2{+B2M+v
�bT2+ib BM i?2 `QmiBM; H�v2`X 6Q` i?�i `2�bQM- i?2 M2ti b2+iBQM T`2b2Mib `QmiBM;
bQHmiBQMb �#H2 iQ BKT`Qp2 i?2 2M2`;v 2{+B2M+v Q7 i?2 +QKKmMB+�iBQMX

h?2 M2ti b2+iBQM `2pB2rb i?2 `QmiBM; rQ`Fb /2bB;M2/ iQ BKT`Qp2 2M2`;v 2{+B2M+v
Q7 JkJ ;`QmTbX

����� 3PVUJOH�#BTFE 4PMVUJPOT GPS &OFSHZ &ĔDJFOU (SPVQ
$PNNVOJDBUJPO

a+?2K2b i?�i �TTHv /�i� �;;`2;�iBQM Q` Qp2`?2�/ `2/m+iBQM ?�p2 /Bz2`2Mi 2M@
2`;v 2{+B2M+v �++Q`/BM; iQ i?2 b2i Q7 T�i?b b2H2+i2/ #v i?2 `QmiBM; H�v2`X aQ-
K�Mv rQ`Fb +QMbB/2` /�i� �;;`2;�iBQM- #mi 7Q+mb2/ QM `QmiBM; bi`�i2;B2b iQ BM@
+`2�b2 i?2 2M2`;v T2`7Q`K�M+2 Q7 i?2 +QKKmMB+�iBQMX 6B;m`2 jXR b?Qrb i?`22
K�BM +H�bb2b Q7 `QmiBM; bQHmiBQMb i?�i �BK iQ �+?B2p2 2M2`;v 2{+B2M+v +QKKm@
MB+�iBQM �TTHvBM; /�i� �;;`2;�iBQM Q` Qp2`?2�/ `2/m+iBQM BM }t2/ 2M2`;v #m/;2i
M2irQ`FbX h?2b2 bQHmiBQMb �`2 /BpB/2/ BM ?2m`BbiB+b �M/ J�i?2K�iB+�H PTiBKBx@
�iBQMX

ě jy ě
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>2m`BbiB+b Bb 7m`i?2` +H�bbB}2/ BM h`22@#�b2/ �M/ *Hmbi2`@#�b2/ �TT`Q�+?2bX
h?2b2 �TT`Q�+?2b biBHH �`2 /BpB/2/ BM bBM;H2 �M/ KmHiBTH2 ;`QmT +QKKmMB+�@
iBQMX AM bBM;H2 ;`QmT +QKKmMB+�iBQM- i?2 K2+?�MBbKb �bbmK2 i?2 2tBbi2M+2 Q7
?QKQ;2M2Qmb +QKKmMB+�iBQM- r?B+? K2�Mb i?�i �HH M2irQ`F /2pB+2b ?�p2 bBK@
BH�` +QKKmMB+�iBQM b2iiBM;bX 6Q` BMbi�M+2- i?2 r?QH2 M2irQ`F +QKKmMB+�i2b
QMHv QM2 /�i� ivT2 U2X;X- i2KT2`�im`2- ?mKB/Biv- HB;?i BMi2MbBiv- ;�b /2MbBiv- Q`
TQbBiBQMV- �HH i?2 ;2Q;`�T?B+ �`2�b ?�p2 i?2 b�K2 +QKKmMB+�iBQM T2`BQ/B+Biv- Q`
�HH /2pB+2b 2t2+mi2 i?2 b�K2 �;;`2;�iBQM 7mM+iBQMX

6B;m`2 jXR, GBi2`�im`2 +H�bbB}+�iBQMX

AM KmHiBTH2 ;`QmT +QKKmMB+�iBQM- i?2 M2irQ`F Bb /BpB/2/ BM b2i Q7 MQ/2b �M/
2�+? b2i +�M ?�p2 � T�`iB+mH�` +QKKmMB+�iBQM b2iiBM;X h?2 MQ/2b ?�p2 ?2i2`Q@
;2M2Qmb +QKKmMB+�iBQM 72�im`2b BM i2`Kb Q7 /�i� ivT2- �;;`2;�iBQM 7mM+iBQM-
Q` i`�MbKBbbBQM T2`BQ/B+BivX h?2 bBM;H2 ;`QmT +QKKmMB+�iBQM +�b2 #2+QK2b �
T�`iB+mH�` +�b2 Q7 KmHiBTH2 ;`QmT +QKKmMB+�iBQMX

Ai Bb BKTQ`i�Mi iQ ?B;?HB;?i i?�i �HH i?2 rQ`Fb /2b+`B#2/ BM i?Bb b2+iBQM +QMbB/2`
}t2/ �KQmMi Q7 2M2`;v UBX2X MQM@`2TH2MBb?�#H2 #�ii2`vVX AM �//BiBQM- i?2 i2`K
2M2`;v 2{+B2M+v K2�Mb `2/m+BM; i?2 2M2`;v +QMbmKTiBQM Q` K�tBKBxBM; i?2
M2irQ`F HB72iBK2X L2irQ`F HB72iBK2 Bb /2}M2/ �b i?2 iBK2 BMi2`p�H BM r?B+? �HH
i?2 M2irQ`F MQ/2b ?�p2 2MQm;? 2M2`;v `2bQm`+2 iQ 2t2+mi2 i?2B` 7mM+iBQMb (�x�`B
�M/ JB�Q- kyRd)X

h?2 bim/v Q7 i?2 `QmiBM; bQHmiBQMb bi�`ib #2HQr- /2b+`B#BM; i?2 h`22@#�b2/ bQHm@
iBQMb 7Q` bBM;H2 ;`QmT +QKKmMB+�iBQMX

ě jR ě
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������� 5SFF�#BTFE 3PVUJOH GPS 4JOHMF (SPVQ $PNNVOJDBUJPO

h?2 T`Q#H2K Q7 +QHH2+iBM; /�i� 7`QK 2M2`;v +QMbi`�BM2/ MQ/2b ?�b #22M 2ti2Mb@
Bp2Hv bim/B2/X aQK2 rQ`Fb M�K2 �b +Qp2`;2+�bi Q` K�Mv@iQ@QM2 (GQM; 2i �HX-
kyRd) i?2 ivT2 Q7 +QKKmMB+�iBQM r?2`2 �HH M2irQ`F MQ/2b b2M/ /�i� iQ +2Mi`�H
TQBMiX hQ BKT`Qp2 i?2 2M2`;v 2{+B2M+v Q7 i?Bb +QKKmMB+�iBQM ivT2- bQHmiBQMb
?�p2 #22M BMbTB`2/ #v :`�T? h?2Q`v iQ #mBH/ � i`22 +QMM2+iBM; i?2 M2irQ`F �M/
iQ `2/m+2 i?2 +Qbib BMpQHp2/ BM i?2 /�i� ;�i?2`BM; T`Q+2bbX

h?2 +H�bbB+ i`22 �H;Q`Bi?Kb �`2, JBMBKmK aT�MMBM; h`22 UJahV �M/ a?Q`i2bi
S�i? h`22 UaShVX JQbi Q7 i?2 rQ`Fb �`2 #�b2/ QM i?2b2 �H;Q`Bi?Kb iQ T`QTQb2 �
i`22@#�b2/ bQHmiBQM �#H2 iQ BKT`Qp2 i?2 2M2`;v 2{+B2M+v Q7 i?2 +QKKmMB+�iBQMX
6Q` i?2 #2bi mM/2`bi�M/BM; Q7 i?2b2 bQHmiBQMb- Bi Bb BKTQ`i�Mi iQ /2}M2 i?2 i2`Kb
T�`2Mi �M/ +?BH/X � T�`2Mi p Bb i?2 MQ/2 rBi? h ?QTb iQ `2�+? i?2 `QQi- r?BH2
i?2 +?BH/ Bb � MQ/2 +QMM2+i2/ iQ p- r?B+? ?�b h + 1 ?QTb iQ i?2 `QQiX

h?2 bQHmiBQM T`QTQb2/ #v GmQ 2i �HX (GmQ 2i �HX- kyRR) +QKTmi2b � a?Q`i2bi S�i?
h`22 UaShV- KBMBKBxBM; i?2 MmK#2` Q7 +?BH/`2M Q7 i?2 MQ/2b rBi? HQr2bi `2bB/m�H
2M2`;vX h?2 T`QTQb2/ bQHmiBQM QMHv +QMbB/2`b i?2 `2bB/m�H 2M2`;v `2K�BMBM; BM
i?2 `2+2Bp2` #2+�mb2 i?2 2M2`;v QM i?2 b2M/2` Bb +QMbi�Mi /m`BM; i?2 /2+BbBQMX
h?2 HBMF /Bbi�M+2 #2ir22M i?2 b2M/2` �M/ i?2 `2+2Bp2` Bb MQi i�F2M BMiQ �++QmMi-
bBM+2 �HH i?2 MQ/2b �`2 /2THQv2/ BM +QQ`/BM�i2b i?�i 2[m�HBx2 i?2 /Bbi�M+2 Q7
i?2 M2B;?#Qm`BM; MQ/2bX JQ`2Qp2`- i?Bb rQ`F +QMbB/2`b � bBM;H2 ;`QmT- �bbmK2b
mMB7Q`K +QKKmMB+�iBQM T2`BQ/B+Biv 7Q` �HH MQ/2b- �M/ �HH MQ/2b �TTHv �;;`2;�iBQM
7mM+iBQMb Q7 i?2 +QHH2+i2/ /�i�X

E�+BKB 2i �HX (E�+BKB 2i �HX- kyRj) T`QTQb2 � HQ�/ #�H�M+BM; i`�{+ ?2m`BbiB+
iQ BKT`Qp2 i?2 M2irQ`F HB72iBK2X h?2 ?2m`BbiB+ #�H�M+2b i?2 �KQmMi Q7 i`�{+
QM � HBMF- i�FBM; BMiQ �++QmMi i?2 i`�MbKBbbBQM TQr2` M2+2bb�`v iQ T2`7Q`K
i`�MbKBbbBQMb QM i?�i HBMFX h?2 �mi?Q`b b?Qr i?�i HQ�/ #�H�M+BM; bi`�i2;B2b �`2
2{+B2Mi iQ K�BMi�BM � 7�B` 2M2`;v +QMbmKTiBQM �KQM; i?2 MQ/2bX AM �//BiBQM-
i?2 rQ`F �bbmK2b i?�i i?2 MQ/2b �`2 /2THQv2/ BM ;`B/ iQTQHQ;v �M/ i?2 /2pB+2b
?�p2 2[m�H H2p2H Q7 2M2`;vX h?Bb �bbmKTiBQM bBKTHB}2b i?2 T`Q#H2K Q7 K�tBKBxBM;
i?2 M2irQ`F HB72iBK2 #2+�mb2 Bi �bbm`2b i?2 T�`2Mi MQ/2b rBHH #2 i?2 }`bi MQ/2b
iQ /2TH2i2 i?2B` 2M2`;v `2bQm`+2b- bBM+2 i?2v rBHH +QKKmMB+�i2 � H�`;2` �KQmMi
Q7 /�i�X

� `2H2p�Mi bQHmiBQM Bb i?2 SQr2` 1{+B2Mi .�i� ;�i?2`BM; �M/ �;;`2;�iBQM
S`QiQ+QH@SQr2` �r�`2 US1.�S@S�V (h�M �M/ Eƺ`T2QĶHm- kyyj)X hQ �+?B2p2
K�tBKmK M2irQ`F HB72iBK2- S1.�S@S� +QMbB/2`b i?2 rB`2H2bb HBMFb �b 2/;2b Q7
� ;`�T? �M/ �bbB;Mb � r2B;?i iQ 2�+? 2/;2X h?2 r2B;?i Bb �bbQ+B�i2/ rBi? i?2
2M2`;v +Qbi BMpQHp2/ BM i?2 +QKKmMB+�iBQM Q7 � T�B` Q7 MQ/2bX S1.�S@S� �HbQ
BM+Hm/2b BM i?2 r2B;?i 7Q`KmH� i?2 b2M/2` `2bB/m�H 2M2`;v- bQ i?2 KQ`2 `2bB/m�H
2M2`;v � b2M/2` ?�b- i?2 H2bb Bb i?2 r2B;?iX hQ }M/ i?2 #2bi /�i� �;;`2;�iBQM
T2`7Q`K�M+2 BM i2`Kb Q7 M2irQ`F HB72iBK2- S1.�S@S� +QKTmi2b i?2 JBMBKmK
aT�MMBM; h`22 UJahV Qp2` � r2B;?i2/ ;`�T?X �b `2bmHi- S1.�S@S� b?Qrb
#2ii2` T2`7Q`K�M+2 i?�M GQr 1M2`;v �/�TiBp2 *Hmbi2`BM; >B2`�`+?v UG1�*>V
(>2BMx2HK�M 2i �HX- kyyk) �M/ SQr2`@1{+B2Mi :�i?2`BM; BM a2MbQ` AM7Q`K�iBQM
avbi2Kb US1:�aAaV (GBM/b2v �M/ _�;?�p2M/`�- kyyk)- r?B+? �`2 r2HH@FMQrM

ě jk ě
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+Hmbi2`BM; bQHmiBQMbX

S1.�S@S� ?�b irQ K�BM /`�r#�+Fb- UBV i?2 �H;Q`Bi?K iQ 2biBK�i2 � HBMF +Qbi
/Q2b MQi +QMbB/2` i?2 `2bB/m�H 2M2`;v Q7 i?2 `2+2Bp2` MQ/2- �M/ UBBV i?2 r2B;?ib
�`2 +QKTmi2/ 2p2`v Ryy +QKKmMB+�iBQM `QmM/b `2;�`/H2bb i?2 �KQmMi Q7 +QM@
bmK2/ 2M2`;vX hQ bQHp2 i?2b2 T`Q#H2Kb- 1M2`;v 1{+B2Mi aT�MMBM; i_22 U11a_V
(>mbb�BM �M/ AbH�K- kyyd) T`QTQb2b � /vM�KB+ b+?2K2- r?B+? +QMbB/2`b i?2 `2@
bB/m�H 2M2`;v Q7 i?2 `2+2Bp2` MQ/2- �M/ Bi `2+QKTmi2b i?2 r2B;?ib BM /vM�KB+
T2`BQ/bX Pi?2` S1.�S@S� BKT`Qp2K2Mi Bb T`2b2Mi2/ #v GBM 2i �HX (GBM 2i �HX-
kyRy)- T`QpB/BM; �M �H;Q`Bi?K i?�i Bi2`�iBp2Hv `2KQp2b 2/;2b 7`QK MQ/2b i?�i
�`2 bT2M/BM; KQ`2 2M2`;v �M/ �//b M2r 2/;2b iQ MQ/2b i?�i �`2 bT2M/BM; H2bb
2M2`;vX AM �//BiBQM- h�M 2i �HX (h�M 2i �HX- kyRR) T`2b2Mi i?2 GQ+�HBx2/ SQr2`@
1{+B2Mi .�i� �;;`2;�iBQM S`QiQ+QH UG@S1.�SV bQHmiBQM- r?B+? Bb � /Bbi`B#mi2/
p2`bBQM Q7 S1.�S@S�X

�MQi?2` bQHmiBQM- T`QTQb2/ #v JQiiQH� 2i �HX (JQiiQH� �M/ SB++Q- kyRR)- +�HH2/
Jlah1_- Bb /2bB;M2/ 7Q` bBM;H2 ;`QmT b+2M�`BQb rBi? KmHiBTH2 bBMFbX �b i?2b2
b+2M�`BQb BMpQHp2 KmHiBTH2 bQm`+2b �M/ /2biBM�iBQMb- Bi Bb M2+2bb�`v iQ +QKTmi2
� b2i Q7 i`22b iQ 2M�#H2 i?2 +QKKmMB+�iBQMX Jlah1_ Bb � /Bbi`B#mi2/ bQHmiBQM-
r?2`2 2�+? MQ/2 2t+?�M;2b +QMi`QH BM7Q`K�iBQM rBi? i?2 T�`2Mi +�M/B/�i2b iQ
+QKTmi2 UBV i?2 `QmiBM; [m�HBiv �M/ UBBV i?2 2tT2+i2/ HB72iBK2 Q7 i?2 T�`2Mi
+�M/B/�i2bX h?2 `QmiBM; [m�HBiv Bb +�H+mH�i2/ 7Q` 2�+? T�`2Mi n +QMbB/2`BM; i?2
`2HB�#BHBiv Q7 n- i?2 MmK#2` Q7 T�i?b T�bbBM; i?`Qm;? Bi- �M/ i?2 MmK#2` Q7 bBMFb
Bi Bb b2M/BM; /�i�X h?2 K�BM Q#D2+iBp2 Q7 i?2 bQHmiBQM Bb iQ `2/m+2 i?2 MmK#2`
Q7 MQ/2b BMpQHp2/ BM i?2 +QKKmMB+�iBQM �M/ K�tBKBx2 i?2 T�i? Qp2`H�TTBM; iQ
i�F2 �/p�Mi�;2 Q7 i?2 /�i� �;;`2;�iBQMX

L2ti- i?2 i`22@#�b2/ bQHmiBQMb /2bB;M2/ 7Q` KmHiBTH2 ;`QmTb �`2 /2b+`B#2/X

������� 5SFF�#BTFE 3PVUJOH GPS .VMUJQMF (SPVQ $PNNVOJDBUJPO

_2;�`/BM; KmHiBTH2 ;`QmT +QKKmMB+�iBQM- r?2`2 2�+? ;`QmT ?�b � /Bz2`2Mi +QK@
KmMB+�iBQM b2iiBM;- i?2 bQHmiBQM T`QTQb2/ #v sm 2i �HX (sm 2i �HX- kyyN) #mBH/b �
a?Q`i2bi S�i? h`22 +QMM2+iBM; i?2 MQ/2b �M/ �HH T�`2Mi MQ/2b 2t2+mi2 �;;`2;�@
iBQM 7mM+iBQMbX Ai bi�`ib #mBH/BM; i?2 i`22 rBi? i?2 `QQi- �M/ BM 2�+? Bi2`�iBQM-
Bi �//b i?2 b?Q`i2bi T�i? iQ i?2 M2�`2bi /�i� T`Q/m+2` /2pB+2X h?2 T`Q+2bb +QM@
iBMm2b mMiBH �HH bQm`+2 MQ/2b ?�p2 #22M BM+Hm/2/ BM i?2 i`22X h?2 7Q+mb Q7 i?Bb
rQ`F Bb iQ bim/v i?2 H�i2M+v Q7 i?2 T`QTQb2/ i`22- i`vBM; iQ }M/ � +QKKmMB+�@
iBQM b+?2/mH2` iQ KBMBKBx2 i?2 H�i2M+vX h?mb- i?Bb rQ`F /Q2b MQi bim/v ?Qr i?2
T`QTQb2/ i`22 BKT�+ib i?2 M2irQ`F HB72iBK2X

h?2 bQHmiBQM T`QTQb2/ #v GB 2i �HX (GB 2i �HX- kyye) Bb /2bB;M2/ iQ �;;`2;�i2
/�i� 7`QK ;`QmTb i?�i KQMBiQ` /Bz2`2Mi i�`;2ib �M/ +QKKmMB+�i2 BM �++Q`/�M+2
rBi? � T�`iB+mH�` +QKKmMB+�iBQM T2`BQ/B+BivX h?Bb rQ`F +QMbB/2`b i?�i Qp2` iBK2
i?2 ;`QmTb +�M #2+QK2 �+iBp2 iQ T`Q/m+2 �M/ +QKKmMB+�i2 /�i�X Pi?2`rBb2-
i?2 ;`QmT `2K�BMb BM�+iBp2X h?2 bQHmiBQM +QKTmi2b � JBMBKmK aT�MMBM; h`22
r?B+? BM+Hm/2b �HH /2pB+2b #2HQM;BM; iQ �+iBp2 ;`QmTb- �M/ `2/m+2b i?2 MmK#2` Q7
HBMFb #2HQM;BM; iQ BM�+iBp2 ;`QmTbX AM i?Bb bQHmiBQM- i?2 BMi2`M�H ;`QmT i`�{+ Bb

ě jj ě
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7Q`r�`/2/ iQ i?2 bBMF MQ/2 pB� i?2 b?Q`i2bi T�i? rBi?Qmi �TTHvBM; �;;`2;�iBQM
7mM+iBQMb Q` �Mv Qi?2` b+?2K2 iQ `2/m+2 i?2 Qp2`?2�/X

G22 2i �HX (G22 2i �HX- kyRy) T`QTQb2 � 7`�K2rQ`F iQ 2M�#H2 i?2 M2irQ`F iQ
T2`7Q`K ;`QmT@#v �;;`2;�iBQM [m2`B2bX h?2 ;`QmTb �`2 7Q`K2/ �++Q`/BM; iQ i?2
;2Q;`�T?B+ `2;BQMbX h?2 bQHmiBQM b2H2+ib � H2�/2` MQ/2 7Q` 2�+? ;`QmTX h?2 i`�{+
b2Mi 7`QK i?2 K2K#2`b iQ i?2 ;`QmT H2�/2` Bb `Qmi2/ #v � i`22X h?2 K2K#2`
MQ/2b �TTHB2b � }`bi `QmM/ Q7 >��` r�p2H2ib QM i?2 T`Q/m+2/ /�i� �M/ b2M/b Bi iQ
i?2 H2�/2`X h?2 H2�/2` MQ/2 `2+2Bp2b r�p2H2i +Q2{+B2Mib 7`QK K2K#2` MQ/2b �M/
+QKTmi2b i?2 b2+QM/ `QmM/ Q7 >��` r�p2H2ibX �7i2` i?2 ;`QmT H2�/2` +QKT`2bb2b
i?2 /�i�- Bi Bb b2Mi iQ � +2Mi`�H TQBMiX

h?2 M2ti b2+iBQM T`2b2Mib i?2 bQHmiBQMb i?�i mb2 +Hmbi2`BM; �H;Q`Bi?Kb 7Q` bBM;H2
;`QmT +QKKmMB+�iBQMX

������� $MVTUFS�#BTFE 3PVUJOH GPS 4JOHMF (SPVQ $PNNVOJDBUJPO

*Hmbi2`@#�b2/ `QmiBM; ?�b #22M H�`;2Hv mb2/ iQ BKT`Qp2 2M2`;v 2{+B2M+v Q7 HQr@
TQr2` M2irQ`FbX JQbi i?2 +Hmbi2` bQHmiBQMb ?�p2 � b+?2K2 iQ b2H2+i +Hmbi2` ?2�/b-
r?B+? �;;`2;�i2b i?2 /�i� `2+2Bp2/ 7`QK i?2 +Hmbi2` K2K#2`bX

h?2 K�DQ` T�`i Q7 i?2 +Hmbi2`@#�b2/ `QmiBM; bQHmiBQMb i?�i �TTHv /�i� �;;`2;�@
iBQM Q` Qi?2` Qp2`?2�/ `2/m+iBQM b+?2K2 +QMbB/2`b i?2 M2irQ`F MQ/2b �b K2K#2`b
Q7 � bBM;H2 ;`QmTX lM/2` i?Bb B/2�- i?2 +Hmbi2` bQHmiBQM +�M /BpB/2 i?2 M2irQ`F
mbBM; Bib QrM K2i`B+ rBi?Qmi +QMbB/2`BM; �Mv 2tBbiBM; ;`QmT /2}M2/ #v i?2 mb2`
Q` i?2 �TTHB+�iBQMbX "2bB/2b- BM +Hmbi2`@#�b2/ bQHmiBQMb- i?2 +Hmbi2` ?2�/ Bb i?2
K�BM TQBMi iQ T2`7Q`K �;;`2;�iBQM Q` Qp2`?2�/ `2/m+iBQM- +`2�iBM; � j@/2Ti?
iQTQHQ;v- M�K2Hv +Hmbi2` K2K#2`b- +Hmbi2` ?2�/ �M/ #�b2@bi�iBQMX

GQr@1M2`;v �/�TiBp2 *Hmbi2`BM; >B2`�`+?v UG1�*>V (>�M/v 2i �HX- kyyk) Bb QM2
Q7 i?2 KQbi TQTmH�` +Hmbi2`@#�b2/ T`QTQb�HbX G1�*> b2H2+ib � M2r +Hmbi2` ?2�/
T2`BQ/B+�HHv �M/ �bbmK2b i?�i 2p2`v MQ/2 Bb +�T�#H2 Q7 #2BM; � +Hmbi2` ?2�/X
q?2M � +Hmbi2` ?2�/ Bb 2H2+i2/- Bi #`Q�/+�bib � K2bb�;2 iQ �HH i?2 Qi?2` MQ/2bX
�HH i?2 +Hmbi2` K2K#2`b i?�i `2+2Bp2 �M �/p2`iBb2K2Mi Kmbi b2H2+i i?2 b2M/2` �b
+Hmbi2` ?2�/X q?2M � MQ/2 `2+2Bp2b KmHiBTH2 �/p2`iBb2K2Mi- i?2 `2+2Bp2` Kmbi
b2H2+i QM2 +Hmbi2` ?2�/ mbBM; i?2 bB;M�H bi`2M;i? Q` `2bB/m�H 2M2`;vX AM �//BiBQM-
G1�*> �bbmK2b i?�i i?2 +Hmbi2` ?2�/b �`2 �#H2 iQ i`�MbKBi /B`2+iHv iQ i?2 bBMF
MQ/2X

h?2 >v#`B/ 1M2`;v@1{+B2Mi .Bbi`B#mi2/ +Hmbi2`BM; �TT`Q�+? U>11.V (uQmMBb
�M/ 6�?Kv- kyy9) b2H2+ib i?2 +Hmbi2` ?2�/b #�b2/ QM i?2 `2bB/m�H 2M2`;v +QK@
#BM2/ rBi? � T�`�K2i2` i?�i +QK#BM2b i?2 MQ/2 T`QtBKBiv rBi? Bib M2B;?#Q`bX
h?Bb bQHmiBQM �HbQ +QMbB/2`b i?2 bBx2 Q7 i?2 +Hmbi2` �b � T�`�K2i2` iQ /2}M2 i?2
MmK#2` Q7 +Hmbi2` ?2�/b BM i?2 M2irQ`F �M/ 2Mbm`2b i?�i �HH MQ/2b ?�p2 rB`2H2bb
+QMM2+iBpBivX

h?2 M2ti b2+iBQM +QMiBMm2b i?2 HBi2`�im`2 `2pB2r- b?QrBM; i?2 +Hmbi2`@#�b2/ bQHm@
iBQMb i?�i +QMbB/2` KmHiBTH2 ;`QmTbX

ě j9 ě
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h?2 bQHmiBQM T`QTQb2/ #v �H 2i �HX (�H@E�`�FB 2i �HX- kyyN) T`QpB/2b � ?B2`�`+?@
B+�H +Hmbi2`@#�b2/ �TT`Q�+?- +�HH2/ :`B/@#�b2/ _QmiBM; �M/ �;;`2;�iQ` a2H2+iBQM
S`QiQ+QH U:_�aaV- iQ }M/ i?2 T�i?b �M/ i?2 TQBMib Q7 /�i� �;;`2;�iBQMbX h?Bb
�TT`Q�+? +QMbB/2`b � b+2M�`BQ r?2`2 i?2 M2irQ`F MQ/2b �`2 i`�+FBM; /Bz2`2Mi
i�`;2ib �M/ 7Q` 2�+? i�`;2i i?2`2 Bb � T�`iB+mH�` ;`QmT Q7 KQMBiQ`BM; MQ/2bX
1�+? ;`QmT ?�b GQ+�H �;;`2;�iQ`b UG�V �M/ QMHv i?2 +Hmbi2` ?2�/ T2`7Q`Kb �;@
;`2;�iBQM 7mM+iBQMbX hQ T2`7Q`K i?2 �;;`2;�iBQM Q7 G� /�i�- � b2+QM/ H2p2H Q7
�;;`2;�iBQM Bb /QM2 #v i?2 J�bi2` �;;`2;�iQ`b UJ�VX h?2 T`Q#H2K Bb `2/m+2/
iQ }M/BM; � b2i Q7 G� �M/ J� bm+? i?�i i?2 M2irQ`F HB72iBK2 Bb K�tBKBx2/X
h?2 �mi?Q`b T`QpB/2 QTiBK�H �M/ M2�`@QTiBK�H bQHmiBQMb 7Q` i?Bb T`Q#H2KX >Qr@
2p2`- :_�aa �bbmK2b i?�i �HH MQ/2b- 2p2M i?2 MQ/2b i`�+FBM; /Bz2`2Mi i�`;2ib
U/Bz2`2Mi ;`QmTbV- ?�p2 �M mMB7Q`K ;`QmT b2iiBM; U2X;X b�K2 T2`BQ/ Q7 +QK@
KmMB+�iBQM �M/ b�K2 �;;`2;�iBQM 7mM+iBQMVX �Hi?Qm;? :_�aa +QMbB/2`b i?2
2tBbi2M+2 Q7 KmHiBTH2 ;`QmTb- /�i� Bb �;;`2;�i2/ `2;�`/H2bb i?2 ;`QmT r?2`2 Bi
r�b T`Q/m+2/X

*QMbB/2`BM; ?2i2`Q;2M2Qmb ;`QmTb- *?QB 2i �HX (*?QB �M/ *?mM;- kyRj) T`QTQb2
� bQHmiBQM iQ �;;`2;�i2 /�i� 7`QK KmHiBTH2 ;2Q;`�T?B+ i�`;2ibX h?2 T`QTQb2/
bQHmiBQM- +�HH2/ _1Zl1ah+- �HHQrb i?2 KQMBiQ`BM; Q7 KmHiBTH2 ;2Q;`�T?B+ `2@
;BQMb /2}M2/ T`2pBQmbHv #v i?2 mb2`X _1Zl1ah+ Bb /2bB;M2/ iQ �;;`2;�i2 /�i�
2p2M r?2M i?2 i�`;2ib Qp2`H�T- r?B+? K2�Mb i?�i � MQ/2 Bb �#H2 iQ KQMBiQ` KQ`2
i?�M QM2 i�`;2iX _1Zl1ah+ #mBH/b � +Hmbi2`@#�b2/ iQTQHQ;v iQ T2`7Q`K i?2
�;;`2;�iBQMX �HH i?2 MQ/2b BMbB/2 � T�`iB+mH�` i�`;2i �`2� #2HQM; iQ i?2 b�K2
+Hmbi2`- �M/ 2�+? +Hmbi2` ?�b � +Hmbi2` ?2�/X h?Bb bQHmiBQM +QKTmi2b � i`22-
r?2`2 i?2 `QQi Bb i?2 +Hmbi2` ?2�/- iQ /2}M2 i?2 T�i?b #2ir22M i?2 `2;mH�` MQ/2b
�M/ +Hmbi2` ?2�/X h?Bb i`22 Bb +QKTmi2/ iQ KBMBKBx2 i?2 MmK#2` Q7 ?QTb 7Q` i?2
BMi`�@+Hmbi2` i`�{+X

�7i2` T`2b2MiBM; i?2 +Hmbi2`@#�b2/ bQHmiBQMb- i?2 M2ti b2+iBQM /2b+`B#2b i?2 K�i?@
2K�iB+�H �TT`Q�+?2b i?�i �TTHv /�i� �;;`2;�iBQM Q` Qp2`?2�/ `2/m+iBQM 7Q` 2M@
2`;v 2{+B2Mi +QKKmMB+�iBQMX

������� .BUIFNBUJDBM 0QUJNJ[BUJPO "QQSPBDIFT

h?2 K�i?2K�iB+�H KQ/2Hb i?�i /2i2`KBM2 i?2 QTiBK�H ~Qr Q7 /�i� ?�p2 i?2
#2M2}i Q7 �+?B2pBM; i?2 K�tBKmK Q` KBMBKmK Q#D2+iBp2 7mM+iBQM- r?B+? +�M
#2 /2}M2/ BM i2`Kb Q7 M2irQ`F HB72iBK2 Q` 2M2`;v +QMbmKTiBQMX h?2 QTiBK�H
bQHmiBQM #2+QK2b � `272`2M+2 Q` �M mTT2`@#QmM/- bBM+2 i?2 KQ/2H bBKTHB}2b K�Mv
�bT2+ib iQ K�F2 i?2 T`Q#H2K bQHp�#H2X

PM2 Q7 i?2 /Bb�/p�Mi�;2b Q7 QTiBK�H bQHmiBQMb Bb i?�i- BM KQbi +�b2b- Bi Bb +2Mi@
`�HBx2/ �M/ `2[mB`2b i?2 7mHH FMQrH2/;2 Q7 i?2 M2irQ`FX AM �//BiBQM- i?2 +QK@
Tmi�iBQM 2zQ`i `2[mB`2/ iQ }M/ i?2 QTiBK�H bQHmiBQM Bb ?B;?- K�BMHv r?2M i?2
T`Q#H2K BMpQHp2b H�`;2 b+�H2X aQK2 i2+?MB[m2b 2M�#H2 i?2 /2+QKTQbBiBQM Q7 i?2
+2Mi`�HBx2/ KQ/2Hb BMiQ /Bbi`B#mi2/- #mi i?2v BM+`2�b2 H�`;2Hv i?2 +QKTH2tBiv Q7
i?2 bQHmiBQMX

ě j8 ě
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�KQM; i?2 rQ`Fb i?�i �//`2bb i?2 T`Q#H2K Q7 K�tBKBxBM; i?2 M2irQ`F HB72iBK2
mbBM; /�i� �;;`2;�iBQM- E�HT�FBb 2i �HX (E�HT�FBb 2i �HX- kyyj) 7Q`KmH�i2 � GBM@
2�` S`Q;`�KKBM; UGSV KQ/2H iQ +�``v i?Bb Qmi BM bBM;H2 ;`QmT +QKKmMB+�iBQM
b+2M�`BQbX h?Bb GS KQ/2H Bb QM2 Q7 i?2 KQbi BKTQ`i�Mi `272`2M+2b 7Q` K�tBK@
BxBM; i?2 M2irQ`F HB72iBK2 #v K2�Mb Q7 /�i� �;;`2;�iBQMX >Qr2p2`- Bi /Q2b MQi
+QMbB/2` 2Bi?2` KmHiBTH2 ;`QmTb Q` b+?2K2b iQ T`QKQi2 Qp2`?2�/ `2/m+iBQMX AM
i?2 KQ/2H T`QTQb2/ #v E�HT�FBb 2i �HX (E�HT�FBb 2i �HX- kyyj)- i?2 �;;`2;�iBQM
+�M #2 +�``B2/ Qmi rBi?Qmi FMQrBM; i?2 /�i� T`Q/m+2`- r?B+? K2�Mb i?2 GS 7Q`@
KmH�iBQM Bb #�b2/ QM i?2 bBM;H2@+QKKQ/Biv M2irQ`F ~Qr T`Q#H2KX AM i?2 +�b2
Q7 KmHiBTH2 ;`QmTb- i?2 �;;`2;�iBQM Bb T2`7Q`K2/ #v +QMbB/2`BM; 2�+? ;`QmT �b �
/Bz2`2Mi /�i� T`Q/m+2`- �M/ i?mb i?2 T`Q#H2K Q7 /2i2`KBMBM; i?2 K�tBKmK M2i@
rQ`F HB72iBK2 b?QmH/ #2 �//`2bb2/ QM i?2 #�bBb Q7 i?2 KmHiB@+QKKQ/Biv M2irQ`F
~Qr T`Q#H2KX

>m� 2i �HX (>m� �M/ umK- kyy3) ;2M2`�HBx2 i?2 7Q`KmH�iBQM Q7 E�HT�FBb 2i �HX
(E�HT�FBb 2i �HX- kyyj)- �//`2bbBM; i?2 T`Q#H2K Q7 K�tBKBxBM; i?2 M2irQ`F HB72@
iBK2 �M/ +QMbB/2`BM; Qi?2` �;;`2;�iBQM QT2`�iBQMb `�i?2` i?�M bBKTH2 K�i?2K@
�iB+�H 7mM+iBQMbX >Qr2p2`- i?2 �mi?Q`b r2`2 QMHv +QM+2`M2/ rBi? }M/BM; 2{+B2Mi
?2m`BbiB+b 7Q` bBM;H2 ;`QmT �TTHB+�iBQMbX

"B+�F+B �M/ h�pHB ("B+�F+B �M/ h�pHB- kyRy) BMp2biB;�i2 +QKKmMB+�iBQM bi`�i2;B2b
7Q` T`QHQM;BM; i?2 M2irQ`F HB72iBK2 BM KmHiB@/QK�BM rB`2H2bb b2MbQ` M2irQ`Fb �HbQ
i?`Qm;? HBM2�` T`Q;`�KKBM;X h?2 �mi?Q`b +QMbB/2` � b+2M�`BQ Q7 +QQT2`�iBp2
KmHiB@/QK�BM M2irQ`Fb /2THQv2/ BM i?2 b�K2 T?vbB+�H HQ+�iBQM- r?2`2 � /Bz2`@
2Mi �mi?Q`Biv K�M�;2b 2�+? /QK�BMX h?2 B/2� Q7 � +QQT2`�iBp2 KmHiB@/QK�BM
M2irQ`F Bb bBKBH�` iQ i?2 +QM+2Ti Q7 KmHiB@;`QmT +QKKmMB+�iBQMX >Qr2p2`- i?Bb
rQ`F /Q2b MQi �TTHv �Mv /�i� �;;`2;�iBQM �TT`Q�+? QM i?2 M2irQ`F i`�{+X

aQ 7�`- i?2 T`QTQb2/ bQHmiBQMb �`2 /2bB;M2/ 7Q` MQ/2b rBi? }t2/ 2M2`;v #m/;2i-
r?B+? K2�Mb i?2 MQ/2b ?�p2 � }t2/- T`2@/2i2`KBM2/ �KQmMi Q7 2M2`;v iQ bT2M/X
AM i?2 M2ti b2+iBQM- i?2 bQHmiBQMb +QMbB/2` i?�i i?2 MQ/2b ?�p2 K2�Mb iQ `2M2r
i?2B` `2b2`p2bX

����� /FVUSBM 0QFSBUJPO JO 3FOFXBCMF &OFSHZ #VEHFU

h?2 i2`K L2mi`�H PT2`�iBQM Q` 1M2`;v a2H7@am{+B2Mi Bb rB/2Hv mb2/ iQ /2}M2
2M2`;v 2{+B2M+v BM ?�`p2biBM; b+2M�`BQbX h?2b2 i2`Kb K2�M i?�i � MQ/2 QMHv
+QMbmK2b i?2 �KQmMi Q7 2M2`;v i?�i ?�b #22M ?�`p2bi2/X q?2M � MQ/2 Bb BM
M2mi`�H QT2`�iBQM- i?2`2 Bb MQ Qp2`mb2 Q` mM/2`mb2 Q7 i?2 2M2`;v QM i?2 #�ii2`vX
h?2`27Q`2- i?2 K�BM Q#D2+iBp2 Q7 i?2b2 bQHmiBQMb Bb iQ �+?B2p2 M2mi`�H QT2`�iBQMX
hQ �+?B2p2 i?Bb Q#D2+iBp2- i?2 rQ`Fb /2}M2 K�MM2`b iQ `2;mH�i2 i?2 �KQmMi Q7
2M2`;v i?�i +�M #2 +QMbmK2/X h?2 M2ti b2+iBQM /2b+`B#2b i?2 bQHmiBQMb #�b2/
QM i?2 aBM;H2 *v+H2 Q7 *?�`;2 �M/ .mivX

ě je ě
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aQK2 bQHmiBQMb `2Hv QM i?2 aBM;H2 *v+H2 Q7 *?�`;2 �M/ .miv Ua**.V iQ �+?B2p2
i?2 M2mi`�H QT2`�iBQM Q7 i?2 M2irQ`FX a**. �HHQrb � MQ/2 iQ �bbmK2 QMHv
irQ bi�i2b Qp2` i?2 iBK2- M�K2Hv +?�`;BM; Q` �+iBp2 bi�i2X AM i?2 +?�`;BM;
bi�i2- i?2 MQ/2 +QHH2+ib 2M2`;v 7`QK i?2 �K#B2Mi- r?BH2 BM i?2 �+iBp2 bi�i2- i?2
MQ/2 Bb �HHQr2/ iQ 2t2+mi2 +QKKmMB+�iBQM �+iBQMb- bm+? �b /�i� i`�MbKBbbBQM
�M/ `2+2TiBQMX �++Q`/BM; iQ a**.- 2p2`v MQ/2 `2K�BMb BM i?2 +?�`;BM; bi�i2
mMiBH Bi biQ`2b i?2 �KQmMi Q7 2M2`;v iQ T2`7Q`K � bBM;H2 /�i� `2+2TiBQM �M/
i`�MbKBbbBQMX
_2HvBM; QM a**.- 1m 2i �HX (1m �M/ h�M- kyRk) T`QTQb2 �M QTTQ`imMBbiB+
`QmiBM; bQHmiBQM- BM r?B+? 2�+? i`�MbKBii2/ K2bb�;2 +�M #2 `2+2Bp2/ #v KmHiBTH2
M2B;?#Q`bX >Qr2p2`- 7Q` i?2 +�b2 Q7 KmHiBTH2 `2+2TiBQMb- QMHv i?2 +HQb2bi MQ/2 iQ
i?2 bBMF 7Q`r�`/b i?2 K2bb�;2X �b i?Bb bQHmiBQM Bb #�b2/ QM QTTQ`imMBbiB+ `QmiBM;-
Bi ?�b i?2 �/p�Mi�;2 Q7 MQi `2[mB`BM; bvM+?`QMBx2/ +QKKmMB+�iBQM- �M/ BM+`2�b2b
i?2 `2HB�#BHBiv Q7 i?2 +QKKmMB+�iBQMX PM i?2 Qi?2` ?�M/- Bi `2[mB`2b b+?2K2b iQ
�pQB/ K2bb�;2 /mTHB+�iBQM- �M/ Bi Bb /2bB;M2/ 7Q` QM2@iQ@QM2 +QKKmMB+�iBQM-
r?B+? K�F2b i?Bb bQHmiBQM MQi bmBi�#H2 7Q` /�i� �;;`2;�iBQMX
�HbQ #�b2/ QM a**.- am? 2i �HX (am? 2i �HX- kyyN) T`QTQb2 � bQHmiBQM i?�i
�//`2bb2b `QmiBM; �M/ bH22T b+?2/mHBM;X h?Bb bQHmiBQM b2H2+ib � b2i Q7 `2H�v MQ/2b-
r?B+? �`2 i?2 MQ/2b i?�i `2+2Bp2 /�i� 7`QK i?2 M2B;?#Q`b �M/ b2M/ Bi /B`2+iHv iQ
i?2 bBMFX �++Q`/BM; iQ i?Bb T`QTQb�H- i?2 K�tBKmK MmK#2` Q7 +QKKmMB+�iBQM
?QTb Bb kX "2bB/2b i?�i- i?2 bH22Tfr�F2 mT iBKBM;b �`2 +QKTmi2/ BM � +2Mi`�HBx2/
7�b?BQMX �Hi?Qm;? i?Bb bQHmiBQM +�M #2 mb2/ 7Q` K�Mv@iQ@QM2 +QKKmMB+�iBQM-
Bi ?�b i?2 7QHHQrBM; /`�r#�+Fb, UBV i?2 +QMbi`�BM2/ MmK#2` Q7 +QKKmMB+�iBQM
?QTb mM/2`KBM2b i?2 2t2+miBQM Q7 /�i� �;;`2;�iBQM BM K2/BmK �M/ H�`;2 b+�H2
b+2M�`BQb- UBBV i?Bb bQHmiBQM �bbmK2b i?�i /m`BM; i?2 r�F2 mT iBK2 i?2`2 Bb MQ
2M2`;v iQ #2 ?�`p2bi2/- �M/ UBBBV QMHv � p2`v bK�HH iQTQHQ;v Bb 2p�Hm�i2/- r?2`2
i?2 MQ/2b �`2 /Bbi`B#mi2/ BM HBM2X �MQi?2` /`�r#�+F Q7 i?Bb bQHmiBQM Bb i?�i Bi
/Q2b MQi +QMbB/2` �Mv bi�M/�`/ T`QiQ+QH BM i?2 +QKKmMB+�iBQM bi�+FX
aQK2 rQ`Fb /Q MQi `2bi`B+i i?2 �+iBpBiB2b HBF2 a**.X AMbi2�/- i?2`2 �`2 bQHm@
iBQMb i?�i }M/ K�MM2`b iQ `2;mH�i2 i?2 �KQmMi Q7 i`�{+ iQ +QMi`QH i?2 2M2`;v
+QMbmKTiBQMX h?2b2 bQHmiBQMb �`2 T`2b2Mi2/ #2HQrX

������� 3FHVMBUJOH UIF "NPVOU PG 5SBĔD

� bQHmiBQM QM M2mi`�H QT2`�iBQM Kmbi +QMbmK2 KQ`2 2M2`;v r?2M i?2`2 �`2 KQ`2
2M2`;v `2bQm`+2b QM i?2 `2b2`p2bX Ai Bb r2HH@FMQrM i?�i i?2 �KQmMi Q7 +QMbmK2/
2M2`;v Bb BM~m2M+2/ #v i?2 �KQmMi Q7 i`�{+ +QKKmMB+�i2/ #v i?2 MQ/2bX �M
2z2+iBp2 B/2� Bb iQ `2;mH�i2 i?2 �KQmMi Q7 i`�{+ i`�p2HBM; QM i?2 M2irQ`F BM
�++Q`/�M+2 iQ i?2 �KQmMi Q7 2M2`;v �p�BH�#H2X
6QHHQrBM; i?Bb B/2�- S2M; 2i �HX (S2M; �M/ GQr- kyRj) T`QTQb2 � [m2`v@#�b2/
`QmiBM; T`QiQ+QH BMbTB`2/ QM .B`2+i2/ .BzmbBQM (AMi�M�;QMrBr�i 2i �HX- kyyj)X
�++Q`/BM; iQ i?Bb bQHmiBQM- i?2 bBMF MQ/2 ~QQ/b i?2 M2irQ`F rBi? BMi2`2bi K2b@
b�;2b �M/ �HH `2;mH�` MQ/2b b2M/ � `2THv K2bb�;2 iQ i?2 bBMFX h?2M- i?2 bBMF

ě jd ě
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MQ/2 b2M/b �MQi?2` K2bb�;2- +�HH2/ _2BM7Q`+2K2Mi AMi2`2bi- r?B+? bT2+B}2b i?2
+QKKmMB+�iBQM /�i� `�i2 7Q` i?2 `2;mH�` MQ/2bX >Qr2p2`- i?2 `2;mH�` MQ/2b QMHv
�++2Ti i?Bb /�i� `�i2 B7 Bi /Q2b MQi +QKT`QKBb2 i?2 �KQmMi Q7 2M2`;v �p�BH�#H2
BM i?2B` 2M2`;v `2b2`p2X h?2 bQHmiBQM +QMbB/2`b i?2 �KQmMi Q7 2M2`;v ?�`p2bi2/
/m`BM; � r?QH2 /�v �b T�`�K2i2` iQ 2biBK�i2 i?2 �KQmMi Q7 �p�BH�#H2 2M2`;vX
h?mb- i?Bb bQHmiBQM BMi`Q/m+2b � bQ`i Q7 �/KBbbBQM +QMi`QH 7Q` +QMi`QHHBM; i?2
2M2`;v +QMbmKTiBQM BM 2M2`;v ?�`p2biBM;X

G�ii�MxB 2i �HX (G�ii�MxB 2i �HX- kyyd) T`QTQb2 � bQHmiBQM i?�i }M/b � i`�{+
rQ`FHQ�/ UBX2X +QKKmMB+�iBQM `�i2V �#H2 iQ K�BMi�BM i?2 2M2`;v +QMbmKTiBQM
bmbi�BM�#H2X Ai Bb /2p2HQT2/ 7Q` bvM+?`QMQmb �M/ +QMbi�Mi@T2`BQ/B+ KQMBiQ`BM;
�TTHB+�iBQMb- r?2`2 �HH i?2 MQ/2b T`QpB/2 /�i� �i i?2 b�K2 +QKKmMB+�iBQM `�i2X
>Qr2p2`- i?Bb bQHmiBQM �bbmK2b i?�i i?2 #�ii2`B2b +�M biQ`2 mMHBKBi2/ �KQmMi Q7
2M2`;v- T`2p2MiBM; i?2 MQ/2b iQ 2tT2`B2M+2 2M2`;v Qp2`~QrX �Hi?Qm;? i?Bb rQ`F
r�b /2bB;M2/ 7Q` K�Mv@iQ@QM2 +QKKmMB+�iBQM- i?2 �H;Q`Bi?K i?�i +QKTmi2b i?2
i`�{+ rQ`FHQ�/ /Q2b MQi i�F2 BMiQ �++QmMi i?2 BM~m2M+2 Q7 /�i� �;;`2;�iBQM Q`
Qp2`?2�/ `2/m+iBQM b+?2K2 QM i?2 �KQmMi Q7 i`�{+X

:�Q 2i �HX (:�Q 2i �HX- kyR9) �//`2bb /�i� +QKT`2bbBQM BM 2M2`;v ?�`p2biBM;
M2irQ`FbX h?Bb rQ`F T`QTQb2b � `2�+iBp2 bQHmiBQM i?�i /vM�KB+�HHv +?�M;2b i?2
+QKT`2bbBQM H2p2H Q7 i?2 MQ/2b �++Q`/BM; iQ i?2 ?�`p2bi2/ 2M2`;vX h?2 �mi?Q`b
T`QTQb2 �M BM@M2irQ`F �TT`Q�+? i?�i �bbB;Mb HQr +QKT`2bbBQM H2p2H 7Q` i?2 MQ/2b
i?�i ?�p2 ?B;? `2bB/m�H 2M2`;v �M/ HQr +QKKmMB+�iBQM +QbibX "2bB/2b- 2�+? MQ/2
bi�`ib rBi? i?2 KBMBKmK +QKT`2bbBQM H2p2H- �M/ BM+`2�b2b Bi ;`�/m�HHvX h?2
bQHmiBQM biQTb iQ BM+`2�b2 i?2 +QKT`2bbBQM H2p2H B7 i?2 MQ/2Ƕb 2M2`;v +QMbmKTiBQM
2t+22/b i?2 2M2`;v 2ti`�+i2/ 7`QK i?2 �K#B2MiX h?Bb bQHmiBQM ?�b i?2 7QHHQrBM;
/`�r#�+Fb, UBV Bi Bb � +2Mi`�HBx2/ bQHmiBQM- �M/ UBBV �b i?2 /�i� +QKT`2bbBQM
H2p2H /2T2M/b bQH2Hv QM i?2 �KQmMi Q7 ?�`p2bi2/ 2M2`;v- i?2 �mi?Q`b /Q MQi
b?Qr ?Qr i?2 T`QTQb2/ bQHmiBQM +QKTmi2b i?2 +QKT`2bbBQM H2p2H r?2M i?2`2 Bb
MQ ?�`p2bi2/ 2M2`;v 7`QK i?2 �K#B2Mi U2X;X /m`BM; T2`BQ/b Q7 MQ Q` HQr bQH�`
B``�/B�iBQMVX

�bbmKBM; mM`2HB�#H2 rB`2H2bb HBMFb- w?�M; 2i �HX (w?�M; 2i �HX- kyRR�) T`QTQb2 �
bQHmiBQM i?�i �//`2bb2b �bT2+ib Q7 HBMF b+?2/mHBM; �M/ /�i� �;;`2;�iBQM BM 2M2`;v
?�`p2biBM; M2irQ`FbX AM i?Bb rQ`F- i?2 M2irQ`F i`�{+ Bb �;;`2;�i2/ #v K2�Mb
Q7 � i`22- r?B+? Bb +QKTmi2/ #�b2/ QM i?2 q2B;?i2/ *QMM2+i2/ .QKBM�iBM;
a2i Uq*.aVX h?2 T`QTQb2/ bQHmiBQM }M/b i?2 i`22 �bbB;MBM; � r2B;?i 7Q` 2�+?
MQ/2 �M/ +QKTmi2b i?2 J�tBKmK q*.a- r?2`2 i?2 r2B;?i Bb � 7mM+iBQM Q7
i?2 ?�`p2bi2/ 2M2`;vX AM i?Bb �TT`Q�+?- � T�`2Mi MQ/2 `2+2Bp2b �M/ �;;`2;�i2b
�HH K2bb�;2b BMiQ � bBM;H2 K2bb�;2 �M/ i`�MbKBib iQ Bib T�`2MiX >Qr2p2`- i?Bb
bQHmiBQM /Q2b MQi p�`v i?2 �;;`2;�iBQM H2p2H- bBM+2 � MQ/2 �Hr�vb �;;`2;�i2b �HH
K2bb�;2b BMiQ � bBM;H2 K2bb�;2- �+?B2pBM; i?2 K�tBKmK �;;`2;�iBQM H2p2HX

C2QM; 2i �H (C2QM; 2i �HX- kyRe) �HbQ T`QTQb2 � bQHmiBQM 7Q` `2;mH�iBM; i`�{+ HQ�/
BM 2M2`;v ?�`p2biBM; M2irQ`FbX AM i?Bb bQHmiBQM- #27Q`2 i?2 T2`BQ/B+ +QKKmMB+@
�iBQM Bb 2t2+mi2/- � MQ/2 2biBK�i2b Bib `2K�BMBM; 2M2`;vX AM +�b2 i?2 2biBK�i2/
`2K�BMBM; 2M2`;v Bb 2tT2+i2/ iQ +�mb2 Qp2`~Qr QM i?2 2M2`;v `2b2`p2- i?2 MQ/2
i`�MbKBib /�i� iQ �pQB/ r�biBM; Q7 2M2`;vX A7 i?2 2M2`;v `2b2`p2 Bb 2tT2+i2/ iQ
#2 /2TH2i2/- i?2 MQ/2 /Q2b MQi i`�MbKBi �Mv /�i�X �Hi?Qm;? i?Bb rQ`F +QMbB/2`b

ě j3 ě
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/�i� �;;`2;�iBQM- Bi /Q2b MQi mb2 /Bz2`2Mi /�i� �;;`2;�iBQM H2p2Hb iQ +QKKmMB+@
�i2 /Bz2`2Mi i`�{+ HQ�/bX AM �//BiBQM- C2QM; 2i �H (C2QM; 2i �HX- kyRe) `2Hv QM
� HBM2�` #�ii2`v KQ/2H iQ 2biBK�i2 i?2 #�ii2`v H2p2H- r?B+? Bb � p2`v mM`2�HBbiB+
�bbmKTiBQMX

L2ti- bQK2 Qi?2` `2H2p�Mi bQHmiBQMb 7Q` M2mi`�H QT2`�iBQM �`2 /2b+`B#2/X

������� 0UIFS 3FMFWBOU "QQSPBDIFT

sB�Q 2i �HX (sB�Q 2i �HX- kyRj) T`2b2Mi � bQHmiBQM i?�i �/�Tib i?2 GQr 1M2`;v �/@
�TiBp2 *Hmbi2`BM; >B2`�`+?v UG1�*>V T`QiQ+QH 7Q` 2M2`;v ?�`p2biBM; b+2M�`BQbX
h?2 T`QTQb2/ bQHmiBQM +?�M;2b i?2 i`�/BiBQM�H G1�*> �H;Q`Bi?K `2bTQMbB#H2 7Q`
b2H2+iBM; i?2 +Hmbi2` ?2�/bX h?Bb T`QTQb�H +QMbB/2`b i?2 T`2/B+i2/ 2M2`;v ?�`@
p2bi2/ �M/ i?2 +m``2Mi `2bB/m�H 2M2`;v 7Q` b2H2+iBM; +Hmbi2` ?2�/bX >Qr2p2`- i?Bb
bQHmiBQM /Q2b MQi �//`2bb i?2 /�i� �;;`2;�iBQM �bT2+ibX

w2M; 2i �HX (w2M; 2i �HX- kyyN) T`QTQb2 irQ `QmiBM; K2i`B+b /2bB;M2/ 7Q` 2M2`;v
?�`p2biBM; M2irQ`Fb rBi? mM`2HB�#H2 rB`2H2bb HBMFbX h?2b2 K2i`B+b �`2 mb2/ iQ
b2H2+i i?2 #2bi 7Q`r�`/2` M2B;?#Q`- �M/ i?2v i�F2 BMiQ �++QmMi i?2 M2B;?#Q`Ƕb
HQ+�iBQM- `2bB/m�H 2M2`;v- b?Q`i@i2`K 2M2`;v ?�`p2biBM; `�i2- 2M2`;v +QMbmKBM;
`�i2- �M/ rB`2H2bb HBMF [m�HBiv UBX2X 7`�K2 /2HBp2`v `�iBQVX �Hi?Qm;? i?Bb bQHmiBQM
Bb 2p�Hm�i2/ rBi? K�Mv@iQ@QM2 i`�{+- Bi /Q2b MQi +QMbB/2` �bT2+ib `2H�i2/ iQ
/�i� �;;`2;�iBQMX

�7i2` i?2 �M�HvbBb Q7 i?2 HBi2`�im`2- i?2 M2ti b2+iBQM /Bb+mbb2b i?2 `2H2p�Mi QT2M
Bbbm2bX

��� 0QFO *TTVFT

h?Bb b2+iBQM �BKb iQ T`2b2Mi i?2 QT2M Bbbm2b 7QmM/ �7i2` bim/vBM; i?2 `2[mB`2@
K2Mib �M/ i?2 bi�i2@Q7@i?2@�`iX h?2 B/2MiB}2/ QT2M Bbbm2b BM i?Bb b2+iBQM �`2 i?2
`2b2�`+? /B`2+iBQMb mb2/ �b ;mB/2 iQ /2bB;M �M/ /2p2HQT i?2 bQHmiBQMb +QMi�BM2/
BM i?Bb i?2bBbX 6B`biHv- i?2 QT2M Bbbm2b `2H�i2/ iQ KmHiBTH2 �M/ ?2i2`Q;2M2Qmb
;`QmT +QKKmMB+�iBQM �`2 T`2b2Mi2/ BM a2+iBQM jXjXRX �7i2` i?�i- a2+iBQM jXjXk
/2b+`B#2b i?2 QT2M Bbbm2b `2;�`/BM; M2mi`�H QT2`�iBQM BM 2M2`;v ?�`p2biBM; b+2M@
�`BQbX

����� .VMUJQMF BOE IFUFSPHFOFPVT (SPVQ $PNNVOJDBUJPO

h�#H2b jXR �M/ jXk b?Qr ?Qr �M�Hvx2/ rQ`Fb 7mH}HH i?2 +QKKmMB+�iBQM `2[mB`2@
K2Mib HBbi2/ BM a2+iBQM kX9XkX h�#H2 jXR T`2b2Mib i?2 rQ`Fb 7Q+mb2/ QM bBM;H2
;`QmTb- r?BH2 h�#H2 jXk b?Qrb i?2 bQHmiBQMb `2H�i2/ iQ KmHiBTH2 ;`QmTbX �b +�M
#2 MQiB+2/- i?`22 rQ`Fb T`QTQb2 b+?2K2b iQ `2/m+2 i?2 Qp2`?2�/- r?BH2 KQbi
bQHmiBQMb QMHv �TTHv /�i� �;;`2;�iBQM iQ `2/m+2 i?2 `2/mM/�M+vX >2i2`Q;2M2Qmb
;`QmT +QKKmMB+�iBQM Bb MQi rB/2Hv 2tTHQ`2/ #v i?2 �TT`Q�+?2bX

ě jN ě
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h�#H2 jXR, GBi2`�im`2 `2H�i2/ iQ aBM;H2 :`QmT *QKKmMB+�iBQMX

_2/mM/�M+v Pp2`?2�/ 1M2`;v
qQ`F _2/m+iBQM _2/m+iBQM 1{+B2M+v
(>�M/v 2i �HX- kyyk) ✓ ✗ ✓
(h�M �M/ Eƺ`T2QĶHm- kyyj) ✓ ✗ ✓
(E�HT�FBb 2i �HX- kyyj) ✓ ✗ ✓
(uQmMBb �M/ 6�?Kv- kyy9) ✓ ✗ ✓
(>mbb�BM �M/ AbH�K- kyyd) ✓ ✗ ✓
(>m� �M/ umK- kyy3) ✓ ✗ ✓
(GBM 2i �HX- kyRy) ✓ ✗ ✓
(h�M 2i �HX- kyRR) ✓ ✗ ✓
(JQiiQH� �M/ SB++Q- kyRR) ✓ ✗ ✓
(GmQ 2i �HX- kyRR) ✓ ✗ ✓
(hbBibBTBb 2i �HX- kyRk) ✗ ✓ ✓
(E�+BKB 2i �HX- kyRj) ✓ ✗ ✓
(GQ 2i �HX- kyRj) ✗ ✓ ✓
(EBK 2i �HX- kyRd) ✗ ✓ ✓

h�#H2 jXk, GBi2`�im`2 `2H�i2/ iQ JmHiBTH2 :`QmT *QKKmMB+�iBQMX

_2/mM/�M+v Pp2`?2�/ 1M2`;v
qQ`F _2/m+iBQM _2/m+iBQM 1{+B2M+v
(GB 2i �HX- kyye) ✓ ✗ ✓
(sm 2i �HX- kyyN) ✓ ✗ ✗
(�H@E�`�FB 2i �HX- kyyN)  ✓ ✗ ✓
(G22 2i �HX- kyRy) ✗ ✗ ✓
("B+�F+B �M/ h�pHB- kyRy) ✗ ✗ ✓
(*?QB �M/ *?mM;- kyRj) ✓ ✗ ✓
(.B ai�bB 2i �HX- kyR9) ✓ ✗ ✗

 >QKQ;2M2Qmb ;`QmTbX

h?2 bim/v Q7 i?2 bi�i2@Q7@i?2@�`i b?Qrb i?�i KmHiBTH2 �M/ ?2i2`Q;2M2Qmb ;`QmT
+QKKmMB+�iBQM BM JkJ b+2M�`BQb Bb �M QT2M `2b2�`+? }2H/X E22TBM; BM KBM/
i?2 `2[mB`2K2Mib Q7 i?Bb ivT2 Q7 b+2M�`BQ- irQ bT2+B}+ QT2M Bbbm2b �`2 T`2b2Mi2/
�b 7QHHQrb,

Ç hQ BKT`Qp2 i?2 2M2`;v 2{+B2M+v Q7 ?2i2`Q;2M2Qmb ;`QmT +QKKmMB+�iBQMb
mbBM; K2+?�MBbKb iQ `2/m+2 i?2 /�i� `2/mM/�M+v �M/ i?2 Qp2`?2�/ Q7 i?2
+QKKmMB+�iBQMX

Ç hQ BKT`Qp2 i?2 K�M�;2�#BHBiv Q7 i?2 ;`QmTb Bb �HbQ �M QT2M �bT2+i- bBM+2
i?2 i�bFb `2H�i2/ iQ +`2�iBQM- KQ/B}+�iBQM- �M/ /2H2iBQM Q7 � H�`;2 MmK#2`
Q7 MQ/2b �M/ ;`QmTb �`2 MQi �//`2bb2/ #v i?2 bQHmiBQMbX

h?2 M2ti b2+iBQM T`2b2Mib i?2 QT2M `2b2�`+? �bT2+ib BM 2M2`;v ?�`p2biBM; M2i@
rQ`FbX

ě 9y ě
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����� /FVUSBM 0QFSBUJPO JO &OFSHZ )BSWFTUJOH 4DFOBSJPT

h�#H2 jXj b?Qrb i?2 K�BM 72�im`2b Q7 i?2 bQHmiBQMb T`QTQb2/ 7Q` 2M2`;v ?�`p2biBM;
b+2M�`BQbX JQbi Q7 i?2 bQHmiBQMb �BK iQ �+?B2p2 M2mi`�H QT2`�iBQM- r?B+? K2�Mb
iQ KBMBKBx2 i?2 #�ii2`v /2TH2iBQM �M/ i?2 r�bi2 Q7 2M2`;vX hQ �+?B2p2 i?Bb
Q#D2+iBp2- T�`i Q7 i?2b2 bQHmiBQMb +QMbB/2` K2+?�MBbKb iQ `2;mH�i2 i?2 �KQmMi
Q7 i`�{+ QM i?2 M2irQ`F- bBM+2 KQ`2 i`�{+ `2bmHib BM ?B;?2` 2M2`;v +QMbmKT@
iBQM- �M/ pB+2@p2`b�X >Qr2p2`- MQM2 Q7 i?2 rQ`Fb T`QTQb2 bQHmiBQMb +QMbB/2`BM;
i?2 bi�M/�`/ T`QiQ+QH bi�+F 7Q` HQr@TQr2` M2irQ`Fb- K�BMHv i?2 `QmiBM; �M/
�TTHB+�iBQM T`QiQ+QHb- _SG �M/ *Q�S- `2bT2+iBp2HvX AMbi2�/ Q7 +QMbB/2`BM; i?2
bi�M/�`/ T`QiQ+QHb- KQbi Q7 i?2 �TT`Q�+?2b `2Hv QM i?2Q`2iB+�H KQ/2Hb iQ 7Q`@
KmH�i2 i?2 #2?�pBQ` Q7 bQK2 H�v2`bX "2bB/2b- QMHv � `2/m+2/ MmK#2` Q7 rQ`Fb
+QMbB/2` b+?2K2b iQ `2/m+2 i?2 i`�{+ Qp2`?2�/X

h�#H2 jXj, GBi2`�im`2 `2H�i2/ iQ 1M2`;v >�`p2biBM; a+2M�`BQbX

h`�{+ Pp2`?2�/ L2mi`�H
qQ`F _2;mH�iBQM _2/m+iBQM PT2`�iBQM
(G�ii�MxB 2i �HX- kyyd) ✓ ✗ ✗
(w2M; 2i �HX- kyyN) ✗ ✗ ✓
(am? 2i �HX- kyyN) ✓ ✗ ✓
(1m �M/ h�M- kyRk) ✓ ✗ ✓
(w?�M; 2i �HX- kyRR�) ✓ ✗ ✓
(sB�Q 2i �HX- kyRj) ✗ ✗ ✓
(S2M; �M/ GQr- kyRj) ✓ ✗ ✓
(:�Q 2i �HX- kyR9) ✓ ✗ ✓
(C2QM; 2i �HX- kyRe) ✓ ✗ ✓
(EBK 2i �HX- kyRd) ✗ ✓ ✓

:Bp2M i?2 �M�HvbBb Q7 i?2 bi�i2@Q7@i?2@�`i `2H�i2/ iQ 2M2`;v ?�`p2biBM; b+2M�`BQ-
i?2 7QHHQrBM; QT2M Bbbm2b +�M #2 HBbi2/,

Ç hQ �+?B2p2 M2mi`�H QT2`�iBQM BM HQr@TQr2` M2irQ`Fb �TTHvBM; K2+?�MBbKb
iQ `2;mH�i2 i?2 �KQmMi Q7 i`�{+ i`�p2HBM; Qp2` i?2 M2irQ`FX

Ç hQ T`QKQi2 2ti2MbBQMb BM i?2 bi�M/�`/ T`QiQ+QHb bi�+F BM Q`/2` iQ BKT`Qp2
i?2B` 2{+B2M+v BM 2M2`;v `2M2r�#H2 b+2M�`BQbX

Ç hQ /2p2HQT bQHmiBQMb iQ `2/m+2 i?2 i`�{+ Qp2`?2�/- bBM+2 i?2b2 b+2M�`BQb
+�M bmz2` 7`QK i`�{+ +QM;2biBQMX

hQ }M�HBx2 i?Bb +?�Ti2`- i?2 M2ti b2+iBQM T`2b2Mib � bmKK�`vX

��� 4VNNBSZ

h?Bb +?�Ti2` T`2b2Mi2/ � +QKT`2?2MbBp2 /Bb+mbbBQM rBi? i?2 }M�H Q#D2+iBp2 iQ
B/2MiB7v i?2 ;�Tb BM i?2 +m``2Mi bi�i2@Q7@i?2@�`iX Ai T`2b2Mi2/ � b2i Q7 +?�HH2M;2b
BM a2+iBQM kX9X "2bB/2b- BM i?Bb b2+iBQM- i?2 JkJ b+2M�`BQb r2`2 M�``Qr2/ iQ
�HHQr i?2 B/2MiB}+�iBQM Q7 +QKKmMB+�iBQM `2[mB`2K2MibX

ě 9R ě
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�7i2` i?2 /Bb+mbbBQM �`QmM/ i?2 +?�HH2M;2b �M/ B/2MiB}+�iBQM Q7 i?2 `2[mB`2@
K2Mib- a2+iBQM jXk b?Qr2/ i?2 bi�i2@Q7@i?2@�`i bim/v- rBi? i?2 �BK iQ }M/ ?Qr
i?2 2tBbiBM; HBi2`�im`2 bQHmiBQMb bQHp2 Q` 7mH}HH i?2 +?�HH2M;2b �M/ i?2 b2H2+i2/
+QKKmMB+�iBQM `2[mB`2K2MibX
hQ �++QKTHBb? i?2 Q#D2+iBp2 Q7 i?Bb +?�Ti2`- a2+iBQM jXj T`2b2Mi2/ �M �M�HvbBb
�#Qmi i?2 QT2M Bbbm2b �M/ `2b2�`+? /B`2+iBQMbX h?Bb �M�HvbBb Bb +`BiB+�H 7Q` i?2
/2bB;M Q7 i?2 T`QTQb2/ bQHmiBQMb /2i�BH2/ BM i?2 M2ti +?�Ti2`b Q7 i?Bb i?2bBbX
h?2 M2ti +?�Ti2` T`2b2Mib i?2 T`QTQb2/ K2+?�MBbKb 7Q` JkJ :`QmT *QKKm@
MB+�iBQMX

ě 9k ě



$IBQUFS �
.FDIBOJTNT GPS &OFSHZ &ĔDJFODZ JO
.�. (SPVQ $PNNVOJDBUJPO

5IF TBEEFTU BTQFDU PG MJGF SJHIU OPX JT UIBU TDJFODF
HBUIFST LOPXMFEHF GBTUFS UIBO TPDJFUZ HBUIFST XJTEPN�

	*TBBD "TJNPW


*QMi2Mib
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 99
9Xk .�i� �;;`2;�iBQM �M/ Pp2`?2�/ _2/m+iBQM a+?2K2 99
9Xj >2m`BbiB+b 7Q` 1{+B2Mi :`QmT *QKKmMB+�iBQM X X X X 9d

9XjXR avbi2K JQ/2H X X X X X X X X X X X X X X X X X X X X 9d
9XjXk .�i� �;;`2;�iBQM 7Q` JmHiBTH2 :`QmTb X X X X X X X 8R
9XjXj hrQ@hB2` �;;`2;�iBQM 7Q` JmHiB@i�`;2i �TTHB+�iBQMb 8j
9XjX9 S2`7Q`K�M+2 1p�Hm�iBQM �M/ _2bmHib X X X X X X X X 83

9X9 L2irQ`F GB72iBK2 lTT2` "QmM/ X X X X X X X X X X X X ee
9X9XR L2irQ`F JQ/2H �M/ S`Q#H2K ai�i2K2Mi X X X X X X X ed
9X9Xk AMi2;2` GBM2�` S`Q;`�KKBM; 6Q`KmH�iBQM X X X X X X ed
9X9Xj JmHiBTH2 aBMF 6Q`KmH�iBQM X X X X X X X X X X X X X X dk
9X9X9 S2`7Q`K�M+2 1p�Hm�iBQM �M/ _2bmHib X X X X X X X X dk

9X8 h2bi#2/ AKTH2K2Mi�iBQM �M/ 1tT2`BK2Mib X X X X X X dN
9X8XR J2bb�;BM; JmHiBTH2 S�vHQ�/b G�v2` X X X X X X X X X 3y
9X8Xk 1tT2`BK2Mi�H S`QiQivTBM; X X X X X X X X X X X X X X 3R
9X8Xj h2bi#2/ 1p�Hm�iBQM �M/ _2bmHib X X X X X X X X X X X 3e

9Xe amKK�`v X X X X X X X X X X X X X X X X X X X X X X X X X 33

>2i2`Q;2M2Qmb �M/ KmHiBTH2 ;`QmT +QKKmMB+�iBQM Bb �M BKTQ`i�Mi MB+?2
BM i?2 ;2M2`�H K�+?BM2@iQ@K�+?BM2 H�M/b+�T2X AM i?Bb }2H/- ;`QmTb
�`2 7Q`K2/ #v /2pB+2b i?�i ?�p2 72r FBHQ#vi2b Q7 K2KQ`v U_�M/QK

ě 9j ě
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�++2bb J2KQ`v U_�JV �M/ _2�/@PMHv J2KQ`v U_PJVV- bHQr T`Q+2bbBM;- �M/
`2/m+2/ #�M/rB/i?X AM �//BiBQM- KQbi Q7 i?2 /2pB+2b �`2 #�ii2`v@TQr2`2/ �M/
?�p2 HBKBi2/ HB72iBK2X :Bp2M i?2b2 +QMbi`�BMib- /�i� �;;`2;�iBQM �M/ Qp2`?2�/
`2/m+iBQM b+?2K2b b?Qr H�`;2 TQi2MiB�H iQ BKT`Qp2 i?2 ;`QmT +QKKmMB+�iBQMX
>Qr2p2`- i?2 mb2 Q7 i?2b2 b+?2K2b mMp2BHb i?2 M22/ 7Q` �/�TiBp2 K2+?�MBbKb
iQ H2p2`�;2 i?2 2M2`;v 2{+B2M+vX h?mb- i?Bb +?�Ti2` �BKb iQ T`2b2Mi i?2 /2bB;M
�M/ 2p�Hm�iBQM Q7 K2+?�MBbKb �#H2 iQ bmTTQ`i /�i� �;;`2;�iBQM �M/ Qp2`?2�/
`2/m+iBQM BM Q`/2` iQ BKT`Qp2 ;`QmT +QKKmMB+�iBQMX

��� *OUSPEVDUJPO

aQK2 Q7 i?2 `2[mB`2K2Mib 7Q` ;`QmT +QKKmMB+�iBQM b+2M�`BQb �`2, UBV 1HBK@
BM�i2 /�i� `2/mM/�M+v- UBBV JBMBKBx2 Qp2`?2�/- �M/ UBBBV amTTQ`i ?2i2`Q;2M@
2Qmb ;`QmTbX h?2 7mH}HHK2Mi Q7 i?2b2 `2[mB`2K2Mib rQmH/ /`Bp2 i?2 K�+?BM2@
iQ@K�+?BM2 +QKKmMB+�iBQM iQ i?2 2{+B2Mi mb2 Q7 i?2 `2bQm`+2b �M/ �HbQ iQ /2�H
rBi? i?2 K�bbBp2 MmK#2` Q7 MQ/2b MQi BM/BpB/m�HHv- #mi �b ;`QmTbX

�Hi?Qm;? bQK2 bi�/�`/Bx�iBQM #Q/B2b ?�p2 K�/2 �/p�M+2b BM i?Bb /B`2+iBQM- i?2
HBi2`�im`2 `2pB2r b?Qrb i?�i 72r rQ`Fb 7mH}HH T�`iB�HHv �HH i?2b2 `2[mB`2K2MibX
aQ- BM Q`/2` iQ }HH i?Bb ;�T- i?Bb +?�Ti2` T`2b2Mib,

Ç :2M2`�H b+?2K2 i?�i DQBMiHv �TTHB2b /�i� �;;`2;�iBQM T`Q+2/m`2b iQ 2HBK@
BM�i2 /�i� `2/mM/�M+v �M/ `2/m+2 Qp2`?2�/ BM ;`QmT +QKKmMB+�iBQMbX

Ç hrQ i`22@#�b2/ ?2m`BbiB+b iQ 2t2+mi2 i?2 T`QTQb2/ /�i� �;;`2;�iBQM T`Q@
+2/m`2b Qp2` i?2 MQ/2b iQ T`QHQM; i?2 M2irQ`F HB72iBK2X

Ç h?2 7Q`KmH�iBQM Q7 i?2 M2irQ`F HB72iBK2 mTT2` #QmM/ �M/ i?2 T2`7Q`K�M+2
+QKT�`BbQM #2ir22M i?2 ?2m`BbiB+b �M/ i?2 QTiBK�H bQHmiBQMX

Ç h2bi#2/ 2tT2`BK2Mib BMpQHpBM; i?2 T`QTQb2/ /�i� �;;`2;�iBQM T`Q+2/m`2bX

hQ T`2b2Mi �HH i?2b2 +QMi`B#miBQMb- i?Bb +?�Ti2` Bb bi`m+im`2/ �b 7QHHQrbX a2+iBQM
9Xk T`2b2Mib i?2 T`QTQb�H Q7 � ;2M2`�H b+?2K2 i?�i T2`7Q`Kb /�i� �;;`2;�iBQM
�M/ Qp2`?2�/ `2/m+iBQMX a2+iBQM 9Xj T`2b2Mib i?2 7QHHQrBM; ?2m`BbiB+b, .�i�
�;;`2;�iBQM 7Q` JmHiBTH2 :`QmTb U.�JB:V �M/ hrQ hB2` �;;`2;�iBQM 7Q` JmHiB@
i�`;2i �TTHB+�iBQMb Uhh�J�VX a2+iBQM 9X9 KQ/2Hb i?2 M2irQ`F HB72iBK2 mTT2`
#QmM/ �M/ +QKT�`2b Bi iQ i?2 ?2m`BbiB+ bQHmiBQMbX 6BM�HHv- a2+iBQM 9X8 T`2b2Mib
i?2 i2bi#2/ 2tT2`BK2MibX

��� %BUB "HHSFHBUJPO BOE 0WFSIFBE 3FEVDUJPO
4DIFNF

AM i?2 HBi2`�im`2- i?2`2 �`2 /Bz2`2Mi ;2M2`B+ �;;`2;�iBQM 7mM+iBQMb �M/ b2p2`�H
K�MM2`b iQ +QK#BM2 i?2 7mM+iBQMb iQ �+?B2p2 /�i� `2/mM/�M+v 2HBKBM�iBQM �M/

ě 99 ě
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Qp2`?2�/ `2/m+iBQMX � K�MM2` iQ �+?B2p2 #Qi? Q#D2+iBp2b BM ;`QmT +QKKmMB+@
�iBQM Bb iQ /2bB;M � b+?2K2 rBi? KmHiBTH2 iB2`b- r?2`2 2�+? iB2` Bb `2bi`B+i2/
iQ �;;`2;�i2 /�i� 7`QK � bT2+B}+ b2i Q7 MQ/2b �M/ iQ mb2 � T�`iB+mH�` ivT2 Q7
�;;`2;�iBQM 7mM+iBQMbX 6Q` BMbi�M+2- r?BH2 QM2 �;;`2;�iBQM iB2` �BKb iQ `2/m+2
i?2 H2p2H Q7 /�i� `2/mM/�M+v- � b2+QM/ iB2` �BKb iQ `2/m+2 i?2 +QKKmMB+�iBQM
Qp2`?2�/X
h?2 ;2M2`�H T`QTQb2/ b+?2K2- M�K2/ hrQ hB2` �;;`2;�iBQM Uhh�V- mb2b i?2
7QHHQrBM; irQ i2+?MB[m2b QM i?2 M2irQ`F i`�{+,

Ç S�vHQ�/ �;;`2;�iBQM 7Q` _2/mM/�M+v 1HBKBM�iBQM, �TTHB2b bi�i@
BbiB+�H 7mM+iBQMb iQ �;;`2;�i2 i?2 T�vHQ�/ BM7Q`K�iBQM BMiQ � bBM;H2 p�Hm2X
�b /2TB+i2/ BM 6B;m`2 9XR- mbBM; i?2 �p2`�;2 7mM+iBQM- `2+2Bp2/ T�vHQ�/b
+QMi�BMBM; i?2 p�Hm2b ky �M/ Ry +�M #2 �;;`2;�i2/ BMiQ � bBM;H2 T�vHQ�/
+QMi�BMBM; R8X h?2 �;;`2;�iBQM 7mM+iBQMb 2HB;B#H2 iQ #2 mb2/ �b T�vHQ�/
�;;`2;�iBQM 7mM+iBQM �`2 �p2`�;2- K�tBKmK- KBMBKmK- +QmMi- �M/ bmK-
bBM+2 i?2v ?�p2 i?2 T`QT2`iv iQ T`Q/m+2 QM2 QmiTmi p�Hm2 `2;�`/H2bb i?2
MmK#2` Q7 BMTmi p�Hm2bX

ReceivedMessage	1: Header 20
Received	Message	2: Header 10
Aggregated Message Header 15

6B;m`2 9XR, S�vHQ�/ �;;`2;�iBQMX

Ç S�vHQ�/ *QM+�i2M�iBQM 7Q` _2/m+2/ Pp2`?2�/, T`Q/m+2b � K2bb�;2
i?�i ?�b � bBM;H2 ?2�/2` �M/ KmHiBTH2 �ii�+?2/ T�vHQ�/b- r?B+? K2�Mb
i?�i i?2 bBx2 Q7 i?2 K2bb�;2b Bb p�`B�#H2X �b b?QrM BM 6B;m`2 9Xk- `2+2Bp2/
T�vHQ�/b �`2 +QMb2`p2/- #mi Bi �pQB/b b2M/BM; QM2 ?2�/2` 7Q` 2�+? T�vHQ�/X

ReceivedMessage	1: Header 20
ReceivedMessage	2: Header 10
Aggregated	Message Header 10 20

6B;m`2 9Xk, S�vHQ�/ *QM+�i2M�iBQMX

hQ mM/2`bi�M/ ?Qr i?2b2 irQ i2+?MB[m2b �;;`2;�i2 i?2 i`�{+ T`Q/m+2/ #v KmH@
iBTH2 ;`QmTb- Bi Bb M2+2bb�`v iQ K�F2 � /BbiBM+iBQM #2ir22M AMi2`M�H �M/ 1ti2`M�H
:`QmT h`�{+X q?2M � T�`iB+mH�` ;`QmT Bb i�F2M �b � `272`2M+2 TQBMi- AMi2`M�H
:`QmT h`�{+ Bb i?2 b2i Q7 K2bb�;2b Q`B;BM�iBM; 7`QK Bib K2K#2`b- r?BH2 1ti2`M�H
:`QmT h`�{+ Bb i?2 b2i Q7 K2bb�;2b T`Q/m+2/ #v Qi?2` ;`QmTbX
a22FBM; iQ 7mH}HH i?2 `2[mB`2K2Mib Q7 KmHiBTH2 ;`QmT +QKKmMB+�iBQM- i?2 K�BM
B/2� Q7 hh� Bb iQ �TTHv S�vHQ�/ �;;`2;�iBQM QM AMi2`M�H :`QmT h`�{+ �M/
S�vHQ�/ *QM+�i2M�iBQM QM 1ti2`M�H :`QmT h`�{+X
h?mb- hrQ hB2` �;;`2;�iBQM mb2b irQ `mH2b, UBV q?2M i?2 /�i� Bb BM i`�MbBi
BMbB/2 Bib T`Q/m+2`@;`QmT- Bi Bb biQ`2/ BM i?2 K2bb�;2 �b i?2 T`BK�`v T�vHQ�/
�M/ rBHH #2 �;;`2;�i2/ #v K2�Mb Q7 bBKTH2 K�i?2K�iB+�H +�H+mH�iBQMb UBX2X i?2
S�vHQ�/ �;;`2;�iBQMV- bm+? �b �p2`�;2- K�tBKmK- KBMBKmK- +QmMi- �M/ bmKc
UBBV A7 i?2 /�i� ;Q2b QmibB/2 i?2 T`Q/m+2` ;`QmT- Bi Bb K�BMi�BM2/ BMi�+i �b �

ě 98 ě
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b2+QM/�`v T�vHQ�/- r?B+? Bb �ii�+?2/ iQ i?2 T`BK�`v T�vHQ�/ UBX2X i?2 S�vHQ�/
*QM+�i2M�iBQMVX h?mb- i?2 K2bb�;2b T`Q/m+2/ #v i?2 T`QTQb2/ /�i� �;;`2;�iBQM
�TT`Q�+? ?�p2 � T`BK�`v T�vHQ�/ �M/ KB;?i ?�p2 KmHiBTH2 b2+QM/�`v T�vHQ�/b
�ii�+?2/X

"v mbBM; S�vHQ�/ �;;`2;�iBQM- hh� +�M �pQB/ i?2 T`Q#H2K Q7 bBKBH�` Q` 2p2M
`2T2�i2/ K2bb�;2b #2BM; b2Mi #v i?2 ;`QmT K2K#2`bX AM �//BiBQM- #v K2�Mb Q7
S�vHQ�/ *QM+�i2M�iBQM- hh� 2HBKBM�i2b `2/mM/�Mi ?2�/2`b 7`QK i?2 1ti2`M�H
:`QmT h`�{+- �M/ T`Q/m+2b K2bb�;2b rBi? � bBM;H2 ?2�/2` �M/ KmHiBTH2 T�v@
HQ�/bX h?Bb b�p2b 2M2`;v `2bQm`+2b i?�i rQmH/ Qi?2`rBb2 #2 bT2Mi QM K2bb�;2
?2�/2`b- rBi?Qmi BKT�B`BM; i?2 �++m`�+v Q7 i?2 +QKKmMB+�iBQM- bBM+2 � MQ/2 +�M
bmTT`2bb i?2 ?2�/2`b Q7 K2bb�;2b T`Q/m+2/ #v �MQi?2` ;`QmT- �M/ i?mb F22T i?2
T�vHQ�/ +QMi2Mi BMi�+iX

6B;m`2 9Xj BHHmbi`�i2b hrQ@hB2` �;;`2;�iBQMX h?Bb };m`2 b?Qrb � T�`iB+mH�` +QK@
KmMB+�iBQM 2p2Mi r?2M � MQ/2- r?B+? #2HQM;b iQ ;`QmT n- �;;`2;�i2b AMi2`M�H
�M/ 1ti2`M�H :`QmT h`�{+- #v �TTHvBM; i?2 T�vHQ�/ �;;`2;�iBQM iQ i?2 AMi2`M�H
:`QmT h`�{+ �M/ +QM+�i2M�iBM; i?2 T�vHQ�/b /2`Bp2/ 7`QK i?2 2ti2`M�H ;`QmTbX
�b +�M #2 Q#b2`p2/- i?2 T`Q/m+2/ �;;`2;�i2/ K2bb�;2 ?�b � bBM;H2 BMi`� T�v@
HQ�/ `2bmHiBM; 7`QK i?2 T�vHQ�/ �;;`2;�iBQM QT2`�iBQMb U2X;X �p2`�;2- K�tBKmK-
KBMBKmK- +QmMi- �M/ bmKV- #mi 2p2`v 2ti2`M�H T�vHQ�/ Bb T`2b2`p2/X

S�vHQ�/ �;;`2;�iBQM Bb QMHv T2`7Q`K2/ QM BMi2`M�H ;`QmT i`�{+ #2+�mb2 2�+?
;`QmT Kmbi ?�p2 � T�`iB+mH�` +QKKmMB+�iBQM b2iiBM;- bm+? �b � /�i� �;;`2;�iBQM
7mM+iBQM- +QKKmMB+�iBQM T2`BQ/B+Biv- �M/ /�i� ivT2bX 6Q` BMbi�M+2- ;`QmT � +�M
#2 /2}M2/ #v i?2 +HB2Mi iQ +QKKmMB+�i2 i?2 K�tBKmK i2KT2`�im`2 Q7 � `QQK-
r?BH2 ;`QmT " ;Bp2b BM7Q`K�iBQM �#Qmi i?2 �p2`�;2 HmKBMQbBiv BM �M Q{+2X h?mb-
Bi Bb MQi TQbbB#H2 iQ +QKTmi2 T�vHQ�/ �;;`2;�iBQM Q7 ;`QmTb � �M/ " /m2 iQ i?2
/Bz2`2Mi b2iiBM;b UBX2X �;;`2;�iBQM 7mM+iBQMbV �M/ i?2 /�i� ivT2bX �MQi?2` `2�bQM
iQ T2`7Q`K T�vHQ�/ �;;`2;�iBQM QMHv QM BMi2`M�H ;`QmT i`�{+ Bb i?�i i?2 MQ/2b
Q7 � T�`iB+mH�` ;`QmT �`2 mbm�HHv HQ+�i2/ BM i?2 b�K2 ;2Q;`�T?B+ �`2�- i2M/BM;
iQ T`2b2Mi ?B;? `2/mM/�M+B2b QM i?2B` /�i�X PM i?2 +QMi`�`v- ;`QmTb HQ+�i2/ BM
/Bz2`2Mi �`2�b �`2 MQi HBF2Hv iQ T`2b2Mi bm+? ?B;? /�i� `2/mM/�M+vX

...
Aggregated Message
intra1Intra External1Header

 

External2

External 2Header

6B;m`2 9Xj, hrQ hB2` �;;`2;�iBQMX
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hQ BHHmbi`�i2 T�vHQ�/ +QM+�i2M�iBQM- H2i mb �bbmK2 i?2 T2`bT2+iBp2 Q7 � MQ/2 iX
LQi2 i?�i- 7Q` MQ/2 i- i?2 T�vHQ�/ +QM+�i2M�iBQM +QMbBbib QM i?2 7QHHQrBM; irQ
bi2Tb, UBV iQ /`QT i?2 ?2�/2`b Q7 �HH K2bb�;2b `2+2Bp2/ 7`QK M2B;?#Q` j- �M/ biQ`2
QMHv i?2 T�vHQ�/bc UBBV iQ ;2M2`�i2 � M2r K2bb�;2 +QMi�BMBM; � bBM;H2 ?2�/2` �M/
KmHiBTH2 T�vHQ�/bX h?2 MmK#2` Q7 T�vHQ�/b QM � bBM;H2 K2bb�;2 +Q``2bTQM/b iQ
i?2 MmK#2` Q7 T�vHQ�/b `2+2Bp2/ 7`QK 2ti2`M�H ;`QmTb THmb QM2 T�vHQ�/ T`Q/m+2/
#v i?2 ;`QmTX �b i?2 T�vHQ�/b ?�p2 � }t2/ bBx2- Bi Bb TQbbB#H2 iQ /2}M2 `mH2b iQ
B/2MiB7v i?2 BMi2`M�H ;`QmT T�vHQ�/ U2X;X i?2 T�vHQ�/ #2HQM;BM; iQ i?2 BMi2`M�H
;`QmT Bb �Hr�vb i?2 QM2 TH�+2/ �7i2` i?2 2M/ Q7 i?2 ?2�/2`VX h?mb- iQ T2`7Q`K
T�vHQ�/ �;;`2;�iBQM QM i?2 BMi2`M�H ;`QmT i`�{+- � `2+2Bp2` i p2`B}2b i?2 �//`2bb
Q7 i?2 b2M/2` jX A7 i?2 `2+2Bp2` UMQ/2 iV �M/ i?2 b2M/2` UMQ/2 jV #2HQM; iQ
i?2 b�K2 ;`QmT- i?2M i?2 `2+2Bp2` mb2b � T�vHQ�/ �;;`2;�iBQM 7mM+iBQM- bm+? �b
�p2`�;2- iQ �;;`2;�i2 Bib QrM /�i� rBi? i?2 BMi2`M�H ;`QmT T�vHQ�/X Pi?2`rBb2-
Bi �//b Bib QrM /�i� �b i?2 }`bi T�vHQ�/ Q7 i?2 M2r K2bb�;2 �M/ i`�MbKBibX

h?2 M2ti b2+iBQM T`2b2Mib i?2 T`QTQb2/ ?2m`BbiB+b /2bB;M2/ iQ mb2 i?2 hrQ@hB2`
�;;`2;�iBQM b+?2K2X

��� )FVSJTUJDT GPS &ĔDJFOU (SPVQ $PNNVOJDBUJPO

h?2 hrQ@hB2` �;;`2;�iBQM Bb �#H2 iQ 2HBKBM�i2 i?2 /�i� `2/mM/�M+v �M/ `2/m+2
i?2 Qp2`?2�/ T`2b2Mi BM i?2 i`�{+ T`Q/m+2/ #v ;`QmTbX >Qr2p2`- i?Bb b+?2K2
M22/b iQ #2 7m`i?2` bT2+B}2/ BM Q`/2` iQ #2 2t2+mi2/ /Bbi`B#mi2/ Qp2` i?2 M2i@
rQ`FX �b i?2 bi�i2@Q7@i?2@�`i b?Qrb- i`22@#�b2/ �TT`Q�+?2b �`2 rB/2Hv mb2/ iQ
T2`7Q`K BM@M2irQ`F /�i� �;;`2;�iBQM b+?2K2bX �b i?2 +QKTmi2/ i`22b T`QpB/2
bmTTQ`i 7Q` i?2 �;;`2;�iBQM 2t2+miBQM- i?2 i2`Kb �;;`2;�iBQM i`22 �M/ i`22 �`2
mb2/ BMi2`+?�M;2�#HvX

h?Bb b2+iBQM T`QTQb2b irQ i`22@#�b2/ ?2m`BbiB+b �#H2 iQ �;;`2;�i2 /�i� 7`QK KmH@
iBTH2 ;`QmTb �M/ F22T i?2 Qp2`?2�/ �i HQr H2p2HbX h?2 }`bi �TT`Q�+? Bb M�K2/
.�i� �;;`2;�iBQM 7Q` JmHiBTH2 :`QmTb U.�JB:V �M/ i?2 b2+QM/ Bb +�HH2/ hrQ@
hB2` �;;`2;�iBQM 7Q` JmHiB@i�`;2i �TTHB+�iBQMb Uhh�J�VX "Qi? �TT`Q�+?2b 2t@
2+mi2 hrQ@hB2` �;;`2;�iBQM BM ;`QmT +QKKmMB+�iBQM b+2M�`BQb- #mi hh�J�
�+?B2p2b #2ii2` M2irQ`F HB72iBK2- bBM+2 Bi T`QTQb2b �M BKT`Qp2/ �H;Q`Bi?K iQ
+QKTmi2 i?2 �;;`2;�iBQM i`22X

h?2 M2ti b2+iBQM T`2b2Mib ?Qr i?2 bvbi2K Bb KQ/2H2/- BM bT2+B�H i?2 i2`KBMQHQ;v
�M/ 2M2`;v +QMbmKTiBQM KQ/2HX

����� 4ZTUFN .PEFM

h?Bb b2+iBQM T`2b2Mib i?2 i?2Q`2iB+�H KQ/2H mb2/ iQ `2T`2b2Mi i?2 M2irQ`F �M/
�HbQ BMi`Q/m+2b i?2 2[m�iBQMb mb2/ iQ +QKTmi2 i?2 +QMbmK2/ 2M2`;v �M/ M2irQ`F
HB72iBK2X

ě 9d ě
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������� 5FSNJOPMPHZ BOE /FUXPSL .PEFM

AM Q`/2` iQ /2}M2 � +QKKQM b2i Q7 #�bB+ i2`Kb rBi? mM�K#B;mQmb K2�MBM;b-
h�#H2 9XR T`2b2Mib F2v i2`Kb mb2/ BM i?Bb +?�Ti2`X

h�#H2 9XR, h2`KBMQHQ;v .2}MBiBQM

h2`K .2}MBiBQM
:`QmT � b2i Q7 +QMM2+i2/ MQ/2b BM i?2 M2irQ`FX
:`QmT a2iiBM;b Ai /2}M2b i?2 �;;`2;�iBQM 7mM+iBQM- i?2 Q#D2+iBp2 K2i`B+- i?2 +QK@

KmMB+�iBQM T2`BQ/B+Biv- �M/ i?2 iQH2`�#H2 /2H�v Q7 � ;`QmTX
*QM+m``2Mi
:`QmTb

hrQ ;`QmTb �`2 +QM+m``2Mi r?2M #Qi? ;`QmTb +QKKmMB+�i2 BM i?2
b�K2 +QKKmMB+�iBQM `QmM/X

*QKKmMB+�iBQM
_QmM/

� +QKKmMB+�iBQM `QmM/ Q++m`b r?2M �HH MQ/2b BM i?2 M2irQ`F /2@
HBp2` � bBM;H2 QrM T`Q/m+2/ T�vHQ�/ iQ i?2 bBMFX

LQ/2 GB72iBK2 Ai Bb i?2 iQi�H MmK#2` Q7 +QKKmMB+�iBQM `QmM/b i?�i +�M #2 2t@
2+mi2/ #27Q`2 i?2 }`bi Q++m``2M+2 Q7 #�ii2`v /2TH2iBQMX

h?2 MQi�iBQMb mb2/ BM i?Bb b2+iBQM �`2 HBbi2/ BM h�#H2 9XkX h?2 M2irQ`F Bb `2T@
`2b2Mi2/ #v � ;`�T? G = {V, A}- r?2`2 V = {1, 2, 3...n} Bb i?2 b2i Q7 MQ/2b �M/
A Bb i?2 b2i Q7 2/;2bX q2 �bbmK2 i?�i G Bb � +QMM2+i2/ ;`�T?- �M/ i?2 2/;2b
`2T`2b2Mi rB`2H2bb +QMM2+iBQMbX 1p2`v MQ/2 i ∈ V ?�b i?2 b�K2 rB`2H2bb `�M;2-
r?B+? Bb /2MQi2/ #v RX h?2`2 Bb �M 2/;2 #2ir22M irQ MQ/2b i, j ∈ V B7 �M/ QMHv
B7 i?2 1m+HB/2�M /Bbi�M+2 Bb di,j ≤ RX
h?2 M2irQ`F ?�b � bBM;H2 bBMF MQ/2- /2MQi2/ #v s ∈ V - r?B+? Bb i?2 }M�H

h�#H2 9Xk, LQi�iBQMX

avK#QH .2}MBiBQM
G(V, A) h?2 ;`�T? Q7 i?2 M2irQ`F- o `2T`2b2Mib i?2 b2i Q7 MQ/2b- �M/

� +Q``2bTQM/b iQ i?2 b2i Q7 2/;2bX
R qB`2H2bb `�M;2X
di,j 1m+HB/B�M /Bbi�M+2 #2ir22M irQ Ui, j ∈ NV M2B;?#Qm` MQ/2bX
T a2i Q7 i�`;2ib iQ #2 KQMBiQ`2/X
Ak a2i Q7 /2pB+2b i?�i KQMBiQ` i?2 F@i? i�`;2iX
Dl .�i� `2�/BM;b T`Q/m+2/ #v i?2 MQ/2b /m`BM; i?2 H@i? +QKKm@

MB+�iBQM `QmM/X
sk

agg �;;`2;�iBQM 6mM+iBQM Q7 AkX
sk

obj P#D2+iBp2 Q7 AkX
sk

freq *QKKmMB+�iBQM S2`BQ/B+Biv Q7 AkX
sk

delay .2H�v hQH2`�M+2 Q7 AkX
eelec 1M2`;v M2+2bb�`v iQ `mM � bBM;H2 #BiX
eamp 1M2`;v M2+2bb�`v iQ �KTHB7v � bBM;H2 #BiX
Qi a2i Q7 +?BH/`2M MQ/2b Q7 MQ/2 iX
wk

i .�i� `2�/BM; �7i2` T2`7Q`K /�i� �;;`2;�iBQM 7mM+iBQMX
Eres(i) _2bB/m�H 2M2`;v Q7 MQ/2 iX
Eround(i) h?2 2M2`;v +QMbmK2/ #v MQ/2 i /m`BM; � bBM;H2 `QmM/X
Li h?2 HB72iBK2 2biBK�iBQM Q7 MQ/2 iX
NL h?2 M2irQ`F HB72iBK2 iBK2 2biBK�iBQMX

ě 93 ě



*>�Sh1_ 9X J1*>�LAaJa 6P_ 1L1_:u 166A*A1L*u AL JkJ
:_PlS *PJJlLA*�hAPL

/2biBM�iBQM Q7 �HH K2bb�;2bX h?2 b2i Q7 `2;mH�` MQ/2b UBX2X MQM@bBMF MQ/2bV Bb
/2MQi2/ �b N = V − {s}X 1p2`v MQ/2 i ∈ N, i ≥ 1 Bb TQr2`2/ #v � MQM@
`2TH2MBb?�#H2 #�ii2`vX h?2 �KQmMi Q7 `2bB/m�H 2M2`;v BM i?2 #�ii2`v Q7 MQ/2
i Bb /2MQi2/ #v Eres(i)X q2 �bbmK2 i?�i �HH i?2 MQ/2b �`2 �#H2 iQ /2i2`KBM2
i?2B` QrM `2bB/m�H 2M2`;v- �M/ 2t2+mi2 S�vHQ�/ �;;`2;�iBQM �M/ *QM+�i2M�iBQMX
lMHBF2 i?2 Q`/BM�`v MQ/2b- i?2 M2irQ`F ;�i2r�v ?�b � +QMbi�Mi 2M2`;v bmTTHvX
AM �//BiBQM- r2 �bbmK2 i?�i i?2 MQ/2b ?�p2 bi�iB+ ;2Q;`�T?B+ TQbBiBQMb- �b Bi Bb
i?2 +�b2 Q7 bK�`i K2i2`BM; �M/ bK�`i ;`B/ �TTHB+�iBQMbX

h?2 +QKKmMB+�iBQM `QmM/ Bb i?2 mMBi Q7 iBK2 mb2/- �M/ Bi Bb /2}M2/ �b i?2 iBK2
BMi2`p�H bm{+B2Mi iQ /2HBp2` iQ i?2 ;�i2r�v i?2 /�i� `2�/BM;b b2Mi #v �HH MQ/2b
BMi2`2bi2/ iQ +QKKmMB+�i2 BM i?�i `QmM/X 6Q` BMbi�M+2- Bi +�M #2 bmTTQb2/ i?�i
BM `QmM/ j QMHv ;`QmT A2 ?�b +QKKmMB+�iBQM b2iiBM;b /2K�M/BM; i?2 +QKKm@
MB+�iBQM Q7 /�i� `2�/BM;bX AM `QmM/ 9- A5 �M/ A6 �`2 i?2 ;`QmTb BMi2`2bi2/
iQ +QKKmMB+�i2 /�i�X �++Q`/BM; iQ i?2 /2}MBiBQM Q7 � +QKKmMB+�iBQM `QmM/-
`QmM/ 9 QMHv #2;BMb r?2M i?2 /�i� `2�/BM;b 7`QK ;`QmT A2 �`2 /2HBp2`2/ iQ i?2
M2irQ`F ;�i2r�v- �M/ 2M/b r?2M �HH i?2 /�i� 7`QK ;`QmTb A5 �M/ A6 ?�p2 #22M
`2+2Bp2/ #v i?2 ;�i2r�vX

.m`BM; � T�`iB+mH�` +QKKmMB+�iBQM `QmM/- B7 � /2pB+2 +QKKmMB+�i2b Bib QrM
/�i�- Bi Bb +�HH2/ bQm`+2 MQ/2- Qi?2`rBb2 Bi Bb M�K2/ MQM@bQm`+2 MQ/2X Ai b?QmH/
#2 MQi2/ i?�i i?2 MQM@bQm`+2 MQ/2b K�v T�`iB+BT�i2 BM i?2 KmHiB@?QT +QKKmMB+@
�iBQM- bBM+2 BM bQK2 M2irQ`F iQTQHQ;B2b i?2 bQm`+2 MQ/2b KB;?i MQi ?�p2 /B`2+i
rB`2H2bb +QMM2+iBQM rBi? i?2 M2irQ`F ;�i2r�vX

AM i?2 M2irQ`F i?2`2 �`2 KmHiBTH2 i�`;2ib T = {t1, t2, t3, ..., tm} iQ #2 KQMBiQ`2/-
�M/ ∀tk ∈ T, ∃ Ak ⊂ N - r?2`2 k ∈ {1, 2, ..., m} �M/ |Ak| > 0X h?2`27Q`2- Ak

`2T`2b2Mib � b2i Q7 MQ/2b i?�i KQMBiQ` i?2 i�`;2i tkX q2 �bbmK2 i?�i � MQ/2
KB;?i #2HQM; iQ QMHv QM2 ;`QmT Ak- r?B+? K2�Mb i?�i i?2`2 Bb MQ Qp2`H�T �KQM;
i?2 MQ/2b i?�i �`2 KQMBiQ`BM; /Bz2`2Mi i�`;2ibX

h?2 M2ti b2+iBQM +QMiBMm2b i?2 ;2M2`�H /2}MBiBQMb- T`2b2MiBM; i?2 2M2`;v +QM@
bmKTiBQM KQ/2HX

������� &OFSHZ $POTVNQUJPO .PEFM

h?2 MQ/2b ?�p2 i?`22 2M2`;v bi�i2b- i`�MbKBbbBQM UhtV- `2+2TiBQM U_tV- �M/ bH22TX
h?2 1[m�iBQMb 9XR �M/ 9Xk /2MQi2 i?2 2M2`;v M2+2bb�`v 7Q` MQ/2 i iQ i`�MbKBi
b #Bib iQ i?2 M2B;?#Qm`- �M/ i?2 2M2`;v bT2Mi #v i?2 MQ/2 i ∈ N iQ `2+2Bp2 i?2
b�K2 b #Bib 7`QK jX

Txi = eampd2
i,jb U9XRV

Rxj = eelecb U9XkV

"2bB/2b- Bi Bb r2HH@FMQrM i?�i i?2 i`�MbBiBQM #2ir22M i?2 2M2`;v bi�i2b +QMbmK2b
TQr2`X h?mb- strans /2MQi2b � bBM;H2 i`�MbBiBQM 7`QK _t Q` ht iQ bH22T- Q` pB+2@

ě 9N ě
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p2`b�- �M/ �++Q`/BM; iQ J� 2iX �H (J� 2i �HX- kyyN) r2 +QMbB/2` strans = 21µJ X
PrBM; iQ i?2 ?B;? 2M2`;v +Qbib BM+m``2/ BM i?2b2 i`�MbBiBQMb- i?2 bQHmiBQMb BKTH2@
K2Mi2/ �M/ 2p�Hm�i2/ mb2 h.J�@#�b2/ HBF2 i?2 J�* H�v2` mb2/ #v J� 2iX �H
(J� 2i �HX- kyyN)- r?B+? Bb � +QHHBbBQM@7`22 T`QiQ+QH i?�i KBMBKBx2b i?2 i`�MbBiBQMb
7`QK QM2 2M2`;v bi�i2 iQ �MQi?2`X q?2M i?Bb T`QiQ+QH Bb mb2/- i?2 MQ/2b BMpQHp2/
BM i?2 +QKKmMB+�iBQM rBHH bT2M/ 2∗strans BM � bBM;H2 +QKKmMB+�iBQM `QmM/X h?Bb
Bb #2+�mb2 i?2 MQ/2b +?�M;2 QM+2 7`QK bH22T KQ/2 iQ ht Q` _t KQ/2- �M/ �7@
i2`r�`/b- +?�M;2 QM+2 �;�BM 7`QK ht iQ bH22T KQ/2X AM �//BiBQM- bBM+2 Bi +�M
#2 �bbmK2/ i?�i i?2 /2pB+2b �`2 �#H2 iQ K�BMi�BM T2`72+i +HQ+F bvM+?`QMBx�iBQM-
i?2 2M2`;v bT2Mi QM Qp2`?2�`BM; �M/ B/H2 bi�i2b Bb MQi +QMbB/2`2/X

G2i di,j /2MQi2 i?2 1m+HB/B�M /Bbi�M+2 Q7 irQ M2B;?#Qm` MQ/2b �b i, j ∈ N - �M/ i?2
+QKKmMB+�iBQM `QmM/b �b lX AM �//BiBQM- Bi Bb TQbbB#H2 iQ /2}M2 i?2 /�i� `2�/BM;b
T`Q/m+2/ #v i?2 MQ/2b BM � T�`iB+mH�` l �b Dl = {wk

i |k ∈ {1, 2, ..., m}, i ∈ N}X
"2bB/2b- H2i i?2 b2i Q7 +?BH/`2M Q7 MQ/2 i #2 /2MQi2/ �b Qi = {1, 2, ..., z}X h?2M-
wk

i `2T`2b2Mib i?2 /�i� iQ #2 i`�MbKBii2/ #v i?2 MQ/2 i �7i2` �;;`2;�iBM; Bib QrM
/�i� rBi? wk

q , q ∈ QiX h?mb- BM � +QKKmMB+�iBQM `QmM/- i?2 2M2`;v +QMbmKTiBQM
Q7 � MQ/2 i ∈ N Bb ;Bp2M #v i?2 7QHHQrBM; 7mM+iBQM,

Eround(i) = eamp ∗ d2
i,j ∗ wk

i + eelec ∗ wk
q + 2 ∗ strans U9XjV

h?2 }`bi irQ i2`Kb Q7 1[m�iBQM 9Xj `2T`2b2Mi i?2 2M2`;v +QMbmKTiBQM `2H�i2/
iQ i?2 /�i� `2+2TiBQM �M/ /�i� i`�MbKBbbBQM- �M/ i?2 i?B`/ i2`K K2�bm`2b i?2
2M2`;v +QMbmKTiBQM +�mb2/ #v i?2 i`�MbBiBQMb #2ir22M /Bz2`2Mi 2M2`;v bi�i2bX
�b Bi +�M #2 b22M- i?2 2M2`;v +Qbib `2H�i2/ iQ i?2 T`Q+2bbBM; �M/ b2MbBM; �+iBpBiv
�`2 MQi i�F2M BMiQ �++QmMi BM i?Bb KQ/2HX

h?2 M2ti b2+iBQM /2b+`B#2b i?2 T`Q#H2K iQ #2 �//`2bb2/ #v i?2 ?2m`BbiB+b bQHm@
iBQMbX

������� 1SPCMFN 4UBUFNFOU

"�b2/ QM i?2 2M2`;v +QMbmKTiBQM Q7 MQ/2 i /m`BM; � +QKKmMB+�iBQM `QmM/
U;Bp2M #v 1[m�iBQM 9XjV- i?2 `2bB/m�H 2M2`;v Eres(i)- �M/ i?2 +QKKmMB+�iBQM
T2`BQ/B+Biv Q7 Bib ;`QmT- Bi Bb TQbbB#H2 iQ 2biBK�i2 i?2 `2K�BMBM; HB72iBK2 Q7 iX
h?2 7QHHQrBM; 7mM+iBQM ;Bp2b i?Bb 2biBK�i2,

Li = Eround(i)/Eres(i), i ∈ N, k ∈ {1, 2, ..., m} U9X9V

1[m�iBQM 9X9 `2p2�Hb ?Qr K�Mv +QKKmMB+�iBQM `QmM/b i?2 #�ii2`v Q7 � MQ/2
rBHH #2 �#H2 iQ T`QpB/2 2M2`;v- r?B+? K2�Mb i?2 `2K�BMBM; MQ/2 HB72iBK2X h?2
M2irQ`F HB72iBK2 Bb /2}M2/ �b i?2 +QKKmMB+�iBQM `QmM/b #2ir22M i?2 }`bi /�i�
+QKKmMB+�iBQM �M/ i?2 iBK2 r?2M i?2 }`bi MQ/2 /2TH2i2b Bib 2M2`;v (E�`�Fmb
2i �HX- kyRj)X >2M+2- #v FMQrBM; i?2 MQ/2 HB72iBK2- r2 +�M 7Q`KmH�i2 i?2 7QHHQrBM;
7mM+iBQM iQ +QKTmi2 i?2 M2irQ`F HB72iBK2X

ě 8y ě
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NL = min(Li),∀i ∈ N U9X8V

h?mb- i?2 T`Q#H2K Q7 K�tBKBxBM; i?2 M2irQ`F HB72iBK2 +�M #2 /2}M2/ �b i?2
7QHHQrBM; KBMBK�t 7mM+iBQM,

min max[1/(Li)],∀i ∈ N U9XeV

h?2 2M2`;v +QMbmKTiBQM KQ/2H U1[m�iBQM 9XjV �M/ +QMb2[m2MiHv i?2 M2irQ`F
HB72iBK2 7Q`KmH�iBQM U1[m�iBQM 9X8V �`2 #�b2/ QM i?2 �KQmMi Q7 /�i� i`�MbKBii2/
Uwk

i - i ∈ N, k ∈ {1, 2, ..., m}V �M/ `2+2Bp2/ Uwk
q - q ∈ QiVX h?2 /�i� �;;`2;�iBQM

KQ/2H Bb � F2v 2H2K2Mi BM b�pBM; 2M2`;v �M/ BM+`2�bBM; i?2 M2irQ`F HB72iBK2-
bBM+2 Bi Bb `2bTQMbB#H2 7Q` /2i2`KBMBM; wk

i �M/ wk
q X

h?2 T`Q#H2K iQ #2 �//`2bb2/ #v i?2 ?2m`BbiB+b Bb iQ }M/ � b2i Q7 i`22b �#H2 iQ 2t@
i2M/ i?2 M2irQ`F HB72iBK2 mbBM; hrQ@hB2` �;;`2;�iBQM QM i`�{+- �TT`QtBK�iBM;
i?2 K�tBKmK M2irQ`F HB72iBK2X

�7i2` b?QrBM; i?2 MQi�iBQM- i?2 2M2`;v +QMbmKTiBQM KQ/2H �M/ i?2 T`Q#H2K
bi�i2K2Mi- i?2 M2ti b2+iBQM BMi`Q/m+2b � i`22 ?2m`BbiB+ /2bB;M2/ iQ mb2 hh� QM
;`QmT +QKKmMB+�iBQMX

����� %BUB "HHSFHBUJPO GPS .VMUJQMF (SPVQT

.�i� �;;`2;�iBQM 7Q` JmHiBTH2 :`QmTb U.�JB:V Bb /2bB;M2/ iQ 2t2+mi2 i?2
hrQ@hB2` �;;`2;�iBQM Uhh�V QM KmHiBTH2 ;`QmT b+2M�`BQbX hQ BKTH2K2Mi hh�-
.�JB: +QKTmi2b �M �;;`2;�iBQM i`22 �M/ �TTHB2b bi�iBbiB+�H �M/ K2`;2` �;;`2;@
�iBQM 7mM+iBQMb �HQM; i?2 T�i?X .�JB: Bb �#H2 iQ `2/m+2 i?2 2M2`;v +QMbmKTiBQM
BM b+2M�`BQb rBi? bBM;H2 Q` b2p2`�H ;`QmTbX JQ`2Qp2`- i?2 b2H2+iBQM Q7 BMi2`M�H
�M/ 2ti2`M�H ;`QmT T�i?b i�F2b BMiQ �++QmMi i?2 `2bB/m�H 2M2`;v Q7 i?2 MQ/2b-
�pQB/BM; i?2 T�i?b rBi? HQr `2bB/m�H 2M2`;vX

hQ 2t2+mi2 BMi2`M�H �M/ 2ti2`M�H ;`QmT �;;`2;�iBQM- .�JB: +QKTmi2b i?2 7QH@
HQrBM; �;;`2;�iBQM i`22 �M/ T�i?b,

Ç AMi2`M�H :`QmT �;;`2;�iBQM h`22 UM�K2/ AMi`�h`22V, Ai Bb i?2 i`22
+QKTmi2/ iQ �;;`2;�i2 i?2 BMi2`M�H ;`QmT i`�{+X h?2 `QQi Q7 i?Bb i`22 Bb
+�HH2/ AMi2`M�H :`QmT aBMF UA:aBMFVX

Ç 1ti2`M�H :`QmT S�i? U1tS�i?V, h?Bb Bb i?2 T�i? i?�i +QMM2+ib irQ
;`QmTbX AM QM2 2M/ TQBMi- 1tS�i? ?�b i?2 AMi2`M�H :`QmT aBMF UA:aBMFV-
BM i?2 Qi?2` 2M/ TQBMi- Bi ?�b i?2 1ti2`M�H :`QmT _2+2Bp2` U1:_2+2Bp2`VX
q?BH2 i?2 A:aBMF �;;`2;�i2b �HH BMi2`M�H ;`QmT /�i�- i?2 1:_2+2Bp2` `2@
+2Bp2b /�i� 7`QK Qi?2` ;`QmTb- �;;`2;�i2b Bi UmbBM; i?2 T�vHQ�/ +QM+�i2M@
�iBQM 7mM+iBQMbV rBi? Bib QrM /�i� �M/ 7Q`r�`/b i?2 �;;`2;�i2/ /�i� iQ
i?2 bBMFX

Ç 1ti2`M�H :`QmT �;;`2;�iBQM h`22 U+�HH2/ 1th`22V, Ai Bb i?2 i`22 i?�i
+QMM2+ib �HH ;`QmTb BMpQHp2/ BM �;;`2;�iBQMX h?2 `QQi Q7 i?2 1th`22 Bb i?2

ě 8R ě
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M2irQ`F ;�i2r�vX

6B;m`2 9X9 b?Qrb i?2 AMi2`M�H :`QmT h`22 �M/ i?2 1tS�i? #2ir22M irQ ;`QmTbX
AM �//BiBQM- Bi �HbQ /2TB+ib i?2 MQ/2b rBi? bT2+B�H 7mM+iBQMb- A:aBMF �M/ i?2
1:_2+2Bp2`X *QMbB/2`BM; i?2 irQ ;`QmTb- A b2M/b Bib �;;`2;�i2/ i`�{+ iQ ;`QmT
BX h?2 MQ/2 BM A i?�i b2M/b i`�{+ iQ B Bb i?2 A:aBMF �M/ i?2 MQ/2 BM B i?�i
`2+2Bp2b i?2 i`�{+ 7`QK A Bb i?2 1:_2+2Bp2`X

6B;m`2 9X9, AMi2`M�H �M/ 1ti2`M�H@:`QmT *QKKmMB+�iBQMX

.�JB: 2H2+ib i?2 T�B` UA:aBMF- 1:_2+2Bp2`V �b i?2 T�B` i?�i KBMBKBx2b i?2 `�iBQ
#2ir22M i?2 1m+HB/2�M /Bbi�M+2 �M/ i?2 bmK Q7 `2bB/m�H 2M2`;v- �b T`2b2Mi2/ BM
1[m�iBQM 9XdX AM i?Bb 2[m�iBQM- i?2 1m+HB/2�M /Bbi�M+2 #2ir22M � T�B` Q7 MQ/2b
(x, y) Bb +QKTmi2/ #v i?2 7mM+iBQM distance(x, y)- �M/ i?2 `2bB/m�H 2M2`;v Q7 �
MQ/2 x Bb ;Bp2M #v i?2 7mM+iBQM Eres(x)X

�`; KBM
∀a∈A,∀b∈B

(
distance(a, b)

Eres(a) + Eres(b)

)

U9XdV

.�JB: mb2b 1[m�iBQM 9Xd #2+�mb2 Bi Bb �#H2 iQ b2H2+i � T�B` Q7 MQ/2b QM i?2
#Q`/2` Q7 i?2 ;`QmTb i?�i ?�p2 KQ`2 2M2`;vX

�b ;`QmTb +�M #2 HQ+�i2/ BM �Mv ;2Q;`�T?B+ �`2� Q7 i?2 M2irQ`F- BM+Hm/BM; HQ+@
�iBQMb Qmi Q7 i?2 ;�i2r�v `�M;2- .�JB: mb2b- B7 M2+2bb�`v- i?2 +QKKmMB+�iBQM
+�T�#BHBiB2b Q7 MQM@bQm`+2 MQ/2b iQ 7Q`r�`/ /�i� �HQM; i?2 1tS�i?X hQ KBMBKBx2
i?2 2M2`;v +QMbmKTiBQM- i?2 1tS�i? Bb i?2 b?Q`i2bi T�i? #2ir22M A:aBMF �M/
1:_2+2Bp2`X

h?2 BMi`�h`22- i?2 1th`22 �M/ i?2 1tS�i?b mb2 i?2 7QHHQrBM; 2[m�iBQM iQ 2biBK@
�i2 i?2 +Qbi Q7 � HBMF,

Cost(i, j) = Txi + Rxj

Eres(i) + Eres(j) U9X3V

1[m�iBQM 9X3 2biBK�i2b i?2 +Qbi 7Q` � MQ/2 B iQ +QKKmMB+�i2 rBi? Bib M2B;?#Q` D-
r?2`2 Txi �M/ Rxj Ub22 1[m�iBQM 9XR �M/ 9XkV /2MQi2 i?2 2M2`;v +QMbmKTiBQM
iQ i`�MbKBi �M/ `2+2Bp2- `2bT2+iBp2HvX

ě 8k ě
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�H;Q`Bi?K 9XR T`2b2Mib ?Qr .�JB: +QKTmi2b i?2 1th`22 �M/ i?2 AMi`�h`22bX
6B`biHv- Bi b2H2+ib �M A:aBMF �M/ �M 1:_2+2Bp2` 7Q` 2�+? T�B` Q7 +QM+m``2Mi
;`QmTbX h?Bb b2H2+iBQM Bb #�b2/ QM 1[m�iBQM 9XdX >�pBM; i?2 A:aBMF �M/
1:_2+2Bp2`- i?2 T`QTQb2/ bQHmiBQM +QKTmi2b �HH TQbbB#H2 1tS�i?b- r?B+? �`2
i?2 b?Q`i2bi T�i?b #2ir22M i?2 A:aBMF �M/ 1:_2+2Bp2` T�B`bX h?2M- i?2 �H@
;Q`Bi?K +QKTmi2b i?2 1th`22- r?B+? Bb i?2 JBMBKmK aT�MMBM; h`22 UJahV Q`
a?Q`i2bi S�i? h`22 UaShV Q7 �HH 1tS�i?bX aBKBH�` iQ i?2 1th`22- �HH BMi`�h`22Ƕb
�`2 �HbQ +QKTmi2/ #�b2/ QM Jah Q` aShX

�H;Q`Bi?K 9XRX AMi2`M�H �M/ 1ti2`M�H :`QmT �;;`2;�iBQM h`22
AMTmi , N(V, E), DataRequests, atvGroups
PmiTmi, IntraTree, ExTree
R, ai�`i
k, 7Q` Ul← 0; l < atvGroups.size; l + +V /Q
j, 7Q` Uf ← l + 1; f < atvGroups.size; f + +V /Q
9, IGSink ← selectIGSink(group[l]);
8, EGReceiver ← selectEGRcv(group[f ]);
e, ExPath← find(IGSink, EGReceiver);
d, 2M/ 7Q`
3, 2M/ 7Q`
N, ExGroupTree← findExTree(ExPath);

Ry, 7Q` Uj ← 0; j < actGroups.size; j + +V /Q
RR, sink ← getIntraSink(ExGroupTree);
Rk, intraGroupTree[j]← findIntraTree(sink);
Rj, 2M/ 7Q`
R9, 1M/

h?2 M2ti b2+iBQM /2b+`B#2b i?2 b2+QM/ ?2m`BbiB+ T`QTQb2/ 7Q` JkJ ;`QmT +QK@
KmMB+�iBQMX

����� 5XP�5JFS "HHSFHBUJPO GPS .VMUJ�UBSHFU "QQMJDBUJPOT

h?Bb b2+iBQM /2b+`B#2b i?2 hrQ@hB2` �;;`2;�iBQM 7Q` JmHiB@i�`;2i �TTHB+�iBQMb
Uhh�J�VX 6B`bi- BM a2+iBQM 9XjXjXR i?2`2 Bb �M Qp2`pB2r Q7 i?2 hh�J� QT2`@
�iBQMX 6QHHQrBM; i?Bb- a2+iBQM 9XjXjXk b?Qrb ?Qr iQ b+?2/mH2 i?2 ;`QmTb �M/
`2/m+2 i?2 MmK#2` Q7 i`22b M2+2bb�`v iQ T2`7Q`K i?2 hrQ hB2` �;;`2;�iBQM Qp2`
iBK2X L2ti- a2+iBQM 9XjXjXj b?Qrb ?Qr iQ +QKTmi2 i?2 L2irQ`F aT�MMBM; h`22-
r?B+? Bb � ;2M2`�H �;;`2;�iBQM i`22X 6BM�HHv- a2+iBQM 9XjXjX9 T`2b2Mib ?Qr iQ }M/
i?2 hh�J� �;;`2;�iBQM i`22bX

������� 0WFSWJFX

hrQ@hB2` �;;`2;�iBQM 7Q` JmHiB@i�`;2i �TTHB+�iBQMb Uhh�J�V �BKb iQ `2/m+2
i?2 `2bQm`+2b bT2Mi QM /�i� `2/mM/�M+B2b �M/ KBMBKBx2 i?2 K2bb�;2 Qp2`?2�/X
AM i?2 }`bi �;;`2;�iBQM iB2`- hh�J� 2t2+mi2b �;;`2;�iBQM 7mM+iBQMb iQ `2/m+2
/�i� `2/mM/�M+v- �M/ BM i?2 b2+QM/- Bi �TTHB2b �M �;;`2;�iBQM 7mM+iBQM iQ `2/m+2
i?2 +Qbib BM+m``2/ #v i?2 K2bb�;2 Qp2`?2�/X

ě 8j ě
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hh�J� }M/b Bib `Qmi2b BM irQ T?�b2bX 6B`biHv- hh�J� +QKTmi2b � L2irQ`F
aT�MMBM; h`22 ULahV- r?B+? BM+Hm/2b �HH i?2 M2irQ`F MQ/2bX h?2M- Bi T`mM2b
i?2 bT�MMBM; i`22 iQ }M/ � b2i Q7 i`22b- +�HH2/ hh�J� i`22b- i?�i rBHH #2 �#H2
iQ `Qmi2 i?2 2ti2`M�H �M/ AMi2`M�H :`QmT h`�{+X
6B;m`2 9X8 b?Qrb i?2 hh�J� +QKTQM2Mib �M/ ?Qr i?2v mb2 i?2 ;`QmT b2iiBM;b
iQ +QKTmi2 i?2 �;;`2;�iBQM i`22bX 6B;m`2 9X8 B/2MiB}2b i?2 7Qm` K�BM hh�J�
+QKTQM2Mib- r?B+? �`2 /2b+`B#2/ �b 7QHHQrb,

RX h?2 hh�J� +QKTQM2Mi- +�HH2/ :`QmT a2iiBM;b *QMi`QH- Bb `2bTQMbB#H2
7Q` biQ`BM; �M/ F22TBM; BM7Q`K�iBQM �#Qmi i?2 ;`QmTbX 6Q` BMbi�M+2- i?Bb
+QKTQM2Mi biQ`2b i?2 MQ/2 A.b �M/ i?2 b2iiBM;b Q7 2�+? ;`QmTX 6B;m`2
9X8 /2TB+ib i?�i i?2 :`QmT a2iiBM;b *QMi`QH `2+2Bp2b i?2 +QKKmMB+�iBQM
b2iiBM;b 7`QK i?2 :`QmT J�M�;2` U:JVX h?2 :J +QMi`QHb i?2 HBbi Q7 `2@
bQm`+2b Q7 i?2 /2pB+2b U2X;X b2MbQ`b- �+im�iQ`b- �M/ M2irQ`F b2iiBM;bV- i?2
/�i� `2[m2bib �M/ 2t2+mi2b i?2 ;`QmT K�M�;2K2Mi i�bFb- bm+? �b +`2�iBQM-
/2H2iBQM- �M/ 2/BiBQMX 6m`i?2` /2i�BHb �#Qmi i?2 ;`QmT 7Q`K�iBQM T`Q+2/@
m`2b �`2 T`QpB/2/ #v GBm 2i �HX (GBm 2i �HX- kyR9) �M/ Ab?�[ 2i �HX (Ab?�[
2i �HX- kyR9)X

kX �7i2` `2+2BpBM; i?2 BM7Q`K�iBQM �#Qmi i?2 ;`QmT b2iiBM;b- hh�J� i`B;;2`b
i?2 �H;Q`Bi?K i?�i +`2�i2b � :`QmT a+?2/mH2`X h?Bb +QKTQM2Mi K�BMHv
/2�Hb rBi? irQ +QKKmMB+�iBQM b2iiBM;b, +QKKmMB+�iBQM T2`BQ/B+Biv �M/
/2H�v iQH2`�M+2X lbBM; i?2b2 +QKKmMB+�iBQM b2iiBM;b- i?2 :`QmT a+?2/mH2`
+QKTmi2b i?2 +QKKmMB+�iBQM iBKBM;b 7Q` 2�+? ;`QmTX h?2 �BK Q7 i?2
:`QmT a+?2/mH2` Bb iQ K�tBKBx2 i?2 2ti2`M�H ;`QmT i`�{+- r?B+? BM+`2�b2b
i?2 HBF2HB?QQ/ Q7 2ti2`M�H ;`QmT �;;`2;�iBQMX A7 i?2 ;`QmT b2iiBM;b /Q MQi
+?�M;2 Qp2` i?2 iBK2- i?2 :`QmT a+?2/mH2` Bb QMHv +QKTmi2/ QM+2X

jX h?2 L2irQ`F aT�MMBM; h`22 ULahV Bb � +QKTQM2Mi i?�i /Q2b MQi /2T2M/
QM i?2 :`QmT a+?2/mH2`X h?2 Lah +`2�i2b � i`22 i?�i bT�Mb �HH i?2 MQ/2b
i?�i #2HQM; iQ �i H2�bi QM2 ;`QmTX h?Bb +QKTQM2Mi QMHv M22/b iQ FMQr i?2
MQ/2 A.b Q7 2�+? ;`QmT- �M/ i?Bb BM7Q`K�iBQM Bb T`QpB/2/ #v i?2 :`QmT
a2iiBM;b *QMi`QHX

9X 6BM�HHv- i?2 a2i Q7 hh�J� h`22b UahhV mb2b i?2 BM7Q`K�iBQM T`QpB/2/ #v
i?2 :`QmT a+?2/mH2` �M/ i?2 Lah iQ +QKTmi2 � b2i Q7 �;;`2;�iBQM i`22bX
"�bB+�HHv- i?2 ahh T`mM2b i?2 L2irQ`F aT�MMBM; h`22 ULahV 7Q` 2�+?
/Bz2`2Mi ;`QmT +QK#BM�iBQM T`2b2Mi BM i?2 :`QmT a+?2/mH2`X h?2 ahh
QmiTmi Bb � b2i Q7 �;;`2;�iBQM i`22b- r?B+? +�M #2 +QMbB/2`2/ iQ #2 Lah
bm#@i`22bX 1�+? i`22 BM ahh rBHH #2 mb2/ BM �++Q`/�M+2 rBi? i?2 iBKBM;b
/2}M2/ #v i?2 :`QmT a+?2/mH2`X

�7i2` b?QrBM; �M Qp2`pB2r Q7 i?2 hh�J� +QKTQM2Mib- i?2 7QHHQrBM; b2+iBQM
b?Qrb KQ`2 /2i�BHb �#Qmi i?2 :`QmT a+?2/mH2`X

������� (SPVQ 4DIFEVMFS

h?2 �BK Q7 :`QmT a+?2/mH2` Bb iQ }M/ BMbB/2 i?2 /2H�v iQH2`�M+2 BMi2`p�H � M2r
+QKKmMB+�iBQM T2`BQ/B+Biv i?�i `2/m+2b i?2 MmK#2` Q7 �;;`2;�iBQM i`22b �M/

ě 89 ě
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TTAMA

Before the begining
of the communication

rounds

Repeatedly over the 
communication rounds

Group Manager

Group 
Settings Control

Group 
Scheduler

Network 
Spanning Tree

Set of 
TTAMA Trees

1

2

3

4

6B;m`2 9X8, hh�J� QT2`�iBQMX

BM+`2�b2b i?2 �KQmMi Q7 2ti2`M�H ;`QmT i`�{+X h?2 MmK#2` Q7 �;;`2;�iBQM i`22b-
Bb /2i2`KBM2/ FMQrBM; i?2 +QKKmMB+�iBQM T2`BQ/B+Biv sk

freq Q7 2�+? ;`QmTX
h?2 MmK#2` Q7 i`22b M2+2bb�`v iQ T`QpB/2 irQ iB2` �;;`2;�iBQM ;`Qrb 2tTQM2M@
iB�HHv rBi? i?2 MmK#2` Q7 ;`QmTb rBi? � bBM;H2 +QKKmMB+�iBQM T2`BQ/B+BivX h?2
mTT2` #QmM/ Q7 ;`QmTb Bb 7QmM/ r?2M �HH i?2 ;`QmTb ?�p2 /Bz2`2Mi 7`2[m2M+v
sfreqX h?2 HQr2` #QmM/ Bb �+?B2p2/ r?2M �HH i?2 ;`QmTb ?�p2 i?2 b�K2 +QK@
KmMB+�iBQM T2`BQ/B+BivX h?2 mTT2` #QmM/ `2bmHib BM i?2 KBMBKmK �KQmMi Q7
2ti2`M�H ;`QmT i`�{+- r?BH2 i?2 HQr2` #QmM/ T`Q/m+2b i?2 K�tBKmKX h?mb- i?2
:`QmT a+?2/mH2` mb2b i?2 /2H�v iQH2`�M+2 UBX2X sdelayV Q7 i?2 ;`QmTb iQ `2/m+2
i?2 MmK#2` Q7 i`22b- r?BH2 K�tBKBxBM; i?2 2ti2`M�H ;`QmT i`�{+X
h?2 /2H�v iQH2`�M+2 b2iiBM; �HHQrb i?2 :`QmT a+?2/mH2` iQ /2H�v i?2 +QKKmMB+�@
iBQM Q7 � ;`QmT- �M/ }M/ � 7mim`2 +QKKmMB+�iBQM `QmM/ r?B+? ?�b � H�`;2` MmK@
#2` Q7 +QM+m``2Mi ;`QmTbX AM Qi?2` rQ`/b- i?2 /2H�v iQH2`�M+2 �HHQrb hh�J� iQ
K�tBKBx2 i?2 MmK#2` Q7 ;`QmTb rBi? 2[m�H +QKKmMB+�iBQM T2`BQ/B+BivX A7 Bi Bb
MQi TQbbB#H2 iQ 2[m�HBx2 i?2 +QKKmMB+�iBQM T2`BQ/B+BiB2b- hh�J� �ii2KTib iQ
K�tBKBx2 i?2 MmK#2` Q7 +QM+m``2Mi ;`QmTb BM i?2 b�K2 `QmM/X
h?Bb Q++m`b- 7Q` BMbi�M+2- B7 i?2 ;`QmT A1 Bb +QM};m`2/ rBi? +QKKmMB+�iBQM
T2`BQ/B+Biv Ry �M/ i?2 iQH2`�#H2 /2H�v Bb kX h?2 ;`QmT As Bb +QM};m`2/ rBi?
+QKKmMB+�iBQM T2`BQ/B+Biv R8 �M/ i?2 iQH2`�#H2 /2H�v Bb 8X h?2 MmK#2` Q7 �;@
;`2;�iBQM i`22b M2+2bb�`v iQ T`QpB/2 irQ iB2` �;;`2;�iBQM 7Q` A1 �M/ A2 KB;?i
#2 `2/m+2/ B7 i?2 T2`BQ/B+Biv +QKKmMB+�iBQM Q7 A2 Bb /2H�v2/ #v 8 `QmM/b UBX2X
`QmM/b i?�i �`2 � KmHiBTH2 Q7 kyVX �7i2` i?Bb /2H�v- i?2 +QKKmMB+�iBQM T2`B@
Q/B+Biv Q7 A2 #2+QK2b /BpBbB#H2 #v A1X h?Bb K2�Mb i?�i 2p2`v +QKKmMB+�iBQM
`QmM/ i?�i A2 M22/b iQ +QKKmMB+�i2 Bib /�i� `2�/BM;b- A1 rBHH +QKKmMB+�i2
+QM+m``2MiHvX
amKKBM; mT- i?2 :`QmT a+?2/mH2` BM~m2M+2b irQ �bT2+ib Q7 hh�J�X h?2 }`bi
+QM+2`Mb i?2 �KQmMi Q7 2ti2`M�H ;`QmT i`�{+ �M/ +QMb2[m2MiHv i?2 2t2+miBQM Q7
T�vHQ�/ +QM+�i2M�iBQM- r?B+? +�M #2 2t2+mi2/ B7 i?2`2 Bb �i H2�bi irQ +QM+m``2Mi
;`QmTb BM � T�`iB+mH�` +QKKmMB+�iBQM `QmM/X h?2 b2+QM/ 2z2+i Q7 :`QmT a+?2/@
mH2` 7Q` hh�J� Bb i?2 MmK#2` Q7 i`22b M2+2bb�`v iQ T`QpB/2 /�i� �;;`2;�iBQM

ě 88 ě
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/m`BM; i?2 +QKKmMB+�iBQM `QmM/bX _2;�`/BM; #Qi? �bT2+ib- hh�J� }M/b +QK@
KmMB+�iBQM T2`BQ/B+BiB2b BMbB/2 i?2 /2H�v iQH2`�M+2 BMi2`p�H i?�i BM+`2�b2b i?2
2ti2`M�H ;`QmT i`�{+ �M/ `2/m+2 i?2 MmK#2` i`22bX
*QMiBMmBM; iQ bT2+B7v i?2 hh�J� +QKTQM2Mib- i?2 M2ti b2+iBQM /2i�BHb ?Qr i?2
L2irQ`F aT�MMBM; h`22b �`2 +QKTmi2/X

������� /FUXPSL 4QBOOJOH 5SFF

h?2 L2irQ`F aT�MMBM; h`22 ULahV Bb i?2 i`22 i?�i BM+Hm/2b �HH i?2 MQ/2b r?B+?
#2HQM; iQ �i H2�bi QM2 ;`QmTX �b +�M #2 Q#b2`p2/ BM �H;Q`Bi?K 9Xk- }`bi i?2
Lah +QKTmi2b � bT�MMBM; i`22 7Q` �HH i?2 M2irQ`F MQ/2bX �7i2` i?Bb- i?2 Lah
T`mM2b i?2 H2�7 MQ/2b i?�i /Q MQi #2HQM; iQ �Mv ;`QmTX h?Bb T`mMBM; +QMiBMm2b
�b HQM; �b i?2`2 Bb � H2�7 MQ/2 i?�i Bb MQi � K2K#2` Q7 �Mv ;`QmTX
h?2 T`mMBM; �TT`Q�+? Bb T`272`�#H2 r?2M i?2`2 Bb � H�`;2 MmK#2` Q7 MQ/2b i?�i
#2HQM; iQ �i H2�bi QM2 ;`QmTX Pi?2`rBb2- i?2 MmK#2` Q7 QT2`�iBQMb M22/2/ iQ
T`mM2 i?2 MQ/2b +QmH/ #2 ?B;?X Ai Bb BKTQ`i�Mi iQ MQiB+2 i?�i i?2`2 �`2 b2p2`�H
r2HH@FMQrM �TT`Q�+?2b iQ +QKTmi2 i?2 LahX �Hi?Qm;? �H;Q`Bi?K 9Xk mb2b i?2
S`BKǶb �H;Q`Bi?K (S`BK- RN8d)- Bi Bb MQi HBKBi2/ iQ i?Bb �H;Q`Bi?KX
6B;m`2 9Xe BHHmbi`�i2b �H;Q`Bi?K 9Xk- �M/ i�F2b BMiQ �++QmMi i?2 2tBbi2M+2 Q7
MQ/2b i?�i /Q MQi #2HQM; iQ �Mv ;`QmTX Ai +�M #2 Q#b2`p2/ BM 6B;m`2 9XeX� i?�i
i?2 BMBiB�H Lah BM+Hm/2b �HH i?2 M2irQ`F MQ/2bX h?mb- �7i2` i?2 T`mMBM; T`Q+2bb-
i?2 Lah QMHv BM+Hm/2b i?2 MQ/2b i?�i #2HQM; iQ �i H2�bi QM2 ;`QmTX
�b i?2 Lah Bb #�b2/ QM S`BKǶb �H;Q`Bi?K- Bi }M/b i?2 JBMBKmK aT�MMBM; h`22
Q7 i?2 2/;2@r2B;?i2/ ;`�T? G(V, A)X PM2 BKTQ`i�Mi +QKTQM2Mi Q7 �Mv 2/;2@
r2B;?i2/ bQHmiBQM Bb i?2 +Qbi 7mM+iBQM mb2/ iQ �bbB;M i?2 r2B;?ib iQ 2�+? 2/;2X
�++Q`/BM; iQ i?2 p�`B�#H2b /2}M2/ BM a2+iBQM 9XjXR- i?2 7QHHQrBM; 2[m�iBQM ;Bp2b
i?2 7mM+iBQM mb2/ iQ �bbB;M � r2B;?i iQ 2�+? 2/;2 BM i?2 M2irQ`FX

Edgeweight = Txi + Rxj

Eres(i) + Eres(j) U9XNV

AM 1[m�iBQM 9XN i?2 r2B;?i Q7 �M 2/;2 +QMbB/2`b i?2 2M2`;v M2+2bb�`v iQ +QKKm@
MB+�i2 UBX2X Tx �M/ RxV �M/ i?2 `2bB/m�H 2M2`;v BM i?2 i`�MbKBii2` �M/ `2+2Bp2`X
"v mbBM; i?2 `2bB/m�H 2M2`;v �b � /2MQKBM�iQ`- i?Bb 7mM+iBQM �bbB;Mb ?B;? r2B;?ib

�H;Q`Bi?K 9XkX L2irQ`F aT�MMBM; h`22
AMTmi , N(V, E), mbrs[]
PmiTmi, NST
R, ai�`i
k, GwID ← 0;
j, NST ← PrimAlgorithm(N(V, E), GwID);
9, r?BH2 UNotMemberLeaf(NST, mbrs[]) ≠ 0V /Q
8, NST ← pruneNotMbrLeaf(NST, mbrs[]);
e, 2M/ r?BH2
d, 1M/

ě 8e ě
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U�V h?2 BMBiB�H L2irQ`F aT�MMBM;
h`22X

U#V h?2 L2irQ`F aT�MMBM; h`22
�7i2` T`mMBM; i?2 MQM K2K#2`
H2�7 MQ/2bX

Node

Gateway

6B;m`2 9Xe, h?2 L2irQ`F aT�MMBM; h`22 +QKTmi�iBQMX

iQ i?2 2/;2b i?�i ?�p2 MQ/2b rBi? HQr `2bB/m�H 2M2`;vX �pQB/BM; i?2b2 MQ/2b Bb
Q7 +`m+B�H BKTQ`i�M+2 iQ 2ti2M/ i?2 M2irQ`F HB72iBK2- bBM+2 i?2v i2M/ iQ /2TH2i2
i?2B` 2M2`;v BM � b?Q`i T2`BQ/ Q7 iBK2X

h?2 M2ti b2+iBQM /2b+`B#2b i?2 �bT2+ib `2H�i2/ iQ i?2 hh�J� i`22b +QKTmi�@
iBQMX

������� 55"." 5SFFT

h?2 +QKTmi�iBQM Q7 hh�J� i`22b Bb K�/2 mbBM; �H;Q`Bi?K 9XjX h?Bb �H;Q`Bi?K
mb2b :`QmT a+?2/mHBM; �M/ i?2 Lah iQ }M/ i?2 b2i Q7 hh�J� i`22bX h?2 }`bi
HQQT Q7 i?2 �H;Q`Bi?K }M/b i?2 ;`QmT +QK#BM�iBQMb T`2b2Mi BM i?2 :`QmT a+?2/mH@
BM;X h?2`2 b?QmH/ #2 QM2 hh�J� i`22 7Q` 2�+? a2i Q7 *QM+m``2Mi :`QmTb- r?B+?
+�M #2 `2i`B2p2/ 7`QK i?2 :`QmT a+?2/mHBM;X

�H;Q`Bi?K 9XjX hh�J� i`22bX
AMTmi , groupScheduling[], NST
PmiTmi, ttamaTrees
R, ai�`i
k, 7Q` Uk = 0; k < groupScheduling.Size; k + +V /Q
j, groups.Add(findConcurrentGroups(groupScheduling[k]));
9, 2M/ 7Q`
8, 7Q` Ui = 0; i < groups.Size(); i + +V /Q
e, memberNodes← findMemberNodes(groups[i]);
d, sTree← NST ;
3, r?BH2 UnoMemberLeaf(sTree, memberNodes) ≠ 0V /Q
N, sTree← pruneMemberLeaf(sTree);

Ry, 2M/ r?BH2
RR, ttamaTrees.Add(sTree);
Rk, 2M/ 7Q`
Rj, 1M/

AM i?2 M2ti HQQTb- �H;Q`Bi?K 9Xj T`mM2b 7`QK i?2 Lah �HH i?2 MQ/2b i?�i �`2

ě 8d ě
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H2�p2b �M/ �`2 MQi K2K#2`b Q7 �Mv ;`QmT BM i?2 T�`iB+mH�` ;`QmT +QK#BM�@
iBQMX

6Q` BMbi�M+2- �bbmKBM; i?2 2tBbi2M+2 Q7 i?`22 ;`QmTb i?�i `2bmHib BM i?2 7QHHQrBM;
:`QmT a+?2/mHBM;, &A1, A2, A3'- &A1, A2'- &A1, A3' �M/ &A1'X h?2M- �H;Q`Bi?K
9Xj }M/b � hh�J� i`22 7Q` 2�+? ;`QmT +QK#BM�iBQMX 6B;m`2 9Xd BHHmbi`�i2b 2t@
�KTH2b Q7 hh�J� i`22bX 6B;m`2 9XdX� b?Qrb i?2 hh�J� i`22 i?�i Bb �#H2 iQ
�;;`2;�i2 i?2 i`�{+ BM i?2 +QKKmMB+�iBQM `QmM/b r?2M ;`QmTb A1, A2, A3 +QK@
KmMB+�i2 +QM+m``2MiHvX aBKBH�`Hv- i?2 i`22b BM 6B;m`2b 9XdX# �M/ 9XdX+ �;;`2;�i2
i?2 i`�{+ Q7 ;`QmTb A1, A2 �M/ A1, A3- `2bT2+iBp2HvX 6BM�HHv- i?2 hh�J� i`22
BM 9XdX/ Bb mb2/ iQ �;;`2;�i2 i?2 i`�{+ Q7 ;`QmT A1X

Group 1

Group 2

Group 3

U�V hh�J� i`22 7Q` ;`QmTb
A1, A2, A3X

U#V hh�J� i`22 7Q` ;`QmTb A1, A2X

U+V hh�J� i`22 7Q` ;`QmTb A1, A3X U/V hh�J� i`22 7Q` ;`QmT A1X

Gateway Source 
Node

Non-Source 
Node

Intra Group
Traffic

external Group
Traffic

6B;m`2 9Xd, 1t�KTH2 Q7 hh�J� i`22b i?�i �`2 �#H2 iQ �;;`2;�i2 /�i� Q7 i?`22
;`QmTbX

�7i2` T`2b2MiBM; i?2 hh�J� +QKTQM2Mib- i?2 7QHHQrBM; b2+iBQM b?Qrb i?2 T2`@
7Q`K�M+2 2p�Hm�iBQMX

����� 1FSGPSNBODF &WBMVBUJPO BOE 3FTVMUT

h?2 �BK Q7 i?Bb b2+iBQM Bb iQ 2p�Hm�i2 i?2 T2`7Q`K�M+2 Q7 hh�J� �M/ .�JB:
BM +QKT�`BbQM rBi? `2H�i2/ /�i� �;;`2;�iBQM �TT`Q�+?2bX .�i� �;;`2;�iBQM

ě 83 ě
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7Q` JmHiBTH2 :`QmTb U.�JB:V Bb i?2 }`bi b2H2+i2/ �TT`Q�+? iQ +QKT�`2 rBi?
hh�J�X h?Bb bQHmiBQM T2`7Q`Kb i?2 hrQ hB2` �;;`2;�iBQM b+?2K2 mbBM; JBM@
BKmK aT�MMBM; h`22 UJahVX aBKBH�`Hv- i?2 b2+QM/ �TT`Q�+? Bb � p2`bBQM Q7
.�JB: i?�i mb2b i?2 a?Q`i2bi S�i? h`22 UaShVX h?2 i?B`/ bQHmiBQM Bb � p2`bBQM
Q7 .�JB: i?�i #mBH/b �M AMi2`M�H :`QmT h`22 #v b2H2+iBM; i?2 T�`2Mi rBi? i?2
?B;?2bi H2p2H Q7 `2bB/m�H 2M2`;vX 6Q` +H�`B}+�iBQM- i?2 M�K2b Q7 i?2b2 bQHmiBQMb
�`2 .�JB:@Jah- .�JB:@aSh �M/ .�JB:@J�t1M2`;v- `2bT2+iBp2HvX

AM �//BiBQM iQ i?2 .�JB: p2`bBQMb- i?2 7Qm`i? bQHmiBQM Bb �M �/�Ti2/ p2`bBQM Q7
i?2 1M2`;v 1{+B2Mi aT�MMBM; i_22 U11a_VX h?2 Q`B;BM�H 11a_ /Q2b MQi T2`@
7Q`K i?2 hrQ hB2` �;;`2;�iBQM �TT`Q�+?X >2M+2- i?2 �/�Ti2/ 11a_ 7Q`r�`/b
i?2 AMi2`M�H :`QmT h`�{+ iQ i?2 M2irQ`F ;�i2r�v pB� i?2 b?Q`i2bi T�i?X Ai Bb
rQ`i? MQiBM; i?�i i?2 Q`B;BM�H 11a_ 2M2`;v +Qbi K2i`B+ r�b MQi +?�M;2/- r?B+?
K2�Mb i?�i i?2 �;;`2;�iBQM i`22b �M/ i?2 b?Q`i2bi T�i? mb2 i?2 Q`B;BM�H 11a_
2M2`;v +Qbi K2i`B+X

h?2 K�BM `2�bQM iQ +QKT�`2 hh�J� rBi? .�JB: �M/ 11a_ Bb iQ bim/v
i?2 hh�J� T2`7Q`K�M+2 2M?�M+2K2Mi r?2M Bi Bb +QKT�`2/ iQ bQHmiBQMb i?�i
T2`7Q`K irQ UBX2X .�JB:V Q` QM2@iB2` UBX2X 11a_V Q7 �;;`2;�iBQMX "2bB/2b-
i?2 /Bz2`2Mi p2`bBQMb Q7 .�JB: �HHQr iQ 7m`i?2` �TT`BKQ`�i2 i?Bb +QKT�`BbBQM-
bBM+2 2�+? .�JB: p2`bBQM +QKTmi2b i?2 AMi2`M�H :`QmT h`22 mbBM; /Bz2`2Mi
�H;Q`Bi?KbX

h?2 7QHQrBM; K2i`B+b r2`2 b2H2+i2/ iQ K2�bm`2 i?2 2M2`;v 2{+B2M+v Q7 i?2 bQHm@
iBQMb,

Ç L2irQ`F HB72iBK2, h?2 M2irQ`F HB72iBK2 Bb /2i2`KBM2/ #v +QmMiBM; i?2
MmK#2` Q7 +QKKmMB+�iBQM `QmM/b mMiBH i?2 }`bi MQ/2 /2TH2i2b Bib 2M2`;v
(E�`�Fmb 2i �HX- kyRj)X h?2 MmK#2` Q7 +QKKmMB+�iBQM `QmM/b +Q``2bTQM/b
iQ i?2 MmK#2` Q7 iBK2b �HH i?2 �+iBp2 ;`QmTb +QKKmMB+�i2 i?2B` /�i� iQ
i?2 M2irQ`F ;�i2r�vX

Ç 1M2`;v +QMbmKTiBQM, Ai K2�bm`2b i?2 2M2`;v +QMbmK2/ /m`BM; � +QK@
KmMB+�iBQM `QmM/ #�b2/ QM 1[m�iBQM 9X9X Ai Bb BKTQ`i�Mi iQ MQiB+2 i?�i
QMHv i?2 i`�{+ ;QBM; 7`QK i?2 MQ/2b iQ i?2 ;�i2r�v Bb i�F2M BMiQ �++QmMi
7Q` i?2 2M2`;v +QMbmKTiBQM K2�bm`2K2MibX Pi?2` T`QiQ+QH K2bb�;2b U2X;X
*Q�S +QM}`K�iBQMV ?�p2 MQ BKT�+i BM i?2 2M2`;v `2bQm`+2bX

h?2 *QMbi`�BM2/ �TTHB+�iBQM S`QiQ+QH U*Q�SV r�b mb2/ �b `272`2M+2 iQ +QM};@
m`2 i?2 i`�{+ Q7 i?2 T2`7Q`K�M+2 2p�Hm�iBQMX h?2 `2�bQM 7Q` i?Bb b2H2+iBQM Bb
i?�i *Q�S Bb i?2 bi�M/�`/ T`QiQ+QH 7Q` K�+?BM2@iQ@K�+?BM2 +QKKmMB+�iBQM �M/
Bi ?�b QTiBQMb- bm+? �b ;`QmT +QKKmMB+�iBQM �M/ Q#b2`p2- 2M�#HBM; i?2 2t�+i
ivT2 Q7 i`�{+ i?2 bQHmiBQMb Kmbi #2 2p�Hm�i2/X Ai Bb +QMbB/2`2/ i?�i 2�+? ;`QmT
i`�MbKBib QM2 *Q�S K2bb�;2- BM �++Q`/�M+2 rBi? i?2 +QKKmMB+�iBQM T2`BQ/@
B+BiB2bX 1�+? *Q�S K2bb�;2 ?�b � ?2�/2` Q7 Rk #vi2b- r?B+? BM+Hm/2b i?2 }2H/b,
o2`bBQM Uk #BibV- hvT2 Uk #BibV- hQF2M G2M;i? U9 #BibV- *Q/2 U3 #BibV- J2bb�;2
A. URe #BibV- �M/ hQF2M Ue9 #BibV (a?2H#v 2i �HX- kyR9)X JQ`2Qp2`- i?2 /27�mHi
*Q�S T�vHQ�/ bBx2 Bb 9 #vi2bX h?Bb T�vHQ�/ Bb mb2/ iQ biQ`2 i?2 ;`QmT A. �M/
i?2 /�i� `2�/BM;X

h?2 +QKKmMB+�iBQM T2`BQ/B+Biv Q7 2�+? ;`QmT Bb /2i2`KBM2/ #v � mMB7Q`K /Bbi`B@

ě 8N ě
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#miBQMX JQ`2Qp2`- i?2 `2bmHib r2`2 Q#i�BM2/ QM i?2 #�bBb Q7 9y b�KTH2b Q7 2�+?
b2iiBM; rBi? � +QM}/2M+2 BMi2`p�H Q7 N8WX h�#H2 9Xj T`QpB/2b 7m`i?2` BM7Q`K�iBQM
�#Qmi i?2 bBKmH�iBQMbX

h�#H2 9Xj, *QM};m`�iBQM S�`�K2i2`bX

S�`�K2i2` o�Hm2
>2�/2` aBx2 Rk "vi2b
.27�mHi S�vHQ�/ aBx2 Q7 R K2bb�;2 9 "vi2b
J�tBKmK h`�MbKBbbBQM lMBi Rkd "vi2b
*QKKmMB+�iBQM S2`BQ/B+Biv _�M/QK
1M2`;v RX3 @ kXk C
*QMbi�Mi 2elec 50t10−9

*QMbi�Mi 2amp 100t10−12

:�i2r�v SQbBiBQM *2Mi2`
L2irQ`F hQTQHQ;v :`B/ R9yK t R8yK
L2irQ`F aBx2 Ryy
LmK#2` Q7 :`QmTb R- k- 9- 8- Ry- ky- 8y- Ryy
LmK#2` Q7 :`QmT J2K#2`b Ryy- 8y- k8- ky- Ry- 8- k- R
qB`2H2bb _�M;2 jyK

AM Q`/2` iQ 2p�Hm�i2 i?2 #2M2}ib �M/ BKT�+i Q7 i?2 T`QTQb2/ b+?2K2b BM � bBKm@
H�iBQM 2MpB`QMK2Mi- i?2 bQHmiBQMb �M/ i?2 KQ/2Hb /2b+`B#2/ BM a2+iBQM 9XjXR r2`2
BKTH2K2Mi2/ BM C�p�X h?Bb bBKmH�iBQM iQQH r�b +QM+2Bp2/ Q`B;BM�HHv iQ 2p�Hm@
�i2 i?2 T2`7Q`K�M+2 Q7 .�JB:@Jah �M/ 11_a BM (_BF2` 2i �HX- kyR9�)X 6Q`
i?Bb 2p�Hm�iBQM- r2 �HbQ BKTH2K2Mi2/ .�JB:@aSh- .�JB:@J�t1M2`;v- �M/
hh�J�X h?2 bBKmH�iBQM 2MpB`QMK2Mi Bb � T`Q;`�K r?B+? `2�/b 7Q` 2p2`v bBKm@
H�iBQM �M 1ti2MbB#H2 J�`FmT G�M;m�;2 UsJGV +QM};m`�iBQM }H2- +QMi�BMBM; F2v
T�`�K2i2`b- bm+? �b BMBiB�H 2M2`;v- rB`2H2bb `�M;2- MmK#2` Q7 /2pB+2b- �M/ ;`QmT
BM7Q`K�iBQMX h?2 QmiTmi Q7 i?2 bBKmH�iBQM Bb r`Bii2M BM 2ti2`M�H }H2b- +QMi�BM@
BM; i?2 M2irQ`F HB72iBK2- i?2 2M2`;v +QMbmKTiBQM- �M/ i?2 `2bB/m�H 2M2`;vX h?2
p�HB/�iBQM Q7 i?Bb iQQH r�b +QM/m+i2/ 7Q` M2irQ`Fb ?�pBM; k8- 8y- �M/ Ryy MQ/2bX
h?2 bBKmH�iBQM iQQH �M/ i?2 BKTH2K2Mi2/ +Q/2b �`2 �p�BH�#H2 QMHBM2RX
h?2 M2irQ`F iQTQHQ;v Bb � ;`B/ Q7 R9yK t R8yK rBi? Ryy MQ/2b �M/ R ;�i2r�v
UHQ+�i2/ BM i?2 +2Mi2`VX h?2 bQHmiBQMb r2`2 2p�Hm�i2/ rBi? i?2 7QHHQrBM; MmK#2`
Q7 +QM+m``2Mi *Q�S ;`QmTb, R- k- 9- Ry- k8- 8y- �M/ RyyX h?2b2 MmK#2`b Q7
;`QmTb `2bmHi2/ BM i?2 7QHHQrBM; MmK#2` Q7 K2K#2`b 7Q` 2�+? ;`QmT, Ryy- 8y- ky-
Ry- 9- k- �M/ RX 6B;m`2 9X3 BHHmbi`�i2b i?2 MmK#2` Q7 MQ/2b �M/ i?2 b?�T2 Q7 2�+?
;`QmTX
6B;m`2 9XN b?Qrb i?2 T2`7Q`K�M+2 Q7 hh�J�- .�JB:@Jah- .�JB:@aSh-
.�JB:@J�t1M2`;v- �M/ �/�Ti2/ 11a_X hh�J� ?�b � #2ii2` T2`7Q`K�M+2
7Q` �HH Q7 i?2 *Q�S ;`QmTbX hh�J� ?�b � HQM;2` M2irQ`F HB72iBK2 #2+�mb2 i?2
`QQi MQ/2 Q7 i?2 hh�J� i`22b KB;?i #2 HQ+�i2/ QmibB/2 i?2 ;`QmTX h?Bb 72�im`2
�HHQrb hh�J� iQ ?�p2 � HQM;2` M2irQ`F HB72iBK2 r?2M i?2 ;`QmTb ?�p2 � H�`;2
MmK#2` Q7 K2K#2`bX �MQi?2` .�JB: 72�im`2 i?�i `2bmHib BM HQr2` T2`7Q`K�M+2
Bb i?2 T�i? +QKTmi�iBQM 7Q` 1ti2`M�H :`QmT h`�{+X .�JB: +`2�i2b � +QKTH2i2
;`�T?- r?2`2 i?2 2/;2b +Q``2bTQM/ iQ i?2 a?Q`i2bi S�i? #2ir22M 2p2`v T�B` Q7

R?iiTb,ff;Bi?m#X+QKf�;;aBKmH�iBQMhQQHfpRXk
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U�V R ;`QmTX U#V k ;`QmTbX U+V 9 ;`QmTbX U/V 8 ;`QmTbX

U2V Ry ;`QmTbX U7V ky ;`QmTbX U;V 8y ;`QmTbX U?V Ryy ;`QmTbX

Node CoAP Group

6B;m`2 9X3, h?2 bBKmH�i2/ *Q�S ;`QmTb BM i?2 M2irQ`FX

;`QmTbX h?Bb �TT`Q�+? /Q2b MQi T`Q/m+2 #2ii2` `2bmHib i?�M i?Qb2 Q7 hh�J�X
6Q` i?Bb `2�bQM- hh�J� �TT`Q�+? ?�b � bmT2`BQ` T2`7Q`K�M+2 iQ i?�i Q7 .�JB:
�M/ �/�Ti2/ 11a_X
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Adapted EESR

6B;m`2 9XN, L2irQ`F HB72iBK2X

"�b2/ QM /�i� /2TB+i2/ BM 6B;m`2 9XN- i?2 2tBbi2M+2 Q7 *Q�S ;`QmTb KB;?i b22K
/Bb�/p�Mi�;2Qmb- bBM+2 rBi? � bBM;H2 *Q�S ;`QmT Bb TQbbB#H2 iQ Q#i�BM i?2 HQM;2bi
M2irQ`F HB72iBK2X >Qr2p2`- rBi? � bBM;H2 *Q�S ;`QmT- S�vHQ�/ �;;`2;�iBQM
T`Q/m+2b �M Qp2`�HH /�i� `2TQ`iBM;X h?Bb �;;`2;�iBQM rBHH MQi �HHQr KmHiBTH2
*Q�S +HB2Mib iQ Q#i�BM � }M2@;`�BM2/ BM7Q`K�iBQM 7`QK i?2 `2+2Bp2/ /�i� `2TQ`ib
U2X;X i?2 �p2`�;2 i2KT2`�im`2 BM � bT2+B}+ `2;BQM Q7 i?2 M2irQ`FVX
P#b2`pBM; 6B;m`2 9XN- .�JB:@Jah- .�JB:@aSh- �M/ �/�Ti2/ 11a_ ?�p2
�HKQbi i?2 b�K2 M2irQ`F HB72iBK2 r?2M i?2 MmK#2` Q7 *Q�S ;`QmTb Bb R- k Q`
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9X >Qr2p2`- i?2b2 .�JB: bQHmiBQMb ?�p2 � #2ii2` T2`7Q`K�M+2 i?�M �/�Ti2/
11a_ r?2M i?2 MmK#2` Q7 ;`QmTb Bb ;`2�i2` i?�M 9X h?2 `2�bQM 7Q` i?Bb Bb i?�i
i?2 �/�Ti2/ 11a_ bQHmiBQM /Q2b MQi T2`7Q`K i?2 hrQ hB2` �;;`2;�iBQM b+?2K2X
h?mb- 11a_ +QKKmMB+�i2b KQ`2 1ti2`M�H :`QmT h`�{+ i?�M i?2 hh�J� �M/
.�JB: bQHmiBQMbX
AM �//BiBQM- �KQM; i?2 i?`22 .�JB: p2`bBQMb- .�JB:@J�t1M2`;v Bb i?2 bQHm@
iBQM rBi? i?2 HQM;2bi M2irQ`F HB72iBK2X h?Bb bQHmiBQM b2H2+ib i?2 T�`2Mi rBi?
?B;?2bi `2bB/m�H 2M2`;v �M/ Bb �#H2 iQ #�H�M+2 Bib 2M2`;v +QMbmKTiBQMX >Qr@
2p2`- i?2 M2irQ`F HB72iBK2 Q7 .�JB:@J�t1M2`;v Bb bBKBH�` iQ .�JB:@Jah
�M/ .�JB:@aSh r?2M i?2`2 Bb � /2+HBM2 BM i?2 K2K#2`b Q7 i?2 ;`QmTbX 6Q`
BMbi�M+2- BM i?2 +�b2 Q7 QM2 ;`QmT rBi? Ryy K2K#2`b- i?2 /Bz2`2M+2 #2ir22M
.�JB:@J�t1M2`;v �M/ i?2 �MQi?2` .�JB: p2`bBQM Bb kjXjkWX q?2M i?2`2
�`2 }p2 ;`QmTb rBi? ky K2K#2`b- i?Bb /Bz2`2M+2 Bb RR-RkWX
hQ `2/m+2 i?2 2M2`;v +QMbmKTiBQM /m`BM; 2�+? +QKKmMB+�iBQM `QmM/ Bi Bb BK@
TQ`i�Mi iQ �+?B2p2 HQM;2` M2irQ`F HB72iBK2X 6B;m`2 9XRy b?Qrb i?2 �p2`�;2 2M2`;v
+QMbmKTiBQM T2` +QKKmMB+�iBQM `QmM/X �b +�M #2 b22M- hh�J� Bb i?2 bQHmiBQM
i?�i bT2M/b H2�bi 2M2`;v T2` +QKKmMB+�iBQM `QmM/X PM i?2 Qi?2` ?�M/- �/�Ti2/
11a_ ?�b i?2 ?B;?2bi �p2`�;2 2M2`;v +QMbmKTiBQM T2` +QKKmMB+�iBQM `QmM/X
"2bB/2b- i?2 .�JB: p2`bBQMb �M/ �/�Ti2/ 11a_ i2M/ iQ BM+`2�b2 i?2 2M2`;v
+QMbmKTiBQM 2tTQM2MiB�HHv r?2M i?2 MmK#2` Q7 *Q�S ;`QmTb BM+`2�b2b- bBM+2
i?2v TQQ`Hv `2/m+2 i?2 1ti2`M�H :`QmT h`�{+ Qp2`?2�/X 6Q` BMbi�M+2- r?2M
i?2 MmK#2` Q7 *Q�S ;`QmTb +?�M;2b 7`QK R iQ 8- hh�J�- .�JB:@J�t1M2`;v
�M/ �/�Ti2/ 11a_ BM+`2�b2 BM eeW- dkW �M/ ddW i?2B` 2M2`;v +QMbmKTiBQM
T2` +QKKmMB+�iBQM `QmM/- `2bT2+iBp2HvX aBKBH�`Hv- r?2M i?2 MmK#2` Q7 *Q�S
;`QmTb +?�M;2b 7`QK 8 iQ Ryy- i?2b2 p�Hm2b �`2 R8W- jRW �M/ 3eW- `2bT2+i@
Bp2HvX
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6B;m`2 9XRy, h?2 2M2`;v +QMbmKTiBQM T2` +QKKmMB+�iBQM `QmM/X

6B;m`2 9XRR T`QpB/2b � pBbm�HBx�iBQM Q7 i?2 `2bB/m�H 2M2`;v r?2M i?2 M2irQ`F
HB72iBK2 2M/bX AM i?Bb };m`2- i?2 `2/ +QHQ` K2�Mb KBMBKmK �M/ i?2 r?Bi2 +QHQ`
K2�Mb K�tBKmK `2bB/m�H 2M2`;vX h?mb- 6B;m`2 9XRR `2p2�Hb i?�i i?2`2 Bb �
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U2V �/�Ti2/ 11a_X

6B;m`2 9XRR, h?2 +QHQ` K�T Q7 i?2 `2bB/m�H 2M2`;vX

MQiB+2�#H2 /Bz2`2M+2 #2ir22M hh�J� �M/ i?2 Qi?2` bQHmiBQMbX hh�J� ?�b
� H�`;2` �KQmMi Q7 `2bB/m�H 2M2`;v i?�M i?2 �/�Ti2` 11a_ �M/ i?2 .�JB:
p2`bBQMbX

q?BH2 6B;m`2 9XRR Bb mb27mH 7Q` pBbm�HBx�iBQM Tm`TQb2b- 6B;m`2 9XRk b?Qrb KQ`2
/2i�BHb �#Qmi i?2 �p2`�;2 `2bB/m�H �M/ +QMbmK2/ 2M2`;v UBX2X AMi2`M�H :`QmT
�M/ 1ti2`M�H :`QmT 2M2`;vV r?2M i?2 }`bi MQ/2 /2TH2i2b Bib 2M2`;vX PM QM2
?�M/- Bi +�M #2 b22M i?�i i?2 1ti2`M�H :`QmT +QKKmMB+�iBQM +QMbmK2b KQ`2
2M2`;v r?2M i?2 MmK#2` Q7 *Q�S ;`QmTb BM+`2�b2bX h?2 `2�bQM 7Q` i?Bb Bb i?�i
i?2 1ti2`M�H :`QmT h`�{+ ;`Qrb rBi? i?2 MmK#2` Q7 ;`QmTbX PM i?2 Qi?2`
?�M/- i?2`2 Bb � `2/m+iBQM BM +QMbmKTiBQM #v i?2 AMi2`M�H :`QmT r?2M i?2`2 Bb
� ;`Qri? BM i?2 MmK#2` Q7 ;`QmTbX

hrQ K�BM �bT2+ib +QMi`B#mi2 iQ i?2 b?Q`i2` M2irQ`F HB72iBK2 �M/ ?B;?2` `2bB/m�H
2M2`;v r?2M i?2 MmK#2` Q7 ;`QmTb BM+`2�b2bX S�vHQ�/ �;;`2;�iBQM `2/m+2b Bib
/�i� KQ`2 2z2+iBp2Hv i?�M S�vHQ�/ *QM+�i2M�iBQM- bBM+2 i?2 *QM+�i2M�iBQM Q7
T�vHQ�/b `2/m+2b QMHv i?2 2ti`� ?2�/2`b Q7 i?2 1ti2`M�H :`QmT h`�{+ K2bb�;2b
�M/ S�vHQ�/ �;;`2;�iBQM �`2 2t2+mi2/ QM i?2 T�vHQ�/b Q7 i?2 AMi2`M�H :`QmT
h`�{+X h?Bb K2�Mb i?�i i?2 +QMbmK2/ 2M2`;v T2` +QKKmMB+�iBQM `QmM/ Bb HQr2`
r?2M i?2 bQHmiBQMb mb2 S�vHQ�/ �;;`2;�iBQM `�i?2` i?�M *QM+�i2M�iBQMX

PM i?2 #�bBb Q7 i?2 /�i� BM 6B;m`2b 9XN �M/ 9XRk- Bi +�M #2 MQi2/ i?�i hh�J�
?�b i?2 #2bi T2`7Q`K�M+2 BM i2`Kb Q7 M2irQ`F HB72iBK2 �M/ Bb i?2 bQHmiBQM rBi?
i?2 HQr2bi 2M2`;v +QMbmKTiBQMX h?2 H�`;2 �KQmMi Q7 `2bB/m�H 2M2`;v b?QrM BM
6B;m`2 9XRk +�M #2 2tTH�BM2/ #v i?2 r2HH@FMQrM T?2MQK2MQM +�HH2/ i?2 1M2`;v
>QH2 S`Q#H2K (EH22`2FQT2` �M/ 6BH2`- kyR9)- r?B+? Q++m`b r?2M i?2 MQ/2b BM i?2
`2;BQM M2�` i?2 :�i2r�v /2TH2i2 i?2B` 2M2`;v #27Q`2 i?2 Qi?2` MQ/2bX �Hi?Qm;?
i?2 M2irQ`F ?�b- QM �p2`�;2- � H�`;2 �KQmMi Q7 `2bB/m�H 2M2`;v- /m2 iQ i?2 2M2`;v
?QH2 T`Q#H2K- i?2 MQ/2b M2�` i?2 :�i2r�v ?�p2 � H�+F Q7 `2bB/m�H 2M2`;vX
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Energy Consumption due to 
Internal Group Communication

Energy Consumption due to 
External Group Communication

Residual Energy

6B;m`2 9XRk, h?2 �p2`�;2 T2`+2Mi Q7 1ti2`M�H- AMi2`M�H- �M/ _2bB/m�H 1M2`;vX

P#b2`pBM; i?2 /�i� T`2b2Mi2/ #v 6B;m`2 9XRk- Bi Bb TQbbB#H2 iQ [m2biBQM i?2 M22/
Q7 2tBbi2M+2 Q7 i?2 AMi2`M�H :`QmT h`�{+ �;;`2;�iBQMX h?2 �`;mK2Mi 7Q` i?�i
KB;?i #2 #�b2/ QM i?2 7�+i i?�i i?2 2M2`;v +QMbmK2/ Bb HQr2bi 7Q` �HH bQHm@
iBQMb B7 QMHv i?2 1ti2`M�H :`QmT �;;`2;�iBQM Bb 2t2+mi2/- 7Q` BMbi�M+2 Ryy *Q�S
;`QmTbX >Qr2p2`- Bi Bb rQ`i? iQ Q#b2`p2 i?�i B7 QMHv i?2 1ti2`M�H :`QmT �;;`2;@
�iBQM Bb 2t2+mi2/ i?2 M2irQ`F HB72iBK2 Bb i?2 HQr2bi 7Q` �HH bQHmiBQMb Ub22 6B;m`2
9XNVX h?2`27Q`2- i?2 AMi2`M�H :`QmT h`�{+ �;;`2;�iBQM +QMi`B#mi2b iQ i?2 2M2`;v
+QMbmKTiBQM- #mi Bi 2ti2M/b i?2 M2irQ`F HB72iBK2X

6B;m`2 9XRj b?Qrb i?2 T`Q#�#BHBiv /Bbi`B#miBQM 7mM+iBQM Q7 `2bB/m�H 2M2`;v r?2M
i?2 }`bi MQ/2 /2TH2i2b Bib 2M2`;vX PM i?2 #�bBb Q7 i?2 /�i� bmTTHB2/ #v 6B;m`2
9XRj Bi Bb TQbbB#H2 iQ }M/ Qmi i?2 T2`+2Mi�;2 Q7 MQ/2b i?�i ?�p2 �i H2�bi � +2`i�BM
�KQmMi Q7 `2bB/m�H 2M2`;vX 6B;m`2b 9XRjX�- 9XRjX#- �M/ 9XRjX+ b?Qr i?�i .�JB:@
J�t1M2`;v Bb i?2 bQHmiBQM rBi? i?2 ?B;?2bi T2`+2Mi�;2 Q7 MQ/2b rBi? HQr `2bB/m�H
2M2`;v r?2M i?2 MmK#2` Q7 *Q�S ;`QmTb Bb R- k- �M/ 9X h?Bb #2?�pBQ` +?�M;2b
r?2M i?2 MmK#2` Q7 *Q�S ;`QmTb Bb 8- Ry- ky- 8y �M/ Ryy- bBM+2 .�JB:@
J�t1M2`;v �M/ i?2 Qi?2` .�JB: p2`bBQMb ?�p2 �HKQbi i?2 b�K2 p�Hm2bX

JQ`2Qp2`- 6B;m`2 9XRj b?Qrb i?�i hh�J� ?�b i?2 HQr2bi T2`+2Mi�;2 Q7 MQ/2b
rBi? HQr `2bB/m�H 2M2`;v- 2t+2Ti 7Q` i?2 +�b2 Q7 R *Q�S ;`QmTX AM bQK2 +�b2b
U2X;X Ry- ky- �M/ 8y *Q�S ;`QmTbV- i?2 �/�Ti2/ 11a_ Bb i?2 bQHmiBQM i?�i
�TT`QtBK�i2b KQbi +HQb2Hv iQ hh�J�X >Qr2p2`- i?2 T2`7Q`K�M+2 Q7 �/�Ti2/
11a_ BM i2`Kb Q7 M2irQ`F HB72iBK2 Bb rQ`b2 i?�M hh�J�X h?mb- i?2 ;QQ/ p�Hm2b
�+?B2p2/ #v �/�Ti2/ 11a_ BM i2`Kb Q7 `2bB/m�H 2M2`;v �`2 MQi `2~2+i2/ BM i?2
T`BK�`v ;Q�H- r?B+? Bb i?2 M2irQ`F HB72iBK2X

h?2 M2ti b2+iBQM T`2b2Mib i?2 QTiBKBx�iBQM KQ/2H /2p2HQT2/ iQ }M/ i?2 K�t@
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U?V Ryy *Q�S :`QmTbX

6B;m`2 9XRj, h?2 T`Q#�#BHBiv /Bbi`B#miBQM 7mM+iBQM Q7 i?2 `2bB/m�H 2M2`;v r?2M
i?2 }`bi MQ/2 /2TH2i2b Bib 2M2`;vX

ě e8 ě
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BKmK M2irQ`F HB72iBK2 Q7 hrQ hB2` �;;`2;�iBQMX

��� /FUXPSL -JGFUJNF 6QQFS #PVOE

h?Bb b2+iBQM T`2b2Mib i?2 K�i?2K�iB+�H KQ/2H iQ QTiBKBx2 i?2 hrQ hB2` �;;`2;@
�iBQMX h?2 K�BM Q#D2+iBp2 Q7 i?2 T`QTQb2/ QTiBKBx�iBQM KQ/2H Bb iQ Q#i�BM �M
mTT2` #QmM/ Q7 i?2 M2irQ`F HB72iBK2 �M/ +QKT�`2 Bi rBi? /Bz2`2Mi bi�i2@Q7@i?2@
�`i ?2m`BbiB+ bQHmiBQMbX
h?2 hrQ hB2` �;;`2;�iBQM Uhh�V �TT`Q�+? BMb2`ib K�Mv T�vHQ�/b BM QM2 K2b@
b�;2 iQ 2{+B2MiHv ;�i?2` /�i� 7`QK KmHiBTH2 ;`QmTbX h?2 +m``2Mi ?2m`BbiB+b 7Q`
i?2 hh� /Q MQi ;m�`�Mi22 i?2 QTiBK�H `2bmHib BM i2`Kb Q7 M2irQ`F HB72iBK2- BM
K�Mv +�b2b i?2v +�M T2`7Q`K TQQ`HvX h?2`27Q`2- � KQ/2H i?�i QTiBKBx2b i?2
M2irQ`F HB72iBK2 Q7 hh� Bb p2`v BKTQ`i�Mi iQ T`QpB/2 � T2`7Q`K�M+2 #2M+?K�`F
7Q` i?2 ?2m`BbiB+bX :Bp2M i?2 7�+i 7Q`KmH�iBQM Bb +2Mi`�HBx2/- r?B+? /2K�M/b BM@
7Q`K�iBQM �#Qmi i?2 M2irQ`F bi�imb- Bi Bb MQi `2+QKK2M/2/ iQ #2 BKTH2K2Mi2/
BM `2�H M2irQ`FbX L2p2`i?2H2bb- i?2 T`QTQb2/ KQ/2H Bb biBHH � p�Hm�#H2 �TT`Q�+?
7Q` �M�HvbBb �M/ +QKT�`BbQM T2`7Q`K�M+2X
h?2 QTiBKBx�iBQM Q7 hh� Bb 7Q`KmH�i2/ �b � H2tB+Q;`�T?B+ KmHiB@Q#D2+iBp2 AMi2;2`
GBM2�` S`Q;`�K UAGSV i?�i Bb �#H2 iQ }M/ i?2 M2irQ`F ~Qrb i?�i �+?B2p2 i?2
mTT2` #QmM/ Q7 i?2 M2irQ`F HB72iBK2X h?Bb 7Q`KmH�iBQM Bb T`QTQb2/ +QMbB/2`BM;
bBM;H2 �M/ KmHiBTH2 bBMFb QM i?2 M2irQ`FX
h?Bb b2+iBQM Bb bi`m+im`2/ �b 7QHHQr2/X a2+iBQMb 9X9XR T`2b2Mib i?2 M2irQ`F KQ/2H
�M/ i?2 T`Q#H2K bi�i2K2MiX a2+iBQMb 9X9Xk �M/ 9X9Xj T`2b2Mi i?2 KQ/2H 7Q`KmH�@
iBQM +QMbB/2`BM; bBM;H2 �M/ KmHiBTH2 bBMFb- `2bT2+iBp2HvX a2+iBQM 9X9X9 /2b+`B#2b
i?2 Q#i�BM2/ `2bmHibX

ě ee ě
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ij,i i,j'

in-arc out-arc

gik: Group K

Ei:  Energy Reserve

Node

�V LQ/2 i Q7 i?2 :`�T?X

4

1 2

5

3

s

1,2 2,3

2,52,4

4,5
5,s

3,5
3,s

Group 1

Group 2
g21=1
g22=0

g51=0
g52=1

#V 1t�KTH2X

6B;m`2 9XR9, AHmbi`�iBQM Q7 i?2 :`�T? JQ/2HX

����� /FUXPSL .PEFM BOE 1SPCMFN 4UBUFNFOU

h?2 M2irQ`F Bb KQ/2H2/ �b � /B`2+i2/ ;`�T? G(V, A)- r?2`2 V = {1, 2, ..., n}
Bb i?2 b2i Q7 MQ/2b �M/ A = {(i, j)|i, j ∈ V } Bb i?2 b2i Q7 �`+bX h?2 M2irQ`F
?�b � bBM;H2 bBMF MQ/2- /2MQi2/ #v s ∈ V - r?B+? Bb i?2 }M�H /2biBM�iBQM Q7 �HH
K2bb�;2bX 6Q` bBKTHB+Biv- i?2 b2i Q7 `2;mH�` MQ/2b UBX2X MQM@bBMF MQ/2bV Bb /2MQi2/
�b N = V − {s}X AM �//BiBQM- 2�+? MQ/2 i ?�b �M 2M2`;v `2b2`p2 /2MQi2/ #v
Ei- �M/ i?2 KQMBiQ`BM; ;`QmTb �`2 /2MQi2/ #v S = {1, 2, ..., k}X h?2 7QHHQrBM;
#BM�`v p�Hm2b BM/B+�i2 i?2 ;`QmT i?�i � MQ/2 i #2HQM;b iQ,

gik =
{

1 B7 MQ/2 i #2HQM;b iQ ;`QmT k
0 Qi?2`rBb2

6B;m`2 9XR9 BHHmbi`�i2b i?2 ;`�T? KQ/2H mb2/X 6B;m`2 9XR9X� b?Qrb i?2 �`+b Q7 �
MQ/2 i- �M/ 6B;m`2 9XR9X# T`2b2Mib �M 2t�KTH2 Q7 � ;`�T? rBi? 8 MQ/2b �M/ �
bBMFX �b +�M #2 Q#b2`p2/- MQ/2b R- k- 9 #2HQM; iQ ;`QmT R- r?BH2 MQ/2b j �M/ 8
#2HQM; iQ ;`QmT kX

�++Q`/BM; iQ 1[m�iBQM 9X8- LG = KBM∀i∈NLi- i?2 T`Q#H2K Q7 K�tBKBxBM; i?2
HB72iBK2 +�M #2 M�K2/ �b i?2 J�t@GB72iBK2 hh� S`Q#H2KX 6`QK i?2 K�i?@
2K�iB+�H T2`bT2+iBp2- i?2 J�t@GB72iBK2 hh� S`Q#H2K Bb bQHp2/ #v i?2 b2i Q7
M2irQ`F ~Qrb i?�i �+?B2p2b i?2 K�tBKmK M2irQ`F HB72iBK2 �M/ /Q2b MQi pBQH�i2
i?2 `mH2b Q7 T�vHQ�/ �;;`2;�iBQM �M/ +QM+�i2M�iBQM /2}M2/ #v i?2 hrQ hB2` �;@
;`2;�iBQM �TT`Q�+?X h?Bb T`Q#H2K +�M #2 bQHp2/ #v K�tBKBxBM; i?2 KBMBKmK
LiX :Bp2M i?�i �HH T`Q/m+2/ i`�{+ ?�b iQ #2 +QKKmMB+�i2/ Qp2` i?2 M2irQ`F- i?2
bQHmiBQM 7Q` i?2 J�t@GB72iBK2 hh� S`Q#H2K Bb i?2 M2irQ`F ~Qr i?�i K�tBKBx2b
i?2 T�vHQ�/ T`Q/m+iBQM UBX2X NLVX

h?2 7QHHQrBM; b2+iBQM QmiHBM2b i?2 7Q`KmH�iBQM Q7 i?2 K�i?2K�iB+�H KQ/2HX

����� *OUFHFS -JOFBS 1SPHSBNNJOH 'PSNVMBUJPO

h?2 MmK#2` Q7 F@;`QmT T�vHQ�/b i`�p2HBM; Qp2` i?2 �`+ UB-DV Bb `2T`2b2Mi2/ #v
TBDFX "2bB/2b- �b Bi Bb MQi M2+2bb�`v iQ B/2MiB7v i?2 ?2�/2`b BM i2`Kb Q7 ;`QmTb-
i?2 MmK#2` Q7 ?2�/2`b i`�p2HBM; Qp2` �M �`+ UB-DV Bb /2MQi2/ #v ?BDX

ě ed ě
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a2iiBM; � /27�mHi bBx2 7Q` T�vHQ�/b �M/ ?2�/2`b- Bi Bb TQbbB#H2 iQ /2}M2 >it �M/
Sit �b i?2 i`�MbKBbbBQM 2M2`;v 7Q` � MQ/2 B iQ i`�MbKBi � bBM;H2 ?2�/2` �M/
� bBM;H2 T�vHQ�/- `2bT2+iBp2HvX aBKBH�`Hv- >`t �M/ S`t +�M #2 /2}M2/ �b i?2
2M2`;v M22/2/ 7Q` MQ/2 B iQ `2+2Bp2 � bBM;H2 ?2�/2` �M/ � bBM;H2 T�vHQ�/ QM �`+
UB-DV- `2bT2+iBp2HvX h�#H2 9X9 bmKK�`Bx2b i?2 bvK#QHb `2H�i2/ iQ i?2 QTiBKBx�iBQM
KQ/2HX

h�#H2 9X9, .2}MBiBQM Q7 i2`KbX

avK#QH .2}MBiBQM
Ei AMBiB�H 2M2`;v Q7 MQ/2 i ∈ N X
pijk LmK#2` Q7 k@;`QmT T�vHQ�/b i`�p2HHBM; Qp2` i?2 �`+ (i, j)X
hij LmK#2` Q7 ?2�/2`b i`�p2HHBM; Qp2` �M �`+ (i, j)X
>it 1M2`;v +QMbmK2/ iQ i`�MbKBi � bBM;H2 ?2�/2`X
Sit 1M2`;v +QMbmK2/ iQ i`�MbKBi � bBM;H2 T�vHQ�/X
>`t 1M2`;v +QMbmK2/ iQ `2+2Bp2 � bBM;H2 ?2�/2`X
S`t 1M2`;v +QMbmK2/ iQ `2+2Bp2 � bBM;H2 T�vHQ�/X
htb2imT 1M2`;v bT2Mi `2H�i2/ iQ i?2 *aJ� �M/ **� T`Q+2/m`2bX
EbHT 1M2`;v +QMbmK2/ T2` +QKKmMB+�iBQM `QmM/ BM bH22TBM; bi�i2X
1*Sl 1M2`;v bT2Mi #v i?2 *Sl iQ T2`7Q`K �;;`2;�iBQM QM � bBM;H2 T�vHQ�/X

1[m�iBQM 9XRy /2}M2b i?2 2M2`;v +QMbmK2/ #v � MQ/2 i ∈ N `2;�`/BM; i?2
+QKKmMB+�iBQM Q7 /�i�X Ai Bb BKTQ`i�Mi iQ MQiB+2 i?�i 1[m�iBQM 9XRy �HbQ BM+Hm/2b
htb2imT �b i?2 2M2`;v +QMbmK2/ iQ b2imT rB`2H2bb i`�MbKBbbBQMbX htb2imT +�Tim`2b
i?2 2M2`;v +QMbmKTiBQM BMpQHp2/ BM i?2 i�bFb #27Q`2 i?2 i`�MbKBbbBQM- r?B+?
BM+Hm/2 i?2 2M2`;v iQ T2`7Q`K *�``B2` a2Mb2 JmHiBTH2 �++2bb U*aJ�V #�+F Qz-
*?�MM2H *H2�` �bb2bbK2Mi U**�V /2i2+iBQM- �M/ i?2 +?�M;2 7`QK _t U**�V iQ
ht KQ/2X a2+iBQM 9X9X9 7m`i?2` /2b+`B#2b i?2 p�Hm2b �bbB;M2/ iQ �HH T�`�K2i2`b
mb2/ BM i?2 2M2`;v KQ/2H 2[m�iBQMb- BM+Hm/BM; 1*Sl- htb2imT- >it- >`t- Sit- S`t-
�M/ EbHTX

1+QKKi =
∑

j:(i,j)∈A

hij(htb2imT + Htx) +
∑

j:(i,j)∈A

∑

k∈S

pijkPtx +
∑

j:(j,i)∈A

hjiHrx+

∑

j:(j,i)∈A

∑

k∈S

pjikPrx U9XRyV

� MQ/2 �HbQ +QMbmK2b 2M2`;v T2`7Q`KBM; *Sl QT2`�iBQMb iQ �;;`2;�i2 /�i�- �b
T`2b2Mi2/ BM 1[m�iBQM 9XkX

1�;;i =
∑

j:(j,i)∈A

∑

k∈S

pjikgik1*Sl U9XkV

>2�/2` �;;`2;�iBQM Bb MQi BM+Hm/2/ BM 1[m�iBQM 9Xk- bBM+2 �HH ?2�/2`b `2+2Bp2/
#v � MQ/2 i �`2 /`QTT2/X h?2 iQi�H 2M2`;v bT2Mi Q7 MQ/2 i QM bH22TBM; KQ/2 Bb
1bH22Ti- �M/ Bi Bb +QKTmi2/ �b 7QHHQrb,

ě e3 ě
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1bH22Ti = LG 1bHT U9XjV

>2`2- EbHT Bb � i2`K i?�i `2T`2b2Mib i?2 �KQmMi Q7 2M2`;v T2` +QKKmMB+�iBQM
`QmM/ bT2Mi QM F22TBM; i?2 *Sl BM HQr TQr2` KQ/2 �M/ i?2 i`�Mb+2Bp2` Bb
im`M2/ QzX AM 1[m�iBQM 9Xj- EbHT Bb KmHiBTHB2/ #v LG #2+�mb2 Bi Bb i?2 MmK#2`
Q7 +QKKmMB+�iBQM `QmM/bX

6BM�HHv- i?2 iQi�H 2M2`;v +QMbmKTiBQM Q7 � MQ/2 i ∈ N Bb /2}M2/ BM 1[m�iBQM
9X9X

LbT2Mii =
*QKKmMB+�iBQM︷ ︸︸ ︷

1+QKKi +
�;;`2;2;�iBQM
︷ ︸︸ ︷
1�;;i +

aH22T KQ/2
︷ ︸︸ ︷
1bH22Ti U9X9V

EMQrBM; i?2 T�`iB+mH�` 2M2`;v +QMbmKTiBQM Q7 2�+? MQ/2 U;Bp2M BM 1[m�iBQM
9X9V- 1a /2MQi2b i?2 2M2`;v bT2Mi #v i?2 M2irQ`F- �M/ Bb /2}M2/ BM 1[m�iBQM
9X8X

1a =
n∑

i=1
LbT2Mii U9X8V

"2bB/2b- Bi Bb M2+2bb�`v 7Q` i?2 AGS 7Q`KmH�iBQM iQ /2}M2 � i2`K- λ- i?�i T`Q/m+2b
p�Hm2b H2bb i?�M R r?2M Bi Bb KmHiBTHB2/ #v 1aX h?mb- λ Bb /2}M2/ �b,

λ = 1
1 +∑n

i=1 1i
U9XeV

GB72iBK2@QTiBK�H bQHmiBQMb KB;?i /Bz2` rBi? `2bT2+i iQ M2irQ`F 2M2`;v +QM@
bmK2/- ;Bp2M #v 1aX

*QMbB/2`BM; irQ HB72iBK2@QTiBK�H bQHmiBQMb- S∗
1 �M/ S∗

2 - i?2 M2irQ`F 2M2`;v +QM@
bmK2/ `2bmHiBM; 7`QK S∗

1 KB;?i #2 ?B;?2` i?�M S∗
2 X h?mb- max LG /Q2b MQi

;m�`�Mi22 i?�i i?2 bQHmiBQMb 7QmM/ �`2 i?2 QM2b i?�i +QMbmK2 i?2 KBMBKmK M2i@
rQ`F 2M2`;v �KQM; �HH HB72iBK2@QTiBK�H bQHmiBQMbX AM Q`/2` iQ ;m�`�Mi22 #Qi?
Q#D2+iBp2b- r2 7Q`KmH�i2 i?Bb T`Q#H2K mbBM; � H2tB+Q;`�T?B+ KmHiB@Q#D2+iBp2 �T@
T`Q�+?X h?2 T`BK�`v Q#D2+iBp2 Bb iQ K�tBKBx2 LG- r?BH2 i?2 b2+QM/�`v Q#D2+iBp2
Bb iQ KBMBKBx2 i?2 M2irQ`F 2M2`;v +QMbmKTiBQMX h?2 b2+QM/�`v Q#D2+iBp2 +�M
#2 �+?B2p2/ #v b2iiBM; λ1a �b T2M�Hiv i2`K BM i?2 Q#D2+iBp2 7mM+iBQMX h?Bb i2`K
rBHH #2 � b2+QM/�`v Q#D2+iBp2 #2+�mb2 Bi rBHH �Hr�vb #2 H2bb i?�M R- r?BH2 LG
Bb �M BMi2;2` ;`2�i2` i?�M Q` 2[m�H iQ RX h?2`27Q`2- /2}MBM; i?2 Q#D2+iBp2 �b
max LG− λ1a- LG #2+QK2b T`272``2/ Qp2` λ1aX

1[m�iBQM 9Xd /2}M2b i?2 KmHiB@Q#D2+iBp2 7mM+iBQM �b i?2 M2irQ`F HB72iBK2- iQ
#2 K�tBKBx2/- T2M�HBx2/ #v λ1a- H2�/BM; iQ � 7Q`KmH�iBQM i?�i KBMBKBx2b i?2
M2irQ`F 2M2`;v +QMbmKTiBQM �KQM; �HH HB72iBK2@QTiBK�H +QM};m`�iBQMbX h?2
+QMbi`�BMib BM 1[m�iBQM 9X3 KQ/2H i?2 7�+i i?�i i?2 iQi�H 2M2`;v +QMbmK2/ #v �
MQ/2 i Kmbi #2 H2bb i?�M Q` 2[m�H iQ Bib 2M2`;v `2b2`p2 EiX

ě eN ě
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max LG− λ1a U9XdV
am#D2+i iQ,

LbT2Mii ≤ Ei, ∀i ∈ N U9X3V
∑

j:(i,j)∈A

pijk = LG, ∀i ∈ N, ∀k ∈ S : gik = 1

U9XNV
hij ≥ pijk, ∀(i, j) ∈ A, ∀k ∈ S U9XRyV

∑

j:(i,j)∈A

∑

k∈S

pijk(1− gik) =
∑

j:(j,i)∈A

∑

k∈S

pjik(1− gik), ∀i ∈ N U9XRRV

∑

u:(u,s)∈A

pusk ≥ LG, ∀k ∈ S U9XRkV

pijk = 0, ∀i, j ∈ N, ∀k ∈ S : gjk = 1 ∧ gik = 0
U9XRjV

LG ∈ Z+, U9XR9V
hij , pijk ∈ Z+, ∀(i, j) ∈ A, ∀k ∈ S U9XR8V

h?2 +QMbi`�BMib BM 1[m�iBQM 9XN �`2 `2H�i2/ iQ i?2 T�vHQ�/ �;;`2;�iBQM 2t2+mi2/
QM AMi2`M�H :`QmT h`�{+X h?2b2 +QMbi`�BMib 2Mbm`2 i?�i 2�+? MQ/2 i T`Q/m+2b-
BM i?2 +Qm`b2 Q7 Bib HB72iBK2- �HH T�vHQ�/b #2HQM;BM; iQ ;`QmT k UiQ r?B+? MQ/2
i #2HQM;bV i?�i i`�p2H Qp2` i?2 �`+b Q`B;BM�iBM; BM i?�i MQ/2X h?Bb K2�Mb i?�i
pijk Bb MQi �z2+i2/ #v i?2 MmK#2` Q7 T�vHQ�/b Q7 i?2 b�K2 ;`QmT �``BpBM; 7`QK
Qi?2` MQ/2b- bBM+2 T�vHQ�/ �;;`2;�iBQM 7mM+iBQMb T`Q/m+2 � bBM;H2 QmiTmi p�Hm2-
`2;�`/H2bb Q7 i?2 MmK#2` Q7 BMTmibX

Ai Q++m`b #2+�mb2 2�+? MmK2`B+ p�Hm2 i�F2M �b BMTmi Q7 i?2 T�vHQ�/ �;;`2;�iBQM
7mM+iBQM Bb /2}M2/ �b � T`BKBiBp2 /�i�ivT2- bQ #Qi? i?2 BMTmi �M/ i?2 QmiTmi
p�Hm2b ?�p2 � }t2/ MmK#2` Q7 #BibX 6Q` � ;Bp2M b2i Q7 BMTmi MmK#2`b /2}M2/ �b
jk@#Bi 6HQ�i- i?2 T�vHQ�/ �;;`2;�iBQM 7mM+iBQM rBHH T`Q/m+2 � bBM;H2 jk@#Bi 6HQ�i
MmK#2` �b `2bmHiX

h?2 +QMbi`�BMib BM 1[m�iBQM 9XRy bi�i2 i?�i i?2 MmK#2` Q7 ?2�/2`b i`�p2HHBM; QM
�M �`+ (i, j) ∈ A- r?B+? Bb ;Bp2M #v hij- Kmbi #2 ;`2�i2` i?�M Q` 2[m�H iQ i?2
;`2�i2bi T�vHQ�/ Q7 ;`QmT k i`�p2HHBM; QM i?Bb �`+- BX2X pijkX Ai Bb BKTQ`i�Mi iQ
MQi2 i?�i i?2b2 +QMbi`�BMib /Q MQi 2Mbm`2 i?�i i?2 MmK#2` Q7 ?2�/2`b Bb KBMBK�HX
>Qr2p2`- /m2 iQ i?2 2M2`;v +QMbmKTiBQM T2M�Hiv i2`K BM i?2 Q#D2+iBp2 7mM+iBQM-
i?2 MmK#2` Q7 ?2�/2`b BM i?2 }M�H bQHmiBQM rBHH #2 �b bK�HH �b TQbbB#H2 7Q` i?2
+Q``2bTQM/BM; MmK#2` Q7 T`Q/m+2/ T�vHQ�/bX

h?2 +QMbi`�BMib BM 1[m�iBQM 9XRR 2M7Q`+2 i?�i 2�+? MQ/2 i i`�MbKBib iQ Bib M2B;?@
#Q`b �HH i?2 T�vHQ�/b `2+2Bp2/ #v i i?�i r2`2 T`Q/m+2/ BM �MQi?2` ;`QmT UBX2X
r?2M gik = 0VX >2M+2- i?2b2 +QMbi`�BMib +QMb2`p2 i?2 T�vHQ�/b T`Q/m+2/ #v
2ti2`M�H ;`QmTb- �pQB/BM; i?�i MQM@K2K#2` MQ/2b T2`7Q`K T�vHQ�/ �;;`2;�@
iBQMX

h?2 +QMbi`�BMib BM 1[m�iBQM 9XRk 2Mbm`2 � KBMBKmK MmK#2` Q7 T�vHQ�/b /2@

ě dy ě
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HBp2`2/ iQ i?2 bBMF MQ/2X h?2b2 +QMbi`�BMib BKTQb2 i?�i i?2 MmK#2` Q7 k@;`QmT
T�vHQ�/b /2HBp2`2/ iQ i?2 bBMF Bb ;`2�i2` i?�M Q` 2[m�H iQ LG- r?B+? rQmH/
+Q``2bTQM/ iQ i?2 K�tBKmK T�vHQ�/ �;;`2;�iBQMX "2bB/2b- i?2 +QMbi`�BMib BM
1[m�iBQM 9XRj 2tBbi iQ �pQB/ T�vHQ�/ HQQTb Qp2` i?2 ;`QmTbX h?2b2 +QMbi`�BMib
bi�i2 i?�i � k@;`QmT MQ/2 j UBX2X gjk = 1V +�MMQi `2+2Bp2 k@;`QmT T�vHQ�/b 7`QK
� MQ/2 i i?�i /Q2b MQi #2HQM; iQ k UBX2X gik = 0VX 6BM�HHv- i?2 +QMbi`�BMib BM
1[m�iBQM 9XR9 �M/ 9XR8 `2[mB`2 i?�i i?2 p�`B�#H2b LG- pijk �M/ hij �`2 �HH BMi2;2`b
;`2�i2` i?�M Q` 2[m�H iQ x2`QX

Ai Bb BKTQ`i�Mi iQ MQiB+2 i?�i i?2 HBi2`�im`2 +H�bbB}2b � GBM2�` S`Q;`�K �b AMi2;2`
GBM2�` S`Q;`�K r?2M �HH /2+BbBQM p�`B�#H2b Kmbi #2 BMi2;2`b ("`�/H2v 2i �HX-
RNdd)X A7 bQK2- #mi MQi �HH- p�`B�#H2b �`2 `2bi`B+i2/ iQ #2 BMi2;2`- Bi Bb +�HH2/
JBt2/ AMi2;2` GBM2�` S`Q;`�KX AM i?2 +�b2 Q7 Qm` 7Q`KmH�iBQM- �HH /2+BbBQM
p�`B�#H2b �`2 BMi2;2`- i?2`27Q`2 Bi Bb +�HH2/ AMi2;2` GBM2�` S`Q;`�KX AM bQK2
T�`ib- i?2 T`QTQb2/ 7Q`KmH�iBQM Bb MQi `2bi`B+i2/ iQ #2 BMi2;2` U2X;X Ei �M/
LbT2MiiV- #mi i?2 /2+BbBQM p�`B�#H2b +QMiBMm2 iQ #2 BMi2;2`X

4

5

2

3

Monitornig
Group 1

1 6s

6B;m`2 9XR8, AGS bQHmiBQM 2t�KTH2X

6B;m`2 9XR8 BHHmbi`�i2b �M QTiBK�H bQHmiBQM Q#i�BM2/ 7`QK i?2 T`QTQb2/ AGS-
+QMbB/2`BM; � M2irQ`F +QKTQb2/ Q7 bBt MQ/2b �M/ QM2 bBMFX h?2 MQ/2b �TTHv
S�vHQ�/ �;;`2;�iBQM QM i?2 T�vHQ�/b Q7 i?2 AMi2`M�H :`QmT h`�{+ �M/ `2KQp2
i?2 `2/mM/�Mi ?2�/2`b 7`QK i?2 K2bb�;2b Q`B;BM�iBM; BM 2ti2`M�H ;`QmTbX h?2 2t@
Bbi2M+2 Q7 irQ ;`QmTb +`2�i2b i?`22 +QKKQ/BiB2b BM i?2 M2irQ`F- M�K2Hv T�vHQ�/b
Q`B;BM�iBM; BM ;`QmTb R �M/ k- �M/ ?2�/2`bX LQ/2b R �M/ e /Q MQi +QKKmMB+�i2
rBi? 2ti2`M�H ;`QmTb- r?BH2 MQ/2b k- j- 9- �M/ 8 T2`7Q`K 2ti2`M�H ;`QmT +QKKm@
MB+�iBQMX h�FBM; MQ/2 8 �b 2t�KTH2- Bi `2+2Bp2b ky T�vHQ�/b Q`B;BM�iBM; BM ;`QmT
R 7`QK MQ/2 j- T`Q/m+2b 33 T�vHQ�/b- +QKKmMB+�iBM; � iQi�H Q7 Ry3 T�vHQ�/b �M/
33 ?2�/2`bX Ai K2�Mb i?�i MQ/2 8 �bb2K#H2/ ky K2bb�;2b rBi? k T�vHQ�/bX

h?2 M2ti b2+iBQM BMi`Q/m+2b i?2 M2+2bb�`v +?�M;2b BM i?2 KQ/2H iQ +QMbB/2` i?2
+�b2 Q7 KmHiBTH2 bBMFbX

ě dR ě
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L2irQ`Fb ?�pBM; KmHiBTH2 bBMFb �`2 �M BKTQ`i�Mi b+2M�`BQ- 2bT2+B�HHv 7Q` H�`;2
b+�H2 KQMBiQ`BM; T2`BQ/B+ �TTHB+�iBQMbX PM2 Q7 i?2 �/p�Mi�;2b Q7 KmHiBTH2 bBMFb
Bb i?�i i?2 M2irQ`F ?�b KQ`2 i?�M QM2 +QMM2+iBQM rBi? i?2 +Q`2 M2irQ`F- K�F@
BM; i?2 /�i� +QKKmMB+�iBQM KQ`2 `2HB�#H2X "2bB/2b- KmHiBTH2 bBMFb KBiB;�i2 i?2
+QKKmMB+�iBQM #QiiH2M2+F i?�i Q++m`b r?2M i?2`2 Bb � bBM;H2 bBMF Qp2` i?2 M2i@
rQ`FX
hQ QTiBKBx2 i?2 M2irQ`F HB72iBK2 mbBM; hh� BM KmHiBTH2 bBMFb M2irQ`Fb- i?2
QTiBKBx�iBQM KQ/2H b?QmH/ +QMbB/2` � b2i Q7 bBMFb �b }M�H /2biBM�iBQM- r?B+? Bb
/2MQi2/ �b a = {s1, s2, ..., sw}X h?mb- � K2bb�;2b ;QBM; Qmi � T�`iB+mH�` MQ/2 ?�b
KmHiBTH2 bBMFb QTiBQMb iQ #2 b2Mi- #mi QMHv QM2 bBMF Bb b2H2+i2/ �b /2biBM�iBQM-
r?B+? K2�Mb i?�i i?2 b�K2 K2bb�;2 Bb MQi `2+2Bp2/ #v KmHiBTH2 bBMFbX EMQrBM;
i?Bb- i?2 M2r p2`bBQM Q7 i?2 1[m�iBQM RR b?QmH/ +QMbB/2` �HH sm ∈ S- �b Bi Bb
T`2b2Mi2/ BM 1[m�iBQM 9XRe,

∑

sm∈S

∑

u:(u,sm)∈A

pusmk ≥ LG, ∀k ∈ S U9XReV

h?Bb M2r +QMbi`�BMi bi�i2b i?�i T�vHQ�/b /2HBp2`2/ iQ �HH bBMFb rBHH +QmMi �b p�HB/
T�vHQ�/ +QKKmMB+�iBQMX aT2+B�H �ii2MiBQM b?QmH/ #2 ;Bp2M iQ i?Bb +QMbi`�BMi
bBM+2 Bi +�M #2 2�bBHv KBbmM/2`biQQ/X 1[m�iBQM 9XRe 2Mbm`2b i?�i i?2 MmK#2` Q7
T�vHQ�/b /2HBp2`2/ iQ �Mv bBMF Kmbi #2 2[m�H Q` ;`2�i2` i?�M i?2 LGX �b LG
4 KBM Li- i?2 +QMbi`�BMib BM 1[m�iBQM 9XRe 2Mbm`2 i?�i i?2 bBMFb +�MMQi `2+2Bp2
H2bb i?�M i?2 KBM Li- bBM+2 KBM Li Bb i?2 H2�bi MmK#2` Q7 T`Q/m+2/ T�vHQ�/bX
6Q` BMbi�M+2- i?2 +QMbi`�BMib BM 1[m�iBQM 9XRe 7Q`+2 i?2 bBMFb iQ `2+2Bp2 �i H2�bi
QM2 T�vHQ�/ 7`QK 2�+? ;`QmT F BM � +QKKmMB+�iBQM `QmM/ cX AM bQK2 +�b2b-
/2T2M/BM; QM i?2 H�vQmi �M/ i?2 bBx2 Q7 i?2 ;`QmT F- i?2 bBMFb rBHH `2+2Bp2 KQ`2
i?�M QM2 T�vHQ�/ 7`QK ;`QmT k BM � +QKKmMB+�iBQM `QmM/ cX
h?Bb +QMbi`�BMi �HbQ BM~m2M+2b i?2 H2p2H Q7 i?2 T�vHQ�/ �;;`2;�iBQM T2`7Q`K2/
QM i?2 AMi2`M�H :`QmT h`�{+X Ai Bb rQ`i? iQ Q#b2`p2 i?�i 1[m�iBQM 9XRe HBKBib
i?2 K�tBKmK �;;`2;�iBQM H2p2H �HHQr2/ QM i?2 AMi2`M�H :`QmT h`�{+X PM i?2
QTTQbBi2 bB/2- i?2 +�b2 Q7 KBMBKmK �;;`2;�iBQM H2p2H Q++m`b r?2M i?2 b2i Q7
bBMFb `2+2Bp2b �HH T�vHQ�/b T`Q/m+2/ #v i?2 K2K#2`b Q7 i?2 ;`QmT- r?B+? K2�Mb
T�vHQ�/ �;;`2;�iBQM /Q2b MQi i�F2 TH�+2X
h?2 b2+iBQM #2HQr T`2b2Mib i?2 2p�Hm�iBQM �M/ i?2 Q#i�BM2/ `2bmHibX

����� 1FSGPSNBODF &WBMVBUJPO BOE 3FTVMUT

h?Bb b2+iBQM b?Qrb i?2 T2`7Q`K�M+2 Q7 i?2 T`QTQb2/ AGS KQ/2H K2�bm`2/ BM
/Bz2`2Mi M2irQ`F �M/ ;`QmT bBx2bX a2+iBQM 9X9X9XR ;Bp2b /2i�BHb �#Qmi i?2 p�Hm2b
�bbB;M2/ iQ i?2 T�`�K2i2`b Q7 i?2 AGS KQ/2HX a2+iBQM 9X9X9Xk T`2b2Mib i?2 ;`QmT
�M/ M2irQ`F bBx2b �M/ H�vQmiX a2+iBQM 9X9X9Xj b?Qrb i?2 M2irQ`F HB72iBK2 �M/
i?2 2M2`;v +QMbmKTiBQM Q7 i?2 T`QTQb2/ AGS- �M/ �HbQ T`2b2Mib � +QKT�`BbQM
#2ir22M i?2 mTT2` #QmM/ Q#i�BM2/ #v i?2 AGS �M/ i?2 ?2m`BbiB+b i�F2M 7`QK

ě dk ě
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HBi2`�im`2- M�K2Hv .�i� �;;`2;�iBQM 7Q` JmHiBTH2 :`QmTb U.�JB:V (_BF2` 2i �HX-
kyR9�)- hrQ hB2` �;;`2;�iBQM 7Q` JmHiB@i�`;2i �TTHB+�iBQMb Uhh�J�V (_BF2`
2i �HX- kyRe�)- �M/ 1M2`;v 1{+B2Mi aT�MMBM; i_22 U11a_V (>mbb�BM �M/ AbH�K-
kyyd)X

������� 1BSBNFUFS $POĒHVSBUJPO

h?2 p�Hm2b �bbB;M2/ iQ i?2 T�`�K2i2`b Q7 i?2 T`QTQb2/ AGS �`2 #�b2/ QM i?2 �h@
J2;�Rk3G (�iK2H- kyRe) KB+`Q@+QMi`QHH2` �M/ i?2 **k9ky i`�Mb+2Bp2`X "�b2/ QM
A111 3ykXR8X9 (A111- kyRe)- i?2 /�i� `�i2 +QKKmMB+�iBQM /2}M2/ �b k8y E#Tb-
�M/ i?2 +QKKmMB+�iBQM `QmM/ T2`BQ/B+Biv Bb RybX JQbi Q7 i?2 MQM@/2+BbBQM p�`B@
�#H2b �`2 b?QrM BM h�#H2 9X8X �i k8y E#Tb- i?2 iBK2 M2+2bb�`v iQ +QKKmMB+�i2
UBX2X ht Q` _tV � ?2�/2` Q7 93 "vi2b Bb yXyjdKbX aBKBH�`Hv- i?2 iBK2 iQ +QKKm@
MB+�i2 UBX2X ht Q` _tV � T�vHQ�/ Q7 9 #vi2b Bb yXyRkKbX h?2 T`QTQb2/ bQHmiBQM Bb
MQi `2bi`B+i2/ iQ � bT2+B}+ i2+?MQHQ;v Q` T`QiQ+QHX >Qr2p2`- `272`2M+2 bi�M/�`/b
�`2 mb2/ iQ /2}M2 i?2 p�Hm2b Q7 i?2 T�`�K2i2`bX *Q�S (a?2H#v 2i �HX- kyR9) ?�b
#22M mb2/ �b `272`2M+2 iQ /2}M2 i?2 bBx2 Q7 i?2 T�vHQ�/X _2;�`/BM; i?2 bBx2 Q7
i?2 ?2�/2`- r2 +QMbB/2`2/ � T`QiQ+QH bi�+F +QKTQb2/ Q7 *Q�S- l.S- eGQrS�L-
�M/ A111 3ykXR8X9X
�++Q`/BM; iQ *�bBH�`B 2i �HX (*�bBH�`B 2i �HX- kyRy)- #27Q`2 2�+? i`�MbKBbbBQM-
� MQ/2 ?�b iQ T2`7Q`K b2imT T`Q+2/m`2b- r?B+? BM+Hm/2 i?2 T2`BQ/b Q7 *�``B2`
a2Mb2 JmHiBTH2 �++2bb U*aJ�V #�+F Qz UkXk9KbV- *?�MM2H *H2�` �bb2bbK2Mi
U**�V /2i2+iBQM UyXRk3KbV- �M/ im`M�`QmM/ 7`QK _t iQ ht KQ/2 UyXRNkKbVX
h?mb- htb2imT Bb kX8eKb t RdX9K� t jp4 yXRj9 KCX

h�#H2 9X8, o�Hm2b 7Q` i?2 1M2`;v *QMbmKTiBQM JQ/2HX

avK#QH 1M2`;v o�Hm2 .m`�iBQM *m``2Mi
>it 0.6438µC yXyjd Kb RdX9 K�
htb2imT 0.134KC kX8eKb RdX9 K�
>`t 0.6956µC yXyjd Kb R3X3 K�
1CP U 1.24µC 8RXd µb 8 K�
Sit 0.2088µC yXyRk Kb RdX9 K�
EbHT − − R8 µ�
S`t 0.2256µC yXyRk Kb R3X3 K�
Ei 10C − −
.27�mHi oQHi�;2 Bb joX

_2;�`/BM; i?2 +QKTmi�iBQM +Qbib- 2�+? +v+H2 Q7 �hJ2;�Rk3G H�bib 1.252−7bX
h?2 �TTHB+�iBQM _2TQ`ik b?Qrb i?�i i?2 �hJ2;�Rk3G 2t2+mi2b QM �p2`�;2 9R9
+v+H2b iQ +QKTmi2 QM2 bBKTH2 K�i? QT2`�iBQM UBX2X �//BiBQM- bm#i`�+iBQM- KmHiB@
THB+�iBQM- Q` /BpBbBQMV QM irQ jk@#Bi ~Q�i MmK#2`bX �b i?2 �;;`2;�iBQM 7mM+iBQMb
+QMbB/2`2/ BMpQHp2 �HbQ bBKTH2 K�i? QT2`�iBQMb- r2 +QMbB/2` 9R9 �b i?2 MmK#2`
Q7 +v+H2b M2+2bb�`v iQ �;;`2;�i2 irQ /�i� T�vHQ�/bX h?Bb MmK#2` Q7 +v+H2b H�bib
1.252−7 t 9R9 4 8RXdµbX h?mb- 1*Sl +Q``2bTQM/b iQ 8RXdµb t 8K� t jp 4 RXk9
µCX 6Q` �HH MQ/2b- i?2 2M2`;v `2b2`p2 Ei +Q``2bTQM/b iQ Ry CX 6BM�HHv- i?2 iBK2 BM

krrrXiBX+QKfHBif�MfbH��ky8+fbH��ky8+XT/7

ě dj ě



*>�Sh1_ 9X J1*>�LAaJa 6P_ 1L1_:u 166A*A1L*u AL JkJ
:_PlS *PJJlLA*�hAPL

bH22TBM; KQ/2 T2` +QKKmMB+�iBQM `QmM/ +Q``2bTQM/b iQ i?2 iBK2 BM r?B+? i?2
MQ/2 Bb MQi BM �Mv Qi?2` bi�i2X

h?2 M2ti b2+iBQM /2b+`B#2b i?2 �bT2+ib `2H�i2/ iQ i?2 ;`QmTb Qp2` i?2 M2i@
rQ`FX

������� -BZPVU BOE 4J[F PG (SPVQT

h?2 bBx2 �M/ H�vQmi Q7 i?2 M2irQ`F �M/ ;`QmTb ?�p2 � bi`QM; BM~m2M+2 QM i?2
2M2`;v +QMbmKTiBQM �M/ QM i?2 M2irQ`F HB72iBK2X AM Q`/2` iQ 2p�Hm�i2 � `2T@
`2b2Mi�iBp2 MmK#2` Q7 b+2M�`BQb- i?2 2p�Hm�iBQM ?�b 7QHHQr2/ irQ �TT`Q�+?2b
`2;�`/BM; i?2 H�vQmi- bBx2 �M/ MmK#2` Q7 ;`QmTbX

Ç *QMbi�Mi M2irQ`F bBx2 rBi? p�`B�#H2 MmK#2` Q7 ;`QmT K2K#2`b
U*QMbi�Mi L2irQ`F aBx2V, AM i?Bb �TT`Q�+?- � M2irQ`F bBx2 Bb /2}M2/
�M/ i?2 ;`QmTb rBi? 2[m�H MmK#2` Q7 K2K#2`b �`2 /Bbi`B#mi2/ Qp2` i?2
M2irQ`FX a22FBM; i?2 7�B`M2bb #2ir22M i?2 ;`QmTb- �HH ;`QmTb b?QmH/ ?�p2
i?2 b�K2 MmK#2` Q7 K2K#2`b- r?B+? K2�Mb i?�i Bi Bb TQbbB#H2 iQ }M/ i?2
;`QmT bBx2 #v }M/BM; i?2 M�im`�H /BpBbQ`b Q7 i?2 M2irQ`F bBx2X 6Q` BMbi�M+2-
BM i?2 +�b2 Q7 � M2irQ`F ?�pBM; Ryy MQ/2b- i?2 ;`QmT bBx2b i?�i rBHH 7Q`K
;`QmTb rBi? i?2 b�K2 MmK#2` Q7 K2K#2`b �`2, R- k- 9- 8- Ry- ky- k8- 8y-
�M/ RyyX

Ç o�`B�#H2 M2irQ`F bBx2b rBi? +QMbi�Mi MmK#2` Q7 ;`QmT K2K#2`b
Uo�`B�#H2 L2irQ`F aBx2V, AM i?Bb �TT`Q�+?- i?2 MmK#2` Q7 K2K#2`b
7Q` 2�+? ;`QmT Bb +QMbi�Mi- r?BH2 i?2 MmK#2` Q7 ;`QmTb �M/ M2irQ`F bBx2
�`2 p�`B�#H2X AM i?Bb +�b2- i?2 7�B`M2bb #2ir22M i?2 ;`QmTb Bb �HbQ F2Ti-
bBM+2 �HH ;`QmTb b?QmH/ ?�p2 i?2 b�K2 MmK#2` Q7 K2K#2`bX 6Q` BMbi�M+2-
/2}MBM; i?2 bBx2 Q7 i?2 ;`QmTb �b 9 �M/ i?2 iQi�H MmK#2` Q7 ;`QmTb �b Ry-
i?2 M2irQ`F bBx2 rBHH #2 9yX hQ Q#i�BM � Ǵb[m�`2Ǵ H�vQmi- i?2 ;`QmTbǶ bBx2b
�`2 ;Bp2M #v TQr2` Q7 irQ U2X;X ktk- jtj- �M/ 9t9VX

6B;m`2 9XRe BHHmbi`�i2b i?2 irQ �TT`Q�+?2b �TTHB2/ iQ 7Q`K i?2 2p�Hm�i2/ M2irQ`Fb
�M/ ;`QmTbX

�HH i?2 2p�Hm�i2/ MQ/2b ?�p2 � rB`2H2bb `�M;2 Q7 kyK- r?BH2 i?2 ?Q`BxQMi�H �M/
p2`iB+�H bT�+BM; #2ir22M i?2 MQ/2b Bb kyK- bQ i?2 MQ/2b ?�p2 � K�tBKmK Q7 9
M2B;?#Q`bX

h?2 7QHHQrBM; b2+iBQM T`2b2Mib �M/ /Bb+mbb2b i?2 Q#i�BM2/ `2bmHib BM i2`Kb Q7
M2irQ`F HB72iBK2 �M/ 2M2`;v +QMbmKTiBQMX

������� *-1 /FUXPSL -JGFUJNF BOE &OFSHZ $POTVNQUJPO

h?2 K�BM T2`7Q`K�M+2 K2i`B+ mb2/ BM i?Bb 2p�Hm�iBQM Bb L2irQ`F GB72iBK2 Ub22
.27X jVX "2bB/2b- �b i?2 2M2`;v +QMbmKTiBQM Bb � b2+QM/�`v Q#D2+iBp2- Bi Bb �HbQ
mb2/ �b � T2`7Q`K�M+2 K2i`B+X
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U�V *QMbi�Mi L2irQ`F aBx2, h?2 b�K2
M2irQ`F Bb /BpB/2/ BM ;`QmTbX

U#V o�`B�#H2 L2irQ`F aBx2, Ǵa[m�`2Ǵ
;`QmTb 7Q`KBM; /Bz2`2Mi M2irQ`FbX

GroupNetwork
Area

6B;m`2 9XRe, :`QmTb .Bbi`B#miBQMX

6B;m`2 9XRd b?Qrb i?2 M2irQ`F HB72iBK2 Q#i�BM2/ #v i?2 T`QTQb2/ AGS +QMbB/2`BM;
� p�`B�#H2 M2irQ`F bBx2 rBi? +QMbi�Mi MmK#2` Q7 ;`QmT K2K#2`b Ub22 6B;m`2
9XReX#VX h?2 M2irQ`F HB72iBK2 Bb T`2b2Mi2/ 7Q` M2irQ`Fb ?�pBM; 9- e- 3- �M/ Ry
;`QmTbX

�b +�M #2 b22M- i?2 MmK#2` Q7 ;`QmTb Qp2` i?2 M2irQ`F BKT�+ib i?2 M2irQ`F
HB72iBK2- bBM+2 Bi +QMi`QHb i?2 �KQmMi Q7 1ti2`M�H :`QmT h`�{+X >Qr2p2`- i?2
M2irQ`F HB72iBK2 Bb MQi M2+2bb�`BHv BKT�+i2/ r?2M i?2 MmK#2` Q7 K2K#2`b Q7
2�+? ;`QmT BM+`2�b2bX 6Q` BMbi�M+2- +QMbB/2`BM; � M2irQ`F rBi? Ry ;`QmTb- i?2
Q#i�BM2/ M2irQ`F HB72iBK2 Bb �HKQbi +QMbi�Mi r?2M i?2 ;`QmT bBx2 Bb k8- je- 9N-
�M/ e9 MQ/2bX

h?2b2 `2bmHib U6B;m`2 9XRdV BM/B+�i2 i?�i 7Q` � T�`iB+mH�` MmK#2` Q7 ;`QmTb-
i?2 AGS KQ/2H `2�+?2b � bi�#H2 HB72iBK2 2p2M B7 i?2 MmK#2` Q7 ;`QmT K2K#2`b
BM+`2�b2bX h?2 `2�bQM 7Q` i?2 HB72iBK2 bi�#BHBiv Bb i?�i i?2 MmK#2` Q7 T�vHQ�/b
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4 Groups in the network
6 Groups in the network
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10 Groups in the network

6B;m`2 9XRd, AGS L2irQ`F GB72iBK2 Uo�`B�#H2 L2irQ`F aBx2VX
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;QBM; QmibB/2 � ;`QmT Bb `2/m+2/ iQ QM2 `2;�`/H2bb i?2 ;`QmT bBx2X
*QMbB/2`BM; � +QMbi�Mi M2irQ`F bBx2 rBi? p�`B�#H2 MmK#2` Q7 ;`QmT K2K#2`b
Ua22 6B;m`2 9XReX�V- 6B;m`2 9XR3 b?Qrb i?2 M2irQ`F HB72iBK2 �M/ i?2 iQi�H M2irQ`F
2M2`;v +QMbmKTiBQM /m2 iQ i?2 i`�MbKBbbBQM Q7 ?2�/2`b- BMi2`M�H ;`QmT T�vHQ�/b-
�M/ 2ti2`M�H ;`QmT T�vHQ�/bX h?2`2 �`2 72r2` BMi2`M�H ;`QmT T�vHQ�/b r?2M
i?2 ;`QmTb #2+QK2 bK�HH2`- +�mbBM; � /2+`2�b2 BM 2M2`;v +QMbmKTiBQMX .m2 iQ
1ti2`M�H :`QmT h`�{+- i?2 2M2`;v +QMbmKTiBQM 7Q` 8y KQMBiQ`BM; ;`QmTb Bb i?2
?B;?2bi- �M/ i?2 HB72iBK2 Bb i?2 HQr2biX
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6B;m`2 9XR3, AGS GB72iBK2 �M/ 1M2`;v *QMbmKTiBQM
U*QMbi�Mi L2irQ`F aBx2 @ Ryy MQ/2bVX

�MQi?2` `2H2p�Mi �bT2+i Bb i?2 �;;`2;�iBQM #2?�pBQ` Q7 i?2 QTiBK�H bQHmiBQM
Q#i�BM2/ #v i?2 AGSX AM i?Bb /B`2+iBQM- h�#H2 9Xe b?Qrb 7Q` /Bz2`2Mi MmK@
#2` Q7 ;`QmTb i?2 �p2`�;2 MmK#2` Q7 T`Q/m+2/- /2HBp2`2/ �M/ �;;`2;�i2/ T�v@
HQ�/bX
h?2 T2`+2Mi�;2 Q7 T�vHQ�/ �;;`2;�iBQM BM h�#H2 9Xe Bb i?2 `�iBQ #2ir22M i?2
bmK Q7 T�vHQ�/b /2HBp2`2/ iQ i?2 bBMF �M/ i?2 bmK Q7 T�vHQ�/b T`Q/m+2/X h?2
K�tBKmK AMi2`M�H :`QmT �;;`2;�iBQM i?�i � ;`QmT +�M �+?B2p2 Bb HBKBi2/ #v i?2
MmK#2` Q7 K2K#2`bX 6Q` 2t�KTH2- r?2M � M2irQ`F Q7 Ryy MQ/2b ?�b 8y ;`QmTb-
i?2 K�tBKmK AMi2`M�H :`QmT �;;`2;�iBQM Bb 8yW- bBM+2 i?2`2 �`2 k K2K#2`b BM
2�+? ;`QmT �M/ �i H2�bi R T�vHQ�/ b?QmH/ #2 +QKKmMB+�i2/ iQ i?2 bBMFX 6Q` i?2
+�b2 Q7 ky ;`QmTb- 2�+? ;`QmT ?�b 8 K2K#2`b- r?B+? K2�Mb i?�i i?2 K�tBKmK
AMi2`M�H :`QmT �;;`2;�iBQM Bb 9f84 3yWX Ai Bb TQbbB#H2 iQ MQiB+2 i?�i r?2M i?2
M2irQ`F ?�b R �M/ k ;`QmTb- i?2 AMi2`M�H :`QmT �;;`2;�iBQM Bb �`QmM/ N8W-
r?B+? Bb MQi i?2 K�tBKmK AMi2`M�H :`QmT �;;`2;�iBQMX >Qr2p2`- r?2M i?2
M2irQ`F ?�b 9- 8- Ry- ky- Q` 8y ;`QmTb- i?2 T2`+2Mi�;2 Q7 �;;`2;�iBQM /2+`2�b2b-
�+?B2pBM; i?2 K�tBKmK �HHQr2/ AMi2`M�H :`QmT �;;`2;�iBQMX AM Qm` 2p�Hm�iBQM-
hh�J� b?Qrb � bBKBH�` H2p2H Q7 T�vHQ�/ �;;`2;�iBQM- #mi Bi /Q2b MQi �+?B2p2
i?2 b�K2 `2bmHib Q7 i?2 AGS r?2M i?2`2 �`2 K�Mv ;`QmTbX h?Bb BM/B+�i2b i?�i
hh�J� mb2b � +Q``2+i �TT`Q�+? iQ T2`7Q`K T�vHQ�/ �;;`2;�iBQM- #mi 7�BHb iQ
}M/ i?2 T�i?b iQ T2`7Q`K 2{+B2Mi T�vHQ�/ +QM+�i2M�iBQMX
�MQi?2` BMi2`2biBM; TQBMi Q7 2p�Hm�iBQM Bb i?2 +QKT�`BbQM #2ir22M i?2 M2irQ`F

ě de ě
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h�#H2 9Xe, AGS S�vHQ�/ ai�iBbiB+b
U*QMbi�Mi L2irQ`F aBx2 @ Ryy MQ/2bVX

LmK#2` S�vHQ�/b
Q7 :`QmTb S`Q/m+2/ .2HBp2`2/ �;;`2;�i2/ �;;`2;�iBQM
R djyjyyy kNkRky dyRy33y Ne W
k je8R9yy R9ey8e j8y8j99 Ne W
9 R3kke8y dkNRy Rd9Nd9y Ne W
8 R98e39y dkN99 Rj3j3Ne N8 W
Ry dkkd9y dkR39 e8y88e Ny W
ky j8k38y dy9Nk k3kj83 3y W
8y Rk3y9y e99ee ej8d9 8y W
 h?2b2 T�vHQ�/b /Q MQi ;Q QmibB/2 i?2 ;`QmTX

h�#H2 9Xd, AGS �M/ >2m`BbiB+b *QKT�`BbQM U*QMbi�Mi L2irQ`F aBx2 @ Ryy MQ/2bVX

LmK#2` Q7 :`QmTb
R k 9 8 Ry ky k8 8y

AGS L2irQ`F GB72iBK2 djyjy djyk3 dkNye dk39k dkkd9 dy8dy eNyye e9yky
hh�J�Ƕb L2irQ`F GB72iBK2 dkRNy edyjy 88ddy 8RRey jN3jy 9yyey j38ky j3ky9
hh�J� �M/ AGS _�iBQ N3X38W NRXdNW deX8yW dyXkjW 88XRRW 8eXddW 88X3kW 8NXe3W
.�JB:Ƕb L2irQ`F GB72iBK2 je8Ny k98dy Rdeey Rek3y Rjk8y RRj9y RyN3y d3dy
.�JB: �M/ AGS _�iBQ 8yXRW jjXeW k9XkkW kkXj8W R3XjjW ReXydW R8XNRW RkXkNW
11_aǶb L2irQ`F GB72iBK2 je8Ny k9eRy R9d9y Rkkdy dyky jeey jk8y R88y
11_a �M/ AGS _�iBQ 8yXRW jjXdW kyXkkW ReX39W NXdRW 8XRNW 9XdRW kX9kW

HB72iBK2 Q#i�BM2/ 7`QK i?2 AGS �M/ i?2 bi�i2@Q7@�`i ?2m`BbiB+b- M�K2Hv .�JB:
(_BF2` 2i �HX- kyR9�)- hh�J� (_BF2` 2i �HX- kyRe�)- �M/ 11a_ (>mbb�BM �M/
AbH�K- kyyd)X �b h�#H2 9Xd T`2b2Mib- i?2 T`QTQb2/ AGS bQHmiBQM ?�b i?2 #2bi
T2`7Q`K�M+2- r?B+? Bb 2tT2+i2/ #2+�mb2 Bi �+?B2p2b i?2 M2irQ`F HB72iBK2 mTT2`
#QmM/ Q7 hh�X h?2 `2�bQMb 7Q` i?2 H�+F Q7 T2`7Q`K�M+2 Q7 i?2 ?2m`BbiB+b �`2,
UBV i?2 ?2m`BbiB+b �`2 #�b2/ QM HBMF +Qbi 7mM+iBQMb i?�i }M/ �;;`2;�iBQM T�i?bX
"2bB/2b- i?2b2 bQHmiBQMb `2Hv QM bi�iB+ `mH2b iQ BKT`Qp2 M2irQ`F HB72iBK2 pB�
T�vHQ�/ �M/ ?2�/2` �;;`2;�iBQMX 6Q` BMbi�M+2- BM .�JB: �M/ 11a_- �HH i`�{+
Q7 � ;`QmT Kmbi T�bb i?`Qm;? � bBM;H2 MQ/2 #27Q`2 ;QBM; iQ �M 2ti2`M�H ;`QmTX
h?Bb bi�iB+ `mH2 Bb MQi 2{+B2Mi 7Q` � bK�HH MmK#2` Q7 ;`QmTbX h?2`27Q`2 i?2b2
?2m`BbiB+ bQHmiBQMb +�MMQi �+?B2p2 i?2 QTiBK�H M2irQ`F HB72iBK2c UBBV .�JB: /Q2b
MQi �+?B2p2 � ?B;?2` HB72iBK2 T2`7Q`K�M+2 #2+�mb2 Bi �Hr�vb b22Fb iQ K�tBKBx2
i?2 BMi2`M�H ;`QmT i`�{+ �;;`2;�iBQM- r?B+? Bb MQi 2{+B2Mi BM +�b2 Q7 H�`;2
;`QmTbc UBBBV 11a_ /Q2b MQi �TTHv ?2�/2` �;;`2;�iBQM- r?B+? +QMi`B#mi2b iQ i?2
TQQ` HB72iBK2 T2`7Q`K�M+2X

hh�J� +Q``2+ib i?2 T`Q#H2K Q7 .�JB: 7Q` i?2 +�b2 Q7 72r ;`QmTb UBX2X R
�M/ kVX q?2M i?2 MmK#2` Q7 ;`QmTb Bb p2`v bK�HH- i?2 +QKT�`BbQM b?Qrb i?�i
hh�J� �+?B2p2b � T2`7Q`K�M+2 i?�i +Q``2bTQM/b iQ KQ`2 i?�M NyW Q7 i?2 AGSX
h?2 K�BM T`Q#H2K Q7 hh�J� Bb `2H�i2/ iQ i?2 +QKKmMB+�iBQM Q7 2ti2`M�H ;`QmT
i`�{+X �b +�M #2 MQiB+2/- hh�J� /Q2b MQi K�BMi�BM i?2 b�K2 T2`7Q`K�M+2
Q7 AGS r?2M i?2`2 �`2 K�Mv ;`QmTb �M/ i?2 �KQmMi Q7 2ti2`M�H ;`QmT i`�{+
BM+`2�b2bX Ai bm;;2bib i?�i i?2 bi�iB+ 7mM+iBQM mb2/ #v hh�J� iQ }M/ i?2 #2bi
T�i? iQ T2`7Q`K T�vHQ�/ +QM+�i2M�iBQM Bb MQi 2{+B2MiX
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6B;m`2 9XRN, PTiBK�HBiv ;�T, /Bz2`2M+2 #2ir22M i?2 `2H�t2/ KQ/2H �M/ AGSX

Ai Bb r2HH@FMQrM i?�i AMi2;2` GBM2�` S`Q;`�KKBM; T`Q#H2Kb #2HQM; iQ i?2 +H�bb
Q7 LQM@/2i2`KBMBbiB+ SQHvMQKB�H ULSV T`Q#H2KbX Ai K2�Mb i?�i mMH2bb S 4 LS-
i?2`2 Bb MQ TQHvMQKB�H@iBK2 �H;Q`Bi?K 7Q` bQHpBM; AGS T`Q#H2KbX �Hi?Qm;? i?2
+QKTH2tBiv Q7 i?2 AGS T`Q#H2Kb- Bi Bb BKTQ`i�Mi iQ ?B;?HB;?i i?�i i?2 T`QTQb2/
AMi2;2` GBM2�` S`Q;`�K Bb +QKTmi2/ QM+2 7Q` i?2 2MiB`2 M2irQ`F HB72iBK2- �M/
Bi Bb mb2/ iQ +QKTmi2 i?2 M2irQ`F HB72iBK2 mTT2` #QmM/X h?mb- i?2 AGS /Q2b
MQi M22/ iQ #2 T2`BQ/B+�HHv +QKTmi2/- r?B+? `2/m+2b +QMbB/2`�#Hv i?2 �KQmMi
Q7 `2bQm`+2b bT2Mi iQ }M/ i?2 K�tBKmK M2irQ`F HB72iBK2X

� +QKTmi2` rBi? R-3 :>x AMi2H *Q`2 B8 �M/ 9 :" Q7 _�J r�b mb2/ iQ bQHp2
i?2 T`QTQb2/ AGS KQ/2HX *QMbB/2`BM; i?2 +�b2 r?2`2 i?2`2 Bb � bBM;H2 ;`QmT QM
� M2irQ`F Q7 Ryy MQ/2b- i?2 iBK2 iQ +QKTmi2 i?2 QTiBK�H bQHmiBQM Bb QM �p2`�;2
yXy8 b2+QM/bX 6Q` i?2 +�b2 r?2`2 i?2 M2irQ`F ?�b Ryy MQ/2b �M/ i?2 MmK#2` Q7
;`QmTb Bb Ry- i?2 iBK2 iQ }M/ i?2 bQHmiBQM Bb RXjj b2+QM/bX

JQiBp2/ #v i?2 7�+i i?�i i?2 T`QTQb2/ AGS /2K�M/b � +QMbB/2`�#H2 �KQmMi Q7
+QKTmi�iBQM�H `2bQm`+2b- 2bT2+B�HHv 7Q` H�`;2 M2irQ`F bBx2b- Bi Bb BKTQ`i�Mi iQ
T`2b2Mi �Hi2`M�iBp2b iQ bQHp2 i?2 T`QTQb2/ QTiBKBx�iBQM KQ/2H BM �M �zQ`/�#H2
�KQmMi Q7 iBK2X PM2 i2+?MB[m2 H�`;2Hv T`2b2Mi BM i?2 HBi2`�im`2 iQ /2+`2�b2 i?2
+QKTH2tBiv Q7 i?2 AGS T`Q#H2Kb Bb iQ `2H�t i?2 BMi2;`�HBiv +QMbi`�BMibX qBi? i?Bb
i2+?MB[m2- BMbi2�/ Q7 ?�pBM; +QMbi`�BMib 7Q`+BM; i?2 p�Hm2b Q7 i?2 p�`B�#H2b iQ
#2HQM; iQ i?2 AMi2;2` b2i Z- i?2 p�Hm2b Q7 i?2 p�`B�#H2b �`2 �HHQr2/ iQ #2HQM;
iQ i?2 _�iBQM�H b2i QX h?mb- i?2 AMi2;2` GBM2�` S`Q;`�K im`Mb BMiQ � GBM2�`
S`Q;`�K UGSVX

h?2 `2H�t�iBQM Q7 i?2 AGS KQ/2H `�Bb2b i?2 [m2biBQM Q7 ?Qr H�`;2 i?2 ;�T #2ir22M
i?2 QTiBK�H UBX2X AGSV �M/ i?2 `2H�t2/@GS KQ/2H BbX AM Qm` +�b2- i?2 `2H�t2/@GS
KQ/2H /`QTb i?2 BMi2;`�HBiv +QMbi`�BMib �M/ ?�b λ = 0X 6B;m`2 9XRN b?Qrb i?2
QTiBK�HBiv ;�T #2ir22M i?2 irQ KQ/2HbX �b +�M #2 b22M- i?2 QTiBK�HBiv ;�T Bb
MQi ;`2�i2` i?�M yXy8 WX h?Bb HQr T2`+2Mi�;2 +2`iB}2b i?�i i?2 `2H�t2/@GS Bb
MQi /Bbi�Mi 7`QK i?2 QTiBK�H bQHmiBQMX

6Q` i?2 2p�Hm�iBQM Q7 H�`;2` M2irQ`F bBx2b- i?2 `2H�t2/@GS KQ/2H r�b mb2/X h?2
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M2irQ`F HB72iBK2 T2`7Q`K�M+2 b?QrM BM 6B;m`2 9Xky +QMbB/2`b M2irQ`Fb rBi? mT
iQ 9yyy MQ/2b- p�`vBM; i?2 bBx2 Q7 i?2 K2bb�;2 ?2�/2`bX �b +�M #2 b22M- i?2
?2�/2` bBx2 ?�b ;`2�i BM~m2M+2 QM i?2 M2irQ`F HB72iBK2X h?Bb BM~m2M+2 Q++m`b
#2+�mb2 i?2 ?2�/2` +QKKmMB+�iBQM Bb i?2 KQbi /2K�M/BM; 2M2`;v �+iBpBiv Ub22
6B;m`2 9XR3V- �M/ HQM;2` ?2�/2`b `2/m+2 i?2 T�vHQ�/ bBx2 BMbB/2 2�+? K2bb�;2-
r?B+? HBKBib i?2 T�vHQ�/ +QM+�i2M�iBQM �M/ i?mb i?2 M2irQ`F HB72iBK2X

*QMbB/2`BM; M2irQ`F b+2M�`BQb rBi? KmHiBTH2 bBMFb- 6B;m`2 9XkR b?Qrb i?2 M2i@
rQ`F HB72iBK2 T2`7Q`K�M+2 +QMbB/2`BM; R- k- j- 9- �M/ e bBMFb- r?BH2 i?2 MmK#2`
Q7 ;`QmTb Bb 9y- ky- Ry- �M/ 8X AM i?Bb 2p�Hm�iBQM- i?2 M2irQ`F ?�b 9yy MQ/2bX �b
+�M #2 b22M- i?2 M2irQ`F HB72iBK2 Bb H2bb BM~m2M+2/ #v i?2 MmK#2` Q7 bBMFb r?2M
i?2`2 �`2 8 ;`QmTbX 6Q` �HH Qi?2` b+2M�`BQb- i?2 M2irQ`F HB72iBK2 T`2b2Mib bB;MB@
}+�Mi p�`B�iBQMX h?2 `2�bQM 7Q` Bi Bb i?�i i?2 MQ/2b ?�p2 �M 2M2`;v +QMbmKTiBQM
+QMbi`�BMi- �M/ i?2 BM+`2�b2 QM i?2 MmK#2` Q7 bBMFb rBHH MQi +?�M;2 i?2 2M2`;v
+QMbi`�BMiX >Qr2p2`- r?2M i?2 MmK#2` Q7 ;`QmTb BM+`2�b2b- � +QKKmMB+�iBQM
#QiiH2M2+F Bb +`2�i2/ M2�` i?2 bBMFX h?mb- 7Q` i?2 +�b2b Q7 Ry- ky- �M/ 9y ;`QmTb-
BM+`2�bBM; i?2 MmK#2` Q7 bBMFb KBiB;�i2b i?2 +QKKmMB+�iBQM #QiiH2M2+F- r?B+?
BKT`Qp2b i?2 M2irQ`F HB72iBK2 T2`7Q`K�M+2X

�7i2` T`2b2MiBM; i?2 K�i?2K�iB+�H 7Q`KmH�iBQM Q7 i?2 mTT2` #QmM/ M2irQ`F HB72@
iBK2- i?2 M2ti b2+iBQM T`2b2Mib i2bi#2/ 2tT2`BK2Mib i?�i 2t2+mi2/ i?2 hrQ@hB2`
�;;`2;�iBQM QM � `2�H 2MpB`QMK2MiX

��� 5FTUCFE *NQMFNFOUBUJPO BOE &YQFSJNFOUT

h2bi#2/b �`2 i?2 T`QT2` 2MpB`QMK2Mib iQ +QMbB/2` �bT2+ib i?�i mbm�HHv �`2 ?B//2M
BM bBKmH�iBQMb Q` KQ/2HbX AM i?Bb /B`2+iBQM- i?Bb b2+iBQM T`2b2Mib i?2 BKTH2K2Mi@
�iBQM /2i�BHb �M/ i?2 2tT2`BK2Mib `2;�`/BM; i?2 BMb2`iBQM Q7 K�Mv T�vHQ�/b BM
� bBM;H2 K2bb�;2X h?2 BKTH2K2Mi2/ bQHmiBQM T`2b2Mi2/ BM i?Bb b2+iBQM Bb +�HH2/
J2bb�;BM; KlGhATH2 S�vHQ�/b G�v1` UJlGhASG1tV �M/ Bi Bb �#H2 iQ +QHH2+i
bK�HH bBx2 /�i� #HQ+Fb 7`QK HQr TQr2` /2pB+2b BM �M 2{+B2Mi r�v- +�``vBM; i?2b2
/�i� #HQ+Fb BM i?2 T�vHQ�/ Q7 � bBM;H2 K2bb�;2X h?2 JlGhASG1t Bb � HB;?i@

 66000
 67000
 68000
 69000
 70000
 71000
 72000
 73000
 74000

12 36 60 84 108

N
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w
or

k 
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fe
tim

e

Header size (Bytes)

600 nodes - 6 Groups
1800 nodes - 8 Groups

4000 nodes - 10 Groups

6B;m`2 9Xky, L2irQ`F HB72iBK2 Q7 H�`;2 b+2M�`BQb mbBM; /Bz2`2Mi ?2�/2` bBx2b U*QM@
bi�Mi L2irQ`F aBx2VX

ě dN ě
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 66000

 67000

 68000

 69000

 70000

 71000

 72000

 73000

 74000

1 2 3 4 6
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Number of Sinks

40 Groups in the network
20 Groups in the network
10 Groups in the network
5 Groups in the network

6B;m`2 9XkR, L2irQ`F HB72iBK2 Q7 _2H�t2/ GS rBi? JmHiBTH2 aBMFb U*QMbi�Mi L2i@
rQ`F aBx2 @ 9yy LQ/2bVX

r2B;?i H�v2` /2bB;M2/ iQ QT2`�i2 rBi? i?2 bi�M/�`/ JkJ T`QiQ+QH bi�+F �BKBM;
iQ `2/m+2 i?2 2M2`;v +QMbmKTiBQM Q7 i?2 2M2`;v +QMbi`�BM2/ /2pB+2bX

h?Bb b2+iBQM Bb bi`m+im`2/ �b 7QHHQrbX a2+iBQM 9X8XR T`2b2Mib �M Qp2`pB2r Q7 J2b@
b�;BM; KlGhATH2 S�vHQ�/b G�v1` UJlGhASG1tVX a2+iBQM 9X8Xk /2b+`B#2b �M
2tT2`BK2Mi�H +�b2 bim/v- BM+Hm/BM; i?2 bQ7ir�`2 �M/ ?�`/r�`2 b2H2+iBQM- i?2 BK@
TH2K2Mi�iBQM /2i�BHb- �M/ bQK2 T`2HBKBM�` `2bmHibX a2+iBQM 9X8Xj T`2b2Mib i?2
2p�Hm�iBQM �M/ /Bb+mbb2b i?2 `2bmHibX

����� .FTTBHJOH .VMUJQMF 1BZMPBET -BZFS

JlGhASG1t �HHQrb i?2 HQr TQr2` MQ/2b iQ T`Q/m+2 K2bb�;2b rBi? KmHiBTH2
T�vHQ�/b r?2M i?2 MQ/2 Bb T`Q/m+BM; Bib QrM K2bb�;2b �M/ 7Q`r�`/BM; K2b@
b�;2bX h?2 K�BM B/2� Q7 JlGhASG1t Bb iQ �bb2K#H2 K2bb�;2b rBi? KmHiBTH2
T�vHQ�/b iQ 2tTHQBi i?2 7�+i i?�i KQbi Q7 i?2 T2`BQ/B+ K�Mv@iQ@QM2 i`�{+ BM
JkJ 2MpB`QMK2Mib Bb +QKTQb2/ #v bK�HH bBx2 T�vHQ�/bX

�b 6B;m`2 9Xkk b?Qrb- JlGhASG1t Bb � H�v2` HQ+�i2/ QM iQT Q7 i?2 AMi2`M2i
S`QiQ+QH UASVX .m`BM; i?2 7Q`r�`/BM; T`Q+2bb- i?2 JlGhASG1t MQ/2b biQ`2 BM
� #mz2` i?2 �TTHB+�iBQM K2bb�;2b `2+2Bp2/ 7`QK i?2 M2B;?#Q`b �M/ �HbQ i?2 b2H7
T`Q/m+2/ K2bb�;2bX h?2 �TTHB+�iBQM K2bb�;2b �`2 QMHv biQ`2/ B7 i?2 MQ/2 Bb
MQi i?2 }M�H /2biBM�iBQM Q7 i?2 K2bb�;2X � iBK2` Bb b2i T2`BQ/B+�HHv iQ p2`B7v
B7 i?2 JlGhASG1t +`Bi2`BQM ?�b #22M b�iBb}2/ 7Q` BbbmBM; � KmHiBTH2 T�vHQ�/
K2bb�;2X AM +�b2 i?2 +`Bi2`BQM Bb TQbBiBp2Hv p2`B}2/- i?2 T�vHQ�/b �`2 2ti`�+i2/
�M/ BM7Q`K�iBQM +�M #2 �//2/ iQ 2�+? BM/BpB/m�H T�vHQ�/- bm+? �b MQ/2 B/- /�i�@
ivT2 Q` iBK2bi�TX h?2M- i?2 2ti`�+i2/ T�vHQ�/b �`2 BMb2`i2/ �b � #mHF2/ T�vHQ�/
BMiQ � M2r �TTHB+�iBQM K2bb�;2X AM +�b2 i?2 +`Bi2`BQM ?�b MQi #22M b�iBb}2/-
JlGhASG1t /Q2b MQi +?�M;2 �Mv BM7Q`K�iBQM BM i?2 K2bb�;2bX AM #Qi? +�b2b-
i?2 `2bmHiBM; K2bb�;2b �`2 7Q`r�`/2/ iQ i?2 �TT`QT`B�i2 H�v2`X
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1.a

1.b
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Messaging mULTIple Payloads LayEr
MULTIPLEx

IP Layer

MAC Layer

PHY Layer

Rcv

Produced Data

Send

01011
0101001011

01010 01011
01010

Extract 
Payloads

Buffer

Assembly

01011
01010
00110
11101

01011
01010
00110
11101

01011
01010
00110
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01011
01010
00110
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Timer & 
Decision

Or
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Multiple Payload 
Message

Single Payload 
Message

Network

6B;m`2 9Xkk, JlGhASG1t Qp2`pB2r

JlGhASG1t +�M #2 /2bB;M2/ rBi? /Bz2`2Mi +`Bi2`B� iQ /2+B/2 B7 � M2r K2bb�;2
rBHH #2 +`2�i2/ rBi? KmHiBTH2 T�vHQ�/b Q` MQiX AM i?Bb p2`bBQM Q7 JlGhASG1t- Bi
�TTHB2b � bBKTH2- #mi 2z2+iBp2 +`Bi2`BQM 7Q` i?Bb /2+BbBQMX h?2 /2+BbBQM Bb #�b2/ QM
� i?`2b?QH/- +�HH2/ δ- r?B+? Bb `2H�i2/ iQ i?2 MmK#2` Q7 biQ`2/ K2bb�;2bX q?2M
i?2 iBK2` 2tTB`2b- JlGhASG1t +QmMib i?2 MmK#2` Q7 K2bb�;2b BM i?2 #mz2`X
A7 i?Bb MmK#2` Bb 2[m�H Q` ;`2�i2` i?�M δ- i?2M � M2r KmHiBTH2 T�vHQ�/ K2bb�;2
rBHH #2 T`Q/m+2/X Pi?2`rBb2- �HH K2bb�;2b �`2 T`2b2`p2/X

h?2 /2+BbBQM #�b2/ QM i?2 MmK#2` Q7 `2+2Bp2/ K2bb�;2b Bb DmbiB}2/ #v i?2 7�+i
i?�i i?2 2ti`�+iBQM �M/ �bb2K#Hv QT2`�iBQMb /2K�M/ � +QMbB/2`�#H2 �KQmMi Q7
T`Q+2bbBM; �M/ 2M2`;v `2bQm`+2bX h?2`27Q`2- JlGhASG1t Bb /2bB;M2/ iQ T2`7Q`K
i?2b2 QT2`�iBQMb r?2M i?2 2M2`;v b�pBM;b /m2 iQ i?2 K2bb�;2 ?2�/2` bmTT`2bbBQM
T�vQz i?2 +QbibX

h?2 M2ti b2+iBQM b?Qrb /2i�BH2/ BM7Q`K�iBQM �#Qmi i?2 BKTH2K2Mi�iBQM Q7 JlG@
hASG1t BM `2�H /2pB+2bX

����� &YQFSJNFOUBM 1SPUPUZQJOH

h?Bb b2+iBQM T`2b2Mib i?2 /2i�BHb Q7 i?2 T`QiQivTBM; BKTH2K2Mi�iBQM r?2`2 JlG@
hASG1t Bb 2K#2//2/ QM `2�H /2pB+2bX hQ #2;BM- i?2 M2ti b2+iBQM b?Qrb i?2
/2i�BHb Q7 i?2 bQ7ir�`2- ?�`/r�`2 TH�i7Q`K �M/ BKTH2K2Mi�iBQMX

������� *NQMFNFOUBUJPO PG .6-5*1-&Y

JlGhASG1t +�M #2 �TTHB2/ iQ /Bz2`2Mi JkJ �TTHB+�iBQM T`QiQ+QHb- 7Q` BMbi�M+2
*Q�S (a?2H#v 2i �HX- kyR9) �M/ J2bb�;2 Zm2mBM; h2H2K2i`v h`�MbTQ`i UJZhhV
("�MFb �M/ :mTi�- kyR8)X 6Q` i?Bb +�b2 bim/v- *Q�S ?�b #22M b2H2+i2/ �b i?2
�TTHB+�iBQM T`QiQ+QH #2+�mb2 Bi bmTTQ`ib M�iBp2Hv K�Mv@iQ@QM2 i`�{+ �M/ ?�b
i?2 ǳQ#b2`p2Ǵ QTiBQM i?�i 2M�#H2b � +HB2Mi iQ `2+2Bp2 /�i� T2`BQ/B+�HHvX

ě 3R ě
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*QMiBFB ?�b #22M b2H2+i2/ �b i?2 QT2`�iBM; bvbi2KX aQK2 `2�bQMb i?�i KQiBp�i2/
i?Bb +?QB+2 �`2, UBV *QMiBFB T`QpB/2b bi�#H2 QT2M@bQm`+2 p2`bBQM Q7 i?2 A111
bi�M/�`/ T`QiQ+QHbc UBBV Bi ?�b � H�`;2 +QKKmMBiv Q7 /2p2HQT2`bc �M/- UBBBV Bi Bb
/2bB;M2/ 7Q` b2p2`�H HQr@2M2`;v ?�`/r�`2 TH�i7Q`KbX

_2;�`/BM; i?2 ?�`/r�`2- i?2 *QMiBFB MQ/2b `mM QM i?2 �hK2;�k8e_6_k@sS_P
#Q�`/jX Ai ?�b � Re J>x JB+`Q@*QMi`QHH2` BMi2;`�i2/ rBi? � kX9:?x i`�Mb+2Bp2`-
k8e E"vi2b Q7 ~�b?- �M/ QM2 i2KT2`�im`2 b2MbQ`X

JlGhASG1t Bb BKTH2K2Mi2/ QM *QMiBFB �b � HB;?i@r2B;?i H�v2`- HQ+�i2/ #2ir22M
i?2 AMi2`M2i S`QiQ+QH UASV �M/ i?2 lb2` .�i�;`�K S`QiQ+QH Ul.SV H�v2`bX JlG@
hASG1t r�b BKTH2K2Mi2/ #2ir22M i?2b2 H�v2`b BM Q`/2` iQ p2`B7v i?2 /2biBM�iBQM
AS �//`2bb Q7 2p2`v K2bb�;2 `2+2Bp2/ 7`QK i?2 M2B;?#Q`bX h?Bb p2`B}+�iBQM Bb M2@
+2bb�`v #2+�mb2 T�vHQ�/b �`2 2ti`�+i2/ 7Q` i?2 +`2�iBQM Q7 M2r *Q�S K2bb�;2b
B7 i?2 K2bb�;2 ?�b MQi `2�+?2/ i?2 }M�H /2biBM�iBQMX 6Q` i?2 +�b2 Q7 � *Q�S
K2bb�;2 �``BpBM; 7`QK i?2 l.S H�v2`- JlGhASG1t �bbmK2b i?�i i?Bb K2bb�;2
?�b #22M T`Q/m+2/ #v i?2 MQ/2 Bib2H7- bQ Bi /Q2b MQi 2ti`�+i i?2 T�vHQ�/ 7`QK
i?Bb K2bb�;2X

�H;Q`Bi?K 9X9 b?Qrb i?2 K�BM HQ;B+ 2t2+mi2/ #v JlGhASG1t r?2M � M2r T�+F2i
�``Bp2b 7`QK i?2 AS H�v2` �M/ �HbQ T`2b2Mib i?2 �H;Q`Bi?K 2t2+mi2/ r?2M i?2 iBK2`
i`B;;2`b i?2 /2+BbBQM Q7 +`2�iBM; � M2r KmHiBTH2 T�vHQ�/ K2bb�;2X

�H;Q`Bi?K 9X9X JlGhASG1t �H;Q`Bi?K
R, AMBiB�HBx2, i?`2b?QH/
k, ai�`i
j, 7mM+iBQM M2rnT�+F2in�``Bp2bUKb;V
9, ivT2*Q/2 ← T�`b2*Q/2UKb;V
8, �//`2bb ← T�`b2�//`bUKb;V
e, B7 Bb*Q�SUivT2*Q/2V �M/ MQiJv�//U�//`2bbV i?2M
d, #mz2`UKb;V
3, B7 iBK2`nMQinb2iUV i?2M
N, b2iniBK2`UV

Ry, 2M/ B7
RR, 2M/ B7
Rk, 2M/ 7mM+iBQM
Rj,
R9, 7mM+iBQM iBK2Qmin+�HH#�+FU V
R8, Kb;nMmK ← +QmMinKb;U#mz2`V
Re, B7 Bb:`2�i2`UKb;nMmK- i?`2b?QH/V i?2M
Rd, T�vHQ�/bn/�i� ← 2ti`�+iS�vHQ�/bU#mz2`V
R3, M2rn+Q�T ← �bb2K#HvnM2rn+Q�TUT�vHQ�/n/�i�V
RN, 7Q`r�`/nM2tinH�v2`UM2rn+Q�TV
ky, 2Hb2
kR, 7Q`r�`/nM2tinH�v2`U#mz2`V
kk, 2M/ B7
kj, 2M/ 7mM+iBQM
k9, 1M/

AM �H;Q`Bi?K 9X9- 7`QK HBM2 j iQ Rk- JlGhASG1t BKTH2K2Mib � bBKTH2 #mz2`
7Q` K2bb�;2b �``BpBM; 7`QK i?2 AS H�v2` �M/ b2ib � iBK2`X AM HBM2b R9 iQ kj-

j?iiT,ffrrrX�iK2HX+QKfiQQHbf�iK2;�k8e`7`k@tT`QX�bTt
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JlGhASG1t /2+B/2b B7 Bi rBHH +`2�i2 � M2r *Q�S K2bb�;2 ?�pBM; KmHiBTH2
T�vHQ�/bX .2T2M/BM; QM i?2 MmK#2` Q7 biQ`2/ T�+F2ib QM i?2 #mz2`- i?2 +`2�iBQM
Q7 � KmHiBTH2 T�vHQ�/ K2bb�;2 Bb +Qbi@2{+B2Mi Q` MQiX 6Q` i?Bb `2�bQM- Bi Bb
M2+2bb�`v iQ b2i i?2 i?`2b?QH/ δ rBi? �M �/2[m�i2 p�Hm2X qBi? i?Bb Tm`TQb2-
a2+iBQM 9X8XkXj T`2b2Mib � bim/v iQ /2i2`KBM2 � p�Hm2 iQ δX
h?2 M2ti b2+iBQM b?Qrb i?2 2tT2`BK2Mib +QM/m+i2/ iQ +�HB#`�i2 �M/ p�HB/�i2 �
bQ7ir�`2 iQQH mb2/ iQ 2biBK�i2 i?2 2M2`;v +QMbmKTiBQM Q7 i?2 MQ/2bX

������� $BMJCSBUJPO BOE 7BMJEBUJPO UIF $POUJLJéT &OFSHZ 5PPM

*QMiBFB +QMi�BMb �M 1M2`;v *QMbmKTiBQM hQQH- +�HH2/ 1M2`;2bi- i?�i Bb �#H2 iQ
2biBK�i2 ?Qr Km+? 2M2`;v � MQ/2 ?�b +QMbmK2/X h?2 mb2 Q7 1M2`;2bi Bb KQ@
iBp�i2/ #v i?2 7�+i i?�i ?�`/r�`2@#�b2/ 2M2`;v K2�bm`2K2Mi Bb iBK2 +QMbmKBM;
�M/ `2[mB`2b K�Mv /2/B+�i2/ #Q�`/b �M/ 2[mBTK2Mi iQ K2�bm`2 i?2 2M2`;v +QM@
bmKTiBQM Q7 72r MQ/2bX
1M2`;2bi mb2b � *QMiBFB b2`pB+2 i?�i K�BMi�BMb � i�#H2 rBi? i?2 iQi�H iBK2 i?2
*Sl �M/ i`�Mb+2Bp2` ?�p2 #22M �+iBp2X h?Bb b2`pB+2 T`Q/m+2b iBK2 bi�KTb r?2M
i?2 +QKTQM2Mi Bb im`M2/ QM �M/ QzX >�pBM; i?2b2 iBK2 bi�KTb- Bi Bb TQb@
bB#H2 iQ 2biBK�i2 i?2 2M2`;v +QMbmKTiBQM Q7 i?2 MQ/2- �b T`2b2Mi2/ BM 1[m�iBQM
9XRdX

E

V
= Imtm + Ittt + Irtr U9XRdV

AM 1[m�iBQM 9XRd- tm- tt- �M/ tr �`2 i?2 iBK2 i?2 KB+`Q@+QMi`QHH2` Bb BM i?2 7QHHQr@
BM; bi�i2b, �+iBp2- i`�MbKBiiBM;- �M/ `2+2BpBM;- `2bT2+iBp2HvX "2bB/2b- i?2 b2i Q7
+QMbi�Mib {Im- It- Ir} `2T`2b2Mib i?2 2H2+i`B+�H +m``2Mi M2+2bb�`v iQ `mM 2�+? Q7
i?2b2 bi�i2bX hQ �+?B2p2 �M �++m`�i2 2biBK�iBQM Q7 i?2 iQi�H 2M2`;v +QMbmKTiBQM
pB� 1M2`;2bi Bi Bb M2+2bb�`v iQ +�HB#`�i2 i?2 p�Hm2b Q7 i?2 b2i {Im- Il- It- Ir}X
h?Bb +�HB#`�iBQM r�b T2`7Q`K2/ mbBM; � irQ bi2T K2i?Q/QHQ;vX 6B`bi- `2�H K2�b@
m`2K2Mib r2`2 T2`7Q`K2/ QM i?2 *QMiBFB /2pB+2b iQ }M/ i?2 2H2+i`B+�H +m``2Mi
BM 2�+? bi�i2X a2+QM/- i?2 iQi�H 2M2`;v +QMbmKTiBQM 2biBK�iBQM T`QpB/2/ #v
1M2`;2bi r�b +QKT�`2/ iQ i?2 `2�H K2�bm`2K2MibX
h?2 JaS9jk S9yR_9 #Q�`/ r�b mb2/ iQ K2�bm`2 i?2 `2�H +m``2Mi 2M2`;v +QM@
bmKTiBQM Q7 i?2 �hK2;�k8e_6_k@sS_P #Q�`/bX h?2 S9yR_ #Q�`/ +�M K2�b@
m`2 i?2 �KQmMi Q7 2M2`;v +QMbmK2/ �M/ i?2 2H2+i`B+�H +m``2Mi Q7 � i�`;2i #Q�`/
rBi? � `2bQHmiBQM Q7 kF>xX
h?2 2M2`;v bi�i2b ?�p2 #22M K2�bm`2/ BM Ry /Bz2`2Mi �hK2;�k8e_6_k@sS_P
#Q�`/b �M/ 2t2+mi2/ irB+2 7Q` 2�+? #Q�`/X 1�+? i2bi H�bi2/ Ry KBMmi2b �M/ i?2
}`bi irQ KBMmi2b r2`2 +QMbB/2`2/ �b � r�`K@mT T2`BQ/X h�#H2 9X3 b?Qrb i?2
Q#i�BM2/ p�Hm2b Q7 i?2 +m``2Mi 7Q` 2�+? bi�i2X
*Sl K2�bm`2K2Mib r2`2 T2`7Q`K2/ `mMMBM; *QMiBFB rBi?Qmi 2Mi2`BM; BM HQr
TQr2` KQ/2- bBM+2 i?Bb p2`bBQM Q7 *QMiBFB Bb MQi bi�#H2 r?2M �hK2;�k8e_6_k

9?iiT,ffrrrXiBX+QKfHBifm;fbH�m8Nd+fbH�m8Nd+XT/7

ě 3j ě
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h�#H2 9X3, *m``2Mi J2�bm`2K2Mi Q7 i?2 ai�i2b

ai�i2 *Sl h`�MbKBbbBQM _2+2TiBQM
1H2+i`B+�H *m``2Mi NXjk K� kRX99 K� R8X9N K�
 h?Bb K2�bm`2K2Mi BM+Hm/2b B/H2 �M/ �+iBp2X

Bb BM HQr TQr2` KQ/2X h?2 `2bmHi 7Q` *Sl Bb i?2 �p2`�;2 2H2+i`B+�H +m``2Mi 7Q`
i?2 r?QH2 T2`BQ/ Q7 i?2 2tT2`BK2Mi- BM r?B+? i?2 i`�Mb+2Bp2` Bb im`M2/ Qz �M/
i?2 *Sl +�M #2 �+iBp2 Q` B/H2X

h�#H2 9XN b?Qrb i?2 `2�H �M/ i?2 2biBK�i2/ 2M2`;v +QMbmKTiBQM `2TQ`i2/ #v i?2
S9yR_ #Q�`/ �M/ i?2 1M2`;2bi- `2bT2+iBp2HvX 6Q` i?2b2 i2bib- Ry #Q�`/b r2`2
bm#D2+i iQ i?`22 b2T�`�i2/ 2t2+miBQMb Q7 R ?Qm` Q7 QT2`�iBQM- r?B+? +QKT`Bb2b
i?2 i`�MbKBbbBQM iQ � #Q`/2` `Qmi2` Q7 QM2 *Q�S K2bb�;2 2p2`v jy b2+QM/bX h?2
2``Q` +QHmKM BM h�#H2 9XN b?Qrb BM T2`+2Mi�;2 ?Qr Km+? i?2 2biBK�i2/ 2M2`;v
Bb /Bz2`2Mi 7`QK i?2 `2�H K2�bm`2K2MibX

h�#H2 9XN, hQi�H 1M2`;v *QMbmKTiBQM

"Q�`/ _2�H 1M2`;2bi U1``Q` WV
R RRkdydXj RR8kdkXj kXk3
k Rk8Ry8XR RkdN8k-j Mf�
j Ry39NkXy RR9yyeXj 8XyN
9 Ry3dRyXy RR9j98Xy 8XRN
8 RRRRRjXy RR9988Xy jXyR
e RyNk3kXj RRjkReXe jXey
d RRj3kdXd RRjNkNXe yXky
3 RRRNkRXd RR9e9eXj kX99
N RyN39jXd RR99RkXy 9XRe
Ry RRRkNeXj RR9y3eXy kX8y
�p; RRydNNXj RR9kejXk jXRe
 PmiHB2`X

>m`MB 2i �H (>m`MB 2i �HX- kyRR) T`2b2Mi K2�bm`2K2Mib `2H�i2/ iQ i?2 +�HB#`�iBQM
Q7 i?2 *QMiBFBǶb 2M2`;v +QMbmKTiBQM iQQHX h?2 Q#i�BM2/ �p2`�;2 2``Q` p�Hm2 Q7
jXReW Bb +QKT�iB#H2 rBi? i?2 2``Q` BMi2`p�H T`2b2Mi2/ #v >m`MB 2i �HX

h?2 M2ti b2+iBQM T`2b2Mib bQK2 T`2HBKBH�` 2tT2`BK2Mib T2`7Q`K2/ QM � `2/m+2/
b2i Q7 MQ/2bX

������� 1SFMJNJOBS 5FTUT BOE 4UVEZ PG 5ISFTIPME δ

h?2 }`bi T`2HBKBM�` b2i Q7 i2bib �BKb iQ bim/v i?2 2M2`;v +QMbmKTiBQM Q7 � MQ/2
r?2M Bi `2+2Bp2b Q` i`�MbKBib K2bb�;2b rBi? /Bz2`2Mi T�vHQ�/ bBx2bX 6B;m`2b 9Xkj�
�M/ 9Xkj# b?Qr i?2 �KQmMi Q7 2M2`;v +QMbmK2/ 7Q` `2+2TiBQM �M/ i`�MbKBbbBQM-
`2bT2+iBp2HvX h?2b2 2tT2`BK2Mib r2`2 +QM/m+i2/ jy iBK2b �M/ i?2 �p2`�;2 Q7
/�i� b�KTH2b r�b Q#i�BM2/ +QMbB/2`BM; � +QM}/2M+2 BMi2`p�H Q7 N8 WX �b +�M #2
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Q#b2`p2/- i?2 +QMbmKTiBQM /m2 iQ i`�MbKBbbBQM i2M/b KQ`2 iQ � HBM2�` +m`p2 i?�M
i?2 `2+2TiBQMX AM #Qi? +�b2b- Bi Bb TQbbB#H2 iQ b22 i?2 BKT�+i i?2 T�vHQ�/ bBx2 ?�b
QM i?2 +QMbmK2/ 2M2`;vX "2bB/2b- i?2b2 };m`2b b?Qr i?2 �KQmMi Q7 2M2`;v bT2Mi
QMHv iQ i`�MbKBi Q` `2+2Bp2 i?2 ?2�/2`X h?2b2 �KQmMib �`2 b�p2/ #v JlGhASG1t
2p2`v iBK2 i?2 MQ/2b mb2 � bBM;H2 ?2�/2` iQ +QKKmMB+�i2 T�vHQ�/bX

���������	
���
�����

U�V _2+2TiBQMX
Payload size (bytes)

U#V h`�MbKBbbBQMX

6B;m`2 9Xkj, 1M2`;v *QMbmKTiBQMX

�MQi?2` Q#D2+iBp2 Bb iQ bim/v i?2 i?`2b?QH/ δ- r?B+? Bb i?2 KBMBKmK MmK#2` Q7
T�vHQ�/b QM � K2bb�;2 �#H2 iQ #2 +Qbi@2{+B2Mi BM i2`Kb Q7 2M2`;v +QMbmKTiBQMX
h?2 bim/v Q7 i?2 i?`2b?QH/ δ r�b +QM/m+i2/ mbBM; 7Qm` MQ/2b, R MQ/2 `mMMBM;
JlGhASG1t- k MQ/2b i?�i BMD2+i *Q�S i`�{+- �M/ R `2+2Bp2` MQ/2X 6Q` +QK@
T�`BbQM Tm`TQb2b- i?2 bi�M/�`/ *Q�S ?�b #22M 2p�Hm�i2/ BM i?2 b�K2 b+2M�`BQX
ai�M/�`/ *Q�S T`Q/m+2b K2bb�;2b +QMi�BMBM; QMHv � bBM;H2 T�vHQ�/ �M/ 7Q`@
r�`/b �HH i?2 `2+2Bp2/ K2bb�;2b 7`QK i?2 k BMD2+iQ` MQ/2bX 6B;m`2 9Xk9 b?Qrb
i?2 Q#i�BM2/ `2bmHib- +QMbB/2`BM; � +QKKmMB+�iBQM `QmM/ Q7 Rky b2+QM/bX
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Number of Tx Payloads in each Comm. Round 

Standard CoAP MULTIPLEx 

|

|

|

|

|

|

|

|

Threshold

6B;m`2 9Xk9, h?`2b?QH/ δ

�b +�M #2 b22M BM 6B;m`2 9Xk9- JlGhASG1t ?�b � HQr2` 2M2`;v +QMbmKTiBQM B7
i?2 MmK#2` Q7 T�vHQ�/b BM i?2 K2bb�;2 Bb 2[m�H Q` ;`2�i2` i?�M RkX Pi?2`rBb2-
Bi Bb KQ`2 2{+B2Mi iQ mb2 i?2 bi�M/�`/ *Q�S- BM r?B+? i?2 K2bb�;2b ?�p2 �
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bBM;H2 T�vHQ�/X h?2 K�BM `2�bQM JlGhASG1t /Q2b MQi T�vQz 7Q` H2bb i?�M Rk
T�vHQ�/b Bb `2H�i2/ iQ i?2 +Qbi Q7 2ti`�+iBM; �M/ T`Q/m+BM; � M2r K2bb�;2X
h?2 M2ti b2+iBQM /2b+`B#2b �M/ /Bb+mbb2b i?2 `2bmHib Q#i�BM2/ 7`QK i?2 2tT2`B@
K2Mi�H 2p�Hm�iBQMX

����� 5FTUCFE &WBMVBUJPO BOE 3FTVMUT

hQ 2p�Hm�i2 i?2 2M2`;v +QMbmKTiBQM Q7 JlGhASG1t- � i2bi#2/ +QKTQb2/ Q7 3
*QMiBFB MQ/2b r�b mb2/X �b /2TB+i2/ BM 6B;m`2 9Xk8- i?2 3 *QMiBFB MQ/2b r2`2
/2THQv2/ iQ +`2�i2 � #�H�M+2/ i`22 iQTQHQ;v BM �M BM/QQ` 2MpB`QMK2MiX

6B;m`2 9Xk8, h2bi#2/ hQTQHQ;v

h?2 2tT2`BK2Mib r2`2 +QM/m+i2/ iQ 2p�Hm�i2 JlGhASG1t �M/ i?2 ai�M/�`/
*Q�S bQHmiBQM mM/2` i?2 b�K2 b2iiBM;bX h?2 7QHHQrBM; b2i Q7 T`QiQ+QHb r�b mb2/,
*Q�S- l.S- eGQrS�L- _SG- *QMiBFBJ�+- �M/ A111 3ykXR8X9X �HH Q#i�BM2/
`2bmHib r2`2 +QKTmi2/ #�b2/ QM R8 BM/2T2M/2Mi 2tT2`BK2MibX 1�+? 2tT2`BK2Mi
H�bi2/ 7Q` Ry KBMmi2b- �M/ i?2 }`bi 9 KBMmi2b r2`2 /2}M2/ �b i?2 r�`K@mT BM@
i2`M�HX h?2 K2�bm`2K2Mib r2`2 Q#i�BM2/ #v i?2 *QMiBFBǶb 1M2`;v *QMbmKTiBQM
hQQH Ub22 a2+iBQM 9X8XkXkVX
h?2 }M�H /2biBM�iBQM Q7 �HH BMD2+i2/ *Q�S K2bb�;2b Bb �M 2ti2`M�H +QKTmi2`-
r?B+? Bb +QMM2+i2/ iQ i?2 #Q`/2` `Qmi2` �M/ `mMb � i`�{+ +�Tim`2 bQ7ir�`2 iQ
+QHH2+i i?2 `2+2Bp2/ K2bb�;2bX h�#H2 9XRy T`2b2Mib �//BiBQM�H b22iBM;b mb2/ BM
i?2 2tT2`BK2Mi�H 2p�Hm�iBQMX

h�#H2 9XRy, a2iiBM;b Q7 i?2 _2�H 1tT2`BK2Mib

a2iiBM; o�Hm2
JlGhASG1t h?`2b?QH/ Rk S�vHQ�/b
�TTHB+�iBQM S`QiQ+QH *Q�S
aBM;H2 S�vHQ�/ aBx2 k "vi2b
J�* S`QiQ+QH *QMiBFBJ�+
*QMiBFBJ�+ *?�MM2H *?2+F 6`2[X 3?x
qB`2H2bb h2+?MQHQ;v A111 3ykXR8X9
*QKKmMB+�iBQM _QmM/ AMi2`p�H ey b2+
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�KQM; i?2 3 MQ/2b- R MQ/2 Bb i?2 #Q`/2` `Qmi2`- R MQ/2 �+ib �b T�`2Mi 7Q` i?2
`2bi Q7 i?2 M2irQ`F- k MQ/2b 2t2+mi2 i?2 JlGhASG1t +Q/2- �M/ 9 MQ/2b BMD2+i
*Q�S K2bb�;2b BM i?2 M2irQ`FX h?2 T�`2Mi MQ/2 Bb b2i iQ 7Q`r�`/ i?2 *Q�S
K2bb�;2b `2+2Bp2/X

6B;m`2 9Xke T`2b2Mib i?2 �p2`�;2 iQi�H 2M2`;v +QMbmKTiBQM �M/ i?2 bi�M/�`/ /2@
pB�iBQM 7Q` /Bz2`2Mi MmK#2`b Q7 *Q�S T�vHQ�/bX AM 6B;m`2b 9Xke� �M/ 9Xke#- i?2
`2bmHib b?Qr i?2 2M2`;v +QMbmKTiBQM Q7 i?2 irQ JlGhASG1t MQ/2bX _2;�`/BM;
i?2b2 `2bmHib �M/ 7Q` �HH K2�bm`2/ +�b2b- JlGhASG1t ?�b i?2 HQr2bi 2M2`;v
+QMbmKTiBQMX h?2 BKT`Qp2K2Mi Bb R9X38W 7Q` i?2 +�b2 Q7 k9 T�vHQ�/b BM � bBM;H2
K2bb�;2X
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Number of Tx Payloads in each Comm. Round 

Standard'CoAP' MULTIPLEx'

U+V S�`2Mi LQ/2

6B;m`2 9Xke, 1M2`;v *QMbmKTiBQM

AM 6B;m`2 9Xke+- i?2 Q#i�BM2/ 2M2`;v +QMbmKTiBQM +Q``2bTQM/b iQ i?2 MQ/2 i?�i
�+ib �b T�`2Mi 7Q` i?2 JlGhASG1t MQ/2bX AM i?Bb b2i Q7 `2bmHib- JlGhSG1t
Bb KQ`2 +Qbi@2z2+iBp2 BM i?2 +�b2 Q7 R3 �M/ k9 T�vHQ�/bX h?Bb };m`2 b?Qrb i?�i
JlGhASG1t �HbQ BKT`Qp2b 2M2`;v +QMbmKTiBQM Q7 i?2 T�`2Mi MQ/2- bBM+2 i?Bb
MQ/2 7Q`r�`/b H2bb *Q�S ?2�/2`bX

h�#H2 9XRR b?Qrb i?2 �p2`�;2 2M2`;v +QMbmK2/ BM 2�+? bi�i2 Q7 i?2 JlGhASG1t
MQ/2bX AM i?2b2 `2bmHib Bi Bb TQbbB#H2 iQ K2�bm`2 ?Qr JlGhASG1t +?�M;2b i?2
2M2`;v bT2Mi QM h`�MbKBbbBQM- _2+2TiBQM- :2M2`�H *Sl QT2`�iBQM- �M/ �HbQ Bi
T`2b2Mib i?2 *Sl /2K�M/2/ #v JlGhASG1tX

ě 3d ě



*>�Sh1_ 9X J1*>�LAaJa 6P_ 1L1_:u 166A*A1L*u AL JkJ
:_PlS *PJJlLA*�hAPL

h?2 `2bmHib BM h�#H2 9XRR b?Qr i?�i JlGhASG1t +QKT�`2/ iQ i?2 bi�M/�`/
*Q�S bQHmiBQM BM+`2�b2b i?2 2M2`;v bT2Mi #v i?2 *SlX >Qr2p2`- i?2 JlGhA@
SG1t *Sl +QMbmKTiBQM Bb +Qbi@2z2+iBp2- bBM+2 i?2 b�p2/ 2M2`;v QM h`�MbKBbbBQM
�M/ _2+2TiBQM Bb ;`2�i2` i?�M i?2 2M2`;v +QMbmK2/ iQ 2t2+mi2 JlGhSG1tX �M@
Qi?2` �/p�Mi�;2 Q7 JlGhASG1t Bb i?�i Bi T`2b2`p2b i?2 +QMi2Mi Q7 i?2 T�vHQ�/b-
r?B+? K2�Mb i?�i i?2 /�i� �++m`�+v Bb MQi `2/m+2/X

h�#H2 9XRR, 1M2`;v *QMbmKTiBQM

ht :2M2`�H *Sl 7Q`
S�vHQ�/b *Sl ht _t JlGhASG1t

J
lG

hA
SG

1t e N8X8yW RXyNW jXjeW yXyjW
Rk N9X3yW yXNdW 9XR9W yXydW
R3 NjXjyW RXReW 8X9RW yXRRW
k9 3NX9yW RX9RW NXyjW yXR9W

ai
�M

/�
`/

e NRXjkW kXNdW 8XdyW Mf�
Rk 33XkyW eXyeW 8XdjW Mf�
R3 3jXkdW eXkRW RyX8RW Mf�
k9 d3XNyW NX9eW RRXejW Mf�

��� 4VNNBSZ

h?Bb +?�Ti2` T`QTQb2/ K2+?�MBbKb iQ �//`2bb i?2 7QHHQrBM; K�BM QT2M Bbbm2b BM
JkJ +QKKmMB+�iBQM, UBV 1M2`;v 2{+B2M+v BM HBKBi2/ #�ii2`v@TQr2` M2irQ`Fb-
UBBV ?2i2`Q;2M2Qmb ;`QmT +QKKmMB+�iBQMbX Ai T`2b2Mi2/- BM a2+iBQM 9Xk- � ~2tB#H2
�M/ ;2M2`�H �TT`Q�+? iQ `2/m+2 Qp2`?2�/ �M/ 2HBKBM�i2 /�i� `2/mM/�M+v i?�i
+�M #2 �TTHB2/ BM JkJ ;`QmT +QKKmMB+�iBQMb- +�HH2/ hrQ hB2` �;;`2;�iBQM
Uhh�VX
"2bB/2b- a2+iBQM 9Xj T`2b2Mi2/ irQ ?2m`BbiB+b /2bB;M2/ iQ �TTHv i?2 T`QTQb2/
hh� Qp2` i?2 M2irQ`F i`�{+- 7Q+mbBM; iQ +QKTmi2 ?Qr i?2 K2bb�;2b rBHH ~Qr
QM i?2 M2irQ`F iQ �+?B2p2 #2ii2` M2irQ`F HB72iBK2 T2`7Q`K�M+2 pB� hh�X
a2+iBQM 9X9 BMi`Q/m+2/ � K�i?2K�iB+�H KQ/2H- 7Q`KmH�i2/ �b �M AMi2;2` GBM2�`
S`Q;`�K- �#H2 iQ }M/ i?2 QTiBK�H M2irQ`F ~Qr bQHmiBQM 7Q` hh� i?�i K�tBKBx2b
i?2 M2irQ`F HB72iBK2X AM �//BiBQM- i?Bb b2+iBQM T`2b2Mi2/ � T2`7Q`K�M+2 +QKT�`@
BbQM rBi? i?2 Q#D2+iBp2 iQ /2i2`KBM2 ?Qr 7�` �`2 i?2 ?2m`BbiB+b 7`QK i?2 QTiBK�H
Q` M2�`@QTiBK�H bQHmiBQMbX
a2+iBQM 9X8 b?Qr2/ i?2 T`QiQivTBM; �M/ i?2 i2bi#2/ 2tT2`BK2MibX h?2b2 b2i Q7
2tT2`BK2Mib r2`2 +QM/m+i2/ iQ K2�bm`2 i?2 `2�H ;�BM Q7 i?2 T`QTQb2/ hh�X h?2
Q#i�BM2/ `2bmHi ?B;?HB;?i2/ i?�i i?2 �;;`2;�iBQM +Qbi Bb MQi M2;HB;B#H2- #mi Bi +�M
#2 +QMbB/2`2/ �b � +`Bi2`B� iQ /2+B/2 B7 i?2 �;;`2;�iBQM b?QmH/ Q++m` Q` MQiX
h?2 M2ti +?�Ti2` b?Qrb i?2 T`QTQb2/ bQHmiBQMb 7Q` 2M2`;v 2{+B2Mi +QKKmMB+�@
iBQM BM `2TH2MBb?�#H2 2M2`;v 2MpB`QMK2MibX
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$IBQUFS �
%ZOBNJD %BUB "HHSFHBUJPO JO
3FQMFOJTIBCMF &OFSHZ &OWJSPONFOUT

*G * IBWF FWFS NBEF BOZ WBMVBCMF
EJTDPWFSJFT
 JU IBT CFFO PXJOH NPSF UP
QBUJFOU BUUFOUJPO
 UIBO UP BOZ PUIFS
UBMFOU�

	*TBBD /FXUPO


*QMi2Mib
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 Ny
8Xk .�i� �;;`2;�iBQM 7Q` 1M2`;v >�`p2biBM; L2irQ`Fb X NR

8XkXR Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X NR
8XkXk 1M2`;v >�`p2biBM; rBi? .�i� �;;`2;�iBQM X X X X X Nk
8XkXj S2`7Q`K�M+2 1p�Hm�iBQM X X X X X X X X X X X X X X X Ne

8Xj _QmiBM; �M/ �;;`2;�iBQM 7Q` JBMBKmK 1M2`;v X X X Ryy
8XjXR Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X RyR
8XjXk _QmiBM; �M/ .�i� �;;`2;�iBQM aQHmiBQM 7Q` PT2`�iBQM

Q7 i?2 JBMBKmK 1M2`;v LQ/2 X X X X X X X X X X X X Ryk
8XjXj AKTH2K2Mi�iBQM BM *QMiBFB Pa X X X X X X X X X X X X Ry8
8XjX9 S2`7Q`K�M+2 1p�Hm�iBQM X X X X X X X X X X X X X X X Ryd

8X9 amKK�`v X 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

h Q mb2 2M2`;v ?�`p2biBM; bQm`+2b iQ `2TH2MBb? i?2 2M2`;v `2b2`p2b Q7
J�+?BM2@iQ@J�+?BM2 UJkJV /2pB+2b QT2Mb `2H2p�Mi `2b2�`+? +?�HH2M;2bX
PM2 Q7 i?2 i?2b2 +?�HH2M;2b Bb iQ +QMbmK2 2M2`;v `2bQm`+2b BM � T�+2

i?�i /Q2b MQi /2TH2i2 Q` Qp2`~Qr i?2 MQ/2Ƕb `2b2`p2bX �MQi?2` +?�HH2M;2 Bb iQ
`2/m+2 i?2 +QKKmMB+�iBQM Qp2`?2�/- bBM+2 Bi +QMi`B#mi2b 7Q` i?2 M2irQ`F +QM@
;2biBQM �M/ r�bi2 Q7 2M2`;v `2bQm`+2bX AM �//BiBQM- i?2 K�+?BM2@iQ@K�+?BM2
bi�M/�`/ T`QiQ+QH bi�+F Kmbi #2 �/�Ti2/ �M/ 2ti2M/2/ 7Q` 2M2`;v ?�`p2biBM;
b+2M�`BQb- T`QKQiBM; i?2 +QMp2`;2M+2 Q7 T`QiQ+QHb BM i?Bb }2H/X JQiBp�i2/ #v

ě 3N ě
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i?2 i?2b2 +?�HH2M;2b- i?Bb +?�Ti2` T`2b2Mib irQ T`QTQb2/ K2+?�MBbKb /2bB;M2/
7Q` `2TH2MBb?�#H2 2MpB`QMK2MibX

��� *OUSPEVDUJPO

1M2`;v ?�`p2biBM; 2M�#H2b i?2 M2irQ`F MQ/2b iQ `2M2r i?2B` 2M2`;v `2b2`p2b mbBM;
bQH�`- rBM/- Q` KQiBQM TQr2`X .m2 iQ i?2 +�T�+Biv Q7 `2M2rBM; 2M2`;v- 2M2`;v
?�`p2biBM; ?�b /2K�M/2/ M2r BMbB;?ib QM ?Qr iQ +QKKmMB+�i2 2{+B2MiHvX PM2
BKTQ`i�Mi `2[mB`2K2Mi BM 2M2`;v ?�`p2biBM; M2irQ`Fb Bb iQ `2;mH�i2 i?2 2M2`;v
+QMbmKTiBQM �++Q`/BM; iQ i?2 H2p2H Q7 2M2`;v biQ`2/ BM i?2 #�ii2`B2b- �pQB/BM;
i?2 Qp2` �M/ mM/2`mb2 Q7 i?2 2M2`;v `2bQm`+2b (:mM/mx 2i �HX- kyR9)X a2p2`�H
T`QTQb�Hb �`2 /2bB;M2/ iQ i?Bb `2;�`/X 6Q` BMbi�M+2 :`2;Q`B �M/ S�v�`Ʀ (:`2;Q`B
�M/ S�v�`Ʀ- kyRk) T`2b2Mi bQK2 i`�MbKBbbBQM bi`�i2;B2b i?�i +QKTmi2 i?2 �KQmMi
Q7 /�i� iQ #2 +QKKmMB+�i2/ �++Q`/BM; iQ i?2 2M2`;v �p�BH�#BHBivX

.�i� �;;`2;�iBQM Bb �M �TT`Q�+?- mbm�HHv +QmTH2/ rBi? `QmiBM;- i?�i ?�b � ;`2�i
TQi2MiB�H iQ `2;mH�i2 i?2 2M2`;v +QMbmKTiBQMX h?Bb Bb #2+�mb2 /�i� �;;`2;�iBQM
�HHQrb i?2 MQ/2b iQ +QMi`QH i?2 �KQmMi Q7 bT�iBQ@i2KTQ`�H `2/mM/�M+B2b ~QrBM;
Qp2` i?2 M2irQ`F T�i?bX lbBM; /�i� �;;`2;�iBQM- i?2 bBMF MQ/2 +�M `2+2Bp2
i?2 �;;`2;�i2/ /�i� i?�i `2p2�Hb i?2 Qp2`�HH KQMBiQ`BM; bi�imb U2X;X �p2`�;2
i2KT2`�im`2V- BMbi2�/ Q7 `2+2BpBM; i?2 BM/BpB/m�H /�i� `2�/BM;b 7`QK 2�+? MQ/2X
h?mb- �b i?2 MQ/2b �;;`2;�i2 /�i�- i?2 i`�{+ ~Qr +�M #2 `2/m+2/ Qp2` i?2
M2irQ`FX

q?2M i?2 MQ/2b /Q MQi ?�p2 2M2`;v ?�`p2biBM; +�T�#BHBiB2b- Bi Bb M2+2bb�`v iQ
�;;`2;�i2 i?2 /�i� �b Km+? �b TQbbB#H2- F22TBM; i?2 K�tBKmK �;;`2;�iBQM H2p2H
/m`BM; i?2 r?QH2 M2irQ`F HB72iBK2X >Qr2p2`- BM 2M2`;v ?�`p2biBM; M2irQ`Fb-
i?2`2 �`2 KQK2Mib r?2M Bi Bb TQbbB#H2 iQ bT2M/ KQ`2 2M2`;v- `2[mB`BM; i?2 MQ/2b
iQ `2;mH�i2 /vM�KB+�HHv i?2B` �;;`2;�iBQM H2p2HX 6Q` BMbi�M+2- �7i2` � iBK2 BMi2`@
p�H Q7 ?B;? bQH�` B``�/B�iBQM- i?2 MQ/2b +�M BM+`2�b2 i?2B` 2M2`;v +QMbmKTiBQM-
�HHQrBM; i?2 MQ/2b iQ biQ`2 7mim`2 ?�`p2bi2/ 2M2`;vX

�i }`bi- i?2 B/2� Q7 /vM�KB+�HHv `2;mH�iBM; i?2 H2p2H Q7 /�i� �;;`2;�iBQM �++Q`/@
BM; iQ i?2 2M2`;v H2p2H +�M #2 b22M �b mM/2bB`2/ 7Q` bQK2 mb2`b �M/ +QKT�MB2b-
#2+�mb2 i?2 �KQmMi Q7 +QHH2+i2/ /�i� rBHH /2T2M/ QM i?2 2M2`;v ?�`p2bi2/ 7`QK
i?2 �K#B2MiX >Qr2p2`- KQbi Q7 i?2 +H�bbB+ /�i� �;;`2;�iBQM bQHmiBQMb Qz2` QMHv
QM2 /�i� �;;`2;�iBQM H2p2H- r?B+? `2bmHib BM KBMBKmK /�i� �++m`�+vX aQ- i?2`2
Bb � ;�BM r?2M /vM�KB+ /�i� �;;`2;�iBQM Bb 2t2+mi2/- bBM+2 BM i?2 #2bi +�b2 b+2M@
�`BQ i?2 ?B;?2bi /�i� �++m`�+v H2p2H Bb �+?B2p2/X PMHv BM i?2 rQ`bi +�b2 b+2M�`BQ
i?2 KBMBKmK /�i� �++m`�+v H2p2H Bb �+?B2p2/X

_2;�`/BM; i?2 �`;mK2Mi i?�i i?2 ?�`p2bi2/ 2M2`;v 7`QK i?2 �K#B2Mi Bb mM+QM@
i`QHH�#H2- � bi`�B;?i7Q`r�`/ bQHmiBQM iQ `2/m+2 i?2 BM~m2M+2 Q7 M�im`�H +QM/BiBQMb
QM /vM�KB+ /�i� �;;`2;�iBQM Bb �#H2 iQ BMi`Q/m+2 mTT2` �M/ #QiiQK i?`2b?QH/b
7Q` i?2 /�i� �;;`2;�iBQM H2p2HX lbBM; i?`2b?QH/b- i?2 p�`B�iBQM Q7 i?2 /�i� �;@
;`2;�iBQM H2p2H Bb HBKBi2/ �M/ +�M #2 �/�Ti2/ iQ i?2 M2+2bbBiv Q7 i?2 mb2`bX

.2bTBi2 i?2 �7Q`2K2MiBQM2/ �bT2+ib Q7 2M2`;v ?�`p2biBM; �M/ /�i� �;;`2;�iBQM-

ě Ny ě
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i?2 +m``2Mi bQHmiBQMb 7Q` 2M2`;v ?�`p2biBM; M2irQ`Fb /Q MQi �/�Ti i?2 �;;`2;�@
iBQM H2p2H BM �++Q`/�M+2 iQ i?2 �KQmMi Q7 2M2`;v ?�`p2bi2/ BM i?2 #�ii2`B2bX hQ
}HH i?Bb ;�T- i?Bb +?�Ti2` T`2b2Mib,

Ç � /Bbi`B#mi2/ /�i� �;;`2;�iBQM bQHmiBQM- M�K2/ .�i� �;;`2;�iBQM 7Q` 2M@
2`;v ?�`o2biBM; L1hrQ`Fb U.�o@L1hV- i?�i /vM�KB+�HHv +QMi`QHb i?2
H2p2H Q7 /�i� �;;`2;�iBQM �M/ �/�Tib i?2 2M2`;v +QMbmKTiBQM �++Q`/BM; iQ
i?2 H2p2H Q7 2M2`;v BM i?2 #�ii2`B2bX

Ç � _QmiBM; �M/ �;;`2;�iBQM 7Q` JBMBKmK 1M2`;v U_�J1V 2M2`;v@�r�`2
bQHmiBQM i?�i +QK#BM2b `QmiBM; �M/ /�i� �;;`2;�iBQM K2+?�MBbKb iQ +QM@
i`QH i?2 /�i� i`�{+ QM i?2 T�i?b +QMbB/2`BM; HQr2bi 2M2`;v `2b2`p2 QM i?2
T�i?X AM �//BiBQM- i?Bb bQHmiBQM Bb BKTH2K2Mi2/ QM i?2 bi�M/�`/ JkJ T`Q@
iQ+QH bi�+F �M/ �TTHB2b � b+?2K2 i?�i bm++2bb7mHHv `2/m+2b i?2 Qp2`?2�/ Q7
i?2 +QKKmMB+�iBQMX

h?2 `2K�BMBM; Q7 i?Bb +?�Ti2` Bb bi`m+im`2/ �b 7QHHQrb, a2+iBQM 8Xk T`2b2Mib i?2
.�o@L1h �TT`Q�+? �M/ b?Qrb i?2 Q#i�BM2/ `2bmHibX a2+iBQM 8Xj /2b+`B#2b i?2
_�J1 �TT`Q�+? �M/ T`2b2Mib i?2 BKTH2K2Mi�iBQM �M/ 2p�Hm�iBQMX

��� %BUB "HHSFHBUJPO GPS &OFSHZ )BSWFTUJOH
/FUXPSLT

h?Bb b2+iBQM QmiHBM2b �M/ 2p�Hm�i2b i?2 .�i� �;;`2;�iBQM 7Q` 2M2`;v ?�`o2biBM;
L1hrQ`Fb U.�o@L1hVX lMHBF2 i`�/BiBQM�H /�i� �;;`2;�iBQM bQHmiBQMb- .�o@
L1h Bb /2bB;M2/ iQ /vM�KB+�HHv �/�Ti i?2 /�i� �;;`2;�iBQM H2p2H- b22FBM; i?2
M2mi`�H QT2`�iBQM Q7 i?2 MQ/2bX

hQ #2;BM- i?2 M2ti b2+iBQM T`2b2Mib �M Qp2`pB2r �#Qmi .�o@L1hX

����� 0WFSWJFX

h?2 �BK Q7 i?2 T`QTQb2/ bQHmiBQM- M�K2/ .�i� �;;`2;�iBQM 7Q` 2M2`;v ?�`o2bi@
BM; L1hrQ`Fb U.�o@L1hV- Bb iQ `Qmi2 i?2 /�i� Qp2` i?2 T�i?b T`QKQiBM; /�i�
�;;`2;�iBQM iQ mb2 BM �M 2{+B2Mi K�MM2` i?2 ?�`p2bi2/ 2M2`;v biQ`2/ BM i?2
#�ii2`B2bX

6B;m`2 8XR b?Qrb � bQH�` b+2M�`BQ- r?2`2 � M2irQ`F MQ/2 ?�b � #mz2` 7Q` BMTmi
/�i�- r?B+? biQ`2b QrM T`Q/m+2/ /�i� �M/ `2+2Bp2/ K2bb�;2b 7`QK M2B;?#Q`bX
h?Bb T�`iB+mH�` MQ/2 +QKTmi2b i?2 �;;`2;�iBQM H2p2H �++Q`/BM; iQ i?2 2M2`;v
H2p2H Q7 i?2 #�ii2`v- r?B+? rBHH /2T2M/ QM i?2 ?�`p2bi2/ �M/ +QMbmK2/ 2M2`;vX
h?2 K�BM B/2� Bb iQ `2;mH�i2 i?2 �KQmMi Q7 i`�{+ ~QrBM; i?`Qm;? i?2 MQ/2
mbBM; i?2 �;;`2;�iBQM H2p2H �b T�`�K2i2`X AM Qi?2` rQ`/b- i?2 MQ/2 mb2b i?2
�;;`2;�iBQM H2p2H iQ /2i2`KBM2 i?2 MmK#2` Q7 T�vHQ�/b BM i?2 #mz2` i?�i b?QmH/
#2 �;;`2;�i2/X

ě NR ě
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6B;m`2 8XR, .�i� �;;`2;�iBQM BM .�o@L1hX

AM ;2M2`�H- .�o@L1h 2M�#H2b i?2 M2irQ`F iQ /2+`2�b2 i?2 MmK#2` Q7 �;;`2;�i2/
T�vHQ�/b r?2M i?2 2M2`;v ?�`p2bi2/ 7`QK i?2 �K#B2Mi BM+`2�b2b i?2 2M2`;v H2p2H
BM i?2 #�ii2`B2bX AM +�b2 i?2 MQ/2 ?�b 72r 2M2`;v `2bQm`+2b- i?2 MmK#2` Q7
�;;`2;�i2/ T�vHQ�/b rBHH BM+`2�b2X h?Bb i`�{+ `2;mH�iBQM �HHQrb i?2 M2irQ`F iQ
K�F2 2{+B2Mi mb2 Q7 i?2 2M2`;v `2bQm`+2bX

h?2 M2ti b2+iBQM 7m`i?2` /2i�BHb i?2 /2bB;M Q7 .�o@L1hX

����� &OFSHZ )BSWFTUJOH XJUI %BUB "HHSFHBUJPO

h?Bb b2+iBQM T`2b2Mib i?2 K�BM bi2Tb �M/ T`Q+2/m`2b 2t2+mi2/ #v .�o@L1h iQ
/vM�KB+�HHv �;;`2;�i2 /�i� BM 2M2`;v ?�`p2biBM; 2MpB`QMK2MibX �b T`2b2Mi2/ BM
i?2 7QHHQrBM; b2+iBQM- }`bi- Bi +QKTmi2b �M �;;`2;�iBQM i`22- �HHQrBM; i?2 i`�{+ iQ
~Qr 7`QK i?2 MQ/2b iQ i?2 bBMFX a2+QM/- Bi /vM�KB+�HHv }M/b �M �;;`2;�iBQM H2p2H
i?�i `2;mH�i2b i?2 �;;`2;�iBQM T`Q+2/m`2b 2t2+mi2/ QM i?2 M2irQ`F i`�{+X

������� "HHSFHBUJPO 5SFF

.�o@L1h +QKTmi2b �M �;;`2;�iBQM i`22 BM � /Bbi`B#mi2/ 7�b?BQMX hQ �+?B2p2
i?�i- 2�+? MQ/2 K�BMi�BMb i?2 7QHHQrBM; BM7Q`K�iBQM �#Qmi Bib M2B;?#Q`b, i?2
2M2`;v H2p2H �M/ i?2 ?QT ;`�/B2MiX h?2 7Q`K2` `2p2�Hb i?2 #�ii2`v bi�i2@Q7@
+?�`;2- �M/ i?2 H�ii2` Bb i?2 MmK#2` Q7 ?QTb M2+2bb�`v iQ `2�+? i?2 bBMF MQ/2X
.�i� ;�i?2`BM; Bb 2t2+mi2/ BM +QKKmMB+�iBQM `QmM/bX AM 2�+? +QKKmMB+�iBQM
`QmM/- �HH MQ/2b +QKKmMB+�i2 i?2B` /�i� `2�/BM;b iQ i?2 bBMF MQ/2X

�b +�M #2 b22M BM �H;Q`Bi?K 8XR- /m`BM; i?2 "2�+QM AMi2`p�H- r?B+? Bb 2t2+mi2/
T2`BQ/B+�HHv- 2p2`v MQ/2 #`Q�/+�bib #2�+QM K2bb�;2b +QMi�BMBM; i?2 2M2`;v H2p2H-

ě Nk ě
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�M/ i?2 ?QT ;`�/B2MiX h?`Qm;? i?2 #2�+QM K2bb�;2b i?2 MQ/2b +�M mT/�i2 i?2
M2B;?#Q`bǶ BM7Q`K�iBQMX 1p2M BM bi�iBQM�`v iQTQHQ;B2b- i?2 T2`BQ/B+ #`Q�/+�biBM;
Q7 ?QT ;`�/B2Mi Bb M2+2bb�`v /m2 iQ M2irQ`F /vM�KB+b U2X;X MQ/2 �M/ HBMF 7�BHm`2b
�M/ 2M2`;v /2TH2iBQMVX

�H;Q`Bi?K 8XRX .�i� �;;`2;�iBQM h`22
AMBiB�HBx2,

R, ownHop, ELevel, txtimer, rxtimer;
k, ai�`i
j, r?BH2 isBeaconInterval /Q
9, TXtimer ← findtxT imer();
8, RXtimer ← findrxT imer();
e, B7 isRXtime(RXtimer) == True i?2M
d, bMSG← listenNeighbors();
3, updatenownHop(bMSG);
N, updatenngbHop(bMSG);

Ry, updatenngbElevel(bMSG);
RR, 2M/ B7
Rk, B7 isTXtime(TXtimer) == True i?2M
Rj, ownHop← getOwnHop();
R9, Elevel← getEnergyLevel();
R8, bMSG← createBeacon(Elevel, ownHop);
Re, broadcast(bMSG);
Rd, 2M/ B7
R3, 2M/ r?BH2
RN, selectParent();
ky, computeAggLevel;
kR, 1M/
kk, 7mM+iBQM b2H2+iS�`2Mi
kj, parentID ← 0;
k9, /Q
k8, parentID ← nextParentMaxE(parentID);
ke, nHop← getHopGradient(parentID);
kd, r?BH2 nHop > ownHopG

k3, 2M/ 7mM+iBQM

�i i?2 2M/ Q7 i?2 "2�+QM AMi2`p�H- 2�+? MQ/2 ?�b i?2 BM7Q`K�iBQM `2p2�HBM; Bib
QrM �M/ i?2 M2B;?#Q`bǶ 2M2`;v H2p2H �M/ ?QT ;`�/B2MiX >�pBM; i?Bb BM7Q`K�iBQM-
2�+? MQ/2 #2;BMb i?2 T`Q+2bb Q7 T�`2Mi b2H2+iBQM- r?B+? Bb � bi`�B;?i7Q`r�`/ T`Q@
+2/m`2X 6B`bi- i?2 b2H2+iQ` MQ/2 +?QQb2b �b T�`2Mi +�M/B/�i2 i?2 M2B;?#Q` rBi?
?B;?2bi 2M2`;v H2p2HX a2+QM/- i?2 T�`2Mi +�M/B/�i2 #2+QK2b T�`2Mi B7 i?2 ?QT
;`�/B2Mi Q7 i?2 T�`2Mi +�M/B/�i2 Bb H2bb i?�M i?2 ?QT ;`�/B2Mi Q7 i?2 b2H2+iQ`
MQ/2X A7 i?2 T�`2Mi +�M/B/�i2 pBQH�i2b i?2 ?QT ;`�/B2Mi i2bi- i?2 b2H2+iQ` MQ/2
}M/b i?2 M2B;?#Q` i?�i ?�b i?2 b2+QM/ ?B;?2bi 2M2`;v H2p2H- `2T2�iBM; i?Bb T`Q@
+2/m`2 mMiBHH Bi }M/b � MQ/2 i?�i T�bb2b i?2 ?QT ;`�/B2Mi i2biX h?Bb T`Q+2/m`2
Bb #�b2/ QM i?2 _QmiBM; S`QiQ+QH 7Q` GQr@SQr2` �M/ GQbbv L2irQ`Fb (qBMi2`
2i �HX- kyRk)- �M/ �pQB/b HQQTb BM bi�iBQM�`v iQTQHQ;B2bX

�b i?2 MQ/2b b2H2+i �b T�`2Mi i?2 M2B;?#Q` rBi? ?B;?2bi 2M2`;v H2p2H- i?2 MQ/2b
rBi? HQr 2M2`;v H2p2H i2M/ iQ #2 +?BH/`2M BM i?2 i`22- +QMbmKBM; H2bb 2M2`;v
i?�M i?2 T�`2Mi MQ/2bX h?2 M2ti b2+iBQM ;Bp2b i?2 /2i�BHb �#Qmi i?2 T`Q+2/m`2b
2t2+mi2/ #v .�o@L1h iQ �;;`2;�i2 i?2 M2irQ`F i`�{+X

ě Nj ě



*>�Sh1_ 8X .uL�JA* .�h� �::_1:�hAPL AL _1SG1LAa>�"G1
1L1_:u 1LoA_PLJ1Lha

h?2 M2ti b2+iBQM b?Qrb ?Qr i?2 �;;`2;�iBQM H2p2H Bb +QKTmi2/ #v 2�+?
MQ/2X

������� %ZOBNJD "HHSFHBUJPO -FWFM

hQ }M/ i?2 �;;`2;�iBQM G2p2H Q7 � MQ/2 i- .�o@L1h mb2b 1[m�iBQM 8XRX

AggLeveli = 1−
(

Ei

Ebattery ∗ α

)
U8XRV

Ei Bb i?2 `2bB/m�H 2M2`;v Q7 MQ/2 i �M/ Ebattery /2MQi2b i?2 K�tBKmK +�T�+Biv
Q7 i?2 2M2`;v `2b2`p2X h?2 α T�`�K2i2` Bb /2}M2/ iQ �pQB/ i?2 #�ii2`v iQ `2�+?
Bib K�tBKmK HBKBi- �M/ 0 < α < 1X AM ;2M2`�H- α Bb /2i2`KBM2/ �++Q`/BM; iQ i?2
#�ii2`v ivT2- �M/ Bi Bb rB/2Hv /2}M2/ BM i?2 +?�`;BM; +QMi`QH +B`+mBib iQ �pQB/
Qp2`+?�`;2X 6Q` BMbi�M+2- LB+F2H@*�/KBmK ULB*/V �M/ LB+F2H@J2i�H >v/`B/2
ULBJ>V #�ii2`B2b �`2 +QMbB/2`2/ 7mHHv +?�`;2/ B7 i?2 `2bB/m�H 2M2`;v Bb ;`2�i2`
i?�M 3yW Q7 i?2 iQi�H +�T�+Biv (>mbb2BM �M/ "�i�`b2?- kyRR)X

h?2 M2ti bi2T Bb iQ +QKTmi2 i?2 �KQmMi Q7 /�i� i?�i b?QmH/ #2 �;;`2;�i2/ �M/
b2MiX 6Q` i?Bb Tm`TQb2- 2�+? T�`2Mi MQ/2 i ∈ N K�BMi�BMb � #mz2`- /2MQi2/
�b InputDatai- i?�i biQ`2b i?2 K2bb�;2b `2+2Bp2/ 7`QK Bib +?BH/`2M �M/ Bib QrM
b2Mb2/ /�i�X h?2M- 1[m�iBQM 8Xk Bb mb2/ #v � MQ/2 i ∈ N iQ /2i2`KBM2 i?2
MmK#2` Q7 T�vHQ�/b +QKTQbBM; i?2 QmiTmi �;;`2;�i2/ K2bb�;2- BM � ;Bp2M +QK@
KmMB+�iBQM `QmM/ kX AM i?Bb 2[m�iBQM- inPayloads(InputDatai) `2im`Mb i?2 iQi�H
MmK#2` Q7 T�vHQ�/b 2ti`�+i2/ 7`QK i?2 #mz2` UBM+Hm/BM; i?2 b2Mb2/ /�i�VX

outPayloadsk
i = inPayloads(InputDatai) ∗ (1−AggLeveli) U8XkV

�b outPayloadk
i Bb � `2�H MmK#2`- .�o@L1h `QmM/b i?2 MmK#2` Q7 QmiTmi T�v@

HQ�/b B7 Bi Bb H2bb i?�M RX

.�o@L1h Bb �#H2 iQ +QKTmi2 i?2 �;;`2;�iBQM H2p2H Q7 � MQ/2 �++Q`/BM; iQ ?�`@
p2bi2/ 2M2`;v biQ`2/ BM i?2 #�ii2`vX h?mb- BM KQK2Mib Q7 TH2Miv Q7 2M2`;v-
i?2 /�i� �;;`2;�iBQM Bb `2/m+2/- `2bmHiBM; BM KQ`2 M2irQ`F i`�{+ �M/ 2M2`;v
+QMbmKTiBQMX PM i?2 Qi?2` ?�M/- BM i?2 T2`BQ/b Q7 MQ Q` HQr ?�`p2bi2/ 2M@
2`;v- i?2 /�i� �;;`2;�iBQM BM+`2�b2b- T`QKQiBM; � `2/m+iBQM QM i?2 M2irQ`F
i`�{+ �M/ +QMb2[m2MiHv /2+`2�bBM; i?2 2M2`;v +QMbmKTiBQMX .m2 iQ i?2 +QM@
+�i2M�iBQM Q7 T�vHQ�/b- .�o@L1h 2M�#H2b i?2 M2irQ`F iQ `2;mH�i2 i?2 2M2`;v
+QMbmKTiBQM rBi?Qmi BM+`2�bBM; i?2 2M2`;v +QMbmKTiBQM /m2 iQ K2bb�;2 ?2�/2`b
Qp2`?2�/X

h?2 M2ti b2+iBQM ;Bp2b KQ`2 BM7Q`K�iBQM �#Qmi i?2 �;;`2;�iBQM T`Q+2/m`2b 2t@
2+mi2/ QM i?2 i`�{+X

ě N9 ě
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������� %BUB "HHSFHBUJPO 1SPDFEVSFT

Ai Bb +QMbB/2`2/ i?�i 2�+? K2bb�;2 BM InputDatai ?�b irQ T�`ib- i?2 ?2�/2` �M/
i?2 �TTHB+�iBQM H�v2` T�vHQ�/- Q` bBKTHv T�vHQ�/X "2bB/2b- i?2 bBx2 Q7 � bBM;H2
T�vHQ�/ Bb bK�HH 2MQm;? 7Q` i?2 +`2�iBQM Q7 �M �;;`2;�i2/ K2bb�;2 +QMi�BMBM;
KmHiBTH2 T�vHQ�/bX

...Payload1 Payloadn

...Payload1 Payloadn...

...Payload1 Payloadn

Payload Extraction

24.1 26.3

23.4 27.5

24.5

22.6

Payload1 Payload2 Payload3
Statistic
Function

=

Payload
Content

Payload Aggregation

...Header Payload1 PayloadnMsg 1

...Header Payload1 PayloadnMsg 2 ...

...Header Payload1 PayloadnMsg m
InputData

Header Payload1 Payload3 Message Production with 
Payload Concatenation

Aggregated Message

Payload2

Sensed Data

6B;m`2 8Xk, �;;`2;�iBQM S`Q+2/m`2bX

�b /2TB+i2/ BM 6B;m`2 8Xk- � T�`2Mi MQ/2 i �;;`2;�i2b i?2 K2bb�;2b BM InputDatai

2t2+miBM; i?2 7QHHQrBM; �;;`2;�iBQM S`Q+2/m`2b,

Ç S�vHQ�/ 1ti`�+iBQM, h?Bb �;;`2;�iBQM S`Q+2/m`2 2ti`�+ib i?2 T�vHQ�/b
7`QK �HH i?2 K2bb�;2b biQ`2/ BM InputDatai- /Bb+�`/BM; i?2 ?2�/2`bX

Ç S�vHQ�/ �;;`2;�iBQM, lb2b bi�iBbiB+b 7mM+iBQMb iQ T`Q+2bb i?2 /�i� +QM@
i�BM2/ BM i?2 T�vHQ�/bX a2p2`�H �;;`2;�iBQM 7mM+iBQMb U2X;X amK- J�t@
BKmK- JBMBKmK- �M/ �p2`�;2V +�M #2 mb2/ BM i?Bb �;;`2;�iBQM T`Q+2/m`2X
q2 �bbmK2 i?�i �HH MQ/2b mb2 i?2 b�K2 �;;`2;�iBQM 7mM+iBQM 7Q` S�vHQ�/
�;;`2;�iBQM- �M/ i?Bb 7mM+iBQM Bb /2}M2/ #v i?2 �TTHB+�iBQM lb2`X

Ç S�vHQ�/ *QM+�i2M�iBQM, Ai +`2�i2b � bBM;H2 K2bb�;2 +QMi�BMBM; K�Mv
T�vHQ�/bX

AM 2p2`v +QKKmMB+�iBQM `QmM/- 2p2`v T�`2Mi MQ/2 i ∈ N 2t2+mi2b i?2 S�vHQ�/
1ti`�+iBQM QM �HH /�i� biQ`2/ BM i?2 InputDatai #mz2`X h?2 S�vHQ�/ 1ti`�+@
iBQM 2HBKBM�i2b i?2 ?2�/2`b- Bi /Q2b MQi +?�M;2 i?2 �KQmMi Q7 /�i� +�``B2/ QM
i?2 T�vHQ�/b- �b Bib 7mM+iBQM Bb iQ /2HBp2` iQ i?2 S�vHQ�/ �;;`2;�iBQM � b2i Q7
S�vHQ�/bX

ě N8 ě
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lMHBF2 i?2 T`Q+2/m`2b 2t2+mi2/ QM S�vHQ�/ 1ti`�+iBQM- i?2 S�vHQ�/ �;;`2;�iBQM
T`Q+2/m`2 T`Q+2bb2b i?2 /�i� QM i?2 T�vHQ�/b- 2M�#HBM; i?2 T`Q/m+iBQM Q7 M2r
T�vHQ�/bX h?2 S�vHQ�/ �;;`2;�iBQM Bb �#H2 iQ `2/m+2 � ;Bp2M bm#b2i Q7 T�vHQ�/b
BMiQ � bBM;H2 T�vHQ�/X

�7i2` i?2 S�vHQ�/ 1ti`�+iBQM �M/ �;;`2;�iBQM- i?2 H�bi T`Q+2/m`2 Bb i?2 J2bb�;2
S`Q/m+iBQM rBi? S�vHQ�/ *QM+�i2M�iBQMX h?Bb T`Q+2/m`2 �HHQrb i?2 .�o@L1h
iQ `2+QMbi`m+i i?2 �;;`2;�i2/ T�vHQ�/b +QMi�BMBM; i?2 M2r T�vHQ�/b ;2M2`�i2/
#v i?2 S�vHQ�/ �;;`2;�iBQMX

lbBM; i?2b2 �;;`2;�iBQM S`Q+2/m`2b- .�o@L1h +�M /vM�KB+�HHv `2;mH�i2 i?2
�KQmMi Q7 M2irQ`F i`�{+ ~QrBM; Qp2` i?2 M2irQ`F �++Q`/BM; iQ i?2 2M2`;v
H2p2HX

�7i2` b?QrBM; i?2 /2i�BHb �#Qmi i?2 T`QTQb2/ bQHmiBQM- i?2 M2ti b2+iBQM T`2b2Mib
i?2 T2`7Q`K�M+2 2p�Hm�iBQM �M/ i?2 Q#i�BM2/ `2bmHibX

����� 1FSGPSNBODF &WBMVBUJPO

h?Bb b2+iBQM T`2b2Mib i?2 T2`7Q`K�M+2 2p�Hm�iBQM Q7 i?2 T`QTQb2/ bQHmiBQM- b?Qr@
BM; i?2 Q#i�BM2/ `2bmHib r?2M .�o@L1h `2;mH�i2b i?2 M2irQ`F 2M2`;v +QMbmKT@
iBQM mbBM; i?2 T`QTQb2/ �;;`2;�iBQM i`22- i?2 �;;`2;�iBQM T`Q+2/m`2b �M/ i?2
�;;`2;�iBQM H2p2HX

������� 0CKFDUJWFT

h?2 �BK Q7 i?Bb 2p�Hm�iBQM Bb iQ b?Qr i?2 BKT�+i i?�i .�o@L1h ?�b QM i?2
M2irQ`F 2M2`;v +QMbmKTiBQM BM � /�BHv #�bBbX h?2 2tT2+i2/ `2bmHi Bb iQ �+?B2p2
/Bz2`2Mi T`Q}H2b Q7 +QMbmKTiBQM /2T2M/BM; QM i?2 �;;`2;�iBQM H2p2H �TTHB2/ QM
i?2 M2irQ`F i`�{+X

������� &WBMVBUJPO 4FUUJOHT

6Q` i?2 T2`7Q`K�M+2 2p�Hm�iBQM- r2 mb2 � `�M/QK M2irQ`F iQTQHQ;v- r?2`2 �
bBMF Bb HQ+�i2/ BM i?2 +2Mi2` �M/ Ryy MQ/2b �`2 mMB7Q`KHv /Bbi`B#mi2/ BM �M �`2�
Q7 R3ytR3yKX "2bB/2b- i?2 �bbB;M2/ p�Hm2 7Q` Ebattery +Q``2bTQM/b iQ irQ ivTB+�H
�� #�ii2`B2b- r?B+? K2�Mb jydyyCX h?Bb 2M2`;v +�M #2 +QKTmi2/ FMQrBM; i?�i
� bBM;H2 �� #�ii2`v ?�b kX38 �?- r?B+? +Q``2bTQM/b �TT`QtBK�i2Hv iQ R8j8yC
B7 i?2 pQHi�;2 Bb }t2/ QM RXjoX h?2 p�Hm2b Q7 i?2 Qi?2` T�`�K2i2`b mb2/ 7Q` i?2
T2`7Q`K�M+2 2p�Hm�iBQM �`2 b?QrM BM h�#H2 8XRX

_2;�`/BM; i?2 2M2`;v +QMbmKTiBQM KQ/2H- i?2 MQ/2b ?�p2 i?`22 +QKKmMB+�iBQM
bi�i2b- M�K2Hv i`�MbKBbbBQM UhtV- `2+2TiBQM U_tV- �M/ bH22TX Ai Bb r2HH@FMQrM
i?�i i?2 i`�MbBiBQM #2ir22M i?2 +QKKmMB+�iBQM bi�i2b �HbQ +QMbmK2b 2M2`;vX
h?mb- strans /2MQi2b � bBM;H2 i`�MbBiBQM 7`QK _t Q` ht iQ bH22T- Q` pB+2@p2`b�-
�M/ �++Q`/BM; iQ J� 2iX �H (J� 2i �HX- kyyN) r2 +QMbB/2` strans = 21µJ X

ě Ne ě
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h�#H2 8XR, S2`7Q`K�M+2 2p�Hm�iBQM T�`�K2i2`b �M/ p�Hm2bX

S�`�K2i2` o�Hm2
>2�/2` aBx2 Rk "vi2b U*Q�SV Y je #vi2b
.27�mHi S�vHQ�/ aBx2 9 "vi2b
J�tBKmK h`�MbKBbbBQM lMBi Rkd "vi2b
*QKKmMB+�iBQM _QmM/ S2`BQ/B+Biv R b2+QM/
LmK#2` Q7 L2irQ`F LQ/2b Ryy
"2�+QM AMi2`p�H S2`BQ/B+Biv Ry *QKKmMB+�iBQM `QmM/b
"�ii2`v *�T�+Biv jydyyC Uk �� "�ii2`B2bV
α yXd8
J�tBKmK qB`2H2bb _�M;2 jy K

PrBM; iQ i?2 2M2`;v +Qbib BM+m``2/ BM i?2b2 i`�MbBiBQMb- i?2 MQ/2b +?�M;2 QM+2
7`QK bH22T KQ/2 iQ ht Q` _t KQ/2- �M/ �7i2`r�`/b- +?�M;2 QM+2 �;�BM 7`QK
ht iQ bH22T KQ/2- bT2M/BM; 2 ∗ strans BM � bBM;H2 +QKKmMB+�iBQM `QmM/X AM
�//BiBQM- bBM+2 Bi +�M #2 �bbmK2/ i?�i i?2 /2pB+2b �`2 �#H2 iQ K�BMi�BM T2`72+i
+HQ+F bvM+?`QMBx�iBQM- i?2 2M2`;v bT2Mi QM Qp2`?2�`BM; �M/ B/H2 bi�i2b Bb MQi
+QMbB/2`2/X

.2MQiBM; wrxk
i �b i?2 iQi�H MmK#2` Q7 #Bib `2+2Bp2/ �M/ wtxk

i �b i?2 MmK#2` Q7
#Bib Q7 i?2 bBM;H2 K2bb�;2 i`�MbKBii2/ #v i BM i?2 +QKKmMB+�iBQM `QmM/ kX 1�+?
MQ/2 i ∈ N FMQrb Bib T�`2Mi j ∈ N - �M/ i?2 1m+HB/2�M /Bbi�M+2 di,j #2ir22M i
�M/ jX 6BM�HHv- i?2 2M2`;v +QMbmK2/ #v � MQ/2 i /m2 iQ +QKKmMB+�iBQM �+iBpBiB2b
/m`BM; � bBM;H2 +QKKmMB+�iBQM `QmM/ k Bb ;Bp2M �b,

Ecommi,k = eamp ∗ d2
i,j ∗ wtxk

i + eelec ∗ wrxk
i + 2 ∗ strans U8XjV

AM 1[m�iBQM 8Xj- i?2 +QMbi�Mib /2MQi2/ #v eamp �M/ eelec `2T`2b2Mi i?2 2M2`;v
M2+2bb�`v iQ �KTHB7v �M/ iQ `mM i?2 2H2+i`QMB+ +B`+mBi 7Q` � bBM;H2 #Bi- `2bT2+i@
Bp2HvX h?2 }`bi irQ i2`Kb Q7 1[m�iBQM 8Xj `2T`2b2Mi i?2 2M2`;v +QMbmKTiBQM
`2H�i2/ iQ i?2 /�i� i`�MbKBbbBQM �M/ `2+2TiBQM- �M/ i?2 i?B`/ i2`K K2�bm`2b i?2
2M2`;v +QMbmKTiBQM +�mb2/ #v i?2 i`�MbBiBQMb #2ir22M /Bz2`2Mi +QKKmMB+�iBQM
bi�i2bX

_2;�`/BM; i?2 �KQmMi Q7 2M2`;v ?�`p2bi2/ 7`QK i?2 2MpB`QMK2Mi- Bi Bb +QMbB/2`2/
i?�i BM � bBM;H2 /�v i?2 bQH�` B``�/B�M+2 Bb �#H2 iQ +?�`;2 i?2 #�ii2`v /m`BM; 9
?Qm`bX �b w?�M; 2i �HX (w?�M; 2i �HX- kyRR�)- r2 �bbmK2 i?�i i?2 ?�`p2bi2/ 2M@
2`;v Bb mMB7Q`KHv /Bbi`B#mi2/ Qp2` i?2 M2irQ`F- mbBM; � :�mbbB�M 7mM+iBQM iQ p�`v
7`QK y iQ RyyKq? i?2 ?�`p2bi2/ 2M2`;v BM 2�+? +QKKmMB+�iBQM `QmM/X �HH i?2
2p�Hm�i2/ `2bmHib r2`2 Q#i�BM2/ #�b2/ QM jy b�KTH2b- +QMbB/2`BM; � bBKmH�iBQM
iBK2 Q7 e /�vbX

�b i?2 T`QTQb2/ bQHmiBQM p�`B2b i?2 /�i� �;;`2;�iBQM �++Q`/BM; iQ i?2 #�ii2`v
H2p2H- .�o@L1h Bb 2p�Hm�i2/ BM i?`22 /Bz2`2Mi #�ii2`v bi�i2@Q7@+?�`;2- /2i�BH2/
�b 7QHHQrb,

Ç h?2 GQr ai�i2@Q7@*?�`;2 UGa*V +Q``2bTQM/b iQ 8yyyC Q7 2M2`;v- r?B+? Bb

ě Nd ě
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RdW Q7 Ebatteryc
Ç h?2 AMi2`K2/B�i2 ai�i2@Q7@*?�`;2 UAa*V ?�b RyyyyC Q7 2M2`;v- r?B+? Bb j8

W Q7 Ebatteryc
Ç h?2 >B;? ai�i2@Q7@*?�`;2 U>a*V ?�b R8yyyC Q7 2M2`;v- +Q``2bTQM/BM; iQ

8y W Q7 Ebateryc

������� 3FTVMUT

6B;m`2 8Xj b?Qrb i?2 `2bB/m�H 2M2`;v biQ`2/ BM i?2 #�ii2`B2b Qp2` i?2 bBKmH�i2/
iBK2X �b 2tT2+i2/- BM �HH i?2 +�b2b- i?2 MQ/2b `2M2r2/ i?2B` 2M2`;v `2b2`p2bX
PM �p2`�;2 i?2 MQ/2b ?�`p2bi2/ eyyyC UBX2X �TT`QtBK�i2Hv kyW Q7 EbatteryV 7`QK
i?2 �K#B2Mi /m`BM; i?2 bBKmH�i2/ e /�vbX �i i?2 2M/ Q7 i?2 ei? /�v- >a*-
Aa*- �M/ Ga* �+?B2p2 �TT`QtBK�i2Hv kRyyyC- R9yyyC- �M/ NyyyC- `2bT2+iBp2HvX
�i i?Bb KQK2Mi- >a* �HKQbi �TT`Q�+?2b i?2 K�tBKmK T2`KBbbB#H2 `2bB/m�H
2M2`;v- r?B+? Bb �`QmM/ kjyyyC UBX2X �TTX d8W Q7 EbatteryVX
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Low State-of-Charge
Intermediate State-of-Charge

High State-of-Charge

6B;m`2 8Xj, �p2`�;2 _2bB/m�H 1M2`;vX

6B;m`2 8X9 b?Qrb i?2 iQi�H MmK#2` Q7 T�vHQ�/b i?�i r2`2 �;;`2;�i2/ #v �HH MQ/2b
/m`BM; 2�+? +QKKmMB+�iBQM `QmM/X �b +�M #2 Q#b2`p2/- /m2 iQ i?2 /vM�KB+
/�i� �;;`2;�iBQM +QMi`QH- i?2 MmK#2` Q7 �;;`2;�i2/ T�vHQ�/b i2M/b iQ 7QHHQr i?2
BMp2`b2 `2bB/m�H i`2M/X AM ;2M2`�H- i?2 MmK#2` Q7 �;;`2;�i2/ T�vHQ�/b /2+`2�b2b
Qp2` iBK2- bBM+2 i?2 #�ii2`v H2p2H BM+`2�b2bX q?BH2 i?2 M2irQ`F �;;`2;�i2b QM
�p2`�;2 �HKQbi Rek T�vHQ�/b 7Q` Ga*- Bi �;;`2;�i2b QM �p2`�;2 j8 T�vHQ�/b r?2M
i?2 MQ/2b �`2 BM >a*X
6B;m`2 8X8 T`2b2Mib i?2 �p2`�;2 iQi�H MmK#2` Q7 T�vHQ�/ i`�MbKBbbBQMb 2t2+mi2/
#v �HH MQ/2b /m`BM; 2�+? +QKKmMB+�iBQM `QmM/X 1�+? MQ/2 2t2+mi2b �i H2�bi QM2
T�vHQ�/ i`�MbKBbbBQM BM 2�+? +QKKmMB+�iBQM `QmM/- bQ i?2 KBMBKmK MmK#2`
Q7 i`�MbKBii2/ T�vHQ�/b 7Q` 2�+? `QmM/ Bb Ryy UBX2X QM2 i`�MbKBbbBQM T2` MQ/2VX
h?2 KBMBKmK MmK#2` Q7 T�vHQ�/ i`�MbKBbbBQMb Bb �+?B2p2/ r?2M i?2 /�i� �;@
;`2;�iBQM Bb K�tBKmK- r?BH2 i?2 K�tBKmK MmK#2` Q7 T�vHQ�/ i`�MbKBbbBQMb Bb
�+?B2p2/ r?2M i?2 �;;`2;�iBQM H2p2H Bb KBMBKmKX

ě N3 ě
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6B;m`2 8X9, amK Q7 �;;`2;�i2/ T�vHQ�/bX

EMQrBM; i?�i .�o@L1h BM+`2�b2b i?2 MmK#2` Q7 T�vHQ�/ i`�MbKBbbBQMb �++Q`/@
BM; iQ i?2 `2bB/m�H 2M2`;v- r?2M i?2 MQ/2b ?�p2 i?2 HQr2bi `2bB/m�H 2M2`;v BM
Ga*- i?2 r?QH2 M2irQ`F i`�MbKBib QM �p2`�;2 Ryk T�vHQ�/bX qBi?Qmi pBQH�iBM;
i?2 HBKBib Q7 A111 3ykXR8X9- i?2 bmK Q7 �HH T�vHQ�/ i`�MbKBbbBQMb Q7 >a* BM 2�+?
+QKKmMB+�iBQM `QmM/ Bb 98y T�vHQ�/b �i i?2 ei? /�vX Ai Bb BKTQ`i�Mi iQ MQiB+2
i?�i i?2 98y T�vHQ�/b /Q MQi +Q``2bTQM/ iQ i?2 MmK#2` Q7 T�vHQ�/b `2+2Bp2/ #v
i?2 bBMF MQ/2- #mi Bi +Q``2bTQM/b iQ i?2 bmK Q7 �HH i`�MbKBii2/ T�vHQ�/b Q7 �HH
MQ/2b BM � ;Bp2M +QKKmMB+�iBQM `QmM/X
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6B;m`2 8X8, h`�MbKBii2/ T�vHQ�/bX

6B;m`2 8Xe b?Qrb i?2 �p2`�;2 �KQmMi Q7 2M2`;v i?�i � MQ/2 +QMbmK2b /m`BM;
� bBM;H2 /�vX Ai Bb +H2�` i?�i i?2 .�o@L1h 2t2+miBQM BKT�+ib i?2 2M2`;v +QM@
bmKTiBQMX h?2b2 `2bmHib b?Qr i?�i .�o@L1h +�M BKT�+i i?2 /�BHv 2M2`;v
+QMbmKTiBQM Q7 � MQ/2 BM �TT`QtBK�i2Hv RX8 CQmH2bX h?Bb p�Hm2 `2T`2b2Mib �
p�Hm�#H2 �KQmMi Q7 2M2`;v 7Q` i?2 HQM; i2`K QT2`�iBQM Q7 i?2 M2irQ`F UBX2X b2p@
2`�H KQMi?bVX Ai �HbQ b?Qrb i?�i /�i� �;;`2;�iBQM Bb � bmBi�#H2 K2+?�MBbK 7Q`

ě NN ě
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`2;mH�iBM; i?2 2M2`;v +QMbmKTiBQM BM 2M2`;v ?�`p2biBM; M2irQ`FbX
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6B;m`2 8Xe, �p2`�;2 *mKmH�iBp2 1M2`;v *QMbmKTiBQMX

AM �//BiBQM- 6B;m`2 8Xe /2TB+ib i?�i r?2M .�o@L1h Bb BM GQr@ai�i2@Q7@*?�`;2
i?2 2M2`;v +QMbmKTiBQM i2M/b iQ #2 BM 8X8 CQmH2b T2` /�vX h?2 `2�bQM 7Q` i?2b2
`2bmHib Bb BM i?2 7�+i i?�i i?2 MmK#2` Q7 i`�MbKBii2/ T�vHQ�/b Bb F2Ti �`QmM/ BM
Ryy- r?B+? K2�Mb i?�i i?2 M2irQ`F i`�{+ Bb `2;mH�i2/ �i � +QMbi�Mi H2p2HX

�M BKTQ`i�Mi �bT2+i Q#b2`p2/ BM i?2 .�o@L1h T2`7Q`K�M+2 Bb i?�i Bi BM+`2�b2b
Q` /2+`2�b2b i?2 2M2`;v +QMbmKTiBQM i?`Qm;? i?2 MmK#2` Q7 T�vHQ�/bX Ai K2�Mb
i?�i `�i?2` i?�M K2`2Hv BM+`2�bBM; i?2 MmK#2` Q7 K2bb�;2b QM i?2 M2irQ`F-
i?2 T`QTQb2/ bQHmiBQM `2;mH�i2b i?2 +QKKmMB+�iBQM Q7 p�Hm�#H2 BM7Q`K�iBQM UBX2X
T�vHQ�/bVX �b +QMb2[m2M+2- Bi /Q2b MQi BM+`2�b2 i?2 +QKKmMB+�iBQM Q7 ?2�/@
2`bX

h?2 M2ti b2+iBQM T`2b2Mib �MQi?2` bQHmiBQM �HbQ /2bB;M2/ 7Q` 2M2`;v ?�`p2biBM;
2MpB`QMK2MibX

��� 3PVUJOH BOE "HHSFHBUJPO GPS .JOJNVN &OFSHZ

h?2 `2bmHib Q7 .�o@L1h b?Qr i?�i � /vM�KB+ /�i� �;;`2;�iBQM bQHmiBQM +�M
#2 mb2/ iQ �+?B2p2 /Bz2`2Mi 2M2`;v +QMbmKTiBQM T`Q}H2b- r?B+? Bb mb27mH BM 2M@
2`;v ?�`p2biBM; 2MpB`QMK2MibX h?2 T`QTQb2/ bQHmiBQM BM i?Bb b2+iBQM- _QmiBM;
�M/ �;;`2;�iBQM 7Q` JBMBKmK 1M2`;v U_�J1V- BKT`Qp2b bQK2 /`�r#�+Fb Q7
.�o@L1h �M/ �HbQ mb2b bQK2 Q7 Bib BMbB;?ibX 6Q` BMbi�M+2- BMbi2�/ Q7 mbBM; i?2
T2`+2Mi�;2 Q7 i?2 `2bB/m�H #�ii2`v iQ /2i2`KBM2 i?2 �;;`2;�iBQM H2p2H- _�J1
+QKTmi2b i?2 �;;`2;�iBQM H2p2H #�b2/ QM i?2 KBMBKmK 2M2`;v `2b2`p2 QM i?2
T�i?- r?B+? Bb i?2 2M2`;v #QiiH2M2+F Q7 i?2 `Qmi2X aQ- r?BH2 .�o@L1h Bb 7Q@
+mb2/ QM `2;mH�iBM; BM/BpB/m�HHv 7Q` 2�+? MQ/2 i?2 /�i� �;;`2;�iBQM H2p2H- _�J1
i�F2b BMiQ +QMbB/2`�iBQM i?2 �KQmMi Q7 2M2`;v BM i?2 `Qmi2 iQ /2+B/2 i?2 /�i�
�;;`2;�iBQM H2p2H �M/ iQ b2H2+i T�i?bX

ě Ryy ě
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h?Bb b2+iBQM Bb bi`m+im`2/ �b 7QHHQrb, a2+iBQM 8XjXR b?Qrb �M Qp2`pB2r �#Qmi i?2
T`QTQb2/ bQHmiBQMX a2+iBQM 8XjXk BMi`Q/m+2b i?2 K�BM +QKTQM2Mib Q7 _�J1X
a2+iBQM 8XjXj QmiHBM2b i?2 �bT2+ib `2H�i2/ iQ i?2 BKTH2K2Mi�iBQMX a2+iBQM 8XjX9
T`2b2Mib i?2 +QM/m+i2/ 2p�Hm�iBQM �M/ i?2 Q#i�BM2/ `2bmHibX

����� 0WFSWJFX

L2mi`�H PT2`�iBQM Q` 1M2`;v a2H7@am{+B2Mi �`2 i2`Kb rB/2Hv mb2/ iQ /2}M2
2M2`;v ?�`p2biBM; 2{+B2M+vX Ai K2�Mb i?�i � MQ/2 +QMbmK2b i?2 2t�+i �KQmMi
Q7 ?�`p2bi2/ 2M2`;v (Px2H 2i �HX- kyR8)X q?2M � MQ/2 Bb BM M2mi`�H QT2`�iBQM-
i?2`2 Bb MQ Qp2`mb2 Q` mM/2`mb2 Q7 i?2 2M2`;v QM i?2 #�ii2`vX >Qr2p2`- iQ
�+?B2p2 M2mi`�H QT2`�iBQM Q7 � KmHiB@?QT M2irQ`F Bb � p2`v +QKTH2t T`Q#H2K-
bBM+2 i?2 MQ/2b /Q MQi ?�p2 7mHH FMQrH2/;2 Q7 i?2 M2irQ`F �M/ MQi �HH MQ/2b
?�p2 i?2 b�K2 ?�`p2biBM; T�ii2`M- 2M2`;v +QMbmKTiBQM- �M/ #�ii2`v +�T�+Biv
(_BF2` 2i �HX- kyR8#)X

� bBKTHB}+�iBQM Q7 i?2 L2mi`�H PT2`�iBQM T`Q#H2K 7Q` KmHiB@?QT 2M2`;v ?�`p2bi@
BM; M2irQ`Fb +�M #2 �+?B2p2/ B7 i?2 QT2`�iBQM Q7 i?2 r?QH2 M2irQ`F Bb /2i2`KBM2/
#v r?�i +�M #2 bmTTQ`i2/ #v i?2 MQ/2 rBi? i?2 HQr2bi �KQmMi Q7 2M2`;vX h?Bb
bBKTHB}+�iBQM- +�HH2/ L2mi`�H PT2`�iBQM Q7 i?2 JBMBKmK 1M2`;v LQ/2 ULP@
J1LV- ;m�`�Mi22b i?�i �HH M2irQ`F MQ/2b rBHH +QQT2`�i2 iQ im`M i?2 QT2`�iBQM
Q7 i?2 KBMBKmK 2M2`;v MQ/2 BMiQ � M2mi`�H QT2`�iBQMX

h?2 bQHmiBQM T`QTQb2/ 7Q` i?2 LPJ1L T`Q#H2K Bb _QmiBM; �M/ �;;`2;�iBQM
7Q` JBMBKmK 1M2`;v U_�J1VX _�J1 Bb � DQBMi #�ii2`v@�r�`2 bQHmiBQM i?�i
2M+QKT�bb2b `QmiBM; �M/ /�i� �;;`2;�iBQMX _2;�`/BM; `QmiBM;- Bi b2H2+ib i?2
T�i? rBi? i?2 K�tBKmK HQr2bi 2M2`;v `2b2`p2- r?B+? Bb � K�t@KBM bi`�i2;vX
_2H�iBp2Hv iQ /�i� �;;`2;�iBQM- _�J1 �TTHB2b T`Q+2/m`2b i?�i 2M�#H2 � K2bb�;2
iQ #2 �bb2K#H2/ rBi? KmHiBTH2 T�vHQ�/b- �M/ BM +�b2 i?2`2 Bb � M22/ iQ `2/m+2
i`�{+- Bi �;;`2;�i2b i?2 i`�{+ HQ�/ �++Q`/BM; iQ i?2 KBMBKmK 2M2`;v `2b2`p2 QM
i?2 T�i? (_BF2` 2i �HX- kyRe�)X h?2 K�BM B/2� #2?BM/ _�J1 Bb iQ b2H2+i T�i?b
r?2`2 i?2 KBMBKmK 2M2`;v MQ/2 ?�b i?2 ?B;?2bi TQbbB#H2 2M2`;v `2b2`p2 �M/ iQ
mb2 /�i� �;;`2;�iBQM iQ `2;mH�i2 i?2 i`�{+ HQ�/ BM 2�+? T�i?X

_�J1 +QMi�BMb i?`22 +QKTQM2Mib- �b /2TB+i2/ BM 6B;m`2 8Xd �M/ /2b+`B#2/ �b
7QHHQrb,

RX "�ii2`v JQ/2H, � +QKTQM2Mi �#H2 iQ 2biBK�i2 i?2 `2K�BMBM; 2M2`;v +?�`;2
BM i?2 #�ii2`vX Ai T2`BQ/B+�HHv BM+`2K2Mib i?2 �KQmMi Q7 2M2`;v ?�`p2bi2/ 7`QK
i?2 �K#B2Mi �M/ �HbQ /Bb+QmMib i?2 2M2`;v bT2Mi BM i?2 MQ/2Ƕb QT2`�iBQMX

kX _QmiBM;, h?2 `QmiBM; +QKTQM2Mi ?�b irQ `QH2bX 6B`bi- iQ 2t+?�M;2 K2b@
b�;2b +QMi�BMBM; i?2 #�ii2`v H2p2H- �BKBM; iQ }M/ i?2 HQr2bi #�ii2`v H2p2H Q7 i?2
�p�BH�#H2 T�i?bX a2+QM/- iQ b2H2+i i?2 T�i? r?2`2 i?2 KBMBKmK 2M2`;v MQ/2 ?�b
i?2 ?B;?2bi TQbbB#H2 2M2`;v `2b2`p2 �KQM; i?2 �p�BH�#H2 T�i?bX

jX .�i� �;;`2;�iBQM, EMQrBM; i?2 HQr2bi 2M2`;v BM i?2 T�i?- � /�i� �;;`2;@
�iBQM +QKTQM2Mi `2;mH�i2b i?2 i`�{+ T�bbBM; i?`Qm;? 2�+? MQ/2X q?2M i?Bb
+QKTQM2Mi �;;`2;�i2b /�i�- i?2 i`�{+ HQ�/ Bb `2/m+2/ �M/ i?2 2M2`;v +QMbmKT@

ě RyR ě



*>�Sh1_ 8X .uL�JA* .�h� �::_1:�hAPL AL _1SG1LAa>�"G1
1L1_:u 1LoA_PLJ1Lha

iBQM QM i?2 T�i? #2+QK2b bK�HH2`X Pi?2`rBb2- i?2 i`�{+ HQ�/ BM+`2�b2b- r?B+?
/2K�M/b KQ`2 2M2`;v 7`QK i?2 MQ/2bX

Energy 
Harvesting

Energy
Consumption

Battery Model

rx tx

Data-Aggregation

Routing

Battery 
Level

Parent 
Selection based

on lowest energy

Find
Lowest Energy

on Path

D
a
ta

D
a
ta

D
a
ta

D
a
ta

1

2

3

Node Node

6B;m`2 8Xd, _�J1 Qp2`pB2rX

L2ti- 2�+? _�J1 +QKTQM2Mi Bb T`2b2Mi2/ BM /2i�BHX

����� 3PVUJOH BOE %BUB "HHSFHBUJPO 4PMVUJPO GPS 0QFSBUJPO PG
UIF .JOJNVN &OFSHZ /PEF

h?Bb b2+iBQM T`2b2Mib i?2 +QKTQM2Mib Q7 _QmiBM; �M/ �;;`2;�iBQM 7Q` JBMBKmK
1M2`;v U_�J1V- r?B+? Bb /2bB;M2/ iQ /vM�KB+�HHv b2i i?2 �;;`2;�iBQM H2p2HX
.Bz2`2MiHv 7`QK i?2 T`2pBQmb T`QTQb2/ bQHmiBQM- i?Bb K2+?�MBbK ?�b � KQ/mH2
7Q` 2biBK�iBM; i?2 `2bB/m�H 2M2`;v BM i?2 #�ii2`B2bX "2bB/2b- _�J1 Bb /2bB;M2/
iQ b2H2+i T�i?b rBi? ?B;?2` `2bB/m�H 2M2`;vX

������� ,JOFUJD #BUUFSZ .PEFM� &TUJNBUJOH UIF /PEFéT &OFSHZ

� rB/2Hv �++2Ti2/ bQHmiBQM iQ 2biBK�i2 i?2 ai�i2@Q7@*?�`;2 UaQ*V Q7 � #�ii2`v Bb
i?2 EBM2iB+ "�ii2`v JQ/2H UEB"�JV (J�Mr2HH �M/ J+:Qr�M- RNN9)X h?Bb KQ/2H
+QMbB/2`b i?2 #�ii2`v ?�b irQ r2HHb Q7 +?�`;2bX PM2 Bb i?2 �p�BH�#H2@+?�`;2 r2HH
�M/ i?2 Qi?2` Bb i?2 #QmM/@+?�`;2 r2HH- �b +�M #2 b22M QM 6B;m`2 8X3X
h?2 �p�BH�#H2@+?�`;2 r2HH bmTTHB2b 2H2+i`QMb iQ i?2 QmiTmi HQ�/- r?BH2 i?2 #QmM/@
+?�`;2 r2HH bmTTHB2b 2H2+i`QMb QMHv iQ i?2 �p�BH�#H2@+?�`;2 r2HHX h?2 `�i2 Q7
+?�`;2 i?�i ~Qrb #2ir22M i?2 irQ r2HHb Bb b2i #v k- r?B+? Bb � }t2/ BMi2`M�H
T�`�K2i2`- �M/ �HbQ #v i?2 /Bz2`2M+2 #2ir22M h1 �M/ h2X q?2M h1 = 1 i?2 #�i@
i2`v Bb 7mHHv +?�`;2/ �M/ r?2M h1 = 0 i?2 #�ii2`v Bb 7mHHv /Bb+?�`;2/X S�`�K2i2`

ě Ryk ě
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h2 h1

k

cc-1

I

Available
Charge

Bound
Charge

y1y2

6B;m`2 8X3, EBM2iB+ "�ii2`v JQ/2H (CQM;2`/2M �M/ >�p2`FQ`i- kyyN)X

c Bb � +�T�+Biv `�iBQ �M/ +Q``2bTQM/b iQ i?2 7`�+iBQM Q7 i?2 iQi�H +?�`;2 BM i?2
#�ii2`v i?�i Bb �p�BH�#H2X
1[m�iBQMb 8X9 �M/ 8X8 b?Qr ?Qr iQ +QKTmi2 i?2 �KQmMi Q7 +?�`;2 QM i?2 �p�BH@
�#H2 �M/ #QmM/ r2HHb- r?B+? �`2 /2MQi2/ #v y1 �M/ y2- `2bT2+iBp2Hv (CQM;2`/2M
�M/ >�p2`FQ`i- kyyN)X

y1(t) = y1,0e−k′t + (y0k′c− I)(1− e−k′t)
k′ − Ic(k′t− 1 + e−k′t)

k′ U8X9V

y2(t) = y2,0e−k′t + y0(1− c)(1− e−k′t)− I(1− c)(k′t− 1 + e−k′t)
k′ U8X8V

AM i?2b2 2[m�iBQMb- k′ Bb /2}M2/ �b k′ = k/c(1− c)- y1,0 �M/ y2,0 �`2 i?2 �KQmMi
Q7 �p�BH�#H2 �M/ #QmM/ +?�`;2b- `2bT2+iBp2Hv- �i t = 0X AM �//BiBQM- i?2 p�`B�#H2
y0 Bb i?2 iQi�H +?�`;2 �i iBK2 t = 0- ;Bp2M #v y0 = y1,0 + y2,0X

������� 3PVUJOH� 'JOEJOH UIF -PXFTU &OFSHZ BOE 4FMFDUJOH 1BSFOU

hQ }M/ i?2 KBMBKmK 2M2`;v MQ/2- Bi Bb M2+2bb�`v iQ 2t+?�M;2 +QMi`QH K2bb�;2b
#2ir22M i?2 MQ/2bX �b i?2 /�i�@i`�{+ ~Qrb 7`QK i?2 MQ/2b iQr�`/b i?2 bBMF- �
T�`iB+mH�` MQ/2 Bb BMi2`2bi2/ BM FMQrBM; i?2 HQr2bi 2M2`;v H2p2H BM Bib `Qmi2 iQ
i?2 bBMFX h?2 B/2� Bb iQ FMQr i?2 KBMBKmK 2M2`;v MQ/2 Q7 2�+? TQbbB#H2 `Qmi2
iQ i?2 bBMF- �M/ iQ b2H2+i i?2 QM2 r?B+? ?�b i?2 ?B;?2bi 2M2`;vX AM i?�i b2Mb2-
i?Bb B/2� +QK2b 7`QK i?2 K�t@KBM QTiBKBx�iBQM bi`�i2;vX
�H;Q`Bi?K 8Xk T`2b2Mib ?Qr _�J1 /2i2`KBM2b i?2 HQr2bi 2M2`;v BM i?2 `Qmi2
iQ i?2 `QQiX h?2 T`Q+2/m`2 bi�`ib �i i?2 `QQi MQ/2- #`Q�/+�biBM; i?2 2M2`;v
2biBK�iBQM Q7 Bib QrM #�ii2`vX h?2 MQ/2b i?�i ?�p2 i?2 `QQi �b T�`2Mi rBHH
`2+2Bp2 i?2 minEp �M/ rBHH �HbQ i`�MbKBi i?2B` QrM KvnKBM1X h?2`27Q`2- i?2
Qi?2` MQM@`QQi MQ/2b `2+2Bp2 K2bb�;2b BM/B+�iBM; i?2 minEp 7Q` 2�+? T�`2Mi p-
�M/ �HbQ b2H2+i �b T`272``2/ T�`2Mi i?2 QM2 i?�i ?�b K�tBKmK KBM1pX �7i2`
b2H2+iBM; i?2 T`272``2/ T�`2Mi- i?2 MQ/2 +QKTmi2b �M/ #`Q�/+�bib KvnKBM1-
r?B+? Bb i?2 KBMBKmK #2ir22M Kvn1M2`;v �M/ K�tUKBM1pVX h?2 p�Hm2 biQ`2/
BM KvnKBM1 Bb b2Mi iQ �HH +�M/B/�i2 +?BH/`2M- 2M�#HBM; i?2 T`Q+2bb iQ #2 `2T2�i2/
�i �HH M2irQ`F MQ/2bX
Ai Bb rQ`i? iQ MQi2 i?�i �H;Q`Bi?K 8Xk /Q2b MQi �//`2bb HQQT@�pQB/�M+2 Q` ?Qr
iQ /2i2`KBM2 B7 � M2B;?#Q` Bb � T�`2Mi +�M/B/�i2- bBM+2 i?2b2 �bT2+ib �`2 ?�M/H2/

ě Ryj ě
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�H;Q`Bi?K 8XkX 6BM/ GQr2bi 1M2`;v QM S�i? �M/ S�`2Mi a2H2+iBQMX
R, AMBiB�HBx2, +�M/B/�i2nb2i- Kvn1M2`;v
k, ai�`i
j, 7Q` �HH T�`2Mi T BM +�M/B/�i2nb2i /Q
9, _2+2Bp2 Kb; rBi? KBM1p

8, 2M/ 7Q`
e, a2H2+i T rBi? K�tUKBM1pV
d, KvnKBM1 ← KBMUKvn1M2`;v- K�tUKBM1pVV
3, a2M/ Kb; rBi? KvnKBM1
N, 1M/

#v i?2 `QmiBM; T`QiQ+QH- bm+? �b _SGX

������� %ZOBNJD %BUB "HHSFHBUJPO

h?2 T`QTQb2/ /�i� �;;`2;�iBQM bQHmiBQM i�F2b �/p�Mi�;2 Q7 i?2 bK�HH bBx2 Q7 i?2
JkJ K2bb�;2b iQ 2M�#H2 i?2 MQ/2b iQ �bb2K#H2 K2bb�;2b rBi? K�Mv T�vHQ�/bX
� /BbiBM+iBQM b?QmH/ #2 K�/2 #2ir22M i?2 ǳmMBi�`v T�vHQ�/Ǵ �M/ i?2 ǳ+QM+�i@
2M�i2/ T�vHQ�/ǴX h?2 7Q`K2`- �HbQ +�HH2/ bK�HH T�vHQ�/- `272`b iQ i?2 bK�HH2bi
T�vHQ�/ i?�i +�M 2tBbi- r?BH2 i?2 H�ii2` K2�Mb i?2 T�vHQ�/ 7Q`K2/ #v irQ Q`
KQ`2 mMBi�`v T�vHQ�/bX AM i?Bb rQ`F- i?2 mMBi�`v T�vHQ�/ Bb +QMbB/2`2/ iQ ?�p2
� }t2/ bBx2X _2;�`/BM; /�i� �;;`2;�iBQM- _�J1 2t2+mi2b i?2 7QHHQrBM; bi2Tb
T2`BQ/B+�HHv,

RX 1ti`�+iBM; T�vHQ�/b, Ai 2ti`�+ib i?2 mMBi�`v T�vHQ�/b 7`QK �HH �TTHB+�@
iBQM K2bb�;2b `2+2Bp2/ 7`QK i?2 +?BH/`2M- /Bb+�`/BM; i?2 ?2�/2`bX

kX S�vHQ�/ �;;`2;�iBQM �M/ *QM+�i2M�iBQM, Ai T`Q+2bb2b �HH mMBi�`v
T�vHQ�/b- BM+Hm/BM; i?2 2ti`�+i2/ �M/ i?2 T`Q/m+2/ #v i?2 MQ/2 Bib2H7X
h?2`2 �`2 irQ �;;`2;�iBQM T`Q+2/m`2b 7Q` i?2 ;�i?2`2/ T�vHQ�/b, UBV �;@
;`2;�i2b bm#@b2ib Q7 mMBi�`v T�vHQ�/b BMiQ � bBM;H2 mMBi�`v T�vHQ�/ mbBM;
bi�iBbiB+�H 7mM+iBQMb U2X;X J�tBKmK- JBMBKmK- �M/ �p2`�;2V- i`�Mb7Q`K@
BM; KmHiBTH2 mMBi�`v T�vHQ�/b BMiQ � bBM;H2 QM2c �M/ UBBV +QM+�i2M�i2b �HH
i?2 `2K�BMBM; mMBi�`v T�vHQ�/b 7`QK i?2 T`2pBQmb �;;`2;�iBQM T`Q+2/m`2X

jX �bb2K#HBM; T�vHQ�/b, Ai +`2�i2b � bBM;H2 �TTHB+�iBQM H�v2` K2bb�;2 +QM@
i�BMBM; i?2 +QM+�i2M�i2/ T�vHQ�/bX

h?2 MmK#2` Q7 T�vHQ�/b Q7 i?2 }M�H K2bb�;2 Bb /2+B/2/ BM bi2T kX J2bb�;2b rBi? �
?B;?2` MmK#2` Q7 T�vHQ�/b rBHH `2T`2b2Mi ?2�pB2` i`�{+ HQ�/ 7Q` i?2 MQ/2b HQ+�i2/
QM i?2 `Qmi2- 2bT2+B�HHv 7Q` i?2 MQ/2 rBi? HQr2bi 2M2`;vX hQ /2+B/2 i?2 MmK#2`
Q7 mMBi�`v T�vHQ�/b BMbB/2 i?2 i`�MbKBii2/ K2bb�;2b �M/ +QMb2[m2MiHv ?Qr K�Mv
T�vHQ�/b Kmbi #2 �;;`2;�i2/- _�J1 mb2b i?2 α T�`�K2i2` U0 ≤ α ≤ 1V- r?B+?
Bb +QKTmi2/ �b � 7mM+iBQM Q7 i?2 HQr2bi 2M2`;v QM i?2 T�i?X 1[m�iBQM 8Xk b?Qrb
?Qr α Bb mb2/ iQ +QKTmi2 i?2 MmK#2` Q7 T�vHQ�/b i`�MbKBii2/X

Txpayloads = (Rxpayloads ∗ α) + 1 U8XkV

�b α Bb i?2 T�`�K2i2` i?�i /2i2`KBM2b i?2 MmK#2` Q7 T�vHQ�/b i?�i rBHH #2

ě Ry9 ě
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i`�MbKBii2/- i?2 �;;`2;�iBQM H2p2H Bb ;Bp2M #v 1− αX

h?2 M2ti b2+iBQM /2i�BHb i?2 BKTH2K2Mi�iBQM Q7 _�J1 BM �M QT2`�iBM; bvbi2K
�M/ ?Qr i?2 bi�M/�`/ bi�+F Q7 JkJ T`QiQ+QHb ?�p2 #22M 2ti2M/2/X

����� *NQMFNFOUBUJPO JO $POUJLJ 04

h?Bb b2+iBQM T`2b2Mib ?Qr i?2 /Bz2`2Mi +QKTQM2Mib Q7 _�J1 ?�p2 #22M BKTH2@
K2Mi2/ BM *QMiBFB PaX h?2 `2�bQM iQ +?QQb2 *QMiBFB Pa Bb i?2 �p�BH�#BHBiv Q7
i?2 JkJ T`QiQ+QHb- bm+? �b *Q�S- _SG- eGQrS�L- �M/ A111 3ykXR8X9X

������� #BUUFSZ .PEFM

h?2 EB"�J KQ/2H (J�Mr2HH �M/ J+:Qr�M- RNN9) r�b BKTH2K2Mi2/ BM *QMiBFB
Pa rBi? i?2 7QHHQrBM; KQ/mH2b, 2M2`;v +QMbmKTiBQM �M/ 2M2`;v ?�`p2biBM;X
h?2 2M2`;v ?�`p2biBM; KQ/mH2 Q7 EB"�J `2�/b � /�i�@i`�+2 i?�i +QMi�BMb i?2
�KQmMi Q7 ?�`p2bi2/ 2M2`;v T2` KBMmi2X h?Bb KQ/mH2 i�F2b i?2 /�i�@i`�+2 �b
BMTmi- T`Q+2bb2b Bi �M/ 722/b i?2 KQ/2H rBi? i?2 2[mBp�H2Mi +?�`;BM; +m``2MiX
h?2 mb2/ 2M2`;v ?�`p2biBM; /�i�b2i +QMi�BMb BM/QQ` `�/B�Mi HB;?i K2�bm`2K2Mib
+QHH2+i2/ �i *QHmK#B� lMBp2`bBiv (:Q`H�iQp� 2i �HX- kyRR)X JQ`2 /2i�BHb �#Qmi
i?2 ?�`p2bi2/ i`�+2 �`2 ;Bp2M BM a2+iBQM 8XjX9X _2;�`/BM; 2M2`;v +QMbmKTiBQM-
i?2 #�ii2`v KQ/2H Bb #�b2/ QM SQr2`i`�+2 (.mMF2Hb 2i �HX- kyRR) 7mM+iBQM�HBiB2bX
h?2`27Q`2- EB"�J Bb �#H2 iQ K2�bm`2 i?2 2M2`;v +QMbmKTiBQM BM i?2 7QHHQrBM;
bi�i2b, h`�MbKBi- _2+2Bp2- A/H2 GBbi2M- �+iBp2 *Sl- �M/ GQr SQr2` *SlX h?2
+Q/2 i?�i T`QpB/2b 2M2`;v +QMbmKTiBQM �M/ T2`BQ/B+�HHv +QKTmi2b i?2 `2K�BMBM;
2M2`;v BM i?2 #�ii2`v Bb �p�BH�#H2 RX

������� 3PVUJOH� &YUFOEFE 31-

_2;�`/BM; i?2 `QmiBM; �bT2+ib- i?2 BKTH2K2Mi�iBQM Q7 _�J1 ?�b #22M /2p2HQT2/
�b 2ti2MbBQM Q7 i?2 ASpe _QmiBM; S`QiQ+QH 7Q` GQr@SQr2` �M/ GQbbv L2irQ`Fb
U_SGVX _SG Bb � i`22@#�b2/ T`QiQ+QH i?�i +`2�i2b � .B`2+i2/ �+v+HB+ :`�T?
U.�:V iQ `Qmi2 i?2 i`�{+X ai�M/�`/ _SG /2i2`KBM2b � M2B;?#Q` MQ/2 �b T�`2Mi
+�M/B/�i2 mbBM; i?2 `�MF BM7Q`K�iBQMX _�MF Bb bBKBH�` iQ ?QT@+QmMi- #2+�mb2 7Q`
2�+? ?QT BM i?2 `Qmi2 i?2 `�MF BM+`2�b2b � ;Bp2M �KQmMiX aBM+2 i?2 T`BK�`v
Q#D2+iBp2 Q7 `�MF Bb iQ �pQB/ HQQTb BM i?2 `Qmi2- �//BiBQM�H K2i`B+b +�M #2 mb2/
iQ b2H2+i i?2 T`272``2/ T�`2Mi �KQM; i?2 T�`2Mi +�M/B/�i2bX

_SG ?�b � b2i Q7 A*JSpe K2bb�;2b /2}M2/ iQ 2t+?�M;2 BM7Q`K�iBQM �KQM; i?2
MQ/2bX PM2 Q7 i?2K- M�K2/ .�: AM7Q`K�iBQM P#D2+i U.APV- Bb p2`v `2H2p�Mi
7Q` i?2 _�J1 BKTH2K2Mi�iBQMX .AP Bb � _SG K2bb�;2 i?�i +�``B2b BM7Q`K�iBQM
�#Qmi i?2 _SG AMbi�M+2 �M/ i?2 +QM};m`�iBQM T�`�K2i2`b Q7 i?2 .�:X .AP
K2bb�;2b i`�p2H /QrMr�`/b BM i?2 M2irQ`F- r?B+? K2�Mb i?�i i?2v ;Q 7`QK i?2
`QQi iQ i?2 MQ/2bX >Qr2p2`- i?2 BM7Q`K�iBQM BMbB/2 .AP Bb mb2/ iQ +QKTmi2 i?2

R?iiTb,ff;Bi?m#X+QKfEBM2iB+"�ii2`vfSQr2`i`�+2

ě Ry8 ě
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mTr�`/ T�i?bX 6Q` i?�i `2�bQM- _�J1 mb2b i?2 .AP K2bb�;2b iQ /2i2`KBM2 i?2
HQr2bi 2M2`;v H2p2H BM i?2 �p�BH�#H2 T�i?bX

6B;m`2 8XN b?Qrb i?2 }2H/b Q7 � _�J1 .AP K2bb�;2 rBi? i?2 .�: K2i`B+
+QMi�BM2` �M/ i?2 LQ/2 1M2`;v P#D2+iX AM i?2 .�: K2i`B+ +QMi�BM2`- i?2
}2H/ ǳ_QmiBM;@J*@hvT2Ǵ Bb b2i iQ k- r?B+? +Q``2bTQM/b iQ i?2 1M2`;v J2i`B+
*QMi�BM2`- �++Q`/BM; iQ _6* e88R (o�bb2m` 2i �HX- kyRk)X "2bB/2b- BM i?2 LQ/2
1M2`;v P#D2+i- _�J1Ƕb BKTH2K2Mi�iBQM b2ib i?2 1 #Bi �b ǵRǶ BM Q`/2` iQ mb2 i?2
1n1 3@#Bi }2H/ Q7 i?2 K2bb�;2X

 0                   1                   2                   3 
        0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 
       +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
       | RPLInstanceID |Version Number |             Rank              | 
       +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
       |G|0| MOP | Prf |     DTSN      |     Flags     |   Reserved    | 
       +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
       |                                                               | 
       +                            DODAGID                            + 
       |                                                               | 
       +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
       |   Option(s)... 
       +-+-+-+-+-+-+-+ 

!
!
!
0                   1                   2                   3 
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
|Routing-MC-Type|Res Flags|P|C|O|R| A   |  Prec | Length (bytes)| 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
|                                                               | 
// (object body)                                               // 
|                                                               | 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
!
!
!
0                   1                   2 
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ ... 
| Flags |I| T |E|      E_E      |   Optional TLVs 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ ...!

DIO Message 

DAG Metric Container 

Node Energy Object 

6B;m`2 8XN, .AP K2bb�;2 �M/ Bib }2H/bX

P`B;BM�HHv- 1n1 U1biBK�i2/@1M2`;vV Bb �M 3@#Bi mMbB;M2/ BMi2;2` }2H/ i?�i BM@
/B+�i2b i?2 2biBK�i2/ T2`+2Mi�;2 Q7 `2K�BMBM; 2M2`;vX 6Q` i?2 Tm`TQb2 Q7 }M/BM;
i?2 HQr2bi 2M2`;v BM i?2 T�i?- r?2M � MQ/2 `mMMBM; _�J1 b2M/b � .AP K2bb�;2-
i?2 1n1 }2H/ +QMi�BMb i?2 MmK2`B+ p�Hm2 biQ`2/ BM i?2 p�`B�#H2 KvnKBM1 Ua22
GBM2 d Q7 �H;Q`Bi?K 8XkVX AM +�b2 � _�J1 MQ/2 `2+2Bp2b � .AP K2bb�;2 7`QK �
T�`2Mi +�M/B/�i2 p- i?2 1n1 +Q``2bTQM/b iQ i?2 KBM1p Ua22 GBM2 9 Q7 �H;Q`Bi?K
8XkVX h?mb- mbBM; i?2 1n1 U1biBK�i2/@1M2`;vV }2H/ Q7 i?2 .AP K2bb�;2b- Bi Bb
TQbbB#H2 iQ }M/ i?2 KBMBKmK 2M2`;v H2p2H Q7 i?2 T�i?bX

AM �//BiBQM- i?2 _SG 7mM+iBQM i?�i +QKTmi2b i?2 +Qbi Q7 i?2 T�`2Mi +�M/B/�i2b
r�b �/�Ti2/ iQ mb2 i?2 KBM1p +QMi�BM2/ BM i?2 `2+2Bp2/ .AP K2bb�;2bX h?Bb
+?�M;2 2M�#H2b i?2 _SG iQ +QKT�`2 i?2 KBM1p Q7 �HH T�`2Mi +�M/B/�i2b- �M/ iQ
b2H2+i i?2 T�`2Mi rBi? ?B;?2bi KBM1pX

ě Rye ě
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������� %BUB "HHSFHBUJPO *OUFHSBUFE JO UIF .�. 4UBDL 1SPUPDPM

h?2 T`QTQb2/ .�i� �;;`2;�iBQM bQHmiBQM ?�b #22M BKTH2K2Mi2/ iQ �;;`2;�i2
T�vHQ�/b Q7 i?2 *QMbi`�BM2/ �TTHB+�iBQM S`QiQ+QH U*Q�SVX h?2 2ti`�+iBQM Q7
i?2 *Q�S T�vHQ�/b +QKBM; 7`QK +?BH/`2M MQ/2b Bb BKTH2K2Mi2/ QM i?2 AS H�v2`X
h?mb- r?2M2p2` � K2bb�;2 T�bb2b i?`Qm;? i?2 AS H�v2`- i?2 2ti`�+iBQM +Q/2
p2`B}2b i?2 }2H/b Q7 i?2 K2bb�;2 i?�i B/2MiB7v i?2 ivT2 Q7 T`QiQ+QHX A7 i?Bb }2H/
BM/B+�i2b i?�i Bi Bb � *Q�S K2bb�;2- i?2 +Q/2 p2`B}2b B7 i?2 K2bb�;2 Bb b2H7@
T`Q/m+2/ Q` Bi Bb +QKBM; 7`QK M2B;?#Q`bX
"v �++2bbBM; i?2 }2H/b Q7 i?2 K2bb�;2 i?�i BM/B+�i2 i?2 H2M;i? Q7 i?2 MQM@*Q�S
?2�/2`- Bi Bb TQbbB#H2 iQ mb2 i?2 7mM+iBQM�HBiv �p�BH�#H2 BM *QMiFB iQ T�`b2 i?2
*Q�S TQ`iBQM Q7 i?2 K2bb�;2X �HH T�vHQ�/b 2ti`�+i2/ �`2 biQ`2/ BM � #mz2`X �HH
mMBi�`v T�vHQ�/b ?�p2 � }t2/ bBx2 Q7 k #vi2b �M/ i?2 +QMi2Mi Q7 i?2 T�vHQ�/ Bb
/2+Q/2/ �b ǴTH�BM i2tiǴX
h?2 *Q�S BKTH2K2Mi�iBQM BM *QMiBFB Pa �HHQrb +HB2Mib iQ Q#b2`p2 `2bQm`+2b Q7
i?2 *Q�S MQ/2b- b2iiBM; �M BMi2`p�H BM r?B+? i?2 MQ/2 rBHH b2M/ /�i� T2`BQ/B+@
�HHvX h?2 BKTH2K2Mi2/ �;;`2;�iBQM i�F2b �/p�Mi�;2 Q7 i?Bb 7mM+iBQM�HBiv- bBM+2
i?2 �;;`2;�iBQM ?�b #22M /2p2HQT2/ iQ #2 i`B;;2`2/ r?2M i?2 MQ/2 ?�b � M2r
/�i� Q#b2`p�iBQM iQ b2M/ iQ i?2 +HB2MiX h?mb- i?2 /�i� �;;`2;�iBQM T`Q+2/m`2b
2t2+mi2/ QM i?2 #mz2` i�F2 TH�+2 r?2M i?2 MQ/2 2t2+mi2b i?2 +Q/2 iQ b2M/ � M2r
Q#b2`p�iBQM K2bb�;2X q?2M i?2 �;;`2;�iBQM Bb i`B;;2`2/- i?2 MQ/2 /2i2`KBM2b
�M α p�Hm2 #�b2/ QM i?2 KBMBKmK 2M2`;v H2p2H QM i?2 T�i?- �M/ T`Q/m+2b i?2
*Q�S K2bb�;2 rBi? QM2 Q` KmHiBTH2 T�vHQ�/bX
h?2 M2ti b2+iBQM T`2b2Mib i?2 2p�Hm�iBQM �M/ /Bb+mbb2b i?2 Q#i�BM2/ `2bmHibX

����� 1FSGPSNBODF &WBMVBUJPO

h?Bb b2+iBQM /2b+`B#2b i?2 2p�Hm�iBQM �M/ i?2 Q#i�BM2/ `2bmHib Q7 _�J1X a2+iBQM
8XjX9XR QmiHBM2b i?2 Q#D2+iBp2b Q7 i?2 2p�Hm�iBQMX a2+iBQM 8XjX9Xk T`2b2Mib i?2
b2iiBM;b mb2/ 7Q` i?2 2p�Hm�iBQM �M/ a2+iBQM 8XjX9Xj b?Qrb i?2 2p�Hm�iBQM K2i`B+bX
a2+iBQM 8XjX9X9 T`2b2Mib i?2 Q#i�BM2/ `2bmHibX

������� 0CKFDUJWFT

h?2 K�BM Q#D2+iBp2 Q7 i?Bb 2p�Hm�iBQM Bb iQ b?Qr ?Qr i?2 bQHmiBQMb `2;mH�i2 i?2
2M2`;v +QMbmKTiBQM r?2M i?2 HQr2bi 2M2`;v MQ/2 ?�b /Bz2`2Mi H2p2Hb Q7 biQ`2/
2M2`;v- bm+? �b HQr- KB//H2- �M/ ?B;? bi�i2@Q7@+?�`;2X h?2 2tT2+i2/ `2bmHi Bb iQ
�;;`2;�i2 H2bb /�i� iQ mb2 KQ`2 2M2`;v 7`QK i?2 #�ii2`v r?2M i?2 HQr2bi 2M2`;v
MQ/2 �TT`Q�+?2b i?2 7mHH +?�`;2- �M/ pB+2@p2`b�X

������� 4FUUJOHT

h�#H2 8Xk b?Qrb i?2 mb2/ b2iiBM;b 7Q` EB"�JX h?2 mT/�i2 BMi2`p�H Bb 8 KBMmi2b-
r?B+? K2�Mb i?�i 2p2`v 8 KBMmi2b i?2 EB"�J mT/�i2b i?2 �KQmMi Q7 2M2`;v

ě Ryd ě
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+?�`;2X _2;�`/BM; 2M2`;v ?�`p2biBM;- i?Bb 2p�Hm�iBQM +QMbB/2`b i?2 /�i�b2i i?�i
+QMi�BMb BM/QQ` HB;?i 2M2`;v K2�bm`2K2Mib +QHH2+i2/ #v i?2 *QHmK#B� lMBp2`bBiv
(:Q`H�iQp� 2i �HX- kyRR)X Ai T`QpB/2b � i2KTQ`�H@b2`B2b Q7 r�iif+K2- bQ iQ mb2 i?2b2
K2�bm`2K2Mib �b EB"�J BMTmi- i?2 pQHi�;2 Bb }t2/ �i 8p- i?2 �`2� +QMbB/2`2/ iQ
?�`p2bi 2M2`;v +Q``2bTQM/b iQ kRy +K2 �M/ i?2 +QMp2`bBQM 2{+B2M+v Bb kyWX

h?2 ?�`/r�`2 mb2/ Bb i?2 7QHHQrBM;, JaS9jy b2`B2b 8- r?B+? ?�b � JB+`Q*QM@
i`QHH2` lMBi UJ*lV Q7 Re #Bib rBi? ReF" BMi2`M�H _�J �M/ Rk3F" 6H�b?X h?2
i`�Mb+2Bp2` Bb hA **k8ky UkX9:>xV- +QKT�iB#H2 rBi? A111 3ykXR8X9 �M/ ASpe
Qp2` GQr@SQr2` qB`2H2bb S2`bQM�H �`2� L2irQ`Fb UeGQqS�LVX

hQ K2�bm`2 i?2 2M2`;v +QMbmKTiBQM- i?2 SQr2`i`�+2 iQQH- r?B+? Bb �p�BH�#H2 BM
*QMiBFB Pa- ?�b #22M mb2/X SQr2`i`�+2 Bb �#H2 iQ K2�bm`2 i?2 2M2`;v +QMbmKT@
iBQM BM i?2 7QHHQrBM; +QMbmKTiBQM bi�i2b, UBV �+iBp2 *Sl- UBBV GQr SQr2` JQ/2
*Sl- UBBBV h`�MbKBi- UBpV GBbi2M- UpV A/H2 GBbi2MX AM �//BiBQM- SQr2`i`�+2 Bb 7mHHv
BMi2;`�i2/ rBi? i?2 �#Qp2 K2MiBQM2/ ?�`/r�`2- r?B+? K2�Mb i?�i Bi Bb �#H2 iQ
K2�bm`2 i?2 2M2`;v �+iBpBiB2b `2H�i2/ MQi QMHv iQ i?2 /�i�@i`�{+ +QKKmMB+�iBQM
#mi �HbQ iQ i?2 /�i�@T`Q+2bbBM; �M/ +QMi`QH �+iBpBiB2b /2K�M/2/ #v i?2 T`QiQ+QHbX
aQK2 �//BiBQM�H b2iiBM;b �`2 b?QrM BM h�#H2 8XkX

h�#H2 8Xk, "�ii2`v �M/ *QKKmMB+�iBQM b2iiBM;bX

*QM};m`�iBQM UBV AM7Q
"�ii2`v *�T�+Biv UBcV Ryyyyyy KB+`Q�?
J�t "QmM/ *?�`;2 RyW Q7 Bc

lT/�i2 S2`BQ/B+Biv 8 KBMmi2b
�TTHB+�iBQM S`QiQ+QH *Q�S
AS H�v2` eGQrS�L
GQr .miv *v+HBM; *QMiBFBJ�+
J�+ �M/ S?vbB+�H A111 3ykXR8X9
J�t �p�BH�#H2 *?�`;2 NyW Q7 Bc

AMi2`M�H `�i2 K yXR
lMBi�`v T�vHQ�/ bBx2 k "vi2b
*Q�S P#b AMi2`p�H 8 KBMmi2b
_QmiBM; S`QiQ+QH _SG
q�F2mT 6`2[m2M+v k>x
qB`2H2bb _�M;2 ky K

aQK2 T`2HBKBM�`v i2bib ?�p2 #22M +QM/m+i2/ iQ b2H2+i i?2 #2bi 7mM+iBQM 7Q` i?2
�HT?� T�`�K2i2` Ub22 1[m�iBQM 8XkVX 6B;m`2 8XRy b?Qrb i?`22 /Bz2`2Mi 7mM+iBQMb
mb2/ iQ /2i2`KBM2 i?2 α T�`�K2i2` �++Q`/BM; iQ i?2 HQr2bi 2M2`;v BM i?2 T�i?X
6Q` i?2 Tm`TQb2 Q7 i?Bb 2p�Hm�iBQM- i?2 TQHvMQKB�H 7mM+iBQM ?�b #22M mb2/ BM �HH
2tT2`BK2MibX

�7i2` #2BM; +QM};m`2/- *QMiBFB Pa Bb +QKTBH2/ �M/ i?2 #BM�`v BK�;2 +�M #2
2KmH�i2/ mbBM; *QQD�- r?B+? �HbQ 2M�#H2b i?2 2KmH�i2/ MQ/2b iQ #2 bBKmH�i2/
�b � rB`2H2bb M2irQ`FX h?2 Q#i�BM2/ `2bmHib �`2 #�b2/ QM i?2 *QQD� bBKmH�iBQMX
aBM+2 i?2 bBKmH�iBQMb �`2 p2`v iBK2@+QMbmKBM;- i?2 M2irQ`F r�b bBKmH�i2/ rBi?
9y MQ/2b �M/ i?2 MmK#2` Q7 /BbDQBMi T�i?b Bb }t2/ BM 9X h?2 MQ/2b �`2 HQ+�i2/
rBi? Ry K2i2`b Q7 bT�+BM; #2ir22M 2�+? Qi?2`X �i i?2 #2;BMMBM; Q7 i?2 bBKmH�@

ě Ry3 ě
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Lowest Energy in Path (microAh)
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6B;m`2 8XRy, �HT?� UαV Bb � 7mM+iBQM Q7 i?2 HQr2bi 2M2`;v H2p2HX

iBQM- i?2 KBMBKmK 2M2`;v MQ/2 Q7 2�+? /BbDQBMi T�i? #2;BMb i?2 bBKmH�iBQM rBi?
8W H2bb 2M2`;v i?�M i?2 Qi?2` MQ/2bX

������� &WBMVBUFE 4PMVUJPOT BOE .FUSJDT

hrQ bQHmiBQMb ?�p2 #22M 2p�Hm�i2/- M�K2Hv, _QmiBM; �M/ �;;`2;�iBQM 7Q` JBM@
BKmK 1M2`;v U_�J1V �M/ i?2 bi�M/�`/ JkJ T`QiQ+QHbX h?2 bi�M/�`/ bQHmiBQM
/Q2b MQi T2`7Q`K �Mv /�i� �;;`2;�iBQM �M/ mb2b i?2 JBMBKmK _�MF rBi? >vb@
i2`2bBb P#D2+iBp2 6mM+iBQM �b K2i`B+ 7Q` T�`2Mi b2H2+iBQM (:M�r�HB �M/ G2pBb-
kyRk)X

h?2 7QHHQrBM; K2i`B+b ?�p2 #22M mb2/ iQ K2�bm`2 i?2 T2`7Q`K�M+2 Q7 _�J1
�M/ i?2 bi�M/�`/ T`QiQ+QHbX

Ç 1M2`;v *QMbmKTiBQM Q7 i?2 GQr2bi 1M2`;v LQ/2, h?Bb K2i`B+ +Q``2bTQM/b
iQ i?2 bmK Q7 i?2 2M2`;v +QMbmK2/ #v i?2 KBMBKmK 2M2`;v MQ/2b /BpB/2/
#v i?2 MmK#2` Q7 /BbDQBMi T�i?bX h?2 +QMbmKTiBQM p�Hm2b ?�p2 i?`22 +�i@
2;Q`B2b, *Sl- h`�MbKBbbBQM UhtV- �M/ _2+2TiBQM U_tVX h?2 `2+2TiBQM
+�i2;Q`v +QMbB/2`b i?2 2z2+iBp2 `2+2TiBQM Q7 /�i� �M/ i?2 B/H2 HBbi2M bi�i2X

Ç _2bB/m�H 1M2`;v Q7 i?2 GQr2bi 1M2`;v LQ/2 �M/ GBM2�` h`2M/, Ai K2�bm`2b
Qp2` iBK2 i?2 �KQmMi Q7 +?�`;2 i?�i `2K�BMb BM i?2 #�ii2`v Q7 i?2 KBMBKmK
2M2`;v MQ/2X AM Q`/2` iQ 7�+BHBi�i2 i?2 BMi2`T`2i�iBQM Q7 i?2 i2M/2M+v Q7
i?2 `2bB/m�H 2M2`;v- � HBM2�` `2;`2bbBQM �TT`Q�+? Bb �TTHB2/ QM i?2 Q#i�BM2/
`2bB/m�H 2M2`;v /�i� iQ }M/ � HBM2�` i`2M/X

������� 3FTVMUT

6B;m`2 8XRR b?Qrb i?2 �p2`�;2 2M2`;v +QMbmK2/ #v i?2 MQ/2b rBi? HQr2bi 2M2`;v
BM i?2 /BbDQBMi T�i?bX �b +�M #2 MQiB+2/- BM +QKT�`BbQM iQ i?2 bi�M/�`/ p2`bBQM
Q7 i?2 JkJ T`QiQ+QHb- _�J1 `2/m+2b i?2 2M2`;v +QMbmKTiBQM BM KQ`2 i?�M
RkWX h?2 ;�BM Bb +�mb2/ KQbiHv #v i?2 +QM+�i2M�iBQM Q7 T�vHQ�/b- bBM+2 7Q`

ě RyN ě
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α = 1 i?2`2 Bb MQ �;;`2;�iBQM Q7 T�vHQ�/bX h?2`27Q`2- 7Q` i?2b2 `2bmHib- #Qi?
bQHmiBQMb /2HBp2`2/ i?2 b�K2 �KQmMi Q7 T�vHQ�/bX Ai K2�Mb i?�i i?2 ;�BM BM
i2`Kb Q7 2M2`;v rBHH #2 2p2M ?B;?2` r?2M _�J1 mb2b α = 0X

0"

1000"

2000"

3000"

4000"

5000"

6000"

7000"

RA
ME
"

Sta
nd
ard
"

RA
ME
"

Sta
nd
ard
"

RA
ME
"

Sta
nd
ard
"

RA
ME
"

Sta
nd
ard
"

RA
ME
"

Sta
nd
ard
"

En
er
gy
"C
on

su
m
p=

on
"(m

ic
ro
Ah

)"
Day"1""""""""""""""""""""""""""Day"2""""""""""""""""""""""""""Day"3""""""""""""""""""""""""""Day"4""""""""""""""""""""""""""Day"5"

CPU" TX" RX"
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2`BM; α = 1X

6B;m`2 8XRk T`2b2Mib ?Qr i?2 `2bB/m�H 2M2`;v Q7 i?2 KBMBKmK 2M2`;v MQ/2
+?�M;2b Qp2` 8 /�vb- bi�`iBM; i?2 #�ii2`B2b rBi? 38W U>B;? ai�i2@Q7@*?�`;2VX
"Qi? _�J1 �M/ i?2 bi�M/�`/ bQHmiBQM ?�p2 � /2+`2�bBM; HBM2�` i2M/2M+v- BM@
/B+�iBM; i?�i i?2 2M2`;v +QMbmKTiBQM Bb ?B;?2` i?�M i?2 ?�`p2bi2/ 2M2`;vX �i
i?Bb H2p2H Q7 #�ii2`v- Bi Bb /2bB`�#H2 iQ ?�p2 � /2+`2�bBM; `2bB/m�H i2M/2M+v- bBM+2
i?2 #�ii2`v QMHv ?�b �#Qmi R8W Q7 +�T�+Biv H27i iQ biQ`2 KQ`2 2M2`;vX �i i?Bb
TQBMi- �M BM+`2�bBM; 2M2`;v H2p2H +QmH/ +�mb2 #�ii2`v Qp2`~Qr- r?B+? rQmH/ r�bi2
2M2`;vX
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6B;m`2 8XRk, "�ii2`v BMBiB�i2b rBi? 38WX

6B;m`2 8XRj b?Qrb i?2 `2bB/m�H 2M2`;v BM � b+2M�`BQ r?2`2 i?2 HQr2bi 2M2`;v MQ/2
?�b 98W Q7 #�ii2`v UAMi2`K2/B�i2 ai�i2@Q7@*?�`;2VX h?Bb };m`2 �HbQ T`2b2Mib i?2
HBM2�` i`2M/ Q7 _�J1- r?B+? Bb �HKQbi � +QMbi�Mi HBM2X �i i?Bb H2p2H Q7 `2bB/m�H
2M2`;v- i?2 H2p2H Q7 /�i� �;;`2;�iBQM Bb �`QmM/ yX8- r?B+? K2�Mb i?�i ?�H7 Q7 i?2
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K2�Mb i?�i Qp2` iBK2 Bi Bb �++mKmH�iBM; 2M2`;v QM i?2 #�ii2`v Q7 i?2 HQr2bi
2M2`;v MQ/2X >Qr2p2`- i?2 bi�M/�`/ bQHmiBQM /Q2b MQi ?�p2 � TQbBiBp2 HBM2�`
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6B;m`2 8XR9, "�ii2`v bi�`ib �i R8WX

� 7�+iQ` i?�i +QMi`B#mi2b 7Q` i?2 #2ii2` T2`7Q`K�M+2 Q7 _�J1 Bb i?�i Bi b2@
H2+ib i?2 T�i?b r?2`2 i?2 KBMBKmK 2M2`;v MQ/2 ?�b i?2 ?B;?2bi TQbbB#H2 2M2`;v
`2b2`p2X

��� 4VNNBSZ

h?Bb +?�Ti2` �//`2bb2/ i?2 T`Q#H2K Q7 ?Qr iQ K�BMi�BM MQ/2b �i M2mi`�H QT2`�@
iBQM- �b r2HH �b `2/m+BM; i?2 +QM;2biBQM +�mb2/ #v +QKKmMB+�iBQM Qp2`?2�/X hQ

ě RRR ě
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bQHp2 i?2b2 T`Q#H2Kb- irQ K2+?�MBbKb ?�p2 #22M T`QTQb2/X "Qi? bQHmiBQMb `2;@
mH�i2 i?2 2M2`;v +QMbmKTiBQM #v /vM�KB+�HHv /2i2`KBMBM; �M �;;`2;�iBQM H2p2H
i?�i Bb mb2/ iQ +QMi`QH i?2 �KQmMi Q7 i`�{+ ~Qr i?`Qm;? i?2 MQ/2bX
h?2 }`bi K2+?�MBbK- +�HH2/ .�i� �;;`2;�iBQM 7Q` 2M2`;v ?�`o2biBM; L1hrQ`Fb
U.�o@L1hV- Bb T`2b2Mi2/ BM a2+iBQM 8Xk �M/ `2;mH�i2b i?2 2M2`;v +QMbmKTiBQM
Q7 i?2 MQ/2b mbBM; �b K�BM T�`�K2i2` 7Q` i?2 �;;`2;�iBQM i?2 `2bB/m�H 2M2`;v BM
i?2 #�ii2`vX h?2 /2bB;M �M/ 2p�Hm�iBQM Q7 i?Bb bQHmiBQM b?Qr2/ bQK2 /`�r#�+FbX
6Q` BMbi�M+2- .�o@L1h /Q2b MQi +QMbB/2` i?2 +m``2Mi +QM/BiBQMb Q7 i?2 M2B;?#Q`
MQ/2b r?2M � MQ/2 /2+B/2b i?2 �KQmMi Q7 /�i� i?�i Kmbi #2 �;;`2;�i2/X
qBi? i?2 BMbB;?i T`QpB/2/ #v .�o@L1h- a2+iBQM 8Xj BMi`Q/m+2/ _QmiBM; �M/
�;;`2;�iBQM 7Q` JBMBKmK 1M2`;v U_�J1VX h?Bb bQHmiBQM i�+FH2/ i?2 /`�r#�+Fb
Q7 .�o@L1h- bBM+2 Bi +QMbB/2`b i?2 +m``2Mi +QM/BiBQMb Q7 i?2 MQ/2b +QKTQbBM;
i?2 T�i? iQr�`/b i?2 ;�i2r�vX AM bmKK�`v- _�J1 2t+?�M;2b BM7Q`K�iBQM iQ
/2i2`KBM2 i?2 HQr2bi #�ii2`v `2b2`p2 BM i?2 T�i?- �M/ #�b2/ QM i?Bb BM7Q`K�iBQM
i?2 MQ/2b /2}M2 i?2 �;;`2;�iBQM H2p2H iQ #2 �TTHB2/ QM i?2 M2irQ`F i`�{+X AM
�//BiBQM- _�J1 Bb BKTH2K2Mi2/ BM � `2�H bvbi2K 7Q` HQr@TQr2` MQ/2b- BM+Hm/BM;
i?2 2ti2MbBQM �M/ �/�Ti�iBQM Q7 bi�M/�`/ JkJ T`QiQ+QHb- bm+? �b *Q�S �M/
_SGX
h?2 M2ti +?�Ti2` T`2b2Mib i?2 +QM+HmbBQMb �M/ 7mim`2 rQ`FbX

ě RRk ě
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* DPODMVEFE UIBU FWFO UIJT FOEFBWPS JT
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	,JOH 4PMPNPO


*QMi2Mib
eXR avMi?2bBb Q7 i?2 h?2bBb X X X X X X X X X X X X X X X X X RRj
eXk *QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X X X RR8
eXj 6mim`2 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 RRd

AM `2+2Mi v2�`b- `2H2p�Mi T`Q;`2bb ?�b #22M K�/2 BM BM7Q`K�iBQM �M/ +QKKm@
MB+�iBQM i2+?MQHQ;vX LmK2`Qmb BMMQp�iBp2 �TTHB+�iBQMb ?�p2 #22M 2K2`;2/
/m2 iQ i?Bb T`Q;`2bbX J�+?BM2@iQ@K�+?BM2 +QKKmMB+�iBQMb ?�p2 +QMi`B#@

mi2/ iQ i?Bb i`2M/ #v mMHQ+FBM; b2p2`�H QTTQ`imMBiB2b `2H�i2/ iQ KQMBiQ`BM; �M/
`2KQi2 +QMi`QH �TTHB+�iBQMb- M�K2Hv bK�`i ;`B/- bK�`i +BiB2b- i`�MbTQ`i�iBQM- �M/
2@?2�Hi?X .2bTBi2 MmK2`Qmb 2zQ`ib QM i?Bb }2H/- BM+Hm/BM; i?2 QM2b T`QKQi2/ #v
i?2 bi�M/�`/Bx�iBQM #Q/B2b- bQK2 BKTQ`i�Mi QT2M Bbbm2b +QMiBMm2 iQ 2tBbiX h?Bb
i?2bBb T`QTQb2/ b2p2`�H K2+?�MBbKb iQ T`Q;`2bb i?2 +m``2Mi bi�i2@Q7@i?2@�`i #v
BKT`QpBM; i?2 2M2`;v 2{+B2M+v Q7 ;`QmT +QKKmMB+�iBQM BM M2irQ`Fb TQr2`2/
#v i`�/BiBQM�H #�ii2`v �M/ #v `2M2r�#H2 2M2`;v bQm`+2bX h?Bb +?�Ti2` `2+�Tb
i?2 +Qp2`2/ Bbbm2b �M/ ?B;?HB;?i i?2 K�DQ` +QMi`B#miBQMb bm++2bb7mHHv �+?B2p2/X
"2bB/2b- Bi 2M/b b?QrBM; i?2 2MpBbBQM2/ 7mim`2 `2b2�`+? Q7 i?Bb rQ`FX

��� 4ZOUIFTJT PG UIF 5IFTJT

J�+?BM2@iQ@K�+?BM2 T`2b2Mib � H�`;2 TQi2MiB�H iQ H2�/ i?2 BM7Q`K�iBQM �M/ i2+?@
MQHQ;v BM/mbi`v iQr�`/b �M 2`� Q7 BMi2HHB;2Mi M2irQ`F2/ �TTHB+�iBQMbX >Qr2p2`-
i?2 `2�H T`Q;`2bb Q7 JkJ +QKKmMB+�iBQMb /2T2M/b QM � Kv`B�/ Q7 +QKTH2t
7�+iQ`bX AM bT2+B�H- i?Bb i?2bBb ?�b B/2MiB}2/ �M/ T`QTQb2/ bQHmiBQMb iQ �/p�M+2
i?2 2M2`;v 2{+B2M+v Q7 JkJ ;`QmT +QKKmMB+�iBQM- +QMbB/2`BM; /Bz2`2Mi K2i`B+b
7Q` 2M2`;v 2{+B2M+v �M/ ;`QmT +QKKmMB+�iBQM BM b2p2`�H b+2M�`BQbX

ě RRj ě
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h?Bb i?2bBb- BM *?�Ti2` k- +Qp2`b i?2 #�+F;`QmM/ +QM+2Tib �M/ /2}MBiBQMb Q7
K�+?BM2@iQ@K�+?BM2 2MpB`QMK2Mib- BM+Hm/BM; i?2 ivT2b Q7 7mM+iBQM�HBiB2b 2t@
2+mi2/ #v i?2 MQ/2b �M/ i?2 72�im`2b Q7 i?2 bK�`i /2pB+2bX h?Bb +?�Ti2` �HbQ
/2i�BHb �M/ ;Bp2b � T2`bT2+iBp2 Q7 i?2 K�BM K�+?BM2@iQ@K�+?BM2 b+2M�`BQb �M/
�TTHB+�iBQMb- �M/ i?2 ivT2b Q7 i`�{+ T`Q/m+2/ #v K�+?BM2@iQ@K�+?BM2 /2pB+2bX
�MQi?2` BKTQ`i�Mi iQTB+ QmiHBM2/ BM i?Bb +?�Ti2` Bb i?2 /Bb+mbbBQM �#Qmi A1h6
bi�M/�`/b /2}M2/ 7Q` JkJ +QKKmMB+�iBQM- BM+Hm/BM; /2i�BHb �#Qmi i?2 *Q�S
i?2 _SG T`QiQ+QHbX

*?�Ti2` j T`2b2Mib � +QKT`2?2MbBp2 �M�HvbBb �M/ /Bb+mbbBQM �#Qmi i?2 +?�HH2M;2b-
`2[mB`2K2Mib- bi�i2@Q7@i?2@�`i- �M/ QT2M Bbbm2bX h?2 i?`22 +?�HH2M;2b T`2b2Mi2/
�`2 `2H�i2/ iQ 2M2`;v 2{+B2M+v- ;`QmT +QKKmMB+�iBQM �M/ `2/m+BM; i`�{+ 7Q`
JkJ b+2M�`BQbX h?Bb +?�Ti2` M�``Qr2/ i?2 p�bi b2i Q7 JkJ �TTHB+�iBQMb iQ
�HHQr i?2 B/2MiB}+�iBQM Q7 +QKKmMB+�iBQM `2[mB`2K2Mib- T`2b2MiBM; �TTHB+�iBQMb
`2H�i2/ iQ i?2 +?�HH2M;2bX �7i2` i?2 /Bb+mbbBQM �`QmM/ i?2 +?�HH2M;2b �M/ B/2M@
iB}+�iBQM Q7 i?2 `2[mB`2K2Mib- i?Bb +?�Ti2` T`2b2Mib � ?QHBbiB+ bi�i2@Q7@i?2@�`i
bim/v- rBi? i?2 �BK iQ b?Qr ?Qr i?2 2tBbiBM; HBi2`�im`2 bQHmiBQMb bQHp2 Q` 7mH}HH
i?2 b2H2+i2/ +QKKmMB+�iBQM `2[mB`2K2MibX hQ �++QKTHBb? i?2 Q#D2+iBp2 Q7 i?Bb
+?�Ti2`- Bi T`2b2Mib �M �M�HvbBb �#Qmi i?2 QT2M Bbbm2b �M/ `2b2�`+? /B`2+iBQMbX
hQ #2 bT2+B}+- irQ `2b2�`+? /B`2+iBQMb ?�p2 #22M 7QHHQr2/- #Qi? �BKBM; iQ BK@
T`Qp2 2M2`;v 2{+B2M+v �M/ JkJ ;`QmT +QKKmMB+�iBQM- QM2 Bb 7Q+mb2/ QM MQ/2b
i?�i ?�p2 HBKBi2/ 2M2`;v `2b2`p2b �M/ i?2 Qi?2` Bb +2Mi2`2/ QM MQ/2b i?�i ?�p2
`2M2r�#H2 bQm`+2b Q7 2M2`;vX

*?�Ti2` 9 T`2b2Mib �M �/�Ti�#H2 �M/ ;2M2`�H �TT`Q�+? 7Q` JkJ ;`QmT +QK@
KmMB+�iBQMb- +�HH2/ hrQ hB2` �;;`2;�iBQM Uhh�V- i?�i `2/m+2b Qp2`?2�/ �M/
2HBKBM�i2b /�i� `2/mM/�M+vX �b hh� Bb � ;2M2`�H �TT`Q�+?- Bi /Q2b MQi b?Qr
?Qr iQ }M/ � M2irQ`F ~Qr i?�i rBHH T`Q/m+2 i?2 #2bi M2irQ`F HB72iBK2 T2`@
7Q`K�M+2X hQ bQHp2 i?2 �bT2+ib `2H�i2/ iQ i?2 M2irQ`F ~Qr b2H2+iBQM- irQ ?2m`@
BbiB+b r2`2 /2bB;M2/X �7i2` T`2b2MiBM; i?2 ?2m`BbiB+b �M/ i?2B` T2`7Q`K�M+2b-
i?Bb +?�Ti2` BMi`Q/m+2b � K�i?2K�iB+�H KQ/2H- 7Q`KmH�i2/ �b �M AMi2;2` GBM2�`
S`Q;`�K- rBi? i?2 Q#D2+iBp2 Q7 }M/BM; i?2 QTiBK�H M2irQ`F ~Qr bQHmiBQM 7Q`
hh� i?�i K�tBKBx2b i?2 M2irQ`F HB72iBK2X "2bB/2b- � T2`7Q`K�M+2 +QKT�`BbQM
#2ir22M i?2 ?2m`BbiB+b �M/ i?2 QTiBK�H Q` M2�`@QTiBK�H bQHmiBQMb Bb T`2b2Mi2/X
h?Bb +?�Ti2` 2M/b rBi? i?2 T`2b2Mi�iBQM Q7 i?2 BKTH2K2Mi�iBQM Q7 � `2�H T`QiQ@
ivT2 �M/ i2bi#2/ 2tT2`BK2MibX h?2 2tT2`BK2Mib b?Qr2/ i?2 `2�H ;�BM- BM i2`Kb
Q7 2M2`;v +QMbmKTiBQM- Q7 i?2 T`QTQb2/ hh�X "2bB/2b- i?2 Q#i�BM2/ `2bmHib ?B;?@
HB;?i2/ i?�i i?2 �;;`2;�iBQM +Qbi Bb MQi M2;HB;B#H2 �M/- i?2`27Q`2- ?Qr Bi +�M #2
+QMbB/2`2/ �b � +`Bi2`B� iQ K�F2 i?2 �;;`2;�iBQM KQ`2 2{+B2MiX

*?�Ti2` 8 �//`2bb2b i?2 T`Q#H2K Q7 ?Qr iQ K�BMi�BM MQ/2b rBi? `2+?�`;BM;
+�T�#BHBiB2b UBX2X bQH�`- rBM/- pB#`�iBQMV �i M2mi`�H QT2`�iBQMX �b i?2 /�i� +QK@
KmMB+�iBQM Bb +`BiB+�H 7Q` 2M2`;v +QMbmKTiBQM- i?2 T`QTQb2/ K2+?�MBbKb `2;mH�i2
i?2 2M2`;v +QMbmKTiBQM #v /vM�KB+�HHv /2i2`KBMBM; i?2 �KQmMi Q7 i`�{+ i?�i
~Qrb i?`Qm;? i?2 MQ/2bX h?2 }`bi K2+?�MBbK- +�HH2/ .�i� �;;`2;�iBQM 7Q`
2M2`;v ?�`o2biBM; L1hrQ`Fb U.�o@L1hV- /Q2b i?2 `2;mH�iBQM mbBM; �b K�BM
T�`�K2i2` i?2 `2bB/m�H 2M2`;v BM i?2 #�ii2`vX h?2 /2bB;M �M/ 2p�Hm�iBQM Q7 i?Bb
bQHmiBQM b?Qr2/ bQK2 /`�r#�+FbX 6Q` BMbi�M+2- .�o@L1h /Q2b MQi +QMbB/2` i?2
+m``2Mi +QM/BiBQMb Q7 i?2 M2B;?#Q` MQ/2b r?2M � MQ/2 /2+B/2b i?2 �KQmMi Q7 /�i�

ě RR9 ě
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i?�i Kmbi #2 �;;`2;�i2/X qBi? i?2 BMbB;?ib T`QpB/2/ #v .�o@L1h- i?Bb +?�Ti2`
BMi`Q/m+2b i?2 _QmiBM; �M/ �;;`2;�iBQM 7Q` JBMBKmK 1M2`;v U_�J1VX h?Bb
bQHmiBQM BKT`Qp2b i?2 /`�r#�+Fb Q7 .�o@L1h- bBM+2 Bi +QMbB/2`b i?2 +m``2Mi
+QM/BiBQMb Q7 i?2 MQ/2b +QKTQbBM; i?2 T�i? iQr�`/b i?2 ;�i2r�vX AM �//BiBQM-
_�J1 Bb KQ`2 +QKTH2i2 i?�M .�o@L1h #2+�mb2 _�J1 r�b BKTH2K2Mi2/ BM �
`2�H bvbi2K 7Q` HQr@TQr2` MQ/2bX AM �//BiBQM- _�J1 r�b /2bB;M2/ �b �M 2ti2M@
bBQM Q7 bi�M/�`/ JkJ T`QiQ+QHb- bm+? �b *Q�S �M/ _SGX JQ`2Qp2`- _�J1 r�b
2p�Hm�i2/ mbBM; � iQQH i?�i 2M�#H2b i?2 2KmH�iBQM Q7 � `2�H #Q�`/ rBi? �++m`�i2
2M2`;v +QMbmKTiBQM KQ/2HX

��� $POUSJCVUJPOT

h?2 /2}M2/ ;Q�H Q7 i?Bb i?2bBb- b?QrM BM *?�Ti2` R- Bb iQ BKT`Qp2 2M2`;v 2{@
+B2M+v Q7 K�+?BM2@iQ@K�+?BM2 ;`QmT +QKKmMB+�iBQMX h?2 }`bi bT2+B}+ ;Q�H Bb iQ
/2}M2 � ;2M2`B+ �TT`Q�+? bmBi�#H2 �M/ �/�Ti�#H2 7Q` K�+?BM2@iQ@K�+?BM2 ;`QmT
+QKKmMB+�iBQM iQ 2HBKBM�i2 /�i� `2/mM/�M+v �M/ `2/m+2 Qp2`?2�/X �MQi?2`
Q#D2+iBp2 Bb iQ T`QTQb2 � b2i Q7 ;`QmT +QKKmMB+�iBQM K2+?�MBbKb i?�i �BK iQ
BKT`Qp2 i?2 2M2`;v 2{+B2M+v BM i`�/BiBQM�H #�ii2`v@TQr2`2/ rBi? }t2/ 2M2`;v
#m/;2i �M/ `2M2r�#H2 2M2`;v bQm`+2bX h?2 i?B`/ Q#D2+iBp2 Bb iQ bim/v i?2 T2`@
7Q`K�M+2 Q7 i?2 T`QTQb2/ K2+?�MBbKb BM p�`BQmb 2p�Hm�iBQM K2i?Q/b- BM+Hm/BM;
bBKmH�iBQM- K�i?2K�iB+�H KQ/2Hb- �M/ `2�H 2tT2`BK2MibX

h?2b2 ;Q�Hb ?�p2 i�BHQ`2/ i?2 rQ`F T`2b2Mi2/ BM i?Bb i?2bBb �M/ ?�p2 `2bmHi2/ BM
i?2 7QHHQrBM; +QMi`B#miBQMb,

$POUSJCVUJPO �
 " HFOFSJD BQQSPBDI GPS .�. HSPVQ DPNNVOJDBUJPO

h?Bb Bb � i`�Mbp2`b�H +QMi`B#miBQM- T`2b2Mi2/ BM *?�Ti2` 9- a2+iBQM 9Xk-
bBM+2 Bi Bb T`2b2Mi BM �HH K2+?�MBbKb- BMi2;`�HHv Q` T�`iB�HHv- iQ BKT`Qp2
JkJ ;`QmT +QKKmMB+�iBQMX h?2 T`QTQb2/ �TT`Q�+? Bb �/�Ti�#H2 iQ i?2
2tBbiBM; ;`QmTb QM i?2 M2irQ`F �M/ `2HB2b QM irQ /BbiBM+i ivT2b Q7 T`Q@
+2bbBM; 7mM+iBQMb iQ 2M�#H2 H2bb Qp2`?2�/ �M/ 2HBKBM�i2 /�i� `2/mM/�M+vX
h?Bb �TT`Q�+?- hrQ hB2` �;;`2;�iBQM- Bb ~2tB#H2 2MQm;? iQ #2 mb2/ QM
/Bz2`2Mi ;`QmT +QKKmMB+�iBQM b+2M�`BQb �M/ �HHQrb i?2 ;`QmTb iQ ?�p2
T�`iB+mH�` +QKKmMB+�iBQM b2iiBM;bc

$POUSJCVUJPO �
 )FVSJTUJDT UP QSPMPOH UIF OFUXPSL MJGFUJNF

_QmiBM; ?2m`BbiB+b �`2 i?2 M�im`�H +QKTH2K2Mi�`v bi2T BM Q`/2` iQ �TTHv
i?2 T`QTQb2/ hrQ hB2` �;;`2;�iBQMX h?2 T`QTQb2/ ?2m`BbiB+b- *?�Ti2` 9-
a2+iBQM 9Xj- �`2 �M BKTQ`i�Mi +QMi`B#miBQM #2+�mb2 i?2v /2+B/2 �bT2+ib
`2H�i2/ iQ i?2 TQBMib Q7 �;;`2;�iBQM �M/ ?Qr i`�{+ rBHH ~Qr Qp2` i?2
M2irQ`FX qBi?Qmi r2HH /2bB;M2/ ?2m`BbiB+b- hh� T2`7Q`Kb TQQ`Hv BM i2`Kb
Q7 M2irQ`F HB72iBK2X h?mb- i?2 T`QTQb2/ ?2m`BbiB+b �`2 i`22@#�b2/ bQHmiBQMb
i?�i }M/ +QKT�iB#H2 ;`QmTb BM i2`Kb Q7 +QKKmMB+�iBQM T2`BQ/B+Biv iQ
`2/m+2 i?2 Qp2`?2�/ �M/ 2HBKBM�i2 i?2 /�i� `2/mM/�M+vc
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$POUSJCVUJPO �
 .PEFM GPSNVMBUJPO GPS OFUXPSL MJGFUJNF NBYJNJ[BUJPO

>2m`BbiB+b ?�p2 i?2 #2M2}i Q7 `2[mB`BM; HQr +QKTmi�iBQM�H `2bQm`+2b �M/
�`2 2�bBHv im`M2/ BM /Bbi`B#mi2/ �TT`Q�+?2bX >Qr2p2`- ?2m`BbiB+b +�M ?�p2
� HQr T2`7Q`K�M+2 BM +QKT�`BbQM iQ i?2 QTiBK�HX h?2 7Q`KmH�iBQM Q7
K�i?2K�iB+�H KQ/2Hb Bb � TQr2`7mH i2+?MB[m2 �#H2 iQ }M/ i?2 QTiBK�H
bQHmiBQM 7Q` � ;Bp2M T`Q#H2KX 1p2M i?Qm;? i?2 +QKTmi�iBQM +Qbi iQ
}M/ i?2 QTiBK�H bQHmiBQM Bb iQQ ?B;? Q` +QKTH2t iQ #2 BKTH2K2Mi2/-
i?2 QTiBK�H bQHmiBQM Bb BKTQ`i�Mi 7Q` i?2 bim/v Q7 � T`Q#H2K #2+�mb2 Bi
/2}M2b �M mTT2` #QmM/X JQiBp�i2/ #v i?2b2 7�+iQ`b- *?�Ti2` 9- a2+iBQM
9X9- b?Qrb i?2 7Q`KmH�iBQM Q7 i?2 M2irQ`F HB72iBK2 mTT2` #QmM/ Q#i�BM2/
mbBM; AMi2;2` GBM2�` S`Q;`�KKBM;X AM �//BiBQM- � +QKT�`BbQM #2ir22M
i?2 QTiBK�H �M/ i?2 ?2m`BbiB+b bQHmiBQMb Bb T`2b2Mi2/c

$POUSJCVUJPO �
 1SPUPUZQJOH BOE UFTUCFE FYQFSJNFOUBUJPO

h?Bb +QMi`B#miBQM Bb `2H�i2/ iQ i?2 BKTH2K2Mi�iBQM �M/ 2p�Hm�iBQM i�bFb
BM `2�H /2pB+2b- T`2b2Mi2/ BM *?�Ti2` 9- a2+iBQM 9X8X h?2 2tT2`BK2Mi�iBQM
mbBM; T`QiQivT2b �M/ `2�H 2MpB`QMK2Mib TQb2b b2p2`�H +?�HH2M;2b MQi
+QKKQMHv +QMbB/2`2/ BM bBKmH�iBQM Q` K�i?2K�iB+�H KQ/2HbX h?2 `2�H
/2pB+2b 2M�#H2 � `2�HBbiB+ MQiBQM Q7 i?2 ;�BMb �M/ HBKBi�iBQMb Q7 i?2
T`QTQb2/ bQHmiBQMX h?2 +QM/m+i2/ i2bi#2/ 2tT2`BK2Mi�iBQM ?�b 7Q+mb2/
QM K2�bm`BM; i?2 2M2`;v +QMbmKTiBQM- bT2+B}+�HHv i2biBM; #�bB+ +�b2b �M/
�M�HvxBM; i?2 BKT�+i i?2 �;;`2;�iBQM T`Q+2/m`2b ?�p2 QM i?2 2M2`;vc

$POUSJCVUJPO �
 .FDIBOJTNT GPS FOFSHZ TVTUBJOBCMF PQFSBUJPO

h?Bb +QMi`B#miBQM- T`2b2Mi2/ BM *?�Ti2` 8- BM+Hm/2b i?2 /2bB;M �M/ 2p�H@
m�iBQM Q7 K2+?�MBbKb iQ F22T BM bmbi�BM�#H2 QT2`�iBQM /2pB+2b rBi?
`2+?�`;BM; 2M2`;v bQm`+2bX h?2 7Q+mb Q7 i?2b2 K2+?�MBbKb r�b iQ
`2;mH�i2 i?2 �KQmMi Q7 i`�{+ ~QrBM; i?`Qm;? � MQ/2- mbBM; /vM�KB+
/�i� �;;`2;�iBQM T`Q+2/m`2bX AM i?2 }`bi T`QTQb2/ K2+?�MBbK- 2�+? MQ/2
`2;mH�i2b �miQMQKQmbHv Bib i`�{+ mbBM; �b K�BM T�`�K2i2` i?2 `2bB/m�H
2M2`;v BM i?2 `2b2`p2X AM i?2 b2+QM/ K2+?�MBbK- 2�+? MQ/2 /2+B/2b i?2
�KQmMi Q7 i`�{+ iQ #2 �;;`2;�i2/ #v +QMbB/2`BM; i?2 KBMBKmK 2M2`;v
H2p2H BM i?2 T�i? iQr�`/b i?2 ;�i2r�vc

$POUSJCVUJPO �
 "EBQUBUJPO BOE FYUFOTJPO PG TUBOEBSE .�. QSPUPDPM TUBDL

h?Bb +QMi`B#miBQM- b?QrM BM *?�Ti2` 8- a2+iBQM 8XjXj- Bb `2H�i2/ iQ i?2
7�+i i?�i i?2 bi�M/�`/ JkJ T`QiQ+QHb- bm+? �b *Q�S �M/ _SG- ?�p2
#22M �/�Ti2/ �M/ 2ti2M/2/ iQ T`QKQi2 i?2 +QMp2`;2M+2 �M/ i?2 �/p�M+2
Q7 i?2 JkJ T`QiQ+QHb BM 2M2`;v ?�`p2biBM; b+2M�`BQbc

h?2 7QHHQrBM; bm#b2+iBQM QmiHBM2b `2b2�`+? /B`2+iBQMb 7Q` TQbbB#H2 7mim`2
rQ`FbX
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��� 'VUVSF 8PSL

:`QmT +QKKmMB+�iBQM K2+?�MBbKb T`QTQb2/ �M/ 2p�Hm�i2/ BM i?Bb i?2bBb �BK iQ
BKT`Qp2 i?2 2M2`;v 2{+B2M+v Q7 i?2 JkJ +QKKmMB+�iBQMbX h?2 Q#i�BM2/ `2bmHib
i?`Qm;? bBKmH�iBQM- K�i?2K�iB+�H KQ/2Hb- �M/ `2�H 2tT2`BK2Mib b?Qr i?�i i?2
T`QTQb2/ K2+?�MBbKb QmiT2`7Q`Kb i?2 i`�/BiBQM�H bQHmiBQMbX >Qr2p2`- i?2`2 �`2
bQK2 QT2M Bbbm2b i?�i +QmH/ #2 �//`2bb2/ BM i?2 7mim`2- bm+? �b i?2 +QMbB/2`�@
iBQM Q7 2p2Mi@#�b2/ BMbi2�/ Q7 T2`BQ/B+ +QKKmMB+�iBQM �M/ i?2 7Q`KmH�iBQM Q7 �
/Bbi`B#mi2/ QTiBK�H bQHmiBQM 7Q` i?2 hrQ hB2` �;;`2;�iBQMX
�M �bT2+i i?�i +QmH/ #2 i�+FH2/ Bb i?2 �/QTiBQM Q7 � `2HB�#H2 K2+?�MBbK iQ
T`Qi2+i �;;`2;�i2/ K2bb�;2bX Ai rQmH/ #2 �M BKTQ`i�Mi iQTB+ iQ #2 2tTHQ`2/
#2+�mb2 i?2 �;;`2;�iBQM T`Q+2/m`2b mb2/ BM hh� +`2�i2 �M BM+QKT�iB#BHBiv rBi?
�*E@#�b2/ `2i`�MbKBbbBQMb �TT`Q�+?2bX h?Bb BM+QKT�iB#BHBiv 2tBbib #2+�mb2 i?2
i?2 +HB2Mi +�MMQi B/2MiB7v i?2 /�i� T`Q/m+2`b MQ/2b BM i?2 �;;`2;�i2/ K2bb�;2X
h?2 T`QTQb�H Q7 � K2+?�MBbK iQ BKT`Qp2 `2HB�#BHBiv Q7 �;;`2;�i2/ K2bb�;2 +QmH/
mb2 BM7Q`K�iBQM iQ 2biBK�i2 i?2 HQbb +QM/BiBQM Q7 i?2 M2irQ`F iQ b2Mi `2THB+�b Q7
i?2 �;;`2;�i2/ K2bb�;2X Pi?2` �TT`Q�+? +QmH/ #2 iQ mb2 � ~�; BM i?2 �;;`2;�i2/
K2bb�;2 ?2�/2` iQ BM/B+�i2 i?2 �*E `2+2Bp2` MQ/2 �M/ T`2p2MiBM; i?2 K2bb�;2
iQ #2 �;;`2;�i2/ #v Qi?2` MQ/2bX
�MQi?2` `2b2�`+? /B`2+iBQM iQ #2 2tTHQ`2/ Bb ?Qr i?2 T`QTQb2/ bQHmiBQMb +�M #2
�/�Ti2/ �M/ BMi2;`�i2/ BM 8i? :2M2`�iBQM L2irQ`Fb U8:VX Jm+? Q7 i?2 ;`QmT
K�M�;2K2Mi Bb 2MpBbBQM2/ iQ #2 2t2+mi2/ #v i?2 JkJ ;�i2r�v �M/ 7mM+iBQM�H@
BiB2b Q7 i?Bb /2pB+2 M22/ iQ #2 BMi2;`�i2/ BM 8: M2irQ`FbX h?Bb BMi2;`�iBQM Kmbi
#2 /QM2 +QMbB/2`BM; i?�i i?2 JkJ /2pB+2b +�M +�mb2 +QM;2biBQM /m2 iQ i?2 H�`;2
MmK#2` Q7 +QMM2+iBQMb Q7 bK�HH /�i� i`�MbKBbbBQMX AM �//BiBQM iQ i?2 BMi2;`�iBQM
�bT2+ib- K�M�;2K2Mi Q7 i?2 ;`QmTb Bb �HbQ � `2H2p�Mi iQTB+ iQ #2 �/p�M+2/- bBM+2
Bi `272`b iQ i?2 +QKKmMB+�iBQM b2iiBM;b- i?2 }`Kr�`2 mT/�i2b- KQ#BHBiv Q7 i?2
;`QmT K2K#2`b- �M/ i?2 +QMi`QH Q7 K2K#2`b?BTX
6BM�HHv- M2mi`�H QT2`�iBQM Q7 MQ/2b rBi? 2M2`;v ?�`p2biBM; +�T�#BHBiB2b Bb � `2@
b2�`+? /B`2+iBQM i?�i biBHH M22/b T`Q;`2bbX JQbi Q7 i?2 +m``2Mi bi�M/�`/ T`QiQ+QHb
7Q` +QMbi`�BM2/ /2pB+2b `2Hv QM i?2 T`2KBb2 i?�i i?2 2M2`;v +QMbmKTiBQM Kmbi
#2 `2/m+2/ �i KQbiX >Qr2p2`- i?Bb T`2KBb2 Bb MQi �Hr�vb p�HB/ 7Q` MQ/2b �#H2 iQ
`2+?�`;2 i?2B` #�ii2`B2b mbBM; i?2 �K#B2MiX h?mb- KQbi Q7 i?2 T`QiQ+QHb Kmbi #2
`2i?Qm;?i mM/2` i?2 2M2`;v ?�`p2biBM; TQbbB#BHBivX h?2 7mim`2 2M2`;v ?�`p2biBM;
bQHmiBQMb Kmbi �HbQ +QMbB/2` i?�i bQK2 H2;�+v /2pB+2b- mbBM; i`�/BiBQM�H #�ii2`@
B2b- K�v #2 T`2b2MiX AM �//BiBQM- BM i?Bb `2b2�`+? /B`2+iBQM- r2�`�#H2 /2pB+2b
`2T`2b2Mi � T`QHB}+ }2H/ 7Q` 7mim`2 `2pQHmiBQM�`v �TTHB+�iBQMb- K�BMHv 7Q` ?2�Hi?
�TTHB+�iBQMbX

ě RRd ě





#JCMJPHSBQIZ

(Uj:SSV- kyRy) Uj:SSV- hX :X SX SX UkyRyVX a2`pB+2 `2[mB`2K2Mib 7Q` K�+?BM2@
ivT2@+QKKmMB+�iBQM UKi+VX

(�++2bb- kyyd) �++2bb- 1X lX hX _X UkyydVX GQM; i2`K 2pQHmiBQM UHi2V T?vbB+�H
H�v2`c ;2M2`�H /2b+`BTiBQMX AM .`�7iRV _2TQ`i Q7 i?2 j8i? j:SS ha: _�L
K22iBM;X

(�FT�Frm 2i �HX- kyR3) �FT�Frm- :X �X- aBHp�- "X CX- >�M+F2- :X SX- �M/ �#m@
J�?7Qmx- �X JX UkyR3VX � bm`p2v QM 8; M2irQ`Fb 7Q` i?2 BMi2`M2i Q7 i?BM;b,
+QKKmMB+�iBQM i2+?MQHQ;B2b �M/ +?�HH2M;2bX A111 �++2bb- e,jeRNĜje9dX

(�H@E�`�FB 2i �HX- kyyN) �H@E�`�FB- CX LX- lH@Jmbi�7�- _X- �M/ E�K�H- �X 1X
UkyyNVX .�i� �;;`2;�iBQM �M/ `QmiBM; BM rB`2H2bb b2MbQ` M2irQ`Fb, PTiBK�H
�M/ ?2m`BbiB+ �H;Q`Bi?KbX *QKTmi2` M2irQ`Fb- 8jUdV,N98ĜNeyX

(�HB 2i �HX- kyR8) �HB- �X- >�KQm/�- qX- �M/ lvb�H- JX UkyR8VX L2ti ;2M2`�@
iBQM KkK +2HHmH�` M2irQ`Fb, +?�HH2M;2b �M/ T`�+iB+�H +QMbB/2`�iBQMbX A111
*QKKmMB+�iBQMb J�;�xBM2- 8jUNV,R3Ĝk9X

(�HHB�M+2- kyyd) �HHB�M+2- qX UkyydVX qB@} bi�M/�`/bX
(�HHB�M+2- kyye) �HHB�M+2- wX UkyyeVX wB;#22 bT2+B}+�iBQMX .Q+mK2Mi y8j9d9`ye-

o2`bBQM- RX
(�b?`�7mxx�K�M �M/ 6�TQDmrQ- kyR3) �b?`�7mxx�K�M- EX �M/ 6�TQDmrQ- �X PX

UkyR3VX 1{+B2Mi �M/ �;BH2 +�``B2` b2Mb2 KmHiBTH2 �++2bb BM +�TBHH�`v K�+?BM2@
iQ@K�+?BM2 +QKKmMB+�iBQM M2irQ`FbX A111 �++2bbX

(�iK2H- kyRe) �iK2H UkyReVX �iK2;�Rk3- �++2bb2/,X
(�x�`B �M/ JB�Q- kyRd) �x�`B- �X �M/ JB�Q- :X UkyRdVX L2irQ`F HB72iBK2 K�t@

BKBx�iBQM 7Q` +2HHmH�`@#�b2/ KkK M2irQ`FbX A111 �++2bb- 8,R3NkdĜR3N9yX
("�MFb �M/ :mTi�- kyR8) "�MFb- �X �M/ :mTi�- _X UkyR8VX J2bb�;2 [m2mBM;

i2H2K2i`v i`�MbTQ`iX
("2�H2 �M/ JQ`BQF�- kyRR) "2�H2- JX �M/ JQ`BQF�- uX UkyRRVX qB`2H2bb K�+?BM2@

iQ@K�+?BM2 +QKKmMB+�iBQMX AM JB+`Qr�p2 *QM72`2M+2 U1mJ*V- kyRR 9Rbi
1m`QT2�M- T�;2b RR8 ĜRR3X

("B+�F+B �M/ h�pHB- kyRy) "B+�F+B- EX �M/ h�pHB- "X UkyRyVX S`QHQM;BM; M2irQ`F
HB72iBK2 rBi? KmHiB@/QK�BM +QQT2`�iBQM bi`�i2;B2b BM rB`2H2bb b2MbQ` M2irQ`FbX
�/ >Q+ L2irQ`Fb- 3UeV,83kĜ8NeX

("Hm2iQQi?- kyyR) "Hm2iQQi?- aX UkyyRVX "Hm2iQQi? bT2+B}+�iBQM p2`bBQM RXRX
�p�BH�#H2 >hhS, ?iiT,ffrrrX #Hm2iQQi?X +QKX

ě RRN ě



"B#HBQ;`�T?v

("Q++�`/B 2i �HX- kyR9) "Q++�`/B- 6X- >2�i?- _X qX- GQx�MQ- �X- J�`x2ii�- hX GX-
�M/ SQTQpbFB- SX UkyR9VX 6Bp2 /Bb`mTiBp2 i2+?MQHQ;v /B`2+iBQMb 7Q` 8;X A111
*QKKmMB+�iBQMb J�;�xBM2- 8kUkV,d9Ĝ3yX

("QQvb2M 2i �HX- kyRk) "QQvb2M- JX CX- :BHKQ`2- CX aX- w2�/�HHv- aX- �M/
o�M _QQv2M- :X@CX UkyRkVX J�+?BM2@iQ@K�+?BM2 UKkKV +QKKmMB+�iBQMb BM
p2?B+mH�` M2irQ`FbX

("`�/H2v 2i �HX- RNdd) "`�/H2v- aX- >�t- �X- �M/ J�;M�MiB- hX URNddVX �TTHB2/
K�i?2K�iB+�H T`Q;`�KKBM;X �//BbQM q2bH2vX

(*�bBH�`B 2i �HX- kyRy) *�bBH�`B- 1X- *�MQ@:�`+ő�- CX JX- �M/ *�KTQb@:�``B/Q- :X
UkyRyVX JQ/2HBM; Q7 +m``2Mi +QMbmKTiBQM BM 3ykXR8X 9fxB;#22 b2MbQ` KQi2bX
a2MbQ`b- RyUeV,899jĜ89e3X

(*?QB �M/ *?mM;- kyRj) *?QB- .X@qX �M/ *?mM;- *X@qX UkyRjVX _1Zl1ahY,
� 7`�K2rQ`F 7Q` 2{+B2Mi T`Q+2bbBM; Q7 `2;BQM@#�b2/ [m2`B2b BM b2MbQ` M2irQ`FbX
AM7Q`K�iBQM a+B2M+2b- k93,R8RĜRedX

(*Bb+Q- kyRe) *Bb+Q- *X oX LX AX UkyReVX :HQ#�H KQ#BH2 /�i� i`�{+ 7Q`2@
+�bi mT/�i2- kyR8Ĝkyky r?Bi2 T�T2`- kyReX PMHBM2, ?iiTb,ffrrrX +Bb+QX
+QKf+f/�KfKf2MnBMfBMMQp�iBQMf2Mi2`T`Bb2f�bb2ibfKQ#BH2@r?Bi2@T�T2`@+RR@
8ky3ekX T/7X

(.B ai�bB 2i �HX- kyR9) .B ai�bB- :X- E�`HbbQM- CX- �p�HHQM2- aX- *�MQMB+Q- _X-
E�bbH2`- �X- �M/ "`mMbi`QK- �X UkyR9VX *QK#BMBM; KmHiB@T�i? 7Q`r�`/BM;
�M/ T�+F2i �;;`2;�iBQM 7Q` BKT`Qp2/ M2irQ`F T2`7Q`K�M+2 BM rB`2H2bb K2b?
M2irQ`FbX *QKTmi2` L2irQ`Fb- e9,keĜjdX

(.mMF2Hb 2i �HX- kyRR) .mMF2Hb- �X- 1`BFbbQM- CX- 6BMM2- LX- �M/ hbB7i2b- LX
UkyRRVX SQr2`i`�+2, L2irQ`F@H2p2H TQr2` T`Q}HBM; 7Q` HQr@TQr2` rB`2H2bb M2i@
rQ`FbX

(1m �M/ h�M- kyRk) 1m- wX �X �M/ h�M- >X@SX UkyRkVX �/�TiBp2 QTTQ`imMBbiB+
`QmiBM; T`QiQ+QH 7Q` 2M2`;v ?�`p2biBM; rB`2H2bb b2MbQ` M2irQ`FbX AM *QK@
KmMB+�iBQMb UA**V- kyRk A111 AMi2`M�iBQM�H *QM72`2M+2 QM- T�;2b jR3ĜjkkX
A111X

(6�/HmHH�? 2i �HX- kyRR) 6�/HmHH�?- wX- 6Qm/�- JX- E�iQ- LX- h�F2m+?B- �X- Ar�@
b�FB- LX- �M/ LQx�FB- uX UkyRRVX hQr�`/ BMi2HHB;2Mi KkK +QKKmMB+�iBQMb BM
bK�`i ;`B/X A111 *QKKmMB+�iBQMb J�;�xBM2- 9NU9V,eyĜe8X

(6�bQHQ 2i �HX- kyyd) 6�bQHQ- 1X- _QbbB- JX- qB/K2`- CX- �M/ wQ`xB- JX UkyydVX
AM@M2irQ`F �;;`2;�iBQM i2+?MB[m2b 7Q` rB`2H2bb b2MbQ` M2irQ`Fb, � bm`p2vX
qB`2H2bb *QKKmMB+�iBQMb- A111- R9UkV,dyĜ3dX

(6B2H/BM; 2i �HX- RNNN) 6B2H/BM;- _X- :2iivb- CX- JQ;mH- CX- 6`vbivF- >X- J�bBMi2`-
GX- G2�+?- SX- �M/ "2`M2`b@G22- hX URNNNVX >vT2`i2ti i`�Mb72` T`QiQ+QHĜ
?iiTfRXRX

(:�Q 2i �HX- kyR9) :�Q- .X- GBm- uX- w?�M;- 6X- �M/ aQM;- CX UkyR9VX .�i� �;;`2;@
�iBQM `QmiBM; 7Q` `2+?�`;2�#H2 rB`2H2bb b2MbQ` M2irQ`Fb BM 7Q`2bi KQMBiQ`BM;X
qB`2H2bb S2`bQM�H *QKKmMB+�iBQMb- dNURV,ddjĜd33X

ě Rky ě



"B#HBQ;`�T?v

(:?�pBKB �M/ *?2M- kyR8) :?�pBKB- 6X �M/ *?2M- >X@>X UkyR8VX JkK +QK@
KmMB+�iBQMb BM j;TT Hi2fHi2@� M2irQ`Fb, �`+?Bi2+im`2b- b2`pB+2 `2[mB`2K2Mib-
+?�HH2M;2b- �M/ �TTHB+�iBQMbX A111 *QKKmMB+�iBQMb am`p2vb � hmiQ`B�Hb-
RdUkV,8k8Ĝ89NX

(:M�r�HB �M/ G2pBb- kyRk) :M�r�HB- PX �M/ G2pBb- SX UkyRkVX h?2 KBMBKmK `�MF
rBi? ?vbi2`2bBb Q#D2+iBp2 7mM+iBQMX

(:Q`H�iQp� 2i �HX- kyRR) :Q`H�iQp�- JX- w�T�b- JX- sm- 1X- "�?HF2- JX- EvKBbbBb-
AX CX- �M/ wmbbK�M- :X UkyRRVX *_�q.�. /�i�b2i +QHmK#B�f2M?�Mib UpX
kyRR@y9@ydVX .QrMHQ�/2/ 7`QK ?iiT,ff+`�r/�/XQ`;f+QHmK#B�f2M?�Mibf
kyRRy9ydX

(:`2;Q`B �M/ S�v�`Ʀ- kyRk) :`2;Q`B- JX �M/ S�v�`Ʀ- JX UkyRkVX 1M2`;v@
2{+B2Mi i`�MbKBbbBQM 7Q` rB`2H2bb 2M2`;v ?�`p2biBM; MQ/2bX �`sBp T`2T`BMi
�`sBp,RkRkXRRR8X

(:`QmT 2i �HX- kyy9) :`QmT- AX X qX 2i �HX Ukyy9VX A222 bi�M/�`/ 7Q` HQ+�H �M/ K2i@
`QTQHBi�M �`2� M2irQ`Fb@T�`i Re, �B` BMi2`7�+2 7Q` }t2/ #`Q�/@#�M/ rB`2H2bb
�++2bb bvbi2KbX A111 ai/X 3ykXRe@kyy9X

(:mM/mx 2i �HX- kyR9) :mM/mx- .X- ai�K�iBQm- EX- JB+?2HmbB- LX- �M/ wQ`xB- JX
UkyR9VX .2bB;MBM; BMi2HHB;2Mi 2M2`;v ?�`p2biBM; +QKKmMB+�iBQM bvbi2KbX A111
*QKKmMB+�iBQMb J�;�xBM2- 8kURV,kRyĜkReX

(>�M/v 2i �HX- kyyk) >�M/v- JX- >��b2- JX- �M/ hBKK2`K�MM- .X UkyykVX GQr
2M2`;v �/�TiBp2 +Hmbi2`BM; ?B2`�`+?v rBi? /2i2`KBMBbiB+ +Hmbi2`@?2�/ b2H2+iBQMX
AM JQ#BH2 �M/ qB`2H2bb *QKKmMB+�iBQMb L2irQ`F- kyykX 9i? AMi2`M�iBQM�H
qQ`Fb?QT QM- T�;2b je3ĜjdkX A111X

(>2 2i �HX- kyR8) >2- uX- *?2M;- sX- S2M;- qX- �M/ aim#2`- :X GX UkyR8VX � bm`@
p2v Q7 2M2`;v ?�`p2biBM; +QKKmMB+�iBQMb, JQ/2Hb �M/ Q|BM2 QTiBK�H TQHB+B2bX
A111 *QKKmMB+�iBQMb J�;�xBM2- 8jUeV,dNĜ38X

(>2BMx2HK�M 2i �HX- kyyk) >2BMx2HK�M- qX "X- *?�M/`�F�b�M- �X SX- �M/ "�H@
�F`Bb?M�M- >X UkyykVX �M �TTHB+�iBQM@bT2+B}+ T`QiQ+QH �`+?Bi2+im`2 7Q` rB`2@
H2bb KB+`Qb2MbQ` M2irQ`FbX qB`2H2bb *QKKmMB+�iBQMb- A111 h`�Mb�+iBQMb QM-
RU9V,eeyĜedyX

(>m� �M/ umK- kyy3) >m�- *X �M/ umK- hX@aX SX Ukyy3VX PTiBK�H `QmiBM;
�M/ /�i� �;;`2;�iBQM 7Q` K�tBKBxBM; HB72iBK2 Q7 rB`2H2bb b2MbQ` M2irQ`FbX
A111f�*J h`�Mb�+iBQMb QM M2irQ`FBM;- ReU9V,3NkĜNyjX

(>m`MB 2i �HX- kyRR) >m`MB- SX- Lvz2M2;;2`- "X- "`�mM- hX- �M/ >2`;2M`Q2/2`-
�X UkyRRVX PM i?2 �++m`�+v Q7 bQ7ir�`2@#�b2/ 2M2`;v 2biBK�iBQM i2+?MB[m2bX
AM J�``QM- SX CX �M/ q?Bi2?Qmb2- EX- 2/BiQ`b- qB`2H2bb a2MbQ` L2irQ`Fb, 3i?
1m`QT2�M *QM72`2M+2- 1qaL kyRR- "QMM- :2`K�Mv- 62#`m�`v kj@k8- kyRRX
S`Q+22/BM;b- T�;2b 9NĜe9- "2`HBM- >2B/2H#2`;X aT`BM;2` "2`HBM >2B/2H#2`;X

(>mbb�BM �M/ AbH�K- kyyd) >mbb�BM- aX �M/ AbH�K- PX UkyydVX �M 2M2`;v 2{+B2Mi
bT�MMBM; i`22 #�b2/ KmHiB@?QT `QmiBM; BM rB`2H2bb b2MbQ` M2irQ`FbX AM qB`2H2bb
*QKKmMB+�iBQMb �M/ L2irQ`FBM; *QM72`2M+2- kyydX- T�;2b 9j3jĜ9j33X A111X

ě RkR ě



"B#HBQ;`�T?v

(>mbb2BM �M/ "�i�`b2?- kyRR) >mbb2BM- �X �X@>X �M/ "�i�`b2?- AX UkyRRVX � `2@
pB2r Q7 +?�`;BM; �H;Q`Bi?Kb 7Q` MB+F2H �M/ HBi?BmK #�ii2`v +?�`;2`bX A111
h`�Mb�+iBQMb QM o2?B+mH�` h2+?MQHQ;v- eyUjV,3jyĜ3j3X

(A111- kyRe) A111 UkyReVX A222 bi�M/�`/ 7Q` HQr@`�i2 rB`2H2bb M2irQ`FbX A111
ai/ 3ykXR8X9@kyR8 U_2pBbBQM Q7 A111 ai/ 3ykXR8X9@kyRRV- T�;2b RĜdyNX

(AMi�M�;QMrBr�i 2i �HX- kyyj) AMi�M�;QMrBr�i- *X- :QpBM/�M- _X- 1bi`BM- .X-
>2B/2K�MM- CX- �M/ aBHp�- 6X UkyyjVX .B`2+i2/ /BzmbBQM 7Q` rB`2H2bb b2MbQ`
M2irQ`FBM;X L2irQ`FBM;- A111f�*J h`�Mb�+iBQMb QM- RRURV,kĜReX

(Ab?�[ 2i �HX- kyRe) Ab?�[- AX- >Q2#2F2- CX- JQ2`K�M- AX- �M/ .2K22bi2`- SX
UkyReVX P#b2`pBM; +Q�T ;`QmTb 2{+B2MiHvX �/ >Q+ L2irQ`Fb- jd,je3Ĝj33X

(Ab?�[ 2i �HX- kyR9) Ab?�[- AX- >Q2#2F2- CX- o�M /2M �#22H2- 6X- _Qbb2v- CX- JQ@
2`K�M- AX- �M/ .2K22bi2`- SX UkyR9VX 6H2tB#H2 lMB+�bi@"�b2/ :`QmT *QKKm@
MB+�iBQM 7Q` *Q�S@1M�#H2/ .2pB+2bX a2MbQ`b- R9UeV,N3jjĜN3ddX

(C2QM; 2i �HX- kyRe) C2QM;- aX- EBK- >X- LQ?- .X EX- �M/ uQQM- AX UkyReVX 1M2`;v@
�r�`2 /�i� �;;`2;�iBQM b+?2K2 7Q` 2M2`;v@?�`p2biBM; rB`2H2bb b2MbQ` M2irQ`FbX
AM *QKTmi2` *QKKmMB+�iBQM �M/ i?2 AMi2`M2i UA***AV- kyRe A111 AMi2`M�@
iBQM�H *QM72`2M+2 QM- T�;2b R9yĜR9jX A111X

(C2bmb 2i �HX- kyR8) C2bmb- SX- "�[m2`Q- *X- �M/ �HK2B/�- SX aX UkyR8VX � bm`p2v
Q7 /Bbi`B#mi2/ /�i� �;;`2;�iBQM �H;Q`Bi?KbX A111 *QKKmMB+�iBQMb am`p2vb
� hmiQ`B�Hb- RdURV,j3RĜ9y9X

(CQM;2`/2M �M/ >�p2`FQ`i- kyyN) CQM;2`/2M- JX _X �M/ >�p2`FQ`i- "X _X UkyyNVX
q?B+? #�ii2`v KQ/2H iQ mb2\ A1h bQ7ir�`2- jUeV,998Ĝ98dX

(E�+BKB 2i �HX- kyRj) E�+BKB- _X- .?�Qm- _X- �M/ "2vHQi- �X@GX UkyRjVX GQ�/
#�H�M+BM; i2+?MB[m2b 7Q` HB72iBK2 K�tBKBxBM; BM rB`2H2bb b2MbQ` M2irQ`Fb X �/
>Q+ L2irQ`Fb- RRU3V,kRdk Ĝ kR3eX

(E�HT�FBb 2i �HX- kyyj) E�HT�FBb- EX- .�b;mTi�- EX- �M/ L�KDQb?B- SX UkyyjVX
1{+B2Mi �H;Q`Bi?Kb 7Q` K�tBKmK HB72iBK2 /�i� ;�i?2`BM; �M/ �;;`2;�iBQM BM
rB`2H2bb b2MbQ` M2irQ`FbX *QKTmi2` L2irQ`Fb- 9kUeV,eNdĜdReX

(E�`�Fmb 2i �HX- kyRj) E�`�Fmb- *X- :m`#mx- �X- �M/ h�pHB- "X UkyRjVX �M�HvbBb
Q7 2M2`;v 2{+B2M+v Q7 +QKT`2bbBp2 b2MbBM; BM rB`2H2bb b2MbQ` M2irQ`FbX A111
a2MbQ`b CQm`M�H- RjU8V,RNNNĜkyy3X

(E�ib�`Qb 2i �HX- kyR9) E�ib�`Qb- EX- *?�B- qX- q�M;- LX- S�pHQm- :X- "QMiBmb-
>X- �M/ S�QHQM2- JX UkyR9VX AM7Q`K�iBQM@+2Mi`B+ M2irQ`FBM; 7Q` K�+?BM2@iQ@
K�+?BM2 /�i� /2HBp2`v, � +�b2 bim/v BM bK�`i ;`B/ �TTHB+�iBQMbX A111 L2irQ`F-
k3UjV,83Ĝe9X

(EBK 2i �HX- kyRd) EBK- .X JX- aQ`2Mb2M- _X "X- J�?KQQ/- EX- Pbi2`#Q- PX LX-
w�M2HH�- �X- �M/ SQTQpbFB- SX UkyRdVX .�i� �;;`2;�iBQM �M/ T�+F2i #mM/HBM;
Q7 mTHBMF bK�HH T�+F2ib 7Q` KQMBiQ`BM; �TTHB+�iBQMb BM Hi2X A111 L2irQ`F-
jRUeV,jkĜj3X

(EH22`2FQT2` �M/ 6BH2`- kyR9) EH22`2FQT2`- �X �M/ 6BH2`- LX UkyR9VX .1*P_,

ě Rkk ě
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.Bbi`B#mi2/ +QMbi`m+iBQM Q7 HQ�/ #�H�M+2/ `QmiBM; i`22b 7Q` K�Mv iQ QM2 b2MbQ`
M2irQ`Fb X �/ >Q+ L2irQ`Fb- ReUyV,kk8 Ĝ kjeX

(G�ii�MxB 2i �HX- kyyd) G�ii�MxB- 1X- _2;BMB- 1X- �+[m�pBp�- �X- �M/ "Q;HBQHQ- �X
UkyydVX 1M2`;2iB+ bmbi�BM�#BHBiv Q7 `QmiBM; �H;Q`Bi?Kb 7Q` 2M2`;v@?�`p2biBM;
rbMX *QKTmi2` *QKKmMB+�iBQMb- jyUR9V,kNdeĜkN3eX

(G22 2i �HX- kyRy) G22- *X@>X- *?mM;- *X@qX- �M/ *?mM- aX@CX UkyRyVX 1z2+i@
Bp2 T`Q+2bbBM; Q7 +QMiBMmQmb ;`QmT@#v �;;`2;�i2 [m2`B2b BM b2MbQ` M2irQ`FbX
CQm`M�H Q7 avbi2Kb �M/ aQ7ir�`2- 3jURkV,kekdĜke9RX

(GB 2i �HX- kyye) GB- .X- *�Q- CX- GBm- JX- �M/ w?2M;- uX UkyyeVX *QMbi`m+iBQM
Q7 QTiBK�H /�i� �;;`2;�iBQM i`22b 7Q` rB`2H2bb b2MbQ` M2irQ`FbX AM *QKTmi2`
*QKKmMB+�iBQMb �M/ L2irQ`Fb- kyyeX A***L kyyeX S`Q+22/BM;bX R8i? AMi2`@
M�iBQM�H *QM72`2M+2 QM- T�;2b 9d8Ĝ93yX A111X

(GBM �M/ *?2M- kyRd) GBM- >X@*X �M/ *?2M- qX@uX UkyRdVX �M �TT`QtBK�@
iBQM �H;Q`Bi?K 7Q` i?2 K�tBKmK@HB72iBK2 /�i� �;;`2;�iBQM i`22 T`Q#H2K BM
rB`2H2bb b2MbQ` M2irQ`FbX A111 h`�Mb�+iBQMb QM qB`2H2bb *QKKmMB+�iBQMb-
ReUeV,jd3dĜjdN3X

(GBM 2i �HX- kyRy) GBM- >X@*X- GB- 6X@CX- �M/ q�M;- EX@uX UkyRyVX *QMbi`m+iBM;
K�tBKmK@HB72iBK2 /�i� ;�i?2`BM; i`22b BM b2MbQ` M2irQ`Fb rBi? /�i� �;;`2;@
�iBQMX AM *QKKmMB+�iBQMb UA**V- kyRy A111 AMi2`M�iBQM�H *QM72`2M+2 QM-
T�;2b RĜeX A111X

(GBM/b2v �M/ _�;?�p2M/`�- kyyk) GBM/b2v- aX �M/ _�;?�p2M/`�- *X aX UkyykVX
S1:�aAa, SQr2`@2{+B2Mi ;�i?2`BM; BM b2MbQ` BM7Q`K�iBQM bvbi2KbX AM
�2`QbT�+2 +QM72`2M+2 T`Q+22/BM;b- kyykX A111- pQHmK2 j- T�;2b jĜRRk8X A111X

(GBQmKT�b 2i �HX- kyRR) GBQmKT�b- �X- �H2tBQm- �X- �MiQM@>�`Q- *X- �M/ L�p@
�`�iM�K- SX UkyRRVX 1tT�M/BM; Hi2 7Q` /2pB+2b, _2[mB`2K2Mib- /2THQvK2Mi
T?�b2b �M/ i�`;2i b+2M�`BQbX qB`2H2bb *QM72`2M+2 kyRR @ ambi�BM�#H2 qB`2H2bb
h2+?MQHQ;B2b U1m`QT2�M qB`2H2bbV- RRi? 1m`QT2�M- T�;2b R ĜeX

(GBm 2i �HX- kyR9) GBm- *X >X- u�M;- "X- �M/ GBm- hX UkyR9VX 1{+B2Mi M�KBM;-
�//`2bbBM; �M/ T`Q}H2 b2`pB+2b BM AMi2`M2i@Q7@h?BM;b b2MbQ`v 2MpB`QMK2Mib X
�/ >Q+ L2irQ`Fb- R3UyV,38 Ĝ RyRX

(GQ 2i �HX- kyRj) GQ- �X- G�r- uX- �M/ C�+Q#bbQM- JX UkyRjVX � +2HHmH�`@+2Mi`B+
b2`pB+2 �`+?Bi2+im`2 7Q` K�+?BM2@iQ@K�+?BM2 UKkKV +QKKmMB+�iBQMbX A111
qB`2H2bb *QKKmMB+�iBQMb- kyU8V,R9jĜR8RX

(GQM; 2i �HX- kyRd) GQM;- CX- .QM;- JX- Pi�- EX- �M/ GBm- �X UkyRdVX � ;`22M
i/K� b+?2/mHBM; �H;Q`Bi?K 7Q` T`QHQM;BM; HB72iBK2 BM rB`2H2bb b2MbQ` M2irQ`FbX
A111 avbi2Kb CQm`M�H- RRUkV,3e3Ĝ3ddX

(GmQ 2i �HX- kyRR) GmQ- .X- w?m- sX- qm- sX- �M/ *?2M- :X UkyRRVX J�tBKBxBM;
HB72iBK2 7Q` i?2 b?Q`i2bi T�i? �;;`2;�iBQM i`22 BM rB`2H2bb b2MbQ` M2irQ`FbX AM
AL6P*PJ- kyRR S`Q+22/BM;b A111- T�;2b R8eeĜR8d9X A111X

(J� 2i �HX- kyyN) J�- CX- GQm- qX- qm- uX- GB- JX- �M/ *?2M- :X UkyyNVX 1M2`;v

ě Rkj ě
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2{+B2Mi h.J� bH22T b+?2/mHBM; BM rB`2H2bb b2MbQ` M2irQ`FbX AM AL6P*PJ
kyyN- T�;2b ejyĜej3X A111X

(J�//2M 2i �HX- kyyk) J�//2M- aX- 6`�MFHBM- JX CX- >2HH2`bi2BM- CX JX- �M/ >QM;-
qX UkyykVX h�;, � iBMv �;;`2;�iBQM b2`pB+2 7Q` �/@?Q+ b2MbQ` M2irQ`FbX �*J
aA:PSa PT2`�iBM; avbi2Kb _2pB2r- jeUaAV,RjRĜR9eX

(J�Mr2HH �M/ J+:Qr�M- RNN9) J�Mr2HH- CX �M/ J+:Qr�M- CX URNN9VX 1ti2MbBQM
Q7 i?2 FBM2iB+ #�ii2`v KQ/2H 7Q` rBM/f?v#`B/ TQr2` bvbi2KbX AM 1q1*- T�;2b
k39Ĝk3NX

(J�`b+? 2i �HX- kyRk) J�`b+?- SX- _��7- "X- axm7�`bF�- �X- JQ;2Mb2M- SX- :m�M-
>X- 6�`#2`- JX- _2/�M�- aX- S2/2`b2M- EX- �M/ EQH/BM;- hX UkyRkVX 6mim`2
KQ#BH2 +QKKmMB+�iBQM M2irQ`Fb, *?�HH2M;2b BM i?2 /2bB;M �M/ QT2`�iBQMX
o2?B+mH�` h2+?MQHQ;v J�;�xBM2- A111- dURV,Re ĜkjX

(J�iQ#� 2i �HX- kyRR) J�iQ#�- EX- �#B`m- EX- �M/ Ab?B?�`�- hX UkyRRVX a2`pB+2
Q`B2Mi2/ M2irQ`F �`+?Bi2+im`2 7Q` b+�H�#H2 KkK �M/ b2MbQ` M2irQ`F b2`pB+2bX
AM R8i? AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2M+2 BM L2ti :2M2`�iBQM L2irQ`Fb
UA*ALV- T�;2b j8 Ĝ9yX

(J2?KQQ/ 2i �HX- kyRd) J2?KQQ/- uX- >�B/2`- LX- AK`�M- JX- hBKK@:B2H- �X-
�M/ :mBx�MB- JX UkyRdVX JkK +QKKmMB+�iBQMb BM 8;, bi�i2@Q7@i?2@�`i �`@
+?Bi2+im`2- `2+2Mi �/p�M+2b- �M/ `2b2�`+? +?�HH2M;2bX A111 *QKKmMB+�iBQMb
J�;�xBM2- 88UNV,RN9ĜkyRX

(JQiiQH� �M/ SB++Q- kyRR) JQiiQH�- GX �M/ SB++Q- :X SX UkyRRVX Jmbi2`, �/�Ti@
Bp2 2M2`;v@�r�`2 KmHiBbBMF `QmiBM; BM rB`2H2bb b2MbQ` M2irQ`FbX A111 h`�Mb@
�+iBQMb QM JQ#BH2 *QKTmiBM;- RyURkV,ReN9ĜRdyNX

(L�22K 2i �HX- kyRd) L�22K- JX- 1D�x- qX- E�`BK- GX- �?K2/- aX >X- �M@
T�H�;�M- �X- CQ- JX- �M/ aQM;- >X UkyRdVX .Bbi`B#mi2/ ;�i2r�v b2H2+iBQM 7Q`
KkK +QKKmMB+�iBQM BM +Q;MBiBp2 8; M2irQ`FbX A111 L2irQ`F- jRUeV,N9ĜRyyX

(Px2H 2i �HX- kyR8) Px2H- PX- hmimM+mQ;Hm- EX- lHmFmb- aX- �M/ u2M2`- �X UkyR8VX
6mM/�K2Mi�H HBKBib Q7 2M2`;v ?�`p2biBM; +QKKmMB+�iBQMbX A111 *QKKmMB+@
�iBQMb J�;�xBM2- 8jU9V,RkeĜRjkX

(S�M/2v 2i �HX- kyRR) S�M/2v- aX- EBK- JX@aX- *?QB- JX@CX- �M/ >QM;- CX UkyRRVX
hQr�`/b K�M�;2K2Mi Q7 K�+?BM2 iQ K�+?BM2 M2irQ`FbX AM L2irQ`F PT2`�iBQMb
�M/ J�M�;2K2Mi avKTQbBmK U�SLPJaV- kyRR Rji? �bB�@S�+B}+- T�;2b R ĜdX

(S2M; �M/ GQr- kyRj) S2M;- aX �M/ GQr- *X SX UkyRjVX 1M2`;v M2mi`�H `QmiBM;
7Q` 2M2`;v ?�`p2biBM; rB`2H2bb b2MbQ` M2irQ`FbX AM qB`2H2bb *QKKmMB+�iBQMb
�M/ L2irQ`FBM; *QM72`2M+2 Uq*L*V- kyRj A111- T�;2b kyejĜkyedX A111X

(S`BK- RN8d) S`BK- _X *X URN8dVX a?Q`i2bi +QMM2+iBQM M2irQ`Fb �M/ bQK2 ;2M@
2`�HBx�iBQMbX "2HH avbi2K h2+?MB+�H CQm`M�H- jeUeV,Rj3NĜR9yRX

(_BF2` 2i �HX- kyR9�) _BF2`- �X- *2`[m2B`�- 1X- *m`�/Q- JX- �M/ JQMi2B`Q- 1X
UkyR9�VX .�i� �;;`2;�iBQM 7Q` ;`QmT +QKKmMB+�iBQM BM K�+?BM2@iQ@K�+?BM2
2MpB`QMK2MibX AM qB`2H2bb .�vb Uq.V- kyR9 A6AS- T�;2b RĜdX A111X

ě Rk9 ě
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(_BF2` 2i �HX- kyR8�) _BF2`- �X- *2`[m2B`�- 1X- *m`�/Q- JX- �M/ JQMi2B`Q- 1X
UkyR8�VX *QMi`QHHBM; /�i� �;;`2;�iBQM �M/ +QKKmMB+�iBQM T2`BQ/B+Biv BM 2M@
2`;v ?�`p2biBM; M2irQ`FbX AM A111 PMHBM2 *QM72`2M+2 QM:`22M *QKKmMB+�@
iBQMb UPMHBM2:`22M*QKKV- T�;2b dkĜddX A111X

(_BF2` 2i �HX- kyR8#) _BF2`- �X- *2`[m2B`�- 1X- *m`�/Q- JX- �M/ JQMi2B`Q- 1X
UkyR8#VX .�i� �;;`2;�iBQM 7Q` K�+?BM2@iQ@K�+?BM2 +QKKmMB+�iBQM rBi? 2M@
2`;v ?�`p2biBM;X AM A111 AMi2`M�iBQM�H qQ`Fb?QT QM J2�bm`2K2Mib � L2i@
rQ`FBM; UJ�LV- T�;2b RĜeX A111X

(_BF2` 2i �HX- kyRe�) _BF2`- �X- *2`[m2B`�- 1X- *m`�/Q- JX- �M/ JQMi2B`QX- 1X
UkyRe�VX � irQ@iB2` �/�TiBp2 /�i� �;;`2;�iBQM �TT`Q�+? 7Q` KkK ;`QmT@
+QKKmMB+�iBQMX A111 a2MbQ`b CQm`M�H- ReUjV,3kjĜ3j8X

(_BF2` 2i �HX- kyR9#) _BF2`- �X- *`mx- hX- J�`[m2b- "X- *m`�/Q- JX- aBKQ2b- SX-
�M/ JQMi2B`Q- 1X UkyR9#VX 1{+B2Mi �M/ b2+m`2 KkK +QKKmMB+�iBQMb 7Q`
bK�`i K2i2`BM;X AM 1K2`;BM; h2+?MQHQ;v �M/ 6�+iQ`v �miQK�iBQM U1h6�V-
kyR9 A111- T�;2b RĜdX A111X

(_BF2` 2i �HX- kyR9+) _BF2`- �X- *m`�/Q- JX- �M/ JQMi2B`Q- 1X UkyR9+VX :`QmT
+QKKmMB+�iBQM BM K�+?BM2@iQ@K�+?BM2 2MpB`QMK2MibX AM qB`2H2bb L2irQ`FBM;
7Q` JQpBM; P#D2+ib- T�;2b kRNĜkj3X aT`BM;2`X

(_BF2` 2i �HX- kyRe#) _BF2`- �X- *m`�/Q- JX- �M/ JQMi2B`Q- 1X UkyRe#VX _QH2
+QQ`/BM�iBQM BM H�`;2@b+�H2 �M/ ?B;?Hv@/2Mb2 BMi2`M2i@Q7@i?BM;bX AM AMi2`M2i Q7
h?BM;b UAQhV BM 8: JQ#BH2 h2+?MQHQ;B2b- T�;2b ddĜN3X aT`BM;2`X

(_BF2` 2i �HX- kyRd�) _BF2`- �X- *m`�/Q- JX- �M/ JQMi2B`Q- 1X UkyRd�VX L2mi`�H
QT2`�iBQM Q7 i?2 KBMBKmK 2M2`;v MQ/2 BM 2M2`;v@?�`p2biBM; 2MpB`QMK2MibX
AM A111 avKTQbBmK QM *QKTmi2`b �M/ *QKKmMB+�iBQMb UAa**V- T�;2b 9ddĜ
93kX A111X

(_BF2` 2i �HX- kyRd#) _BF2`- �X- 6QMb2+�- *X JX- *m`�/Q- JX- �M/ JQMi2B`Q- 1X
UkyRd#VX 1M2`;v@2{+B2Mi KmHiB;`QmT +QKKmMB+�iBQMX h`�Mb�+iBQMb QM 1K2`@
;BM; h2H2+QKKmMB+�iBQMb h2+?MQHQ;B2bX

(_BF2` 2i �HX- kyRj) _BF2`- �X- :`�MD�H- CX- *m`�/Q- JX- �M/ JQMi2B`Q- 1X UkyRjVX
JB//H2r�`2 ;`QmT +QKKmMB+�iBQM K2+?�MBbKb BM KkK 2MpB`QMK2MibX AM kM/
CQBMi 1_*AJ 2JQ#BHBiv �M/ JQ#Ba2Mb2 qQ`Fb?QT- T�;2 9eX

(a?�}[ 2i �HX- kyRk) a?�}[- JX wX- CB- GX- GBm- �X sX- S�M;- CX- �M/ q�M;- CX
UkyRkVX � }`bi HQQF �i +2HHmH�` K�+?BM2@iQ@K�+?BM2 i`�{+, H�`;2 b+�H2 K2�bm`2@
K2Mi �M/ +?�`�+i2`Bx�iBQMX AM �*J aA:J1h_A*a S2`7Q`K�M+2 1p�Hm�iBQM
_2pB2r- pQHmK2 9y- T�;2b e8ĜdeX �*JX

(a?2H#v 2i �HX- kyR9) a?2H#v- wX- >�`iF2- EX- �M/ "Q`K�MM- *X UkyR9VX h?2 *QM@
bi`�BM2/ �TTHB+�iBQM S`QiQ+QH U*Q�SVX _6* dk8kX

(ai�M/�`/- RNN3) ai�M/�`/- �X URNN3VX hRX 9Rj-ǴX L2irQ`F iQ *mbiQK2` AM@
bi�HH�iBQM AMi2`7�+2b@�bvKK2i`B+ .B;Bi�H am#b+`B#2` GBM2b U�.aGV J2i�HHB+
AMi2`7�+2X

(am/2p�H�v�K �M/ EmHF�`MB- kyRR) am/2p�H�v�K- aX �M/ EmHF�`MB- SX UkyRRVX

ě Rk8 ě
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1M2`;v ?�`p2biBM; b2MbQ` MQ/2b, am`p2v �M/ BKTHB+�iBQMbX A111 *QKKm@
MB+�iBQMb am`p2vb � hmiQ`B�Hb- RjUjV,99jĜ9eRX

(am? 2i �HX- kyyN) am?- "X- qQM- *X- �M/ EBK- aX@qX UkyyNVX JBMBKBxBM; bH22T
/m`�iBQM iBK2 7Q` 2M2`;v ?�`p2biBM; rB`2H2bb b2MbQ` M2irQ`FbX AM a2MbQ`b- kyyN
A111- T�;2b 888Ĝ88NX A111X

(h�H2# �M/ EmMx- kyRk) h�H2#- hX �M/ EmMx- �X UkyRkVX J�+?BM2 ivT2 +QK@
KmMB+�iBQMb BM j;TT M2irQ`Fb, TQi2MiB�H- +?�HH2M;2b- �M/ bQHmiBQMbX A111
*QKKmMB+�iBQMb J�;�xBM2- 8yUjV,Rd3 ĜR39X

(h�M 2i �HX- kyRR) h�M- >X PX- EQ`T2Q;Hm- AX- �M/ aiQDK2MQpB+- AX UkyRRVX *QK@
TmiBM; HQ+�HBx2/ TQr2`@2{+B2Mi /�i� �;;`2;�iBQM i`22b 7Q` b2MbQ` M2irQ`FbX
A111 h`�Mb�+iBQMb QM S�`�HH2H �M/ .Bbi`B#mi2/ avbi2Kb- kkUjV,93NĜ8yyX

(h�M �M/ Eƺ`T2QĶHm- kyyj) h�M- >X PX �M/ Eƺ`T2QĶHm- AX UkyyjVX SQr2` 1{+B2Mi
.�i� :�i?2`BM; �M/ �;;`2;�iBQM BM qB`2H2bb a2MbQ` L2irQ`FbX aA:JP. _2+X-
jkU9V,eeĜdRX

(h2FH2K�`B�K 2i �HX- kyRj) h2FH2K�`B�K- :X EX- >Q2#2F2- CX- JQ2`K�M- AX- �M/
.2K22bi2`- SX UkyRjVX 6�+BHBi�iBM; i?2 +`2�iBQM Q7 BQi �TTHB+�iBQMb i?`Qm;?
+QM/BiBQM�H Q#b2`p�iBQMb BM +Q�TX 1l_�aAS CQm`M�H QM qB`2H2bb *QKKmMB+@
�iBQMb �M/ L2irQ`FBM;- kyRjURV,RddX

(hbBibBTBb 2i �HX- kyRR) hbBibBTBb- .X- .BK�- aX@JX- E`BiBF�FQm- �X- S�M�;BQiQm-
*X- �M/ EQm#B�b- aX UkyRRVX .�i� K2`;2, � /�i� �;;`2;�iBQM i2+?MB[m2 7Q`
rB`2H2bb b2MbQ` M2irQ`FbX AM 1K2`;BM; h2+?MQHQ;B2b � 6�+iQ`v �miQK�iBQM
U1h6�V- kyRR A111 Rei? *QM72`2M+2 QM- T�;2b RĜ9X A111X

(hbBibBTBb 2i �HX- kyRk) hbBibBTBb- .X- .BK�- aX JX- E`BiBF�FQm- �X- S�M�;BQiQm-
*X- �M/ EQm#B�b- aX UkyRkVX a2;K2Mi�iBQM �M/ `2�bb2K#Hv /�i� K2`;2 Ub�`@
/�KV i2+?MB[m2 7Q` rB`2H2bb b2MbQ` M2irQ`FbX AM AM/mbi`B�H h2+?MQHQ;v UA*AhV-
kyRk A111 AMi2`M�iBQM�H *QM72`2M+2 QM- T�;2b RyR9ĜRyRNX A111X

(o�bb2m` 2i �HX- kyRk) o�bb2m`- CX- EBK- JX- SBbi2`- EX- .2D2�M- LX- �M/ "�`i?2H-
.X UkyRkVX _QmiBM; K2i`B+b mb2/ 7Q` T�i? +�H+mH�iBQM BM HQr@TQr2` �M/ HQbbv
M2irQ`FbX

(qBMi2` 2i �HX- kyRk) qBMi2`- hX- h?m#2`i- SX- "`�M/i- �X- >mB- CX- E2Hb2v- _X-
G2pBb- SX- SBbi2`- EX- ai`mBF- _X- o�bb2m`- CX- �M/ �H2t�M/2`- _X UkyRkVX _SG,
ASpe _QmiBM; S`QiQ+QH 7Q` GQr@SQr2` �M/ GQbbv L2irQ`FbX _6* e88yX

(sB� 2i �HX- kyRd) sB�- LX- *?2M- >X@>X- �M/ u�M;- *X@aX UkyRdVX _�/BQ `2bQm`+2
K�M�;2K2Mi BM K�+?BM2@iQ@K�+?BM2 +QKKmMB+�iBQMb@� bm`p2vX A111 *QK@
KmMB+�iBQMb am`p2vb � hmiQ`B�HbX

(sB�Q 2i �HX- kyRj) sB�Q- JX- w?�M;- sX- �M/ .QM;- uX UkyRjVX �M 2z2+iBp2
`QmiBM; T`QiQ+QH 7Q` 2M2`;v ?�`p2biBM; rB`2H2bb b2MbQ` M2irQ`FbX AM qB`2H2bb
*QKKmMB+�iBQMb �M/ L2irQ`FBM; *QM72`2M+2 Uq*L*V- kyRj A111- T�;2b
ky3yĜky39X A111X

(sm 2i �HX- kyyN) sm- sX- q�M;- aX- J�Q- sX- h�M;- aX- sm- SX- �M/ GB- JX UkyyNVX

ě Rke ě


