
HAL Id: tel-04137174
https://laas.hal.science/tel-04137174

Submitted on 22 Jun 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Théorie et pratique de l’interaction humain-robot
Aurélie Clodic

To cite this version:
Aurélie Clodic. Théorie et pratique de l’interaction humain-robot. Robotique [cs.RO]. Université de
Toulouse, 2022. �tel-04137174�

https://laas.hal.science/tel-04137174
https://hal.archives-ouvertes.fr


THESETHESE

En vue de l’obtention de l’

HABILITATION A DIRIGER DES RECHERCHES
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RXRXR h?ĕb2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8N
RXRXk J�bi2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rey

RXk �+iBpBiûb /Ƕ2Mb2B;M2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ReR
RXj �+iBpBiûb /Ƕûp�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ReR

RXjXR J2K#`2 /2 +QKBiû /2 T`Q;`�KK2 X X X X X X X X X X X X X X X X X X X X ReR
RXjXk 1/Bi2m` �bbQ+Bû X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ReR
RXjXj Cm`v /2 i?ĕb2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ReR
RXjX9 Cm`v /2 +QM+Qm`b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rek

RX9 �+iBpBiûb /2 /BzmbBQM /2 HǶBM7Q`K�iBQM b+B2MiB}[m2 X X X X X X X X X X X X X X X Rek
RX9XR AMpBi2/ i�HFfbT2�F2` X X X X X X X X X X X X X X X X X X X X X X X X X X X Rek
RX9Xk .Bbb2KBM�iBQM ;`�M/ Tm#HB+ X X X X X X X X X X X X X X X X X X X X X X X Rek

RX8 P`;�MBb�iBQM /2 rQ`Fb?QTb X X X X X X X X X X X X X X X X X X X X X X X X X X X Rek
RX8XR .2b+`BTiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rej
RX8Xk aBi2 r2# X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rej
RX8Xj GBbi2 /2b rQ`Fb?QTb X X X X X X X X X X X X X X X X X X X X X X X X X X X Rej

k S`QD2ib T�bbûb Re8
kXR CQBMi�+iBQM9>_A U6`2M+? �L_ T`QD2+iV kyRd@kykR X X X X X X X X X X X X X X Re8

kXRXR .2b+`BTiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re8
kXRXk aBi2 r2# X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re8
kXRXj Sm#HB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re8

kXk JmJJ1_@ JlHiBJQ/�H J�HH 1Mi2`i�BMK2Mi _Q#Qi U>kykyV kyRe@kyky X X Red
kXkXR .2b+`BTiBQM , X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Red
kXkXk aBi2 r2# , X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Red
kXkXj Sm#HB+�iBQMb , X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Red



h�#H2 /2b K�iBĕ`2b p

kXj _Q#Q1`;QamK @ a2H7 �r�`2 _Q#Qi U6`2M+? �L_ T`QD2+iV @ kyRj@kyRd X X X X ReN
kXjXR .2b+`BTiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ReN
kXjXk aBi2 q2# X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ReN
kXjXj Sm#HB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ReN

kX9 a�T?�`B @ a�72 �M/ �miQMQKQmb S?vbB+�H >mK�M@�r�`2 _Q#Qi AMi2`�+iBQM
U6SdV @ kyRR@kyR8 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdy
kX9XR .2b+`BTiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdy
kX9Xk aBi2 q2# X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdy
kX9Xj Sm#HB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdy

kX8 J�`.B @ J�M@_Q#Qi .B�HQ;m2 U6`2M+? L�iBQM�H _2b2�`+? �;2M+v T`QD2+iV
@ kyRk@kyRe X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RdR
kX8XR .2b+`BTiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RdR
kX8Xk Sm#HB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RdR

kXe *P:LA_PL U1m`QT2�M 6Se BMi2;`�i2/ T`QD2+iV kyy9@kyy3 X X X X X X X X X Rdk
kXeXR .2b+`BTiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdk
kXeXk aBi2 q2# X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdk
kXeXj Sm#HB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdk

kXd >_Y U6`2M+? `Q#QiB+b T`Q;`�K T`QD2+iV kyyk@kyy8 X X X X X X X X X X X X X X Rdj
kXdXR .2b+`BTiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdj
kXdXk aBi2 q2# X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdj
kXdXj Sm#HB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdj

j Sm#HB+�iBQMb Rd8
jXR h?ĕb2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd8
jXk _2pm2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd8
jXj *QM7û`2M+2b ¨ +QKBiû /2 H2+im`2 X X X X X X X X X X X X X X X X X X X X X X X X X Rde
jX9 qQ`Fb?QTb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd3
jX8 �mi`2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3y

"B#HBQ;`�T?B2 R3R





S`ûb2Mi�iBQM

*2 i`�p�BH bvMi?ûiBb2 K2b �+iBpBiûb /2 `2+?2`+?2 �m b2BM /m ;`QmT2 _Q#QiB[m2 2i AMi2`@
�+iBQMa /m G��a- /2TmBb [m2 D2 HǶ�B BMiû;`û 2M i�Mi [mǶBM;ûMB2m`2 /2 `2+?2`+?2 2M MQp2K#`2
kyRkX AH 2bi +QKTQbû /2 i`QBb T�`iB2b ,

ě H� T`2KBĕ`2 T�`iB2 2bi mM2 T`ûb2Mi�iBQM Q`B;BM�H2 2i T2`bQMM2HH2 /2 KQM /QK�BM2 /2
`2+?2`+?2 , HǶBMi2`�+iBQM ?mK�BM@`Q#Qi c

ě H� b2+QM/2 T�`iB2 T`ûb2Mi2 K2b T2`bT2+iBp2b /2 `2+?2`+?2 2i H2b T`QD2ib /2 `2+?2`+?2
[mB v bQMi �bbQ+Bûb c

ě H� i`QBbBĕK2 T�`iB2 2bi +QMbiBimû2 /2 KQM *oX

*2 i`�p�BH M2 b2 p2mi T�b +QKK2 mM HBp`2 /2 `2+2ii2b- K�Bb THmiƬi +QKK2 mM HBp`2 /QMM�Mi
H2b ûHûK2Mib �mt[m2Hb BH 7�mi āi`2 �ii2MiB7b HQ`b[m2 HǶQM i`�p�BHH2 /�Mb H2 /QK�BM2 /2 HǶBMi2`@
�+iBQM ?mK�BM@`Q#QiX *2H� `2;`QmT2 mM 2Mb2K#H2 /2 +?Qb2b /QMi BH 7�mi �pQB` +QMb+B2M+2 Qm
āi`2 �ii2MiB7 ¨X § +2mt [mB b�p2Mi- +2H� /QMM2`� T2mi@āi`2 HǶBKT`2bbBQM /2 /QMM2` /2b H2ÏQMb-
K�Bb +2 MǶ2bi T�b KQM #mi HQ`b[m2 DǶû+`Bb +2b HB;M2bX JQM #mi 2bi /2 /QMM2` KQ/2bi2K2Mi
[m2H[m2b +Hûb /2 +QKT`û?2MbBQM /2 KQM /QK�BM2 /2 `2+?2`+?2X

ZmǶ2bi +2 [m2 DǶ�B 7�Bi \

lM2 /2 K2b `�TTQ`i2m`2b KǶ� 7�Bi `2K�`[m2` [m2 /�Mb +2 K�Mmb+`Bi DǶmiBHBb�Bb iQmi H2
i2KTb H2 ĿMQmbŀX 1M `Q#QiB[m2- QM M2 7�Bi D�K�Bb `B2M iQmi b2mH- QM i`�p�BHH2 iQmDQm`b 2M
û[mBT2X *Ƕ2bi HǶ2bb2M+2 KāK2 /m i`�p�BH 2M `Q#QiB[m2X J�Bb D2 p�Bb [m�M/ KāK2 2bb�v2` /2
`ûTQM/`2 ¨ H� [m2biBQM �p2+ +2 ĿD2ŀX

G� T`2KBĕ`2 `ûTQMb2 +Ƕ2bi /2 /B`2 [m2 D2 MǶ�B `B2M 7�Bi- T�`+2 [mǶ2M 7�Bi MQmb b�pQMb
iQmb [m2 +2 bQMi MQb ûim/B�Mib- MQb /Q+iQ`�Mib 2i MQb TQbi@/Q+iQ`�Mib [mB +`û2Mi iQmb +2b
HQ;B+B2Hb- [mB K2ii2Mi 2M KmbB[m2 iQmi2b +2b B/û2b 2i J1_*A ¨ 2mt TQm` iQmi Ï¨X 1M i�Mi
[mǶBM;ûMB2m`2 /2 `2+?2`+?2- D2 bmBb b2Mbû2 K2 K2ii`2 �m b2`pB+2 /ǶmM +?2`+?2m`X �m }H /2b
�MMû2b- +2 +?2`+?2m`- _�+?B/ �H�KB 2M HǶQ++m``2M+2- 2i iQmi2 HǶû[mBT2 /Ƕ�BHH2m`b- KǶ� T2`KBb
/2 T`2M/`2 T�`i ¨ +2ii2 `2+?2`+?2 T�`+2 [mǶ2M 7�Bi /�Mb MQb /QK�BM2b +Ƕ2bi i`ĕb +QKTHB[mû-
+Ƕ2bi Dmbi2 BKTQbbB#H2 /2 M2 T�b H2 7�B`2X *2H� KǶ� T2`KBb /2 KQMi2` /2b T`QD2ib 2i /2
/ûp2HQTT2` K� T`QT`2 pBbBQM bm` H�[m2HH2 D2 T2mt �mbbB i`�p�BHH2` �mDQm`/Ƕ?mBX

G� b2+QM/2 `ûTQMb2- +Ƕ2bi /2 /B`2 [m2 DǶ�B +`ûû /2b HB2MbX C2 bmBb ¨ HǶQ`B;BM2 /2 iQmi2b +2b
+QHH�#Q`�iBQMb [m2 MQmb �pQMb �mDQm`/Ƕ?mB �p2+ /2b Tbv+?QHQ;m2b 2i /2b T?BHQbQT?2b bm` H2b
/Bzû`2Mib bmD2ib [mB bQMi 2tTQbûb /�Mb +2 K�Mmb+`BiX GǶmM2 /2b �+iBQMb 2K#HûK�iB[m2b �
ûiû +2 T`QD2i �L_ CQBMi�+iBQM9>_A TQm` H2[m2H MQmb �pQMb �++m2BHHB �m G��a T2M/�Mi R3
KQBb mM TQbi@/Q+iQ`�Mi 2M T?BHQbQT?B2 2i mM2 i?ĕb2 2M +Q@2M+�/`2K2Mi 2Mi`2 mM H�#Q`�iQB`2
/2 Tbv+?QHQ;B2 2i H2 G��aX lM2 +?Qb2 `2K�`[m�#H2 /�Mb +2ii2 +`û�iBQM /2 HB2Mb- +Ƕ2bi
[mǶ�mDQm`/Ƕ?mB T�` 2t2KTH2 MQmb bQKK2b bQHHB+Biûb T�` /2b Tbv+?QHQ;m2b [mB bQMi BMiû`2bbûb
T�` H2 7�Bi [m2 MQmb M2 MQmb �``āiQMb T�b �mt Kû+�MBbK2b [mǶBHb �M�Hvb2Mi K�Bb ¨ H� K�MBĕ`2
/QMi +2b Kû+�MBbK2b T2mp2Mi i`Qmp2` û+?Q /�Mb MQi`2 �`+?Bi2+im`2 `Q#QiB[m2 2i /�Mb MQb
/ûp2HQTT2K2MibX

G� i`QBbBĕK2 `ûTQMb2- +Ƕ2bi /2 /B`2 [m2 DǶ�B KBb /2b +QM+2Tib /2``Bĕ`2 /2b BMimBiBQMb- T�`+2
[m2 D2 bmBb �HHû2 +?2`+?2` +2b i`�p�mt bm` HǶ�+iBQM DQBMi2- bm` H� MQiBQM /Ƕ2M;�;2K2Mi- bm` H�
MQiBQM /2 `2+QMM�Bbb�M+2 Kmim2HH2- bm` H� MQiBQM /2 T`�iB[m2 bQ+B�H2X G2 #mi B+B MǶ2bi T�b



k h�#H2 /2b K�iBĕ`2b

/2 +?2`+?2` ¨ BKBi2` mM2 BMi2`�+iBQM ?mK�BM@?mK�BM K�Bb /Ƕ2M +?2`+?2` mM KQ/ĕH2 TQm` H2
#Q`M2` 2i H2 `2M/`2 +QKT`û?2MbB#H2 2i miBHBb�#H2 /�Mb mM +�/`2 /ǶBMi2`�+iBQM ?mK�BM@`Q#QiX

1i K�BMi2M�Mi- BH 2bi i2KTb /2 /B`2Ę

J2`+B 5

J2`+B ¨ KQM Dm`v- K2`+B /2 KǶ�pQB` �B/û- K2`+B /Ƕ�pQB` `�TTQ`iû bm` KQM i`�p�BH 2i
/Ƕ�pQB` ûiû H¨ TQm` H� bQmi2M�M+2X

CǶ�B 7�Bi K2b T`2KB2`b T�b 2M `Q#QiB[m2 ¨ HǶBmT bvbiĕK2b BMi2HHB;2Mib /2 hQmHQmb2- D2
pQmH�Bb `2K2`+B2` B+B iQmb K2b T`Q72bb2m`b- [mB bQMi �mDQm`/Ƕ?mB TQm` +2`i�BMb /2b +QHHĕ;m2bX
*Ƕ2bi b�Mb MmH /Qmi2 ;`�+2 ¨ pQmb [m2 D2 bmBb H¨ �mDQm`/Ƕ?mBX

J2`+B ¨ iQmb H2b +QHH�#Q`�i2m`b /Ƕ?B2` 2i /Ƕ�mDQm`/Ƕ?mB- 2i MQi�KK2Mi iQmb +2b ûim@
/B�Mib- +2b /Q+iQ`�Mib 2i +2b TQbi@/Q+iQ`�Mib [mB MQmb QMi 7�Bi +QM}�M+2 2i [mB MQmb 7QMi
+QM}�M+2 2i �p2+ [mB MQmb �pQMb `û�HBbû +2b i`�p�mtX

J2`+B �mt û[mBT2b /m /ûT�`i2K2Mi `Q#QiB[m2 /m G��a 2i T`BM+BT�H2K2Mi ¨ HǶû[mBT2
_Aa U_Q#QiB[m2 2i AMi2`�+iBQMaV U2i �p�Mi _A� U_Q#QiB[m2 2i AMi2HHB;2M+2 �`iB}+B2HH2VVX

J2`+B ¨ iQmi H2 KQM/2 �m G��a T�`+2 [m2 �m +Ƭiû /2b +?2`+?2m`b BH 7�mi #2�m+QmT /Ƕ�/@
KBMBbi`�iB7b 2i /ǶAh� TQm` `2M/`2 iQmi Ï¨ TQbbB#H2 2i K2`+B #B2M 2Mi2M/m T�`iB+mHBĕ`2K2Mi
¨ K2b +QHHĕ;m2b /m b2`pB+2 A.1� 2i /2 H� SH�i27Q`K2 _Q#QiB[m2X



S`2KBĕ`2 T�`iB2

*QKK2Mi QM � 2bb�vû /2 7�B`2
BMi2`�;B` mM `Q#Qi �p2+ /2b

?mK�BMb





*?�TBi`2 R

.2 HǶ�miQMQKB2 ¨ HǶBMi2`�+iBQM

RXR :2Mĕb2 2i ûpQHmiBQM /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi �m
G��a

G� ;2Mĕb2 2i HǶûpQHmiBQM /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi �m G��a bQMi BMiBK2K2Mi HBû2b
¨ H� KûM�;2`B2 /2b `Q#Qib [mB b2 bQMi bm++û/û �m }H /2b �MMû2b 2i /2b i`�p�mt [mǶBHb QMi
T2`KBb /2 `û�HBb2`X C2 pQmb T`QTQb2 TQm` +QKK2M+2` mM iQm` /Ƕ?Q`BxQM /2b `Q#Qib bm`
H2b[m2Hb DǶ�B i`�p�BHHûX

.AGA:1Lh � Q{+Bû /�Mb H2b �MMû2b kyyy (�H�KB kyyy) UD2 pQmb +QMb2BHH2 H� b�pQm`2mb2
T�`iB2 9X3 *?`QMQHQ;v /2 +2 T�TB2` (�H�KB kyyy)VX lM2 T�`iB2 lb2` AMi2`�+iBQM ûi�Bi /ûD¨
T`ûb2Mi2 [mB BKTHûK2Mi�Bi mM KQ/2 /2 KQmp2K2Mi +QM7Q`K2 bȿ` /�Mb H2[m2H H2 `Q#Qi b2
/ûTH�+2 +QKK2 bǶBH ûi�Bi ǴTQmbbûǴ T�` mM ?mK�BM c H� /B`2+iBQM /m KQmp2K2Mi 2bi /ûi2+iû2
¨ HǶ�B/2 /2 HǶ�MM2�m /2 +�Ti2m`b BM7`�`Qm;2b i�M/Bb [m2 H2 +�Ti2m` ¨ mHi`�bQMb 2bi miBHBbû
TQm` +`û2` /2b 7Q`+2b `ûTmHbBp2b �}M /ǶûpBi2` H2 +QMi�+i �p2+ H2b Q#bi�+H2bX *2T2M/�Mi- HǶmM
/2b T`BM+BT�mt /û}b ¨ HǶûTQ[m2 ûi�Bi /ûD¨ /2 `ûmbbB` ¨ b2 HQ+�HBb2` +QKK2 QM T2mi H2 pQB` bm`
H� };m`2 /2 /`QBi2X *Ƕ2bi bm` +2 `Q#Qi [m2 DǶ�B 7�Bi iQm`M2` K� T`2KBĕ`2 K�MBTǶ `Q#QiB[m2
[mB �p�Bi ûiû BKTHûK2Miû2 T�` "2MQBi JQ`Bbb2i (JQ`Bbb2i kyyk)X

_�*E>�J 2bi HǶmM /2b /2mt `Q#Qib bm` H2b[m2Hb DǶ�B i`�p�BHHû T2M/�Mi K� i?ĕb2X AH � ûiû
;mB/2 ¨ H� *Biû /2 HǶ1bT�+2 T2M/�Mi THmbB2m`b b2K�BM2b /�Mb H2b �MMû2b kyy9 2i kyy8X oQmb



e *?�TBi`2 RX .2 HǶ�miQMQKB2 ¨ HǶBMi2`�+iBQM

TQmp2x pQB` mM �T2`Ïm 2M +QMbmHi�Mi b� T�;2 r2# ?iiTb,ffrrrXH��bX7`f`Q#Qibf`�+F?�Kf
2i H� Tm#HB+�iBQM (*HQ/B+ kyye)X G2 T`QD2i +Q``2bTQM/�Mi 2bi H2 T`QD2i >_YX G2 T`2KB2` /û}
/2 _�+F?�K � �mbbB ûiû H� HQ+�HBb�iBQM Ubm`iQmi [m�M/ QM bǶ�T2`ÏQBi bm` H2 HB2m /Ƕ2tTQbBiBQM
[mǶmM2 T�`iB2 /2 HǶ2MpB`QMM2K2Mi 2bi i`�MbT�`2Mi 2i [m2 H2 KQv2M /2 HQ+�HBb�iBQM 2bi mM
iûHûKĕi`2 H�b2` aB+FV 2i H� M�pB;�iBQMX �m MBp2�m BMi2`�+iBQM- _�+F?�K /BbTQb�Bi /ǶmM2
BMi2`7�+2 i�+iBH2 �p2+ mM +HQM2 T�`H�Mi 2i ûi�Bi +�T�#H2 /2 /ûi2+i2` /2b pBb�;2b �p2+ b�
+�Kû`�X CǶ�B BKTHûK2Miû H� bmT2`pBbBQM [mB TBHQi�Bi HǶ2Mb2K#H2 /2b KQ/mH2b 2i T2`K2ii�Bi
�m `Q#Qi /2 `û�HBb2` b� i�+?2 /2 ;mB/2 2M BMi2`�+iBQM �p2+ H2b pBbBi2m`bX

CA.P 2bi H2 b2+QM/ `Q#Qi bm` H2[m2H DǶ�B i`�p�BHHû T2M/�Mi K� i?ĕb2 /�Mb H2 +�/`2 /m
T`QD2i *Q;MB`QM *Q;MBiBp2 _Q#Qi *QKT�MBQM ?iiTb,ffrrrX+Q;MB`QMXQ`;f7BM�Hf>QK2XT?T-
BH � �mbbB b� T�;2 r2# T2`bQ ?iiTb,ffrrrXH��bX7`f`Q#QibfDB/QfX ú[mBTû /ǶmM #`�b- CB/Q
T2`K2ii�Bi /2 +QKK2M+2` ¨ �TT`û?2M/2` mM û+?�M;2 /ǶQ#D2i �p2+ mM2 T2`bQMM2X a2b /2mt
iûHûKĕi`2b H�b2` UBH v 2M �p�Bi mM ¨ HǶ�p�Mi 2i mM ¨ HǶ�``Bĕ`2 T2`K2ii�Bi �mbbB H� /ûi2+iBQM
/2b T2`bQMM2b bm` ǴT`2b[m2Ǵ jey /2;`ûbVX PM T2mi `2K�`[m2` H� T`ûb2M+2 /2 /2mt T�B`2b
/2 +�Kû`�b biû`ûQb+QTB[m2b- bm` H2 #`�b 2i bm` mM K�i- [mB MQmb QMi 7�Bi +QKK2M+2` ¨
�TT`û?2M/2` H2b TQbbB#H2b T`Q#HĕK2b /Ƕ�Mi?`QTQKQ`T?Bb�iBQM /m `Q#QiX

S_k J�s 2i "P"X GQ`b[m2 D2 bmBb `2p2Mm2 �m G��a 2M kyy3- mM /2b S_k ûi�Bi /ûD¨
T`ûb2Mi 2i H2 b2+QM/ �``Bp2`�Bi T2m �T`ĕbX § H� KāK2 ûTQ[m2- HǶû[mBT2 _Aa /ûKûM�;2�Bi /�Mb
H2 MQmp2�m #�iBK2Mi �._1�J û[mBTû /ǶmM2 K�[m2ii2 /Ƕ�TT�`i2K2Mi U�p2+ K2m#H2b 2i
Km`bVX LQmb #ûMû}+BQMb û;�H2K2Mi �mDQm`/Ƕ?mB /ǶmM2 +Qmp2`im`2 /2 iQmi +2i 2MpB`QMM2K2Mi
�p2+ mM bvbiĕK2 /2 KQiBQM +�Tim`2X "B2M [m2 bm` mM2 #�b2 KQ#BH2- QM T2mi +QMbB/û`2` S_k

https://www.laas.fr/robots/rackham/
https://www.cogniron.org/final/Home.php
https://www.laas.fr/robots/jido/


RXkX GǶ�`+?Bi2+im`2 G��a d

+QKK2 mM `Q#Qi Ǵ?mK�MQś/2Ǵ �p2+ b2b /2mt Ǵ#`�bǴ 2i b� Ǵiāi2ǴX G2 `Q#Qi 2bi +QMÏm TQm`
BMi2`�;B` 2i M2 T�b āi`2 /�M;2`2mt UiQmi2b T`QTQ`iBQMb ;�`/û2bVX lM2 ;`�M/2 T�`iB2 /2b
i`�p�mt [mB pQMi āi`2 T`ûb2Miûb /�Mb +2 K�Mmb+`Bi QMi ûiû `û�HBbûb �p2+ +2b `Q#QibX

S2TT2` 2bi �``Bpû HQ`b /m T`QD2i JmJJ1_ /QMi BH b2`� [m2biBQM b2+iBQM NX hQmDQm`b bm`
`QmH2ii2b- S2TT2` 2bi �mbbB +QMbB/û`û +QKK2 mM `Q#Qi Ǵ?mK�MQś/2ǴX 1M i2`K2b /2 +�T�+Biûb
/2 K�MBTmH�iBQM /ǶQ#D2i Qm /2 M�pB;�iBQM- QM 2bi HQBM /2b S_k- +2 [mB HBKBi2 ;`�M/2K2Mi
H2b /ûKQb [m2 MQmb TQmpQMb `û�HBb2`X Lû�MKQBMb- QM M2 T2mi T�b HmB 2MH2p2` bQM �bT2+i
bvKT�i?B[m2 2i 2M;�;2�MiX

RXk GǶ�`+?Bi2+im`2 G��a
GQ`b[m2 HǶQM T�`H2 /Ƕ�`+?Bi2+im`2 `Q#QiB[m2 �m G��a- QM 2M `2pB2Mi bQmp2Mi- iQmDQm`b-

�m T�TB2` ǴQ`B;BM2HǴ /2 �H�KB- *?�iBH�- 6H2m`v- :?�HH�# 2i AM;`�M/- Ǵ�M �`+?Bi2+im`2
7Q` �miQMQKvǴ T�`m 2M RNNd (�H�KB RNN3) T`ûb2Mi�Mi HǶ�`+?Bi2+im`2 G��a TQm` ǴG��a
�`+?Bi2+im`2 7Q` �miQMQKQmb avbi2KǴX .�Mb HǶBMi`Q/m+iBQM- H2b �mi2m`b BM/B[m2Mi [mǶBHb
/û+`Bp2Mi mM2 �`+?Bi2+im`2 BMiû;`û2 U[mǶBH 7�mi +QKT`2M/`2 B+B T�` BKTHûK2Miû2V T2`K2ii�Mi
¨ mM `Q#Qi KQ#BH2 /2 TH�MB}2` b2b i�+?2b 2M T`2M�Mi 2M +QKTi2 /2b +QMi`�BMi2b i2KTQ`2HH2b
2i /2 /QK�BM2 TQm` `û�HBb2` H2b �+iBQMb +Q``2bTQM/�Mi2b 2i +QMi`ƬH2` H2m`b 2tû+miBQMb 2M
i2KTb `û2H iQmi 2M ûi�Mi `û�+iB7 �mt ûpûM2K2Mib TQbbB#H2bX

AHb /û}MBbb2Mi /ûD¨ mM +2`i�BM MQK#`2 /2 +QM+2Tib [mB `2bi2Mi BKTQ`i�Mib 2i +Hûb �m@
DQm`/Ƕ?mBX �BMbB- BHb BM/B[m2Mi [m2 HǶQ`;�MBb�iBQM /ǶmM bvbiĕK2 `Q#QiB[m2 /ûi2`KBM2 b2b
+�T�+Biûb ¨ �++QKTHB` /2b i�+?2b 2i ¨ `û�;B` �mt ûpûM2K2MibX G� bi`m+im`2 /2 +QMi`ƬH2 /ǶmM
`Q#Qi �miQMQK2 /QBi �pQB` ¨ H� 7QBb /2b +�T�+Biûb /û+BbBQMM2HH2b 2i `û�+iBp2bX G2b bBim�iBQMb
/QBp2Mi āi`2 �MiB+BTû2b 2i H2b �+iBQMb �/û[m�i2b /û+B/û2b T�` H2 `Q#Qi 2M +QMbû[m2M+2X G2b
i�+?2b /QBp2Mi āi`2 BMbi�M+Bû2b 2i �{Mû2b �m KQK2Mi /2 HǶ2tû+miBQM- b2HQM H2 +QMi2ti2 `û2HX
G2 `Q#Qi /QBi `û�;B` 2M i2KTb QTTQ`imM �mt ûpûM2K2MibX

SQm` `ûTQM/`2 ¨ +2b 2tB;2M+2b- BHb /û}MBbb2Mi H2b T`QT`Bûiûb bmBp�Mi2b ,
S`Q;`�KK�#BHBiû , mM `Q#Qi M2 T2mi T�b āi`2 +QMÏm TQm` mM b2mH 2MpB`QMM2K2Mi Qm

mM2 b2mH2 i�+?2X AH /QBi āi`2 +�T�#H2 /Ƕ�++QKTHB` THmbB2m`b i�+?2b /QMi H� /2b+`BTiBQM
/QBi TQmpQB` b2 7�B`2 ¨ mM +2`i�BM MBp2�m /Ƕ�#bi`�+iBQMX a2b 7QM+iBQMb /QBp2Mi TQmpQB`
āi`2 7�+BH2K2Mi +QK#BMû2b 2M 7QM+iBQM /2 H� i�+?2 ¨ 2tû+mi2`X

�miQMQKB2 2i �/�Ti�#BHBiû , H2 `Q#Qi /QBi āi`2 +�T�#H2 /2 `û�HBb2` b2b �+iBQMb 2i
/Ƕ�{M2` Qm /2 KQ/B}2` H� i�+?2 2i bQM T`QT`2 +QKTQ`i2K2Mi 2M 7QM+iBQM /2 HǶQ#D2+iB7
2i /m +QMi2ti2 /Ƕ2tû+miBQMX

_û�+iBpBiû , H2 `Q#Qi /QBi āi`2 +�T�#H2 /2 T`2M/`2 2M +QKTi2 H2b ûpûM2K2Mib /�Mb
/2b /ûH�Bb +QKT�iB#H2b �p2+ H� `û�HBb�iBQM +Q``2+i2 2i 2{+�+2 /2 b2b Q#D2+iB7b U2M
BMiû;`�Mi û;�H2K2Mi b� T`QT`2 bû+m`BiûVX

*QKTQ`i2K2Mi +Q?û`2Mi , H2b `û�+iBQMb /m `Q#Qi �mt ûpûM2K2Mib /QBp2Mi āi`2 ;mB@
/û2b T�` H2b Q#D2+iB7b /2 b� i�+?2X



3 *?�TBi`2 RX .2 HǶ�miQMQKB2 ¨ HǶBMi2`�+iBQM

_Q#mbi2bb2 , HǶ�`+?Bi2+im`2 /2 +QMi`ƬH2 /QBi TQmpQB` 2tTHQBi2` H� `2/QM/�M+2 /2b 7QM+@
iBQMb /BbTQMB#H2bX G� `Q#mbi2bb2 2tB;2`� [m2 H2 +QMi`ƬH2 bQBi /û+2Mi`�HBbû ¨ +2`i�BMb
/2;`ûbX

1ti2MbB#BHBiû , HǶBMiû;`�iBQM /2 MQmp2HH2b 7QM+iBQMb 2i H� /û}MBiBQM /2 MQmp2HH2b i�+?2b
/QBp2Mi āi`2 �Bbû2bX G2b +�T�+Biûb /Ƕ�TT`2MiBbb�;2 bQMi BKTQ`i�Mi2b ¨ +QMbB/û`2` B+B ,
HǶ�`+?Bi2+im`2 /QBi `2M/`2 HǶ�TT`2MiBbb�;2 TQbbB#H2X

G2b �mi2m`b T`QTQb2Mi 2MbmBi2 mM /û+QmT�;2 2M i`QBb MBp2�mt TQm` +2ii2 �`+?Bi2+im`2-
+?�+mM /2b MBp2�mt �v�Mi b2b T`QT`2b +QMi`�BMi2b i2KTQ`2HH2b 2i K�MBTmH�Mi /2b /QMMû2b
/2 M�im`2 /Bzû`2Mi2bX *2b MBp2�mt bQMi ,

G2 MBp2�m 7QM+iBQMM2H , +2 MBp2�m +QKT`2M/ iQmi2b H2b +�T�+Biûb /2 #�b2 /m `Q#Qi
+QM+2`M�Mi b2b �+iBQMb 2i b2b +�T�+Biûb /2 T2`+2TiBQMX PM +QMbB/ĕ`2 [m2 +2b 7QM+iBQMb
/2 i`�Bi2K2Mib 2i #Qm+H2b /2 +QMi`ƬH2 Ui`�Bi2K2Mi /ǶBK�;2- ûpBi2K2Mi /ǶQ#bi�+H2b-
+QMi`ƬH2 /2 KQmp2K2Mi- 2i+XV /QBp2Mi āi`2 BM/ûT2M/�Mi2b �mi�Mi [m2 TQbbB#H2 2i
/QM+ TQ`i�#H2b /ǶmM `Q#Qi ¨ mM �mi`2X SQm` +2H�- QM T`ûpQBi mM MBp2�m /ǶBMi2`7�+2
�p2+ H2b +�Ti2m`b 2i H2b �+iBQMM2m`bX

G2 MBp2�m /2 +QMi`ƬH2 /Ƕ2tû+miBQM , +2 MBp2�m +QMi`ƬH2 2i +QQ`/QMM2 HǶ2tû+miBQM /2b
7QM+iBQMb `ûT�`iB2b /�Mb H2b KQ/mH2b b2HQM H2b 2tB;2M+2b /2 H� i�+?2X

G2 MBp2�m /û+BbBQMM2H , +2 MBp2�m +QKT`2M/ H2b +�T�+Biûb /2 T`Q/m+iBQM /m TH�M 2i
/2 bmT2`pBbBQM /2 bQM 2tû+miBQM iQmi 2M ûi�Mi `û�+iB7 �mt ûpûM2K2Mib /m MBp2�m
T`û+û/2MiX *2 MBp2�m T2mi āi`2 /û+QKTQbû 2M /2mt Qm THmbB2m`b +Qm+?2b #�bû2b
bm` H2 KāK2 /2bB;M +QM+2Tim2H- K�Bb miBHBb�Mi /2b �#bi`�+iBQMb /2 `2T`ûb2Mi�iBQM
/Bzû`2Mi2b Qm /2b QmiBHb �H;Q`Bi?KB[m2b /Bzû`2Mib 2i �v�Mi /2b T`QT`Bûiûb i2KTQ`2HH2b
/Bzû`2Mi2b /ûT2M/�Mi /2 HǶ�TTHB+�iBQMX

SHmbB2m`b KQ/ĕH2b /Ƕ�`+?Bi2+im`2b `Q#QiB[m2b /Bi2b Ǵi`QBb MBp2�mtǴ bmBp�Mi THmb
Qm KQBMb H2b KāK2b T`BM+BT2b QMi ûiû /ûp2HQTTûb ¨ +2ii2 ûTQ[m2 U2X;X (:�i RNNk-
Jmb+2iiQH� RNN3- L2bM�b kyyj- h�K#2 RNNd)VX

RXj h?ûQ`B2 /2 HǶ�+iBQM
LQmb �HHQMb pQB` K�BMi2M�Mi [m2 H2b �TT`Q+?2b T?BHQbQT?B[m2b 2i `Q#QiB[m2b T�`i�;2Mi

mM +2`i�BM MQK#`2 /ǶB/û2b +QM+2`M�Mi HǶ�`+?Bi2+im`2 Mû+2bb�B`2 TQm` `û�HBb2` mM2 �+iBQM
BM/BpB/m2HH2X

a2HQM H2b i?ûQ`B2b T?BHQbQT?B[m2b +H�bbB[m2b /2 HǶ�+iBQM BM/BpB/m2HH2- H2 +QKTQ`i2K2Mi
MǶ2bi [m�HB}û /Ƕ�+iBQM [m2 bB BH � mM +2`i�BM ivT2 /Ƕ�Miû+û/2Mi K2Mi�H Qm BKTHB[m2 +2`i�BMb
ivT2b /2 T`Q+2bbmb Tbv+?QHQ;B[m2b UT�` 2t2KTH2 (.�pB/bQM RN3y- J2H2 RNNk- a2�`H2 RN3j-
"`�iK�M RNNN)VX hvTB[m2K2Mi- +2i �Miû+û/2Mi K2Mi�H 2bi B/2MiB}û +QKK2 mM2 BMi2MiBQMX
G2b BMi2MiBQMb bQMi bQmp2Mi +�`�+iû`Bbû2b +QKK2 /2b TH�Mb /Ƕ�+iBQM [m2 HǶQ`;�MBbK2 +?QBbBi
2i /�Mb H2b[m2Hb BH bǶ2M;�;2 ¨ H� TQm`bmBi2 /ǶmM Q#D2+iB7 UT�` 2t2KTH2 ("`�iK�M RNNN)VX a2@
HQM +2 TQBMi /2 pm2- H2b BMi2MiBQMb bQMi /2b �iiBim/2b 2tû+miBp2b /QMi H2b 7QM+iBQMb +QMbBbi2Mi
�V ¨ K2ii`2 }M �m `�BbQMM2K2Mi T`�iB[m2 bm` H2b }Mb- #V ¨ bmb+Bi2` mM `�BbQMM2K2Mi T`�@
iB[m2 bm` H2b KQv2Mb 2i H2b TH�Mb- +V ¨ �B/2` ¨ +QQ`/QMM2` H2 +QKTQ`i2K2Mi /2 HǶ�;2Mi
/�Mb H2 i2KTb 2i �p2+ H2 +QKTQ`i2K2Mi /2b �mi`2b �;2Mib- /V ¨ BMBiB2` 2i ¨ K�BMi2MB` mM2
�+iBQM BMi2MiBQMM2HH2 2i ¨ bm`p2BHH2` 2i H2 ;mB/2` Dmb[mǶ¨ bQM �+?ĕp2K2MiX G2b BMi2MiBQMb
+QKT`2MM2Mi /QM+ ¨ H� 7QBb /2b `2T`ûb2Mi�iBQMb /ǶQ#D2+iB7b 2i /2 KQv2Mb TQm` �ii2BM/`2
+2b Q#D2+iB7b- +Ƕ2bi@¨@/B`2 /2b TH�Mb /Ƕ�+iBQM [mB T2mp2Mi �HH2` /2 bBKTH2b `2T`ûb2Mi�iBQMb
/Ƕ�+iBQMb /2 #�b2 ¨ /2b bi`�iû;B2b +QKTH2t2b TQm` �ii2BM/`2 /2b Q#D2+iB7b HQBMi�BMbX .2



RXjX h?ûQ`B2 /2 HǶ�+iBQM N

THmb- +QKK2 H2 bQmHB;M2 "`�iK�M ("`�iK�M RNNN)- H2b TH�Mb /Ƕ�+iBQM bQMi bQmKBb ¨ /2b
+QMi`�BMi2b /2 `�iBQM�HBiûX G2b /Bzû`2Mib ûHûK2Mib [mB 7Q`K2Mi H2b #`B[m2b /ǶmM TH�M /Ƕ�+@
iBQM /QBp2Mi āi`2 +Q?û`2Mib 2Mi`2 2mt U+Q?û`2M+2 BMi2`M2VX G2 TH�M /�Mb bQM 2Mb2K#H2 /QBi
āi`2 +Q?û`2Mi �p2+ H2b +`Qv�M+2b /2 HǶ�;2Mi bm` H2 KQM/2 2i bm` H� `û�HBiû �+im2HH2- v +QKT`Bb
b2b +`Qv�M+2b bm` b2b T`QT`2b +�T�+Biûb 2i +QKTûi2M+2b U+Q?û`2M+2 2ti2`M2VX 1M}M- H2 TH�M
/QBi T`2M/`2 2M +QKTi2 H2 +�/`2 THmb H�`;2 /2b �+iBpBiûb 2i /2b T`QD2ib /�Mb H2b[m2Hb HǶ�;2Mi
2bi û;�H2K2Mi BKTHB[mû 2i āi`2 +QQ`/QMMû �p2+ 2mt /�Mb mM TH�M THmb ;HQ#�H U+Q?û`2M+2
;HQ#�H2VX *2 #`27 �T2`Ïm /2b `û7û`2M+2b Bbbm2b /2 H� T?BHQbQT?B2 7Qm`MBi /2b /û}MBiBQMb /2
i`�p�BH /ǶmM2 �+iBQM- /ǶmM2 BMi2MiBQM- /ǶmM #mi 2i /ǶmM T`QD2i- /2b ûHûK2Mib [mB /QBp2Mi
āi`2 K�MBTmHûb TQm` T2`K2ii`2 /Ƕ�;B`X

1HBb�#2i? S�+?2`B2 (S�+?2`B2 kyy3- S�+?2`B2 kyRk) T`QTQb2 mM KQ/ĕH2 /vM�KB[m2 /2b
BMi2MiBQMb [mB /BbiBM;m2 i`QBb ûi�T2b T`BM+BT�H2b /�Mb H2 T`Q+2bbmb /2 bTû+B}+�iBQM /2b
�+iBQMb ,

lM MBp2�m /ǶBMi2MiBQMb /Bbi�H2b U.@BMi2MiBQMbV `2bTQMb�#H2 /2 H� /vM�KB[m2 /2 T`Bb2
/2 /û+BbBQM- /2 H� ~2tB#BHBiû i2KTQ`2HH2 2i /m TBHQi�;2 `�iBQMM2H /2 ?�mi MBp2�m 2i
/m bmBpB /2 HǶ�+iBQM c 2HH2b QMi TQm` 7QM+iBQMb /2 ,
ě ;û`2` H� /vM�KB[m2 /2 H� T`Bb2 /2 /û+BbBQM U/vM�KB+b Q7 /2+BbBQM K�FBM;V- 2M

/û+B/�Mi [m2H Q#D2+iB7 TQm`bmBp`2 2i 2M �bbm`�Mi , H� +Q?û`2M+2 BMi2`M2 UH2b /Bzû@
`2Mib ûHûK2Mib [mB 7Q`K2Mi H2b #HQ+b /2 +QMbi`m+iBQM /ǶmM TH�M /Ƕ�+iBQM /QBp2Mi
āi`2 +Q?û`2Mib 2Mi`2 2mtV c H� +Q?û`2M+2 2ti2`M2 UH2 TH�M /�Mb bQM 2Mb2K#H2 /QBi
āi`2 +Q?û`2Mi �p2+ H2b +`Qv�M+2b /2 HǶ�;2Mi bm` H2 KQM/2V c H� +Q?û`2M+2 ;HQ#�H2
UH2 TH�M /QBi T`2M/`2 2M +QKTi2 H2 +�/`2 THmb H�`;2 /2b �+iBpBiûb 2i /2b T`QD2ib
/�Mb H2b[m2Hb HǶ�;2Mi 2bi û;�H2K2Mi BKTHB[mû 2i āi`2 +QQ`/QMMû �p2+ 2mt /�Mb mM
TH�M THmb ;HQ#�HV

ě �bbm`2` mM2 +2`i�BM2 ~2tB#BHBiû i2KTQ`2HH2 Ui2KTQ`�H ~2tB#HBivV 2M /QMM�Mi H�
TQbbB#BHBiû TQm` mM �;2Mi /2 7Q`K2` mM2 .@BMi2MiBQM /Ƕ�++QKTHB` mM2 �+iBQM
/ǶmM ivT2 /QMMû KāK2 bB b� bBim�iBQM T`ûb2Mi2 MǶ2bi T�b /2 M�im`2 ¨ T2`K2ii`2
bQM 2tû+miBQM BKKû/B�i2 U4 /ûi�+?�#H2 /2 H� bBim�iBQM �+im2HH2 /2 HǶ�;2MiV

ě �bbm`2` H2 TBHQi�;2 `�iBQMM2H /2 ?�mi MBp2�m 2i H2 bmBpB /2 HǶ�+iBQM U?B;? H2p2H
`�iBQM�H ;mB/�M+2 �M/ KQMBiQ`BM; Q7 i?2 �+iBQMVX G� .@BMi2MiBQM /QBi āi`2 K�BM@
i2Mm2 pBp�Mi2 /�Mb H� KûKQB`2 T`QbT2+iBp2 Dmb[mǶ�m KQK2Mi /2 HǶ2tû+miBQMX
Zm�M/ +Ƕ2bi H2 +�b- mM2 7QM+iBQM 2bb2MiB2HH2 /ǶmM2 .@BMi2MiBQM 2bi /Ƕ�bbm`2` H2
+QMi`ƬH2 `�iBQMM2H /2 HǶ�+iBQM 2M +Qm`b , +QMi`ƬH2 /m bmBpB U�bbm`2` [m2 +?�[m2
ûi�T2 bm++2bbBp2 /m TH�M /Ƕ�+iBQM 2bi `ûmbbB2 �p�Mi /2 T�bb2` ¨ HǶûi�T2 bmBp�Mi2V
2i +QMi`ƬH2 +QHH�iû`�H U+QMi`ƬH2 /2b 2z2ib b2+QM/�B`2b /2 HǶ�++QKTHBbb2K2Mi /ǶmM2
�+iBQMV

lM MBp2�m /ǶBMi2MiBQMb T`QtBK�H2b US@BMi2MiBQMbV [mB ?û`Bi2 /ǶmM TH�M /m MBp2�m T`û@
+û/2Mi 2i /QMi H2 `ƬH2 2bi /Ƕ�M+`2` +2 TH�M /�Mb H� bBim�iBQM /Ƕ�+iBQM- +2i �M+`�;2
/QBi bǶ2z2+im2` ¨ /2mt MBp2�mt , �M+`�;2 i2KTQ`2H U/û+B/2` [m�M/ +QKK2M+2` ¨
�;B`V 2i �M+`�;2 bBim�iBQMM2H UbǶ�bbm`2` [m2 H2 TH�M /Ƕ�+iBQMb +Q``2bTQM/ #B2M ¨ H�
bBim�iBQM +Qm`�Mi2VX *2 MBp2�m p� BMiû;`2` H2b BM7Q`K�iBQMb +QM+2Tim2HH2b bm` HǶ�+iBQM
?û`Biû2b /2 H� .@BMi2MiBQM �p2+ H2b BM7Q`K�iBQMb T2`+2TiBp2b bm` H� bBim�iBQM �+im2HH2
2i H2b BM7Q`K�iBQMb 2M KûKQB`2 T`Qp2M�Mi /2 bQM `ûT2`iQB`2 KQi2m` TQm` /QMM2`
mM2 `2T`ûb2Mi�iBQM THmb T`û+Bb2 /2 HǶ�+iBQM ¨ �++QKTHB` UT�bb2` /ǶmM b+?ûK� �#bi`�Bi
U.@BMi2MiBQMV ¨ mM b+?ûK� THmb +QM+`2i +QMi`�BMi MQi�KK2Mi T�` H2b BM7Q`K�iBQMb
T2`+2Tim2HH2b �+im2HH2bVX GǶû+?2HH2 /2 i2KTb /2b S@BMi2MiBQMb b2 bBim2 �m MBp2�m /m
i2KTQ /2 HǶ�+iBQMX
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lM MBp2�m /ǶBMi2MiBQMb KQi`B+2b UJ@BMi2MiBQMbV [mB 2M+Q/2 H2b /ûi�BHb }Mb /2 HǶ�+iBQM
U+Q``2bTQM/�Mi ¨ +2 [m2 H2b M2m`Qb+B2MiB}[m2b �TT2HH2Mi H2b `2T`ûb2Mi�iBQMb KQ@
i`B+2bVX AH 2bi `2bTQMb�#H2 /2 H� T`û+BbBQM 2i /2 H� ~mB/Biû /2 HǶ2tû+miBQM /2 HǶ�+iBQM-
2i QTĕ`2 ¨ mM2 û+?2HH2 /2 i2KTb THmb }M2 [m2 H2b �mi`2b MBp2�mtX *2b `2T`ûb2Mi�iBQMb
QMi i`QBb +�`�+iû`BbiB[m2b BKTQ`i�Mi2b ,
R G2b �ii`B#mib /2b Q#D2ib 2i /2b bBim�iBQMb bQMi `2T`ûb2Miûb /�Mb mM 7Q`K�i miBH2

TQm` H� bûH2+iBQM BKKû/B�i2 /2b b+?ûK�b KQi2m`b �TT`QT`Bûb UT�` 2t2KTH2- bB
HǶQM p2mi b�BbB` mM Q#D2i- b� TQbBiBQM bT�iB�H2 b2`� `2T`ûb2Miû2 2M i2`K2b /2
KQmp2K2Mib Mû+2bb�B`2b TQm` HǶ�ii2BM/`2 2M 7QM+iBQM /2 b� 7Q`K2- /2 b� i�BHH2 2i
/m ivT2 /2 T`Bb2 2M K�BM [mǶBH T2`K2iVX

k *2b `2T`ûb2Mi�iBQMb /2b KQmp2K2Mib ¨ 2z2+im2` `2~ĕi2Mi mM2 +QMM�Bbb�M+2 BK@
THB+Bi2 /2b +QMi`�BMi2b #BQKû+�MB[m2b 2i /2b `ĕ;H2b +BMûK�iB[m2b 2i /vM�KB[m2b
`û;Bbb�Mi H2 bvbiĕK2 KQi2m` UT�` 2t2KTH2- H2b KQmp2K2Mib /2b 2z2+i2m`b b2`QMi
T`Q;`�KKûb /2 K�MBĕ`2 ¨ ûpBi2` H2b TQbBiBQMb BM+QM7Q`i�#H2b Qm BM+QM7Q`i�#H2b
/2b K2K#`2b 2i ¨ KBMBKBb2` H2b i2KTb T�bbûb /�Mb /2b �M;H2b �`iB+mH�B`2b 2t@
i`āK2bVX

j lM2 `2T`ûb2Mi�iBQM KQi`B+2 +Q/2 MQ`K�H2K2Mi /2b KQmp2K2Mib i`�MbBiB7b- Qɍ
H2 #mi /2 HǶ�+iBQM /ûi2`KBM2 HǶQ`;�MBb�iBQM ;HQ#�H2 /2 H� bû[m2M+2 KQi`B+2 UT�`
2t2KTH2- H2 ivT2 /2 T`Bb2 +?QBbB TQm` mM Q#D2i /QMMû MǶ2bi T�b b2mH2K2Mi 7QM+@
iBQM /2 b2b +�`�+iû`BbiB[m2b BMi`BMbĕ[m2b Ub� 7Q`K2 2i b� i�BHH2V K�Bb �mbbB /2
HǶmb�;2 mHiû`B2m` [m2 HǶQM p2mi 2M 7�B`2 c mM2 KāK2 i�bb2 b2`� b�BbB2 /2 /Bzû`2Mi2b
K�MBĕ`2b b2HQM [mǶQM p2mi H� TQ`i2` ¨ b2b Hĕp`2b Qm H� K2ii`2 ¨ HǶ2Mp2`bV

PM T2mi �HQ`b /û+`B`2 mM2 +�b+�/2 BMi2MiBQMM2HH2X lM2 .@BMi2MiBQM /û+H2M+?2 /2b T`Q@
+2bbmb /2 MBp2�m S 2M H2m` 7Qm`MBbb�Mi mM TH�M /Ƕ�+iBQM [mB T2mi 2M+Q`2 āi`2 T`BM+BT�H2K2Mi
/2b+`BTiB7 2i �#bi`�BiX G� i�+?2 /2b T`Q+2bbmb /2 MBp2�m S 2bi �HQ`b /Ƕ�M+`2` +2 TH�M /Ƕ�+@
iBQM /�Mb H� bBim�iBQM �+im2HH2 2i /2 T`QTQb2` mM2 `2T`ûb2Mi�iBQM THmb /ûi�BHHû2 /2 HǶ�+iBQM
�/�Tiû2 ¨ H� bBim�iBQM 2M +Qm`bX �mi`2K2Mi /Bi- H2b T`Q+2bbmb /2 MBp2�m S T`2MM2Mi 2M
2Mi`û2 ¨ H� 7QBb mM2 bTû+B}+�iBQM /2 HǶ�+iBQM ¨ 2z2+im2` 7Qm`MB2 T�` H� .@BMi2MiBQM �BMbB
[m2 /2b BM7Q`K�iBQMb T2`+2TiBp2b bm` H� bBim�iBQM- v +QKT`Bb /2b BM7Q`K�iBQMb bm` HǶûi�i
T`QT`2 /2 HǶ�;2Mi- 2i T`Q/mBb2Mi 2M bQ`iB2 mM2 `2T`ûb2Mi�iBQM THmb /ûi�BHHû2X .2 KāK2- H2b
S@BMi2MiBQMb /û+H2M+?2Mi /2b T`Q+2bbmb /2 MBp2�m J H2m` 7Qm`MBbb�Mi mM2 `2T`ûb2Mi�iBQM bB@
imû2 /2 HǶ�+iBQM- /BbQMb mM2 +B#H2 ¨ mM +2`i�BM 2KTH�+2K2Mi 2i mM2 �+iBQM /QMMû2 ¨ 2z2+im2`
bm` +2ii2 +B#H2X G2m` i�+?2 2bi �HQ`b /2 i`�Bi2` HǶBM7Q`K�iBQM bm` +2ii2 +B#H2 2i /ǶûH�#Q`2` mM2
`2T`ûb2Mi�iBQM b2MbQ`B@KQi`B+2 /2 HǶ�+iBQM [mB 2M }t2 H2b T�`�Kĕi`2bX 1M}M- H� /vM�KB[m2
/2b i`QBb MBp2�mt /ǶBMi2MiBQMb MǶBKTHB[m2 MmHH2K2Mi [m2 iQmi2 �+iBQM Mû+2bbBi2 H� T`ûb2M+2
/2 iQmi2 H� +�b+�/2 BMi2MiBQMM2HH2X

RX9 h?ûQ`B2 /2 HǶ�+iBQM DQBMi2
G2b /2mt b2+iBQMb T`û+û/2Mi2b bm;;ĕ`2Mi mM2 +QMp2`;2M+2 `2K�`[m�#H2 2Mi`2 mM2 2t@

THB+�iBQM T?BHQbQT?B[m2 /2 H� bi`m+im`2 2i /2 H� /vM�KB[m2 /2 HǶ�+iBQM ?mK�BM2 2i mM2
�`+?Bi2+im`2 /2 +QKK�M/2 /2 `Q#Qi /û/Bû2 ¨ HǶ�+iBQM �miQMQK2X .ĕb HQ`b- BH MQmb 2bi �T@
T�`m T2`iBM2Mi /2 MQmb BMiû`2bb2` ¨ H� i?ûQ`B2 /2 HǶ�+iBQM DQBMi2 i2HH2 [mǶ2HH2 2bi /û}MB2
2M T?BHQbQT?B2 TQm` pQB` bB 2HH2 TQmp�Bi MQmb û+H�B`2` bm` H� /û}MBiBQM /ǶmM2 �`+?Bi2+im`2
`Q#QiB[m2 TQm` HǶBMi2`�+iBQMX

*QKK2 BM/B[mû T�` EMQ#HB+? 2i �HX (EMQ#HB+? kyRR)- H2b T?BHQbQT?2b bǶ�++Q`/2Mi ;û@
Mû`�H2K2Mi ¨ /B`2 [m2 Ǵ+2 [mB /BbiBM;m2 H2b �+iBQMb DQBMi2b /2b �+iBQMb BM/BpB/m2HH2b- +Ƕ2bi
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[m2 H2b �+iBQMb DQBMi2b BKTHB[m2Mi mM2 BMi2MiBQM T�`i�;û2 2i [m2 H2b BMi2MiBQMb T�`i�;û2b
bQMi 2bb2MiB2HH2b TQm` +QKT`2M/`2 H� +QQ`/BM�iBQM /�Mb HǶ�+iBQM DQBMi2ǴX hQK�b2HHQ 2i �HX
(hQK�b2HHQ kyy8) M2 /Bb2Mi `B2M /Ƕ�mi`2 HQ`b[mǶBHb �{`K2Mi [m2 Ǵ+QKT`2M/`2 H2b �+iBQMb
BMi2MiBQMM2HH2b 2i H� T2`+2TiBQM /Ƕ�mi`mB MǶ2bi T�b bm{b�Mi 2M bQB TQm` T`Q/mB`2 /2b �+@
iBpBiûb bQ+B�H2b Qm +mHim`2HH2b ¨ HǶBK�;2 /2 HǶ?mK�BMX AH 7�mi [m2H[m2 +?Qb2 /2 THmbX LQi`2
?vTQi?ĕb2 TQm` +2 Ǵ[m2H[m2 +?Qb2 /2 THmbǴ 2bi HǶBMi2MiBQMM�HBiû T�`i�;û2ǴX 1i BHb �DQmi2Mi ,
ǴHǶBMi2MiBQMM�HBiû T�`i�;û2 7�Bi `û7û`2M+2 ¨ /2b BMi2`�+iBQMb +QHH�#Q`�iBp2b /�Mb H2b[m2HH2b
H2b T�`iB+BT�Mib QMi mM Q#D2+iB7 +QKKmM U2M;�;2K2Mi T�`i�;ûV 2i mM `ƬH2 /�Mb H� +Q@
Q`/BM�iBQM /2b �+iBQMb TQm` TQm`bmBp`2 +2i Q#D2+iB7 +QKKmMǴX lM2 �+iBQM DQBMi2 `ûmbbB2
/ûT2M/ /2 H� +QQ`/BM�iBQM 2{+�+2 /2b Q#D2+iB7b- /2b BMi2MiBQMb- /2b TH�Mb 2i /2b �+iBQMb
/2b �;2Mib T�`iB+BT�MibX 1M /Ƕ�mi`2b i2`K2b- /�Mb HǶ�+iBQM DQBMi2- BH M2 bm{i T�b [m2 H2b
�;2Mib +QMi`ƬH2Mi H2m`b T`QT`2b �+iBQMb- +Ƕ2bi@¨@/B`2 T`û/Bb2Mi +Q``2+i2K2Mi H2m`b 2z2ib-
bm`p2BHH2Mi H2m` 2tû+miBQM 2i 7�bb2Mi /2b �Dmbi2K2Mib bB Mû+2bb�B`2X AHb /QBp2Mi û;�H2K2Mi
+QQ`/QMM2` H2m`b BMi2MiBQMb 2i H2m`b �+iBQMb �p2+ +2HH2b /2 H2m`b +Q@�;2Mib �}M /Ƕ�ii2BM/`2
H2m` Q#D2+iB7 +QKKmMX

1HBb�#2i? S�+?2`B2 /û}MBi H¨ 2M+Q`2 i`QBb MBp2�mt /ǶBMi2MiBQMb (S�+?2`B2 kyRk-
S�+?2`B2 kyRR- S�+?2`B2 kyyd) [mǶ2HH2 /û+`Bi +QKK2 T�`i�;û2b TQm` H2b /2mt T`2KBĕ`2b
2i +QKK2 +QmTHû2 TQm` H� /2`MBĕ`2 +�` �m+mM2 T`2mp2 2KTB`B[m2 M2 T2`K2i /Ƕ�{`K2`
HǶ2tBbi2M+2 /2 `2T`ûb2Mi�iBQMb KQi`B+2b /2 #mib +QKKmMb ,

ě lM MBp2�m /ǶBMi2MiBQMb /Bbi�H2b T�`i�;û2b Ua.@BMi2MiBQMbV Ua?�`2/ .Bbi�H BMi2M@
iBQMbV § +2 MBp2�m- H2b �;2Mib T�`iB+BT�Mib URV `2T`ûb2Mi2Mi HǶQ#D2+iB7 ;HQ#�H- K�Bb
MǶQMi T�b #2bQBM /2 `2T`ûb2Mi2` HǶ2Mb2K#H2 /m TH�M- K�Bb b2mH2K2Mi H2m`b T`QT`2b
bQmb@TH�Mb 2i H2b T�`iB2b /2b bQmb@TH�Mb /2b �mi`2b /�Mb H2b[m2Hb BHb bQMi BKTHB[mûb
2i UkV +2`i�BM2b T�`iB2b /2 +2 [mǶBHb `2T`ûb2Mi2Mi /QBi āi`2 2tû+miû2b T�` /Ƕ�mi`2bX
G2b �;2Mib /QBp2Mi āi`2 +�T�#H2b /2 ;û`2` HǶ�Dmbi2K2Mi i`B�/B[m2 2i /v�/B[m2 ¨ +2
MBp2�mX

ě lM MBp2�m /ǶBMi2MiBQMb /Bbi�H2b T�`i�;û2b Ua.@BMi2MiBQMbV Ua?�`2/ .Bbi�H BMi2M@
iBQMbV *Ƕ2bi ¨ +2 MBp2�m [m2 bǶ2z2+im2 HǶ�M+`�;2 bBim�iBQMM2H 2i i2KTQ`2H /2 HǶ�+iBQM-
+2 [mB bB;MB}2 [m2 H2 TH�M /Ƕ�+iBQM ?û`Biû /m MBp2�m /Bbi�Hf/û+BbBQMM2H /QBi 2M+Q`2
āi`2 �{Mû 2i �Dmbiû ¨ H� bBim�iBQM 2M T`ûb2M+2 TQm` [m2 HǶ�+iBQM bQBi H�M+û2 2i bQM
/û`QmH2K2Mi bm`p2BHHû 2i +QMi`ƬHûX § +2 MBp2�m- H2b �;2Mib QMi #2bQBM /2 TQmpQB`
T�`i�;2` /2b `2T`ûb2Mi�iBQMb U/�Mb H2 K2BHH2m` /2b +�b +QMDQBMi2K2MiV 2i /2 +QQ`@
/QMM2` H2m`b T2`+2TiBQMb UTQm` T�`i�;2` mM2 �ii2MiBQM DQBMi2V �}M /2 +QQ`/QMM2`
H2m`b �+iBQMb 2i ûp2Mim2HH2K2Mi /2 `û�HBb2` /2b �Dmbi2K2Mib U/v�/B[m2b- i`B�/B[m2b
2i +QHH�#Q`�iB7bV 2M 7QM+iBQM /m +QMi2ti2 +Qm`�MiX SQm` [m2 H2b �;2Mib T�`i�;2Mi mM2
BMi2MiBQM T`QtBK�H2- H2b ûHûK2Mib bmBp�Mib /QBp2Mi āi`2 `2bT2+iûb ,
URV H2b �;2Mib `2T`ûb2Mi2Mi +?�+mM H2m`b T`QT`2b �+iBQMb 2i H2m`b +QMbû[m2M+2b T`û@

pm2b /�Mb H� bBim�iBQM �+im2HH2 U�miQT`û/B+iBQMbV-
UkV H2b �;2Mib `2T`ûb2Mi2Mi +?�+mM H2b �+iBQMb- #mib- BMi2MiBQMb KQi`B+2b 2i T`QtB@

K�H2b /2 H2m`b +Q@�;2Mib 2i H2m`b +QMbû[m2M+2b UT`û/B+iBQMb bm` H2b �mi`2bV-
UjV H2b �;2Mib `2T`ûb2Mi2Mi +?�+mM +QKK2Mi +2 [mǶBHb 7QMi �z2+i2 +2 [m2 7QMi H2b

�mi`2b 2i pB+2@p2`b� 2i �Dmbi2Mi H2m`b �+iBQMb 2M +QMbû[m2M+2 U�Dmbi2K2Mi /v�@
/B[m2V-

U9V H2b �;2Mib QMi +?�+mM mM2 `2T`ûb2Mi�iBQM U[mB T2mi MǶāi`2 [m2 T�`iB2HH2V /2 H�
?Bû`�`+?B2 /2b #mib bBimûb 2i /2b ûi�ib bQm?�Biûb �#QmiBbb�Mi �m #mi +QKKmM
;HQ#�H UTH�M /Ƕ�+iBQM +QKKmMV-

U8V H2b �;2Mib T`û/Bb2Mi +?�+mM H2b 2z2ib +QMDQBMib /2 H2m`b T`QT`2b �+iBQMb 2i /2b
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�+iBQMb /2b �mi`2b UT`û/B+iBQMb DQBMi2bV- 2i
UeV H2b �;2Mib miBHBb2Mi +?�+mM2 /2b T`û/B+iBQMb DQBMi2b TQm` bm`p2BHH2` H2b T`Q;`ĕb

p2`b HǶQ#D2+iB7 +QKKmM 2i /û+B/2` /2 H2m`b T`Q+?�BMb KQmp2K2Mib- v +QKT`Bb H2b
KQmp2K2Mib [mB T2mp2Mi BKTHB[m2` /Ƕ�B/2` H2b �mi`2b ¨ `û�HBb2` H2m`b +QMi`B#m@
iBQMb ¨ HǶQ#D2+iB7 +QKKmM U�Dmbi2K2Mi i`B�/B[m2VX

ě lM MBp2�m /ǶBMi2MiBQMb KQi`B+2b +QmTHû2b U*J@BMi2MiBQMbV U*QmTH2/@JQiQ` BMi2M@
iBQMbV 1M}M- TQm` [m2 +2`i�BM2b �+iBQMb DQBMi2b �#QmiBbb2Mi- BH M2 bm{i T�b [m2
H2b +Q�+i2m`b T�`i�;2Mi mM2 `2T`ûb2Mi�iBQM /ǶmM2 ?Bû`�`+?B2 /ǶQ#D2+iB7b bBimûb 2i
+QMp2`;2Mi bm` H� `ûT�`iBiBQM /2b `ƬH2b c BH 7�mi �mbbB [m2 H2m`b �+iBQMb bQB2Mi i`ĕb
T`û+BbûK2Mi +QQ`/QMMû2b /�Mb H2 i2KTb 2i /�Mb HǶ2bT�+2X

RX8 �TTHB+�iBQM ¨ H� `Q#QiB[m2
AH 7�mi MQi2` [mǶBH 2tBbi2 /2b i`�p�mt 7QM/�i2m`b bm` H� KQ/ûHBb�iBQM /m i`�p�BH /Ƕû[mBT2

2M BM7Q`K�iB[m2 i2Hb [m2 H2b i`�p�mt *Q?2M 2i G2p2b[m2 bm` H� i?ûQ`B2 /2 HǶBMi2MiBQM DQBMi2
UCQBMi AMi2MiBQM h?2Q`vV (*Q?2M RNNy) 2i :`Qbx 2i E`�mb bm` H2b TH�Mb T�`i�;ûb Ua?�`2/
SH�MbV (:`Qbx RNNe)X LQmb T`QTQbQMb B+B /Ƕ�M�Hvb2` H� i?ûQ`B2 /2 HǶ�+iBQM DQBMi2 i2HH2 [m2
T`QTQbû2 T�` 1HBb�#2i? S�+?2`B2 (S�+?2`B2 kyRk- S�+?2`B2 kyRR- S�+?2`B2 kyyd)- [mB +QKK2
MQmb HǶ�pQMb pm +QMbB/ĕ`2 û;�H2K2Mi i`QBb MBp2�mt- 2i /2 pQB` [m2HH2 bB;MB}+�iBQM QM TQm``�Bi
/QMM2` ¨ +?�+mM /2 +2b MBp2�mt /�Mb mM2 �`+?Bi2+im`2 `Q#QiB[m2X

RX8XR LBp2�m /Bbi�Hf/û+BbBQMM2H T�`i�;û

§ +2 MBp2�m- �;Bbb�Mi b2mH- H2 `Q#Qi ;ĕ`2 bQM Q#D2+iB7- bQM TH�M 2i b� T`Bb2 /2 /û+BbBQM c
iQmb H2b ûHûK2Mib [mǶBH `2T`ûb2Mi2 b2`�B2Mi `û�HBbûb T�` HmB@KāK2X �;Bbb�Mi +QMDQBMi2K2Mi-
H2 `Q#Qi /QBi āi`2 +�T�#H2 /2 ;û`2` mM Q#D2+iB7 +QKKmM- mM2 `2T`ûb2Mi�iBQM /2 TH�M 2i
/Ƕ�+iBQM 2i ûp2Mim2HH2K2Mi mM2 T`Bb2 /2 /û+BbBQM +QQTû`�iBp2 Uv +QKT`Bb- T�` 2t2KTH2-
/2b +�T�+Biûb /2 TH�MB}+�iBQM DQBMi2VX AH `2T`ûb2Mi2`� MQM b2mH2K2Mi +2 [mB b2`�Bi `û�HBbû
T�` HmB@KāK2- K�Bb �mbbB T�` HǶ�mi`2 U�p2+ /2b MBp2�mt /2 ;`�MmH�`Biû 2i /Ƕ2t?�mbiBpBiû
TQi2MiB2HH2K2Mi /Bzû`2MibVX .2 THmb- mM2 bm`p2BHH�M+2 /2 ?�mi MBp2�m +QKT`2M/`�Bi MQM
b2mH2K2Mi H� bm`p2BHH�M+2 T�` H2 `Q#Qi /2 b2b T`QT`2b �+iBQMb 2i Q#D2+iB7b- K�Bb �mbbB THmb
;ûMû`�H2K2Mi H� bm`p2BHH�M+2 /2 HǶQ#D2+iB7 +QKKmM 2i- T�` +QMbû[m2Mi- H� bm`p2BHH�M+2 /2b
�+iBQMb /2b �mi`2b û;�H2K2MiX

RX8Xk LBp2�m T`QtBK�Hf2tû+miB7 T�`i�;û

§ +2 MBp2�m- H2 `Q#Qi /QBi āi`2 +�T�#H2 /2 ;û`2` , b� `2T`ûb2Mi�iBQM /m KQM/2- mM2
`2T`ûb2Mi�iBQM /m KQM/2 /2 HǶ?mK�BM �p2+ H2[m2H BH BMi2`�;Bi UTQi2MiB2HH2K2Mi HBKBiû2 ¨
H� i�+?2 ¨ �++QKTHB`V- HǶ2z2i TQbbB#H2 /2 b2b �+iBQMb bm` H2b �+iBQMb ?mK�BM2b U2i pB+2
p2`b�V- H� `2T`ûb2Mi�iBQM /2 H2m` Q#D2+iB7 +QKKmM 2i /2 H2m` TH�M /Ƕ�+iBQM- mM2 T`ûpBbBQM
/2 H2m`b �+iBQMb- mM KQv2M /2 bmBp`2 H2b T`Q;`ĕb p2`b HǶQ#D2+iB7 +QKKmM U2i ûp2Mim2HH2K2Mi
mM KQv2M /2 `ûpBb2` H2 TH�M +QKKmM 2M +Qm`bVX lM �Dmbi2K2Mi i`B�/B[m2 bB;MB}2 [m2 H2
`Q#Qi 2i HǶ?mK�BM T2mp2Mi �/�Ti2` H2m` +QKTQ`i2K2Mi p2`b HǶQ#D2+iB7 +QKKmMX *2H� BK@
THB[m2- T�` 2t2KTH2- [m2 bB HǶ?mK�BM H�Bbb2 iQK#2` mM Q#D2i [mǶBH /QBi K�MBTmH2` /�Mb H2
+�/`2 /2 bQM �+iBQM /�Mb HǶ2bT�+2 �ii2B;M�#H2 T�` H2 `Q#Qi- H2 `Q#Qi T2mi i2`KBM2` HǶ�+iBQM
/2 HǶ?mK�BM TQm` 7�B`2 �p�M+2` H� i�+?2 ;HQ#�H2X aǶBH �p�Bi 7�Bi mM �Dmbi2K2Mi /v�/B[m2-
BH �m`�Bi `2M/m HǶQ#D2i �++2bbB#H2 ¨ HǶ?mK�BM TQm` HmB T2`K2ii`2 /2 i2`KBM2` bQM �+iBQMX



RXeX *QM+HmbBQM Rj

lM �Dmbi2K2Mi /v�/B[m2 bB;MB}2 [m2 H2 `Q#Qi 2i HǶ?mK�BM T2mp2Mi �/�Ti2` H2m` +QKTQ`i2@
K2Mi �mt �+iBQMb /2 HǶ�mi`2 U2i MQM p2`b HǶQ#D2+iB7 +QKKmMVX 6�Bi BMiû`2bb�Mi- hQK�b2HHQ
2i �HX (hQK�b2HHQ kyy8) QMi T`QTQbû [m2 H� +�T�+Biû /Ƕ2M;�;2K2Mi i`B�/B[m2 T`ûb2Mi2 /2mt
T?�b2b /�Mb H2 +Qm`b /m /ûp2HQTT2K2Mi ?mK�BMX o2`b HǶ�;2 /2 N ¨ Rk KQBb- H2b MQm``BbbQMb
+QKK2M+2Mi ¨ BMi2`�;B` �p2+ mM �;2Mi Q`B2Miû p2`b mM Q#D2+iB7 +QKKmMX *2 7�Bb�Mi- H2b
/2mt bm`p2BHH2Mi H2 +QKTQ`i2K2Mi 2i H2b T2`+2TiBQMb /2 H2m`b T�`i2M�B`2b T�` `�TTQ`i ¨ +2i
Q#D2+iB7 +QKKmMX *2T2M/�Mi- +2 MǶ2bi [m2 p2`b HǶ�;2 /2 Rk ¨ R8 KQBb [mǶBHb +QKK2M+2Mi
¨ bǶ2M;�;2` /�Mb mM2 �+iBQM DQBMi2 +QQ`/QMMû2- +QKT`2M�Mi MQM b2mH2K2Mi HǶQ#D2+iB7 +QK@
KmM- K�Bb �mbbB H� +QKTHûK2Mi�`Biû 2Mi`2 H2m`b T`QT`2b TH�Mb /Ƕ�+iBQM bTû+B}[m2b 2i +2mt
/2 H2m` T�`i2M�B`2X *QKK2 H2 bQmHB;M2Mi hQK�b2HHQ 2i b2b +QHHĕ;m2b , Ǵ*2H� bB;MB}2- T�`
2t2KTH2- [m2 HǶ2M7�Mi +QKT`2M/ [mǶ2M TQm`bmBp�Mi HǶQ#D2+iB7 +QKKmM /2 +QMbi`mB`2 mM2
iQm` /2 #HQ+b- HǶ�/mHi2 K�BMiB2Mi HǶû/B}+2 bi�#H2 T2M/�Mi [mǶ2HH2- HǶ2M7�Mi- TH�+2 /2b #HQ+bX
G2b MQm``BbbQMb /2 +2i �;2 T�`i�;2Mi MQM b2mH2K2Mi /2b Q#D2+iB7b- K�Bb +QQ`/QMM2Mi û;�H2@
K2Mi /2b `ƬH2bǴ (hQK�b2HHQ kyy8)X *2ii2 +QKT`û?2MbBQM `2M/ �BMbB TQbbB#H2b /2b T`Q+2bbmb
/Ƕ�Dmbi2K2Mi i`B�/B[m2 THmb bQmTH2b- +QKK2 BMp2`b2` H2b `ƬH2b �p2+ mM T�`i2M�B`2 Qm �B/2`
H2 T�`i2M�B`2 ¨ DQm2` bQM `ƬH2X *2b Kû+�MBbK2b /Ƕ�Dmbi2K2Mi 2tTHQBi2Mi /2b `2T`ûb2Mi�iBQMb
/2 i�+?2b T�`i�;û2b [mB MQM b2mH2K2Mi bTû+B}2Mi ¨ HǶ�p�M+2 [m2HH2b bQMi H2b i�+?2b `2bT2+@
iBp2b /2 +?�+mM /2b +Q@�;2Mib- K�Bb 7Qm`MBbb2Mi û;�H2K2Mi /2b bi`m+im`2b /2 +QMi`ƬH2 [mB
T2`K2ii2Mi mM2 +QQ`/BM�iBQM ~2tB#H2X

RX8Xj LBp2�m KQi2m`f7QM+iBQMM2H +QmTHû
*2 MBp2�m +Q``2bTQM/ �m +QKTQ`i2K2Mi b2MbQ`B@KQi2m` /m `Q#Qi [mB T2`K2ii`�Bi /ǶQ#@

i2MB` mM2 BMi2`�+iBQM MBp2�m KQi2m` �p2+ H2 T�`i2M�B`2 ?mK�BMX lM 2t2KTH2 TQm``�Bi āi`2
HǶû+?�M;2 /ǶmM Q#D2i �p2+ mM ?mK�BM 2i H2b T`Q+2bbmb /2 `2iQm` /2 7Q`+2 �bbQ+BûbX .�Mb
/2 i2HH2b bBim�iBQMb BKTHB[m�Mi mM2 +QQ`/BM�iBQM T`û+Bb2 2Mi`2 H2b �+i2m`b- H2 T�`�Kûi`�;2
/m MBp2�m 7QM+iBQMM2H /QBi āi`2 +QmTHû �p2+ +2HmB /2 HǶ�mi`2 �+i2m`X *2H� bB;MB}2 [m2 H2b
#Qm+H2b /2 +QMi`ƬH2 /m `Q#Qi b2`�B2Mi /B`2+i2K2Mi �/�Tiû2b 2M 7QM+iBQM /2b KQmp2K2Mib
Qm /2b �+iBQMb /2 HǶ�mi`2 �+i2m`X

RXe *QM+HmbBQM
*Ƕ2bi û[mBTû /2 +2ii2 +QMM�Bbb�M+2 /2 MQi`2 �`+?Bi2+im`2 G��a ¨ i`QBb MBp2�mt 2i /2b

2tB;2M+2b TQm` H2 /û`QmH2K2Mi /ǶmM2 �+iBQM DQBMi2 T`QTQbû2b T�` HǶ�TT`Q+?2 T?BHQbQT?B[m2
2i /2 +2 [mǶ2HH2b T2mp2Mi MQmb �TTQ`i2` TQm` H� /û}MBiBQM /ǶmM2 �`+?Bi2+im`2 `Q#QiB[m2 [m2
MQmb +QKK2MÏQMbX *2 i`�p�BH p� /QMM2` mM +�/`2- mM }H /Ƕ�`B�M2 ¨ H� THmT�`i /2b i`�p�mt
[m2 MQmb T`ûb2Mi2`QMb 2MbmBi2X

RXd *QMi`B#miBQMb �bbQ+Bû2b
(*HQ/B+ kyRd) �m`ûHB2 *HQ/B+- 1HBb�#2i? S�+?2`B2- _�+?B/ �H�KB- �M/ _�D� *?�iBH�X

E2v 1H2K2Mib 7Q` >mK�M_Q#Qi CQBMi �+iBQMX AM aQ+B�HBiv �M/ LQ`K�iBpBiv 7Q` _Q@
#Qib S?BHQbQT?B+�H AM[mB`B2b BMiQ >mK�M@_Q#Qi AMi2`�+iBQMb- aim/B2b BM i?2 S?BHQbQ@
T?v Q7 aQ+B�HBiv- T�;2b R8NĜRddX aT`BM;2`- kyRdX /QB , RyXRyydfNd3@j@jRN@8jRjj@8n3
l_G , ?iiTb,ff?�HXH��bX7`fBDMnyjy39Rkef

https://hal.laas.fr/ijn_03084126/




*?�TBi`2 k

AKTHûK2Mi2` mM2 �+iBQM DQBMi2
?mK�BM@`Q#Qi

kXR AMi`Q/m+iBQM
lM2 K�MBĕ`2 /Ƕ�TT`û?2M/2` +2 [m2 bB;MB}2 KQ/ûHBb2` mM2 BMi2`�+iBQM 2bi /Ƕv 7�B`2 �i@

i2MiBQM [m�M/ QM v 2bi +QM7`QMiûX .QMM2x@pQmb HǶQ++�bBQM /2 H2 7�B`2 bm` mM 2t2KTH2 bBKTH2X
GǶmM /2b 2t2`+B+2b [m2 D2 /QMM2 ¨ K2b ûim/B�Mib HQ`b /2 KQM +Qm`b /ǶBMBiB�iBQM ¨ HǶBMi2`�+@
iBQM ?mK�BM@`Q#Qi 2bi H2 bmBp�Mi ,

ě S`2M2x +?�+mM k +`�vQMb- K2ii2x@pQmb 2M #BMƬK2- 2i +QMbi`mBb2x 2Mb2K#H2 mM +�``û
�p2+X

ě LQi2x iQmi +2 [m2 pQmb �p2x /ȿ 7�B`2X
AH v � /ûD¨ H2 T`Q#HĕK2 /2 /û}MBiBQM /m bmD2i- +2`i�BMb +?2`+?2Mi T�` 2t2KTH2 ¨

+QMbi`mB`2 mM +�``û 2M j. Ub2 /Bb�Mi [m2 H� i�+?2 [m2 D2 H2m` /2K�M/2 2M 2HH2@KāK2 2bi
i`QT bBKTH2 bBMQMV �HQ`b [m2 D2 M2 /2K�M/2 [mǶ¨ K2ii`2 H2b [m�i`2 +`�vQMb 2M Q`/`2 TQm`
7�B`2 mM +�``ûX 1MbmBi2- BH v � H� /û}MBiBQM /ǶmM TH�M Qm MQMX *2`i�BMb pQMi /Bb+mi2` /Ƕ�#Q`/
[mB TQb2 [mQB 2i H2 7�B`2 2MbmBi2X .Ƕ�mi`2b pQMi b2 TH�+2` /�Mb mM T`Q+2bbmb H2�/2`@7QHHQr2`-
HǶmM /Ƕ2mt p� +QKK2M+2` 2M K2ii�Mi b2b /2mt +`�vQMb 2i HǶ�mi`2 p� TQm`bmBp`2 2MbmBi2X
J�Bb /�Mb iQmb H2b +�b- TQm` 7�B`2 +2H�- BHb pQMi bǶû+?�M;2` /2b bB;M�mt p2`#�mt 2ifQm MQM
p2`#�mtX

PM pQBi �HQ`b [m2 KāK2 bm` mM 2t2KTH2 bBKTH2- b2 TQb2Mi /2b T`Q#HĕK2b /2 T`Bb2 /2
/û+BbBQM 2i /Ƕû+?�M;2b /2 bB;M�mt 2i /ǶBM7Q`K�iBQMX *Ƕ2bi H2 7QM/2K2Mi /2 +2 [m2 HǶQM p�
+?2`+?2` ¨ KQ/ûHBb2` 2M BMi2`�+iBQM 2i TQm` +2H� MQmb MQmb #�bQMb bm` H2b i`�p�mt `û�HBbûb
/�Mb H2 /QK�BM2 /2 HǶ�+iBQM DQBMi2X

lM2 �+iBQM DQBMi2 2bi mM2 BMi2`�+iBQM bQ+B�H2 Qɍ /2mt BM/BpB/mb Qm THmb +QQ`/QMM2Mi
H2m`b �+iBQMb /�Mb HǶ2bT�+2 2i /�Mb H2 i2KTb TQm` �K2M2` mM +?�M;2K2Mi /�Mb HǶ2MpB`QMM2@
K2Mi (a2#�Mx kyye) UCQBMi �+iBQM Bb ǳ� bQ+B�H BMi2`�+iBQM r?2`2#v irQ Q` KQ`2 BM/BpB/m�Hb
+QQ`/BM�i2 i?2B` �+iBQMb BM bT�+2 �M/ iBK2 iQ #`BM; �#Qmi � +?�M;2 BM i?2 2MpB`QMK2MiXǴ
(a2#�Mx kyye)VX lM2 �+iBQM DQBMi2 7�Bi BMi2`p2MB` mM +2`i�BM MQK#`2 /2 T`Q+2bbmb /2 +QQ`@
/BM�iBQM T�`KB H2b[m2Hb (a2#�Mx kyye) ,

ě H� /BbiBM+iBQM 2Mi`2 bQB 2i HǶ�mi`2 Ub2H7@Qi?2` /BbiBM+iBQMV-
ě HǶ�ii2MiBQM DQBMi2 UDQBMi �ii2MiBQMV-
ě H� +QKT`û?2MbBQM /2 HǶ�+iBQM BMi2MiBQMM2HH2 UmM/2`bi�M/BM; Q7 BMi2MiBQM�H �+iBQMV-
ě H� `2T`ûb2Mi�iBQM T�`i�;û2 /2 H� i�+?2 Ub?�`2/ i�bF `2T`2b2Mi�iBQMVX

1M T`2M�Mi +QKK2 }H `Qm;2 HǶ2t2KTH2 /û+`Bi };m`2 kXR Qɍ mM2 T2`bQMM2 2i mM `Q#Qi
QMi TQm` Q#D2+iB7 +QKKmM /2 +QMbi`mB`2 mM2 TBH2 /2 [m�i`2 +m#2b- MQmb �HHQMb 2tTHB[m2`
+QKK2Mi +2b T`Q+2bbmb T2mp2Mi āi`2 BMi2`T`ûiûb /�Mb H� KBb2 2M ƾmp`2 /ǶmM i2H b+ûM�`BQX

§ +2 bi�/2- BH 7�mi `2K�`[m2` [m2 /ǶmM TQBMi /2 pm2 T?BHQbQT?B[m2- QM MQmb � �TT`Bb
[m2 +2`i�BMb T?BHQbQT?2b i2Hb [m2 a2B#i (a2B#i kyR9) QMi bQmHB;Mû [m2 H2 pQ+�#mH�B`2 BMi2M@
iBQMM�HBbi2 `Q#QiB[m2 [m2 MQmb miBHBbQMb 2bi +QMbB/û`û +QKK2 T`Q#HûK�iB[m2- 2M T�`iB+mHB2`



Re *?�TBi`2 kX AKTHûK2Mi2` mM2 �+iBQM DQBMi2 ?mK�BM@`Q#Qi

6B;m`2 kXR Ĝ lM b+ûM�`BQ /ǶBMi2`�+iBQM bBKTH2 , mM2 T2`bQMM2 2i mM `Q#Qi QMi TQm` Q#D2+iB7
+QKKmM /2 +QMbi`mB`2 mM2 TBH2 /2 [m�i`2 +m#2bX AHb /QBp2Mi 2KTBH2` H2b +m#2b /�Mb mM Q`/`2
T`û+Bb UR- k- j- 9VX *?�[m2 �;2Mi T�`iB+BT2 ¨ H� i�+?2 2M TH�Ï�Mi b2b +m#2b bm` H� TBH2X G2b
�+iBQMb /BbTQMB#H2b TQm` +?�[m2 �;2Mi bQMi H2b bmBp�Mi2b , T`2M/`2 mM +m#2 bm` H� i�#H2-
K2ii`2 mM +m#2 bm` H� TBH2- `2iB`2` mM +m#2 /2 H� TBH2- TH�+2` mM +m#2 bm` H� i�#H2 2i /QMM2`
mM +m#2 ¨ HǶ�mi`2 �;2MiX .2 THmb- HǶ?mK�BM 2i H2 `Q#Qi bǶQ#b2`p2MiX

HQ`b[m2 H2b `Q#Qib bQMi TH�+ûb /�Mb mM +�/`2 /ǶBMi2`�+iBQM ?mK�BM@`Q#QiX .�Mb +2 [mB bmBi-
MQmb miBHBb2`QMb +2 pQ+�#mH�B`2 BMi2MiBQMM�HBbi2 TQm` /û+`B`2 H2b 7QM+iBQMM�HBiûb /m `Q#Qi-
i2HH2b [m2 Ŀ +`QB`2 ŀ 2i Ŀ `ûTQM/`2 ŀ- +�` +Ƕ2bi �BMbB [m2 MQmb /û+`BpQMb MQi`2 i`�p�BH /�Mb
MQi`2 +QKKmM�miûX *2T2M/�Mi- TQm` i2MB` +QKTi2 /2 H� T`ûQ++mT�iBQM T?BHQbQT?B[m2- MQmb
�BK2`BQMb MQi2` [m2 +2H� T2mi āi`2 +QMbB/û`û +QKK2 mM `�++Qm`+B TQm` ǴH2 `Q#Qi bBKmH2
H� +`Qv�M+2Ǵ- ǴH2 `Q#Qi bBKmH2 mM2 `ûTQMb2Ǵ- 2i+X �BMbB- +?�[m2 7QBb [m2 H2 +QKTQ`i2K2Mi
`Q#QiB[m2 2bi /û+`Bi �p2+ mM p2`#2 [mB +�`�+iû`Bb2 MQ`K�H2K2Mi mM2 �+iBQM ?mK�BM2- +2b
T�bb�;2b T2mp2Mi āi`2 Hmb +QKK2 mM2 `û7û`2M+2 ¨ H� bBKmH�iBQM T�` H2 `Q#Qi /2 HǶ�+iBQM
+QM+2`Mû2X

kXk G� /BbiBM+iBQM 2Mi`2 bQB 2i HǶ�mi`2

G2 T`2KB2` T`Q+2bbmb /2 +QQ`/BM�iBQM 2bi H� Mû+2bb�B`2 /BbiBM+iBQM 2Mi`2 bQB 2i HǶ�mi`2-
�BMbB ǴTQm` [m2 H2b `2T`ûb2Mi�iBQMb T�`i�;û2b /2b �+iBQMb 2i /2b i�+?2b 7�pQ`Bb2Mi H� +QQ`@
/BM�iBQM THmiƬi [mǶ2HH2b M2 +`û2Mi /2 H� +QM7mbBQM- BH 2bi BKTQ`i�Mi [m2 H2b �;2Mib bQB2Mi
+�T�#H2b /2 bûT�`2` H2b `2T`ûb2Mi�iBQMb /2 H2m`b T`QT`2b �+iBQMb 2i BMi2MiBQMb /2 +2HH2b /2b
�mi`2bǴ (S�+?2`B2 kyRk)X

*QM+2`M�Mi MQi`2 2t2KTH2- +2H� bB;MB}2 [m2 +?�[m2 �;2Mi /QBi āi`2 +�T�#H2 /2 +`û2`
2i /2 K�BMi2MB` mM2 `2T`ûb2Mi�iBQM /m KQM/2 TQm` HmB@KāK2- K�Bb �mbbB /m TQBMi /2 pm2
/2 HǶ�mi`2 �;2MiX .�Mb +2 [mB bmBi- MQmb 2tTHB[m2`QMb +2 [m2 H2 `Q#Qi T2mi 7�B`2 TQm`
+QMbi`mB`2 +2 ivT2 /2 `2T`ûb2Mi�iBQMX G� K�MBĕ`2 /QMi mM ?mK�BM T2mi +QMbi`mB`2 mM2 i2HH2
`2T`ûb2Mi�iBQM TQm` HǶ�;2Mi `Q#Qi U2i bm` [m2HH2 #�b2V 2bi 2M+Q`2 mM2 [m2biBQM Qmp2`i2 ¨
KQM �pBbX



kXjX GǶ�ii2MiBQM DQBMi2 Rd

6B;m`2 kXk Ĝ úp�Hm�iBQM /2 H� bBim�iBQM , H2 `Q#Qi T2`ÏQBi bQM 2MpB`QMM2K2Mi- 2M +QMbi`mBi
mM KQ/ĕH2 2i +�H+mH2 /2b 7�Bib T�` mM `�BbQMM2K2Mi bT�iB�H TQm` TQmpQB` T�`i�;2` /2b
BM7Q`K�iBQMb �p2+ H� T2`bQMM2 ¨ mM MBp2�m /Ƕ�#bi`�+iBQM �/�Tiû 2i `û�HBb2 mM2 KBb2 2M
T2`bT2+iBp2 TQm` TQmpQB` +�H+mH2` H2b KāK2b 7�Bib /m TQBMi /2 pm2 /2 H� T2`bQMM2 �p2+
H�[m2HH2 BH BMi2`�;BiX

kXj GǶ�ii2MiBQM DQBMi2

G2 b2+QM/ T`Q+2bbmb /2 +QQ`/BM�iBQM 2bi +2HmB /2 HǶ�ii2MiBQM DQBMi2X GǶ�ii2MiBQM 2bi mM
T`Q+2bbmb +Q;MBiB7 [mB +QMbBbi2 ¨ b2 +QM+2Mi`2` bûH2+iBp2K2Mi bm` mM �bT2+i /2 HǶ2MpB`QMM2@
K2MiX GǶ�ii2MiBQM DQBMi2 M2 b2 `û/mBi T�b �m 7�Bi [m2 /2mt T2`bQMM2b TQ`i2Mi H2m` �ii2MiBQM
bm` mM KāK2 Q#D2i Qm ûpûM2K2Mi- �m KQBMb /2mt +QM/BiBQMb bmTTHûK2Mi�B`2b /QBp2Mi āi`2
b�iBb7�Bi2b (S�+?2`B2 kyRk)X S`2KBĕ`2K2Mi- BH /QBi v �pQB` mM2 `�BbQM [mB 7�Bi [m2 H2b /2mt
�;2Mib bǶBMiû`2bb2Mi 2Mb2K#H2 ¨ +2 KāK2 Q#D2i Qm ûpûM2K2Mi U2X;X MQmb `û�HBbQMb mM2 i�+?2
2Mb2K#H2VX .2mtBĕK2K2Mi- H2 7�Bi [m2 iQmb /2mt TQ`i2Mi H2m` �ii2MiBQM bm` H2 KāK2 Q#D2i
Qm ûpûM2K2Mi /QBi H2m` āi`2 Kmim2HH2K2Mi K�MB72bi2 c �mi`2K2Mi /Bi- +?�+mM /QBi �pQB` mM2
7Q`K2 /2 +QMb+B2M+2 [m2 HǶQ#D2i /2 bQM �ii2MiBQM 2bi mM Q#D2i T`ûb2Mi ¨ iQmb H2b /2mtX

*Ƭiû `Q#Qi- +2H� bB;MB}2 [mǶBH /QBi āi`2 +�T�#H2 /2 /ûi2+i2` 2i /2 `2T`ûb2Mi2` +2 [mB 2bi
T`ûb2Mi /�Mb HǶ2bT�+2 /Ƕ�ii2MiBQM DQBMi2X AH /QBi /QM+ āi`2 /Qiû /2 +�T�+Biûb /Ƕûp�Hm�iBQM
/2 H� bBim�iBQM (G2K�B;M�M kyR3- JBHHB2x kyR9)X .�Mb HǶ2t2KTH2 BHHmbi`û T�` H� };m`2 kXk- BH
bǶ�;Bi /ǶmM2 �+iBQM DQBMi2 /Ƕ2KTBH2K2Mi /2 +m#2b- H2 `Q#Qi /QBi �HQ`b ,

ě āi`2 +�T�#H2 /Ƕ2biBK2` b� T`QT`2 TQbBiBQM /�Mb HǶ2MpB`QMM2K2Mi U/�Mb +2i 2t2KTH2-
2M 2z2+im�Mi /2b K2bm`2b ¨ HǶ�B/2 /2 bQM H�b2` TQm` b2 HQ+�HBb2` bm` H� +�`i2 /2



R3 *?�TBi`2 kX AKTHûK2Mi2` mM2 �+iBQM DQBMi2 ?mK�BM@`Q#Qi

6B;m`2 kXj Ĝ Zm2 TQmpQMb@MQmb 2M /û/mB`2 2M `2;�`/�Mi +2 `Q#Qi \ AH MǶv � T�b U�m DQm`
/Ƕ�mDQm`/Ƕ?mBV /ǶBMi2`7�+2 bi�M/�`/ TQm` H2b `Q#Qib /QM+ BH 2bi /B{+BH2- pQB`2 BKTQbbB#H2-
/2 /û/mB`2 +2 [m2 +2 `Q#Qi 2bi +�T�#H2 /2 7�B`2 2i +2 [mǶBH 2bi +�T�#H2 /2 T2`+2pQB` U/2 bQM
2MpB`QMM2K2Mi- K�Bb �mbbB /2 H� T2`bQMM2 �p2+ H�[m2HH2 BH BMi2`�;BiVX



kX9X G� +QKT`û?2MbBQM /2 HǶ�+iBQM BMi2MiBQMM2HH2 RN

HǶ2MpB`QMM2K2Mi [mǶBH �m`� HmB@KāK2 +QMbi`mBi2 RV �BMbB [m2 H� TQbBiBQM /2 +?�+mM2
/2b b2b �`iB+mH�iBQMb U[mǶBH T2mi `û+mTû`2` ¨ T�`iB` /2 bQM T`QT`2 KQ/ĕH2V-

ě H� TQbBiBQM /2 H� T2`bQMM2 �p2+ [mB BH BMi2`�;Bi UT�` 2t2KTH2- B+B- H� T2`bQMM2 2bi
bmBpB2 ;`�+2 ¨ HǶmiBHBb�iBQM /ǶmM bvbiĕK2 /2 +�Tim`2 /2 KQmp2K2Mib k- +Ƕ2bi TQm`[mQB
H� T2`bQMM2 TQ`i2 mM +�b[m2 2i mM2 �ii2HH2 /2 TQB;M2iX .QM+ THmb T`û+BbûK2Mi- /�Mb
+2i 2t2KTH2- H2 `Q#Qi � �++ĕb ¨ H� TQbBiBQM /2 H� iāi2 2i ¨ H� TQbBiBQM /2 H� K�BM
/`QBi2V-

ě H� TQbBiBQM /2b Q#D2ib /�Mb HǶ2MpB`QMM2K2Mi UT�` 2t2KTH2- B+B- mM Z_@+Q/2 j � ûiû
+QHHû bm` +?�[m2 7�+2 /2b +m#2bX *2b +Q/2b- 2i /QM+- H2b +m#2b bQMi bmBpBb �p2+
HǶmM2 /2b +�Kû`�b /m `Q#QiX LQmb Q#i2MQMb H� TQbBiBQM j. /2 +?�[m2 +m#2 /�Mb
HǶ2MpB`QMM2K2Mi 9VV

LQmb M2 TQmpQMb T�b BK�;BM2` miBHBb2` /2 i2HH2b BM7Q`K�iBQMb TQm` ûH�#Q`2` mM2 BMi2`�+@
iBQM p2`#�H2 �p2+ HǶ?mK�BM , Ǵp2mBHH2x T`2M/`2 H2 +m#2 ¨ H� TQbBiBQM t 4 d-8 Kĕi`2b- v 4 j-y
Kĕi`2b- w 4 R-y Kĕi`2- i?āi� 4 j-y `�/B�Mb /�Mb H2 `2Tĕ`2 /2 H� b�HH2ǴX SQm` /ûT�bb2` +2ii2
HBKBi2- MQmb /2pQMb i`�Mb7Q`K2` +?�[m2 TQbBiBQM 2M mM2 BM7Q`K�iBQM +QKT`û?2MbB#H2 T�` U2i
/QM+ T�`i�;2�#H2 �p2+V HǶ?mK�BM- T�` 2t2KTH2 _2/"HQ+F BbPM i�#H2X LQmb TQmpQMb û;�H2@
K2Mi +�H+mH2` /2b BM7Q`K�iBQMb bmTTHûK2Mi�B`2b i2HH2b [m2 :`22M"HQ+F BboBbB#H2"v >mK�M
Qm "Hm2"HQ+F Bb_2�+?�#H2"v _Q#QiX *Ƕ2bi +2 [m2 MQmb �TT2HQMb H2 `�BbQMM2K2Mi bT�iB�HX
1M}M- H2 `Q#Qi /QBi û;�H2K2Mi �pQB` H2b KQv2Mb /ǶBM7û`2` [m2 H2b BM7Q`K�iBQMb /QMi /BbTQb2
H� T2`bQMM2 T2mp2Mi āi`2 /Bzû`2Mi2b /2 +2HH2b �mt[m2HH2b BH � �++ĕb- T�` 2tX mM Q#bi�+H2 bm`
H� i�#H2 T2mi HǶ2KTā+?2` /2 pQB` +2 [mǶBH v � bm` H� i�#H2X SQm` /û/mB`2 +2ii2 +QMM�Bbb�M+2-
QM +�H+mH2 iQmi2b H2b BM7Q`K�iBQMb MQM b2mH2K2Mi /m TQBMi /2 pm2 /m `Q#Qi- K�Bb �mbbB /m
TQBMi /2 pm2 /2 H� T2`bQMM2 �p2+ H�[m2HH2 BH BMi2`�;Bi- TQm` +2H� H2 `Q#Qi miBHBb2 H� T`Bb2 /2
T2`bT2+iBp2 (�H�KB kyRR- q�`MB2` kyRk- JBHHB2x kyR9)X

.m +Ƭiû /2 H� T2`bQMM2- MQmb b�pQMb [mǶ2HH2 /BbTQb2 û;�H2K2Mi /ǶmM 2Mb2K#H2 bBKBH�B`2
/ǶBM7Q`K�iBQMb ¨ T�`iB` /2 H� bBim�iBQMX J�Bb HǶ�ii2MiBQM DQBMi2 p� �m@/2H¨X *?�[m2 bmD2i
/QBi āi`2 +QMb+B2Mi /�Mb mM +2`i�BM b2Mb- /2 HǶQ#D2i 2M i�Mi [mǶQ#D2i T`ûb2Mi �mt /2mt c 2M
/Ƕ�mi`2b i2`K2b- H2 7�Bi [m2 H2b /2mt �;2Mib b2 T`ûQ++mT2Mi /m KāK2 Q#D2i Qm /m KāK2
ûpûM2K2Mi /QBi āi`2 KQMi`û +H�B`2K2Mi 2i T2`Ïm /2 K�MBĕ`2 K�MB72bi2 U+2 [mǶ2HH2 MQKK2
ǴKmim�H K�MB72biM2bbǴV (S�+?2`B2 kyRk)X *2H� bQmHĕp2 THmbB2m`b [m2biBQMbX *QKK2Mi mM
`Q#Qi T2mi@BH K�MB72bi2` mM2 �ii2MiBQM DQBMi2 \ Zm2Hb bB;M�mt- [m2Hb BM/B+2b- H2 `Q#Qi /QBi@BH
2MpQv2` TQm` T2`K2ii`2 �m bmD2i /2 /û/mB`2 [m2 HǶ�ii2MiBQM DQBMi2 2bi T�`i�;û2 \ *QKK2Mi
mM `Q#Qi T2mi@BH b�pQB` [m2 H� T2`bQMM2 �p2+ H�[m2HH2 BH BMi2`�;Bi 2bi `û2HH2K2Mi BKTHB[mû2
/�Mb H� i�+?2 DQBMi2 \ Zm2Hb bQMi H2b BM/B+2b [mB /QBp2Mi āi`2 +QHH2+iûb T�` H2 `Q#Qi TQm` /û@
/mB`2 HǶ2tBbi2M+2 /ǶmM2 �ii2MiBQM DQBMi2 \ *2b [m2biBQMb bQMi 2M+Q`2 /2b [m2biBQMb Qmp2`i2bX
SQm` v `ûTQM/`2- BH 7�mi i`�p�BHH2` T�`iB+mHBĕ`2K2Mi bm` H� 7�ÏQM /2 `2M/`2 H2 `Q#Qi THmb
+QKT`û?2MbB#H2 2i THmb HBbB#H2X S�` 2t2KTH2- 2M `2;�`/�Mi +2 `Q#Qi bm` H� };m`2 kXj- [m2
T2mi@QM 2M /û/mB`2 /2 b2b +�T�+Biûb \



ky *?�TBi`2 kX AKTHûK2Mi2` mM2 �+iBQM DQBMi2 ?mK�BM@`Q#Qi

6B;m`2 kX9 Ĝ .2mt TQbBiBQMb }M�H2b /m #`�b /m `Q#Qi TQm` b�BbB` mM Q#D2iX *2HH2 /2
/`QBi2 2bi K2BHH2m`2 /m TQBMi /2 pm2 /2 HǶBMi2`�+iBQM- TmBb[m2 7�+BH2K2Mi +QKT`û?2MbB#H2
T�` H� T2`bQMM2X *2T2M/�Mi- /m TQBMi /2 pm2 /m +�H+mH- /2 HǶBM7Q`K�iB[m2 U2i KāK2 /ǶmM
TQBMi /2 pm2 2{+�+Biû bB HǶQM M2 +QMbB/ĕ`2 [m2 HǶ�+iBQM /QBi āi`2 2z2+imû2 T�` H2 `Q#QiV-
2HH2b bQMi û[mBp�H2Mi2bX S�` +QMbû[m2Mi- MQmb /2pQMb i2MB` +QKTi2 2tTHB+Bi2K2Mi /2 +2b
+�`�+iû`BbiB[m2b HQ`b /2 H� TH�MB}+�iBQM /2b KQmp2K2Mib /m `Q#QiX *Ƕ2bi +2 [m2 pBb2 H�
TH�MB}+�iBQM /2 KQmp2K2Mi T`2M�Mi 2M +QKTi2 HǶ?mK�BM U?mK�M@�r�`2 KQiBQM TH�MMBM;VX



kX9X G� +QKT`û?2MbBQM /2 HǶ�+iBQM BMi2MiBQMM2HH2 kR

6B;m`2 kX8 Ĝ SQbBiBQMb /m `Q#Qi [mB M2 bQMi T�b �/�Tiû2b ¨ HǶ?mK�BMX SHmbB2m`b +`Biĕ`2b
bQMi ¨ T`2M/`2 2M +QKTi2 +QKK2 H� bû+m`Biû- H2 +QM7Q`i 2i H� pBbB#BHBiûX AH bǶ�;Bi /2 H�
TQbBiBQM /2 i`�Mb72`i- K�Bb �mbbB /2 H� TQbBiBQM ;HQ#�H2 /m `Q#Qi HmB@KāK2X



kk *?�TBi`2 kX AKTHûK2Mi2` mM2 �+iBQM DQBMi2 ?mK�BM@`Q#Qi

6B;m`2 kXe Ĝ h`QBb +`Biĕ`2b /û}MBb TQm` mM �H;Q`Bi?K2 /2 TH�MB}+�iBQM /2 KQmp2K2Mi
T`2M�Mi 2M +QKTi2 HǶ?mK�BM , bû+m`Biû /2 HǶ?mK�BM- pBbB#BHBiû /m `Q#Qi T�` HǶ?mK�BM 2i
+QM7Q`i /2 HǶ?mK�BMX G2b i`QBb +`Biĕ`2b T2mp2Mi āi`2 TQM/û`ûb 2M 7QM+iBQM /2 H2m` BKTQ`i�M+2
�mT`ĕb /ǶmM2 T2`bQMM2 /QMMû2- ¨ mM 2M/`QBi Qm ¨ mM KQK2Mi T�`iB+mHB2` /2 H� i�+?2X



kX9X G� +QKT`û?2MbBQM /2 HǶ�+iBQM BMi2MiBQMM2HH2 kj

kX9 G� +QKT`û?2MbBQM /2 HǶ�+iBQM BMi2MiBQMM2HH2
ǴG� +QKT`û?2MbBQM /2b BMi2MiBQMb 2bi 7QM/�K2Mi�H2- +�` 2HH2 7Qm`MBi H� K�i`B+2 /ǶBMi2`@

T`ûi�iBQM TQm` /û+B/2` T`û+BbûK2Mi +2 [m2 [m2H[mǶmM 7�Bi 2M T`2KB2` HB2mX �BMbB- 2t�+i2K2Mi
H2 KāK2 KQmp2K2Mi T?vbB[m2 T2mi āi`2 +QMbB/û`û +QKK2 /QMM2` mM Q#D2i- H2 T�`i�;2`- H2
T`āi2`- H2 /ûTH�+2`- bǶ2M /û#�``�bb2`- H2 `2M/`2- HǶû+?�M;2`- H2 p2M/`2- 2i �BMbB /2 bmBi2- b2HQM
H2b Q#D2+iB7b 2i H2b BMi2MiBQMb /2 HǶ�+i2m`Ǵ (hQK�b2HHQ kyy8) UǳlM/2`bi�M/BM; BMi2MiBQMb Bb
7QmM/�iBQM�H #2+�mb2 Bi T`QpB/2b i?2 BMi2`T`2iBp2 K�i`Bt 7Q` /2+B/BM; T`2+Bb2Hv r?�i Bi Bb
i?�i bQK2QM2 Bb /QBM; BM i?2 }`bi TH�+2X h?mb- i?2 2t�+i b�K2 T?vbB+�H KQp2K2Mi K�v #2
b22M �b ;BpBM; �M Q#D2+i- b?�`BM; Bi- HQ�MBM; Bi- KQpBM; Bi- ;2iiBM; `B/ Q7 Bi- `2im`MBM; Bi-
i`�/BM; Bi- b2HHBM; Bi- �M/ QM �M/ QMě/2T2M/BM; QM i?2 ;Q�Hb �M/ BMi2MiBQMb Q7 i?2 �+iQ`Ǵ
(hQK�b2HHQ kyy8)VX G� +QKT`û?2MbBQM /2 HǶ�+iBQM BMi2MiBQMM2HH2 2bi mM ûHûK2Mi +QMbiBimiB7
/2 H� +QKT`û?2MbBQM /2b BMi2MiBQMb- +2H� bB;MB}2 [m2 +?�[m2 �;2Mi /2p`�Bi āi`2 +�T�#H2 /2
HB`2 H2b �+iBQMb /2 bQM T�`i2M�B`2X SQm` +QKT`2M/`2 mM2 �+iBQM BMi2MiBQMM2HH2- mM �;2Mi
/QBi- HQ`b[mǶBH Q#b2`p2 HǶ�+iBQM Qm H2 +Qm`b /2b �+iBQMb /ǶmM T�`i2M�B`2- āi`2 +�T�#H2 /2 /û@
/mB`2 HǶBMi2MiBQM /2 bQM T�`i2M�B`2X A+B- HQ`b[m2 MQmb T�`HQMb /2 HǶBMi2MiBQM /m T�`i2M�B`2-
MQmb 2Mi2M/QMb bQM Q#D2+iB7 2i bQM TH�MX 1HH2 2bi HBû2 ¨ H� T`û/B+iBQM /2 HǶQ#D2+iB7 ¨ T�`iB` /2
HǶ�+iBQM U�+iBQM iQ ;Q�H T`2/B+iBQMV U+Ƕ2bi@¨@/B`2- 2M pBbm�HBb�Mi 2i 2M +QKT`2M�Mi HǶ�+iBQM
2M +Qm`b- HǶ�;2Mi 2bi +�T�#H2 /2 /û/mB`2 HǶQ#D2+iB7 bQmb@D�+2MiV 2i ¨ H� T`û/B+iBQM /2 HǶ�+@
iBQM ¨ T�`iB` /2 HǶQ#D2+iB7 U;Q�H iQ �+iBQM T`2/B+iBQMV U+Ƕ2bi@¨@/B`2- 2M +QMM�Bbb�Mi HǶQ#D2+iB7-
HǶ�;2Mi 2bi +�T�#H2 /2 /û/mB`2 +2 [m2 b2`QMi H2b �+iBQMb Mû+2bb�B`2b TQm` v T�`p2MB`VX

.m +Ƭiû /m `Q#Qi- +2H� bB;MB}2 [mǶBH /QBi āi`2 +�T�#H2 /2 +QKT`2M/`2 +2 [m2 HǶ?mK�BM
2bi 2M i`�BM /2 7�B`2 2i /2 TQmpQB` T`û/B`2 H2b `ûbmHi�ib /2 b2b �+iBQMb- T�` 2t2KTH2- BH /QBi
āi`2 û[mBTû /2 +�T�+Biûb /2 `2+QMM�Bbb�M+2 /Ƕ�+iBQMbX G� /B{+mHiû B+B 2bi /2 /û}MB` +2 [mB
/2p`�Bi 2i T2mi āi`2 `2+QMMm TmBb[m2 H2 bT2+i`2 2bi p�bi2 2M +2 [mB +QM+2`M2 +2 [m2 HǶ?mK�BM
2bi +�T�#H2 /2 7�B`2X lM2 7�ÏQM /Ƕv T�`p2MB` 2bi /2 +?QBbB` /2 M2 +QMbB/û`2` [mǶmM 2Mb2K#H2
/Ƕ�+iBQMb HBû ¨ mM2 i�+?2 T�`iB+mHBĕ`2X

.2 HǶ�mi`2 +Ƭiû- H� T2`bQMM2 /QBi āi`2 +�T�#H2 /2 +QKT`2M/`2 +2 [m2 7�Bi H2 `Q#Qi- āi`2
+�T�#H2 /2 /û/mB`2 HǶQ#D2+iB7 2i /2 T`û/B`2 H2b `ûbmHi�ib /2b �+iBQMb /m `Q#QiX *2H� bB;MB}2
[mǶ2M pQv�Mi mM KQmp2K2Mi- HǶ?mK�BM /QBi āi`2 +�T�#H2 /2 /û/mB`2 [m2HH2 2bi HǶ�+iBQM /m
`Q#QiX *2H� bB;MB}2 [m2 H2 `Q#Qi /QBi 2z2+im2` mM KQmp2K2Mi HBbB#H2 T�` HǶ?QKK2X �p�Mi
/2 7�B`2 mM KQmp2K2Mi- H2 `Q#Qi /QBi H2 +�H+mH2`- +Ƕ2bi H� TH�MB}+�iBQM /m KQmp2K2MiX G�
TH�MB}+�iBQM /m KQmp2K2Mi T`2M/ 2M 2Mi`û2 mM2 +QM};m`�iBQM BMBiB�H2 2i mM2 +QM};m`�@
iBQM }M�H2 UTQm` H� K�MBTmH�iBQM- +Ƕ2bi H� TQbBiBQM /2b #`�b c TQm` H� M�pB;�iBQM- +Ƕ2bi H�
TQbBiBQM /2 H� #�b2 /m `Q#QiVX G� TH�MB}+�iBQM /2 KQmp2K2Mi +�H+mH2 mM +?2KBM Qm mM2
i`�D2+iQB`2 /2TmBb H� +QM};m`�iBQM BMBiB�H2 Dmb[mǶ¨ H� +QM};m`�iBQM }M�H2X *2 +?2KBM TQm`@
`�Bi āi`2 TQbbB#H2- K�Bb MQM +QKT`û?2MbB#H2 2ifQm HBbB#H2 2ifQm T`ûpBbB#H2 TQm` HǶ?mK�BMX
S�` 2t2KTH2- bm` H� };m`2 kX9- H2 /ûTH�+2K2Mi ¨ ;�m+?2 2bi TQbbB#H2- K�Bb +2HmB /2 /`QBi2
/2p`� āi`2 T`û7û`ûX

*2`i�BMb /ûTH�+2K2Mib T2mp2Mi û;�H2K2Mi āi`2 /�M;2`2mt 2ifQm T2m +QM7Q`i�#H2b TQm`
HǶ?mK�BM- +QKK2 BHHmbi`û ¨ H� 6B;m`2 kX8X G� TH�MB}+�iBQM /2 KQmp2K2Mi T`2M�Mi 2M +QKTi2
HǶ?mK�BM U>mK�M@�r�`2 KQiBQM TH�MMBM;V (aBb#Qi kyyd- E`mb2 kyRj- E?�K#?�Bi� kyRd#-
E?�K#?�Bi� kyRd�) � ûiû /ûp2HQTTû2 TQm` T2`K2ii`2 �m `Q#Qi /2 ;û`2` H2 +?QBt /ǶmM +?2KBM

RX T�` 2t2KTH2 2M miBHBb�Mi �K+H U?iiT,ffrBFBX`QbXQ`;f�K+HV 2i ;K�TTBM; U?iiT,ffrBFBX`QbXQ`;f
;K�TTBM;VV

kX B+B /2 ivT2 QTiBi`�+F ?iiTb,ffQTiBi`�+FX+QKf
jX ?iiTb,ff2MXrBFBT2/B�XQ`;frBFBfZ_n+Q/2
9X T�` 2t2KTH2- �p2+ ?iiT,ffrBFBX`QbXQ`;f�`ni`�+Fn�Hp�`

http://wiki.ros.org/amcl
http://wiki.ros.org/gmapping
http://wiki.ros.org/gmapping
https://optitrack.com/
https://en.wikipedia.org/wiki/QR_code
http://wiki.ros.org/ar_track_alvar


k9 *?�TBi`2 kX AKTHûK2Mi2` mM2 �+iBQM DQBMi2 ?mK�BM@`Q#Qi

[mB 2bi �++2Ti�#H2- T`ûpBbB#H2 2i +QM7Q`i�#H2 TQm` H� T2`bQMM2 �p2+ H�[m2HH2 BH BMi2`�;BiX G�
};m`2 kXe KQMi`2 mM 2t2KTH2 /2 +`Biĕ`2b miBHBbûb TQm` HǶBKTHûK2Mi�iBQM /ǶmM i2H �H;Q`Bi?K2
/2 TH�MB}+�iBQM /2 KQmp2K2Mi (aBb#Qi kyyd- aBb#Qi kyRy- aBb#Qi kyRk)X *2i �H;Q`Bi?K2
T`2M/ 2M +QKTi2 H� bû+m`Biû- H� pBbB#BHBiû 2i H2 +QM7Q`i /2 HǶ?mK�BMX .2 THmb- BH 2bi +�T�#H2
/2 +�H+mH2` mM +?2KBM ¨ H� 7QBb TQm` H2 `Q#Qi 2i TQm` HǶ?mK�BM- +2 [mB T2mi `ûbQm/`2 mM2
bBim�iBQM Qɍ mM2 �+iBQM /2 HǶ?mK�BM 2bi Mû+2bb�B`2 Qm T2mi āi`2 miBHBbû2 TQm` û[mBHB#`2`
HǶ2zQ`i 2Mi`2 H2b /2mt �;2MibX

*2T2M/�Mi- +2 MǶ2bi T�b bm{b�MiX GQ`b[mǶmM `Q#Qi 2bi û[mBTû /2 [m2H[m2 +?Qb2 [mB
`2bb2K#H2 ¨ mM2 iāi2- T�` 2t2KTH2- H2b ;2Mb QMi i2M/�M+2 ¨ +QMbB/û`2` [m2 +2i ûHûK2Mi
/2p`�Bi �;B` +QKK2 mM2 iāi2 T�`+2 [m2 H2b ;2Mb �Mi?`QTQKQ`T?Bb2MiX *2H� bB;MB}2 [m2 MQmb
/2pQMb +QMbB/û`2` HǶ2Mb2K#H2 /m +Q`Tb /m `Q#Qi 2i T�b b2mH2K2Mi H� #�b2 Qm H2b #`�b /m
`Q#Qi TQm` H2 KQmp2K2Mi KāK2 bǶBH MǶ2bi T�b Mû+2bb�B`2 TQm` `û�HBb2` HǶ�+iBQM UT�` 2t2KTH2-
TQm` mM KQmp2K2Mi /2 #`�b Qm /2 H� #�b2 /m `Q#Qi- H� iāi2 MǶ� T�b Mû+2bb�B`2K2Mi #2bQBM
/2 #Qm;2`- K�Bb �pQB` mM2 +QQ`/BM�iBQM /m KQmp2K2Mi /2b /2mt ûHûK2Mib T2mi �KûHBQ`2`
H� +QKT`û?2MbBQM (:?�`#B kyR8- E?�K#?�Bi� kyRe)VX *2H� TQm``�Bi āi`2 HBû �m +QM+2Ti /2
Ǵ+QQ`/BM�iBQM bKQQi?2`Ǵ [mB 2bi /û}MB +QKK2 iQmi ivT2 /2 KQ/mH�iBQM /2 b2b T`QT`2b
KQmp2K2Mib [mB � TQm` 2z2i /2 }�#BHBb2` H� +QKT`û?2MbBQM 2i bBKTHB}2` H� +QQ`/BM�iBQM
(o2bT2` kyRy)X

kX8 _2T`ûb2Mi�iBQMb T�`i�;û2b /2 H� i�+?2
G2 /2`MB2` T`Q+2bbmb /2 +QQ`/BM�iBQM 2bi +2HmB /2 H� `2T`ûb2Mi�iBQM T�`i�;û2 /2b i�+?2bX

*QKK2 HǶQMi bQmHB;Mû EMQ#HB+? 2i b2b +QHHĕ;m2b (EMQ#HB+? kyRR)- H� `2T`ûb2Mi�iBQM T�`@
i�;û2 /2b i�+?2b DQm2 mM `ƬH2 BKTQ`i�Mi /�Mb H� +QQ`/BM�iBQMX § KQM b2Mb- T�`i�;2` /2b
`2T`ûb2Mi�iBQMb T2mi āi`2 +QMbB/û`û +QKK2 mM2 KBb2 2M T2`bT2+iBp2 /2 iQmb H2b T`Q+2bbmb
/ûD¨ /û+`Bib- T�` 2t2KTH2- b�pQB` [m2 H2 `Q#Qi 2i HǶ?mK�BM bmBp2Mi H2 KāK2 +m#2 /�Mb H�
b+ĕM2 /ǶBMi2`�+iBQM ;`�+2 ¨ HǶ�ii2MiBQM DQBMi2 2i [m2 H2 `Q#Qi 2bi 2M i`�BM /2 /ûTH�+2` +2
+m#2 p2`b H� TBH2 ¨ HǶ�B/2 /2 H� +QKT`û?2MbBQM /2 HǶ�+iBQM BMi2MiBQMM2HH2X G� +QKT`û?2MbBQM
T`2M/ b2Mb /�Mb H2 +QMi2ti2 Qɍ H2 `Q#Qi 2i HǶ?mK�BM +QMbi`mBb2Mi 2Mb2K#H2 mM2 TBH2 /�Mb
H2 +�/`2 /ǶmM2 �+iBQM DQBMi2X

SQm` TQmpQB` T�`i�;2` /2b `2T`ûb2Mi�iBQMb /2 i�+?2b- MQmb /2pQMb �pQB` H2b KāK2b UQm
mM KQv2M /2 H2b +QKT`2M/`2VX PM T2mi T�` 2t2KTH2 miBHBb2` /2b `2T`ûb2Mi�iBQMb i2HH2b [m2
+2HH2b /ûp2HQTTû2b T�` H2 TH�MB}+�i2m` >�hS >mK�M@�r�`2 h�bF SH�MM2` #�bû bm` mM2 `2@
T`ûb2Mi�iBQM ¨ #�b2 /2 >B2`�`+?B+�H h�bF L2irQ`F U>hLV (�H�KB kyye)- (JQMi`2mBH kyyd)-
(�HBHB kyyN�)- (*HQ/B+ kyyN)- (G�HH2K2Mi kyR9)X G� `2T`ûb2Mi�iBQM /m /QK�BM2 2bi BHHmbi`û2
};m`2 kXd- 2HH2 2bi +QKTQbû2 /ǶmM 2Mb2K#H2 /Ƕ�+iBQMb UT�` 2t2KTH2- TH�+2`*m#2V 2i /ǶmM 2M@
b2K#H2 /2 i�+?2b UT�` 2t2KTH2- +QMbi`mB`2SBH2V [mB +QK#BM2Mi �+iBQMUbV 2i i�+?2UbVX GǶmM
/2b �p�Mi�;2b /ǶmM2 i2HH2 `2T`ûb2Mi�iBQM 2bi [mǶ2HH2 2bi HBbB#H2 T�` HǶ?mK�BMX A+B- TH�+2`@
*m#2U�;2Mi _- *m#2 *- wQM2 �V bB;MB}2 [m2 TQm` mM �;2Mi _- TQm` TH�+2` H2 *m#2 *
/�Mb H� wQM2 �- H� +QM/BiBQM T`û�H�#H2 2bi [m2 _ �Bi 2M K�BM H2 *m#2 * 2i H2b 2z2ib /2
HǶ�+iBQM bQMi [m2 _ MǶ� THmb H2 +m#2 * 2M K�BM- K�Bb HǶQ#D2i * 2bi bm` H� TBH2 /2 H� xQM2 �X
AH 2bi TQbbB#H2 /Ƕ�DQmi2` mM +Qȿi 2i mM2 /m`û2 ¨ +?�[m2 �+iBQM bB QM p2mi T2b2` HǶBM~m2M+2
/2 +?�+mM2 /2b �+iBQMbX

.Ƕ�mi`2 T�`i- +QMbi`mB`2SBH2 b2 7�Bi 2M �DQmi�Mi mM +m#2 �DQmi2`*m#2 TmBb 2M +QMiBMm�Mi
¨ +QMbi`mB`2 H� TBH2 +QMbi`mB`2SBH2X 1MbmBi2- +?�[m2 i�+?2 2bi û;�H2K2Mi �{Mû2 Dmb[mǶ¨ +2
[m2 MQmb Q#i2MBQMb mM2 �+iBQMX >�hS +�H+mH2 mM TH�M ¨ H� 7QBb TQm` H2 `Q#Qi 2i TQm`
HǶ?mK�BM UQm H2b ?mK�BMbV �p2+ H2[m2H BH BMi2`�;Bi- +QKK2 BHHmbi`û ¨ H� };m`2 kX3X



kX8X _2T`ûb2Mi�iBQMb T�`i�;û2b /2 H� i�+?2 k8

6B;m`2 kXd Ĝ .û}MBiBQM /m /QK�BM2 >�hS TQm` H� i�+?2 DQBMi2 +QMbi`mB`2SBH2 2i /û}MBiBQM
/2 HǶ�+iBQM TH�+2`*m#2 , GǶ�+iBQM TH�+2`*m#2 TQm` mM �;2Mi _- mM *m#2 * /�Mb mM2 wQM2
�- TQm``�Bi āi`2 /û}MB2 +QKK2 bmBiX G� +QM/BiBQM T`û�H�#H2 2bi [m2 HǶ�;2Mi _ �Bi H2 +m#2
* 2M K�BM �p�Mi HǶ�+iBQM- HǶ2z2i /2 HǶ�+iBQM 2bi [m2 HǶ�;2Mi _ MǶ� THmb H2 +m#2 * 2i [m2
H2 +m#2 * 2bi bm` H� TBH2 /�Mb H� xQM2 �X G� i�+?2 +QMbi`mB`2SBH2 +QK#BM2 �DQmi2`*m#2
2i +QMbi`mB`2SBH2X G� i�+?2 �DQmi2`*m#2 +QK#BM2 T`2M/`2*m#2 2i TQb2`*m#2X G� i�+?2
T`2M/`2*m#2 T2mi āi`2 2z2+imû2 bQBi 2M �ii`�T�Mi H2 +m#2 bm` H� i�#H2- bQBi [m2H[mǶmM pQmb
H2 /QMM2 ¨ H� K�BMX



ke *?�TBi`2 kX AKTHûK2Mi2` mM2 �+iBQM DQBMi2 ?mK�BM@`Q#Qi

6B;m`2 kX3 Ĝ 1t2KTH2 /2 TH�M T�`i�;û >�hS U?mK�BM 2i `Q#QiV TQm` HǶ2t2KTH2 /2 TBH2
/2 +m#2bX



kX8X _2T`ûb2Mi�iBQMb T�`i�;û2b /2 H� i�+?2 kd

6B;m`2 kXN Ĝ am`p2BHH�M+2 /2 HǶ2tû+miBQM /m TH�M , Qmi`2 HǶûi�i /m KQM/2- H2 `Q#Qi +�H+mH2
HǶûi�i /2b Q#D2+iB7b ¨ �ii2BM/`2- HǶûi�i /2b TH�Mb 2M +Qm`b �BMbB [m2 /2 +?�[m2 �+iBQMX *2H�
b2 7�Bi MQM b2mH2K2Mi /2 bQM TQBMi /2 pm2- K�Bb �mbbB /m TQBMi /2 pm2 /2 HǶ?mK�BMX



k3 *?�TBi`2 kX AKTHûK2Mi2` mM2 �+iBQM DQBMi2 ?mK�BM@`Q#Qi

�p2+ mM bvbiĕK2 /2 TH�MB}+�iBQM +QKK2 >�hS- MQmb �pQMb mM TH�M ¨ H� 7QBb TQm`
H2 `Q#Qi 2i TQm` HǶ?mK�BM �p2+ H2[m2H BH BMi2`�;Bi- K�Bb +2H� M2 bm{i T�bX aB MQmb bmBpQMb
HǶB/û2 /2 EMQ#HB+? 2i b2b +QHHĕ;m2b (EMQ#HB+? kyRR)- H2b `2T`ûb2Mi�iBQMb T�`i�;û2b /2b i�+?2b
M2 T`û+Bb2Mi T�b b2mH2K2Mi ¨ HǶ�p�M+2 [m2HH2b bQMi H2b i�+?2b `2bT2+iBp2b /2 +?�+mM /2b
�;2Mib- 2HH2b 7Qm`MBbb2Mi û;�H2K2Mi /2b bi`m+im`2b /2 +QMi`ƬH2 [mB T2`K2ii2Mi �mt �;2Mib
/2 bm`p2BHH2` 2i /2 T`û/B`2 +2 [m2 H2m`b T�`i2M�B`2b 7QMi- T2`K2ii�Mi �BMbB mM2 +QQ`/BM�iBQM
BMi2`T2`bQMM2HH2 2M i2KTb `û2HX *2H� bB;MB}2 [m2 H2 `Q#Qi MǶ� T�b b2mH2K2Mi #2bQBM /m
TH�M- K�Bb �mbbB /2b KQv2Mb /2 bm`p2BHH2` +2 TH�MX Pmi`2 HǶûi�i /m KQM/2 U+7X b2+iBQM kXk
+QM+2`M�Mi HǶûp�Hm�iBQM /2 H� bBim�iBQMV 2i H2 TH�M- MQmb �pQMb /ûp2HQTTû mM bvbiĕK2 /2
bm`p2BHH�M+2 [mB T2`K2i �m `Q#Qi /ǶBM7û`2` HǶûi�i /m TH�M 2i HǶûi�i /2 HǶ�+iBQM ¨ H� 7QBb /2
bQM TQBMi /2 pm2 2i /m TQBMi /2 pm2 /2 HǶ?mK�BM +QKK2 BHHmbi`û };m`2 kXN (.2pBM kyRe�-
.2pBM kyRd#)X :`�+2 ¨ +2b BM7Q`K�iBQMb- H2 `Q#Qi 2bi +�T�#H2 /Ƕ�/�Ti2` bQM 2tû+miBQM 2M
i2KTb `û2HX S�` 2t2KTH2- BH T2mi v �pQB` mM /û+�H�;2 2Mi`2 HǶûi�i /2 HǶ�+iBQM +Ƭiû `Q#Qi
2i +Ƭiû ?mK�BM UT�` 2t2KTH2- H2 `Q#Qi �ii2M/ mM2 �+iBQM /2 HǶ?mK�BMVX ú[mBTû /2 +2ii2
bm`p2BHH�M+2- H2 `Q#Qi T2mi /ûi2+i2` H2 T`Q#HĕK2 2i �p2`iB`X G2 T`Q#HĕK2 T2mi b2 bBim2` �m
MBp2�m /2 HǶûi�i /m TH�M- T�` 2t2KTH2- H2 `Q#Qi +QMbB/û`�Mi [m2 H2 TH�M MǶ2bi THmb `û�HBb�#H2
�HQ`b [mǶBH /ûi2+i2 [m2 HǶ?mK�BM +QMiBMm2 /Ƕ�;B`X

kXe *QM+HmbBQM
.�Mb +2 +?�TBi`2- MQmb �pQMb T`ûb2Miû [m�i`2 T`Q+2bbmb /2 +QQ`/BM�iBQM Mû+2bb�B`2b ¨

H� `û�HBb�iBQM /ǶmM2 �+iBQM DQBMi2X
GǶ2tû+miBQM /ǶmM2 �+iBQM DQBMi2 Mû+2bbBi2 MQM b2mH2K2Mi [m2 H2 `Q#Qi TmBbb2 �++QKTHB`

b� T�`i /�Mb H� i�+?2 K�Bb [mǶBH HǶ�++QKTHBbb2 /ǶmM2 K�MBĕ`2 +QKT`û?2MbB#H2 TQm` HǶ?mK�BM
�p2+ H2[m2H BH BMi2`�;Bi U2i [mǶBH iB2MM2 +QKTi2 /2 H� `û�+iBQM /2 HǶ?mK�BM H2 +�b û+?û�MiVX
JûH�M;2` HǶ2tû+miBQM 2i H� bm`p2BHH�M+2 Mû+2bbBi2 /2 7�B`2 +2`i�BMb +?QBt ¨ mM KQK2Mi /QMMû-
T�` 2t2KTH2- bB H� +�Kû`� 2bi Mû+2bb�B`2 TQm` 2z2+im2` mM2 �+iBQM- H2 `Q#Qi M2 T2mi T�b
HǶmiBHBb2` TQm` bm`p2BHH2` HǶ?mK�BM bǶBH MǶ2bi T�b /�Mb H2 KāK2 +?�KT /2 pBbBQMX *2b +?QBt
bQMi 2z2+imûb T�` H2 bvbiĕK2 /2 bmT2`pBbBQM [mB ;ĕ`2 HǶ2tû+miBQM ;HQ#�H2 /2b i�+?2b /2TmBb
H� TH�MB}+�iBQM /2b i�+?2b Dmb[mǶ¨ HǶ2tû+miBQM /2b �+iBQMb /2 #�b MBp2�mX

LQmb �pQMb �mbbB T�`Hû mM T2m /2 H� 7�ÏQM /QMi HǶ?mK�BM ;û`�Bi +2b /Bzû`2Mib T`Q+2bbmb
/2 +QQ`/BM�iBQM /�Mb mM +�/`2 /ǶBMi2`�+iBQM ?mK�BM@`Q#Qi 2i /m 7�Bi [mǶBH v �p�Bi 2M+Q`2
mM2 +2`i�BM2 BM+2`iBim/2 ¨ +2 bmD2iX

kXd *QMi`B#miBQMb �bbQ+Bû2b
(*HQ/B+ kyRd) �m`ûHB2 *HQ/B+- 1HBb�#2i? S�+?2`B2- _�+?B/ �H�KB- �M/ _�D� *?�iBH�X

E2v 1H2K2Mib 7Q` >mK�M_Q#Qi CQBMi �+iBQMX AM aQ+B�HBiv �M/ LQ`K�iBpBiv 7Q` _Q@
#Qib S?BHQbQT?B+�H AM[mB`B2b BMiQ >mK�M@_Q#Qi AMi2`�+iBQMb- aim/B2b BM i?2 S?BHQbQ@
T?v Q7 aQ+B�HBiv- T�;2b R8NĜRddX aT`BM;2`- kyRdX /QB , RyXRyydfNd3@j@jRN@8jRjj@8n3
l_G , ?iiTb,ff?�HXH��bX7`fBDMnyjy39Rkef
ě lM /B�HQ;m2 ¨ THmbB2m`b pQBt TQm` �M�Hvb2` +QKK2Mi H2b i?ûQ`B2b /2 HǶ�+iBQM

DQBMi2 T2mp2Mi �TTQ`i2` �m /QK�BM2 /2 HǶBMi2`�+iBQM ?mK�BM@`Q#QiX
(*HQ/B+ kykR) �m`ûHB2 *HQ/B+ �M/ _�+?B/ �H�KBX q?�i Ab Ai iQ AKTH2K2Mi � >mK�M@

_Q#Qi CQBMi �+iBQM \ AM _Q#QiB+b- �A- �M/ >mK�MBiv- T�;2b kkNĜkj3X aT`BM;2` AM@
i2`M�iBQM�H Sm#HBb?BM;- 62#`m�`v kykRX .PA , RyXRyydfNd3@j@yjy@89Rdj@enRN l_G ,
?iiTb,ff?�HXH��bX7`f?�H@yjR39dkdpR

https://hal.laas.fr/ijn_03084126/
https://hal.laas.fr/hal-03184727v1


kXdX *QMi`B#miBQMb �bbQ+Bû2b kN

ě amBi2 ¨ mM2 BMpBi�iBQM TQm` 7�B`2 mM2 T`ûb2Mi�iBQM- DǶ�B 2bb�vû /2 K2ii`2 2M
T2`bT2+iBp2 H2b i`�p�mt /m ;`QmT2 _Q#QiB[m2 2i AMi2`�+iBQMa �p2+ H2b T`Q+2bbmb
/û+`Bib /�Mb H2 +�/`2 /ǶmM2 �+iBQM DQBMi2X GǶB/û2 ûi�Bi 2M T�`i�Mi /ǶmM 2t2KTH2
bBKTH2 /Ƕ2tTHB[m2` HǶ2Mb2K#H2 /2b ûHûK2Mib Mû+2bb�B`2b �m MBp2�m BKTHûK2Mi�@
iBQMX





*?�TBi`2 j

:û`2` b2b +QMM�Bbb�M+2b- ûp�Hm2`
+2HH2b /2b �mi`2b

G2b /QMMû2b 2i H2b +QMM�Bbb�M+2b [m2 H2 `Q#Qi /QBi K�MBTmH2` /�Mb mM +�/`2 /ǶBMi2`�+@
iBQM ?mK�BM@`Q#Qi bQMi /2 M�im`2 i`ĕb /Bp2`b2bX 1HH2b T2mp2Mi p2MB` /2 bQm`+2b /Bzû`2Mi2b
[m2 +2 bQBi mM2 BM7Q`K�iBQM #`mi2 /2 T2`+2TiBQM- mM KQ/ĕH2 j. TQm` `2T`ûb2Mi2` HǶ2MpB`QM@
M2K2Mi- mM2 QMiQHQ;B2 TQm` mM /QK�BM2 /QMMû2 `û+mTû`û2 bm` H2 r2#- 2i+X 1HH2b T2mp2Mi
āi`2 i`�Biû2b T�` H2 `Q#Qi TQm` 2M 7�B`2 mM2 BM7Q`K�iBQM +QKT`û?2MbB#H2 T�` HǶ?mK�BM �p2+
H2[m2H BH BMi2`�;Bi Qm TQm` T2`K2ii`2 H� KBb2 2M `Qmi2 /ǶmM2 �+iBQMX G2b /QMMû2b 2i H2b
+QMM�Bbb�M+2b bQMi T�`iQmi UH� };m`2 jXR `2T`ûb2Mi2 [m2H[m2b@mM2b /2 +2b /QMMû2bV- 2HH2b
ûpQHm2Mi iQmi H2 i2KTb 2i +Ƕ2bi mM /û} /Ƕ2M ;�`/2` mM2 pBbBQM +Q?û`2Mi2 2i Dmbi2 �BMbB [m2
/2 H2b biQ+F2` 2i H2b KûKQ`Bb2` HQ`b[m2 +Ƕ2bi Mû+2bb�B`2X

.�Mb +2 +?�TBi`2- MQmb �HHQMb �#Q`/2` H� ;2biBQM /2b +QMM�Bbb�M+2bX .�Mb mM T`2KB2`
i2KTb- MQmb �HHQMb �M�Hvb2` +QKK2Mi �+[mû`B` 2i +QMbQHB/2` +2b +QMM�Bbb�M+2b U/ǶmM TQBMi
/2 pm2 ;ûQKûi`B[m2 T`BM+BT�H2K2MiV- 2MbmBi2 MQmb 2tTHB[m2`QMb H2 bvbiĕK2 /2 ;2biBQM /2b
+QMM�Bbb�M+2b bm` H2[m2H MQmb �pQMb i`�p�BHHû 2i +QKK2Mi 2tTHQBi2` +2ii2 +QMM�Bbb�M+2X
1M}M- MQmb �M�Hvb2`QMb H� TQbbB#BHBiû /2 K2ii`2 H� +QMM�Bbb�M+2 �m +ƾm` /m bvbiĕK2 TQm`
7�+BHBi2` H� ;2biBQM /2b /QMMû2bX

jXR S`û�K#mH2

*QKK2MÏQMb T�` `û~û+?B` ¨ +2 [m2 bB;MB}2 HǶBMi2`T`ûi�iBQM /2b /QMMû2b 2i H� bB;MB}+�@
iBQM [m2 HǶQM p� /QMM2` /�Mb MQi`2 +�bX

aB pQmb `2;�`/2x H2b BK�;2b /2 H� };m`2 jXk- BH 2tBbi2 /2 MQK#`2mb2b BMi2`T`ûi�iBQMb
TQbbB#H2bX am` HǶBK�;2 /2 ;�m+?2- bB HǶQM +QMbB/ĕ`2 HǶBK�;2 `2MpQvû2 T�` H� +�Kû`� /m
`Q#Qi ,

ě �pQMb@MQmb Ǵb2mH2K2MiǴ �++ĕb ¨ HǶBK�;2 \
ě �pQMb@MQmb /2b BM7Q`K�iBQMb bm` +?�[m2 Q#D2i , mM2 i�#H2- /2mt +m#2b UT2mi@āi`2

�p2+ H2m`b +�`�+iû`BbiB[m2b +QKK2 mM +m#2 #H2m 2i mM +m#2 D�mM2V- mM2 T2iBi2 pQBim`2
`Qm;2- mM H2;Q ;`Bb \

ě �pQMb@MQmb �++ĕb �mt `2H�iBQMb 2Mi`2 +?�[m2 Q#D2i , iQmb H2b Q#D2ib bQMi bm` H� i�#H2-
H2 +m#2 D�mM2 2bi bm` H2 +m#2 #H2m- H2b +m#2b bQMi ¨ ;�m+?2 /2 H� pQBim`2- H� pQBim`2
2bi ¨ ;�m+?2 /m H2;Q ;`Bb \

ě �pQMb@MQmb �++ĕb ¨ HǶBM7Q`K�iBQM b2HQM H�[m2HH2 mM +m#2 2bi }tû ¨ HǶ�mi`2 2i [m2 +2H�
7Q`K2 mM MQmp2H Q#D2i \

ě �pQMb@MQmb �++ĕb ¨ HǶBM7Q`K�iBQM [m2 +2b Q#D2ib bQMi pBbB#H2b T�` H2 `Q#Qi ¨ mM
BMbi�Mi /QMMû \

ě �pQMb@MQmb �++ĕb ¨ H� `2H�iBQM HBû2 �mt +�T�+Biûb /m `Q#Qi , H2 `Q#Qi T2mi �ii`�T2`
H2b /2mt Q#D2ib +m#2b \
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Human H
Robot R
Commitment(H)
CollaborativeTask(H,R)

Interaction Session

Robot R
Task(R)

By itself

(Shared) Goal : desired worldstate
(Shared) Plan Abstract task

Abstract task

Primitive task Primitive taskPrimitive task

Abstract task Abstract task

Task

ID
Agent
State

Predecessors
Parameters
Decomposition

Primitive Task

OR

ID
Agent
State
Decomposition

Abstract Task

Environment
Plan progress
Commitment

Estimation of

Human Beliefs

Environment
Plan progress

Robot Beliefs

Session level
Task level
Action level

Quality of

Interaction

Name
Parameters
Progression state

Recognized 

Human Actions Name
Parameters
Progression state
Result

Executed Robot Action

Pick and Place

?0 isA Cube. ?0 isReachableBy ?1 
NOT EXISTS { ?0 isOnTopOf ?2. ?2 isA Cube}

?0 isA Spot 
NOT EXISTS { ?0 isUnder ?2. ?2 isA Cube }

Pick and Place

?0 isA Cube. ?0 isReachableBy ?1 
NOT EXISTS { ?0 isOnTopOf ?2. ?2 isA Cube}

?0 isA Spot 
NOT EXISTS { ?0 isUnder ?2. ?2 isA Cube }

Pick and Place

?0 isA Stick. ?0 isReachableBy ?1 
NOT EXISTS { ?0 isOnTopOf ?2. ?2 isA Cube }

red_cube_1, red_cube_2

Pick and Place

?0 isA Cube. ?0 hasColor blue. ?0 isReachableBy ?1 
NOT EXISTS { ?0 isOnTopOf ?2. ?2 isA Cube }

stick

Pick and Place

green_cube

?0 isA Cube. ?0 hasColor blue. 
?0 isOnTopOf ?1. ?1 isA Cube

Pick and Place

?0 isA Cube. ?0 hasColor blue. ?0 isReachableBy ?1 
NOT EXISTS { ?0 isOnTopOf ?2. ?2 isA Cube }

green_cube

AgentX
action

Robot action

Human
action

Legend

6B;m`2 jXR Ĝ �T2`Ïm UMQM@2t?�mbiB7V /2b /QMMû2b K�MBTmHû2b U2i /2 [m2H[m2b bi`m+im`2b
�bbQ+Bû2bV , 2M ?�mi ¨ ;�m+?2 H� `2T`ûb2Mi�iBQM /ǶmM K�;�bBM 2i /2b T`Q/mBib [mǶBH p2M/
/�Mb mM2 QMiQHQ;B2 (a�`i?Qm kykR�) c 2M ?�mi ¨ /`QBi2 H2b /QMMû2b ;ûQKûi`B[m2b K�MBTmHû2b
UH2b TQbBiBQMb K�Bb �mbbB H2b `2T`ûb2Mi�iBQMb j. /2b /Bzû`2Mib ûHûK2MibV (JBHHB2x kyR9) c 2M
#�b ¨ ;�m+?2 H2b /QMMû2b K�MBTmHû2b T�` H2 bvbiĕK2 /2 bmT2`pBbBQM (J�vBK� kykR�) c 2M
#�b ¨ /`QBi2 H2b /QMMû2b K�MBTmHû2b T�` H� TH�MB}+�iBQM /2 i�+?2b (J�vBK� kykR�)X
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6B;m`2 jXk Ĝ Zm2 bB;MB}2 HǶBMi2`T`ûi�iBQM /2b /QMMû2b \ Zm2HH2b /QMMû2b bQMi �+[mBb2b 2i
[m2 T2mi BMi2`T`ûi2` H2 `Q#Qi /�Mb +2b /Bzû`2Mib +�b \

.2 H� KāK2 7�ÏQM- bm` HǶBK�;2 /2 /`QBi2- BH v � /Ƕ�mi`2b ûHûK2Mib /2 HǶ2MpB`QMM2K2Mi [mB
M2 bQMi T�b pBbB#H2b ¨ mM BMbi�Mi /QMMû UK�Bb T2mi@āi`2 /ûD¨ pmb \V +QKK2Mi biQ+F2@i@QM +2b
BM7Q`K�iBQMb \ T2mi@āi`2 7�m/`�Bi@BH [mǶQM /Bb2 �m `Q#Qi /2 `2;�`/2` ¨ ;�m+?2 Qm ¨ /`QBi2
TQm` /ûi2+i2` +2b �mi`2b ûHûK2Mib /2 bQM 2MpB`QMM2K2MiX *QKK2Mi ;û`2` mM2 [m2biBQM Qm
mM2 /2K�M/2 ¨ T`QTQb /2 H� pQBim`2 p2`i2 \

LQmb �HHQMb 2tTHB[m2` /�Mb +2 +?�TBi`2 mM2 K�MBĕ`2- MQi`2 K�MBĕ`2- /2 KQ/ûHBb2` H2b
/QMMû2b 2i /2 H2b i`�Mb7Q`K2` 2M BM7Q`K�iBQMb miBHBb�#H2b T�` MQb bvbiĕK2bX LQi`2 K�MBĕ`2
/2 7�B`2 2bi mM2 TQbbB#BHBiû- BH 2M 2tBbi2 /Ƕ�mi`2b #B2M 2Mi2M/mX .�Mb mM +�/`2 /ǶBMi2`�+iBQM-
HǶmM /2b /û}b p� +QMbBbi2` û;�H2K2Mi ¨ K2ii`2 2M +Q?û`2M+2 H2b BM7Q`K�iBQMb KQ/ûHBbû2b T�`
H2 `Q#Qi 2i H2b BM7Q`K�iBQMb /BbTQMB#H2b ¨ H� T2`bQMM2 �p2+ H�[m2HH2 BH BMi2`�;Bi- 2i bǶ�bbm`2`
[m2 +Ƕ2bi H2 +�b- +Ƕ2bi@¨@/B`2 �bbm`2` H2 ;`QmM/BM; (*H�`F RNNe�)X

jXk �+[mû`B` 2i +QMbQHB/2` H2b +QMM�Bbb�M+2b
LQmb �HHQMb B+B T�`H2` /ǶmM i`�p�BH /û#miû T�` H2b i`�p�mt /2 �KBi EmK�` S�M/2v-

J�ii?B2m q�`MB2` 2i _�+?B/ �H�KB- TQm`bmBpB T�` :`û;QB`2 JBHHB2x 2i 2M}M T�` aûp2`BM
G2K�B;M�M 2i uQ�M a�HH�KBX

GǶ�M+`�;2 /2b T2`+2TiBQMb /�Mb mM KQ/ĕH2 bvK#QHB[m2 T`QTB+2 ¨ H� T`Bb2 /2 /û+BbBQM
Mû+2bbBi2 /2b +�T�+Biûb /2 T2`+2TiBQM 2i H2m` BMi2`T`ûi�iBQM bvK#QHB[m2X *Ƕ2bi +2 [m2 MQmb
�TT2HQMb ûp�Hm�iBQM /2 H� bBim�iBQMX .2 MQK#`2mb2b �TT`Q+?2b 2tBbi2Mi- +QKK2 H2b T`Qtvb
�KQ/�mt (C�+Q#bbQM kyy3)- H2b `2T`ûb2Mi�iBQMb �KQ/�H2b �M+`û2b (J�p`B/Bb kyye)- H2b +�`i2b
bûK�MiB[m2b (LɃ+?i2` kyy3- :�HBM/Q kyy3- "HQ/Qr kyRR) Qm H� TH�MB}+�iBQM 2i H� +H�bbB}@
+�iBQM /ǶQ#D2ib #�bû2b bm` H2b �zQ`/�M+2b (Gƺ`F2M kyy3- o�`�/�`�D�M kyRR)X

G2 T`2KB2` `ƬH2 /ǶmM bvbiĕK2 /Ƕûp�Hm�iBQM /2 H� bBim�iBQM 2bi /2 `2M/`2 /BbTQMB#H2
mM ûi�i /m KQM/2 �}M /2 7Qm`MB` mM2 #�b2 �m `Q#Qi TQm` TH�MB}2`- �;B`- `û�;B` 2i BMi2`@
�;B`X *2i ûi�i /m KQM/2 +Q``2bTQM/ ¨ H� TQbBiBQM /2b /Bzû`2Mib �;2Mib- Q#D2ib- ûHûK2Mib
/2 HǶ2MpB`QMM2K2Mi c �m +�H+mH /2 7�Bib bvK#QHB[m2b i2Hb [m2 UQ#D2i 2biam` h�#H2V Qm UQ#@
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D2i 2bi�ii2B;M�#H2S�` _Q#QiV Qm UQ#D2i 2bioBbB#H2S�` _Q#QiV TmBb[m2 +Ƕ2bi ¨ +2 MBp2�m
/Ƕ�#bi`�+iBQM [mǶ2bi /û}MB H2 /QK�BM2 /2 TH�MB}+�iBQM 2i [m2 p� i`�p�BHH2` H2 bvbiĕK2 /2
bmT2`pBbBQMX

.�Mb H2 +�/`2 /ǶmM2 BMi2`�+iBQM ?mK�BM@`Q#Qi- +2 bvbiĕK2 p� �mbbB �pQB` TQm` `ƬH2 /2
bBKmH2` H� T2`bT2+iBp2 /2 H� T2`bQMM2 �p2+ [mB H2 `Q#Qi BMi2`�;Bi TQm` BM }M2 +�H+mH2` H2
KāK2 ivT2 /2 7�Bib @ #2H +Q``2bTQM/ ¨ #2HB27 @ U#2H _Q#Qi U#2H >mK�M UQ#D2i 2biam` h�#H2VVV
Qm U#2H _Q#Qi U#2H >mK�M U>mK�M `2;�`/2 h�#H2VVVX *2H� T2mi T2`K2ii`2 /2 /ûi2`KBM2`
T�` 2t2KTH2 mM2 /Bzû`2M+2 2Mi`2 H2b +QMM�Bbb�M+2b /m `Q#Qi 2i H2b +QMM�Bbb�M+2b bmTTQbû2b
/2 H� T2`bQMM2 �p2+ [mB BH BMi2`�;Bi T�` 2t2KTH2X

�m G��a- THmbB2m`b bvbiĕK2b QMi ûiû /ûp2HQTTûb ¨ +QKK2M+2` T�` aS�_E UaS�@
iB�H _2�bQMBM; �M/ EMQrH2/;2V (JBHHB2x kyR9)- TmBb hP�ah1_ Uh`�+FBM; P7 �;2Mib
�M/ aT�iBQ@h1KTQ`�H _2�bQMBM;V (JBHHB2x kyRe�) 2i 2M}M THmb `û+2KK2Mi lM/2`rQ`H/b
(G2K�B;M�M kyR3- a�HH�KB kykR)X

lM/2`rQ`H/b (G2K�B;M�M kyR3) T2`K2i- 2M i2KTb `û2H- /2 +QMbi`mB`2 2i /Ƕ�{M2` /2b
KQ/ĕH2b bT�iBQ@i2KTQ`2Hb /2 HǶ2MpB`QMM2K2Mi 2MiQm`�Mi H2 `Q#QiX lM/2`rQ`H/b T2`K2i /2
T�`i�;2` +2b KQ/ĕH2b /2 KQM/2 2Mi`2 H2b +QKTQb�Mib HQ;B+B2Hb 2tû+miûb bm` H2 `Q#QiX .2
THmb- lM/2`rQ`H/b T2`K2i �mt miBHBb�i2m`b /2 `2T`ûb2Mi2` 2i /2 K�MBTmH2` /2 KmHiBTH2b
�Hi2`M�iBp2b �m KQ/ĕH2 /m KQM/2 �+im2H T2`Ïm 2i +2+B /2 K�MBĕ`2 /Bbi`B#mû2X S�` 2t2KTH2-
H2 KQM/2 �p2+ +2`i�BMb Q#D2ib }Hi`ûb c H2 KQM/2 Ŀ pm ŀ /m TQBMi /2 pm2 /ǶmM �mi`2 �;2Mi c
mM KQM/2 ?vTQi?ûiB[m2 `ûbmHi�Mi /2 HǶ�TTHB+�iBQM bBKmHû2 /ǶmM TH�M- 2i+X G2b };m`2b jXj 2i
jX9 /û+`Bp2Mi +QKK2Mi H2b KQM/2b 2i H2b /Bzû`2Mib +HB2Mib T2mp2Mi āi`2 /û}MBb 2i miBHBbûbX

lM/2`rQ`H/b MQmb � T2`KBb /2 /ûp2HQTT2` mM +2`i�BM MQK#`2 /Ƕ2tTû`BK2Mi�iBQMb i`ĕb
BMiû`2bb�Mi2b (a�HH�KB kyRN- 6Qbi2` kyRN) 2i 2bi mM bvbiĕK2 [mB T`2M/ /ûD¨ 2M +QKTi2 mM
+2`i�BM MQK#`2 /2 +QMi`�BMi2b /2 MQi`2 /QK�BM2X *2T2M/�Mi- QM T2mi [m�M/ KāK2 +Bi2`
[m2H[m2b /B{+mHiûb HBû2b �m /ûp2HQTT2K2Mi 2i ¨ HǶmiBHBb�iBQM /ǶmM i2H bvbiĕK2 2i �mt[m2HH2b
MQmb b2`QMb �ii2MiB7b TQm` H� bmBi2X

G� 7mbBQM /2b /QMMû2b "B2M 2Mi2M/m- H� 7mbBQM /2 /QMMû2b 2bi mM /QK�BM2 /2 `2+?2`+?2
2M bQB 2i QM M2 p� T�b bǶûi2M/`2- +�` +2H� bQ`i /2 KQM +?�KT /Ƕ2tT2`iBb2- K�Bb pQB+B KQM
2tTû`B2M+2 �p2+ HǶmiBHBb�iBQM /2 +2 ;2M`2 /2 bvbiĕK2X aB pQmb T2`+2p2x ¨ mM KQK2Mi /2mt
T2`bQMM2b 2i [m2 pQmb pQmb �T2`+2p2x T�` H� bmBi2 [m2 +2 MǶ2bi [mǶmM2 b2mH2 2i KāK2
T2`bQMM2- BH 7�mi [m2 pQi`2 bvbiĕK2 bQBi +�T�#H2 /2 H2 T`2M/`2 2M +QKTi2X A/2K TQm` H2b
Q#D2ibX *2H� bB;MB}2 [m2 +2 MǶ2bi T�b mM2 T2`+2TiBQM [mB +`û2 mM2 BMbi�M+2- K�Bb [mǶmM2
BMbi�M+2 2bi +`ûû2 ¨ T�`iB` /ǶmM +2`i�BM MQK#`2 /2 bmTTQbBiBQMbX A/2K �p2+ H2b Q#D2ibX *Ƕ2bi
p`�BK2Mi i`ĕb +QKTHB[mû /�Mb mM +QMi2ti2 /ǶBMi2`�+iBQM ?mK�BM@`Q#Qi- +�` /ûi2`KBM2` H�
T2`bQMM2 [mB 2bi 2M 7�+2 Qm HǶQ#D2i T`û+Bb [mB 2bi �m +2Mi`2 /2 HǶ�ii2MiBQM U2i T�b mM
?mK�BM Qm mM [m2H+QM[m2 Q#D2iV 2bi BKTQ`i�MiX .2 KāK2 bB HǶQM 2MpBb�;2 /2 7�B`2 /2 H�
K�MBTmH�iBQM- BH 7�mi TQmpQB` �pQB` mM2 TQbBiBQM T`û+Bb2X

G� ;2biBQM /2b `2bbQm`+2b lM2 �mi`2 /B{+mHiû +QM+2`M2 H� ;2biBQM /2 H� `2bbQm`+2
+�Ti2m`bX G2 `Q#Qi 2bi +�T�#H2 /2 T2`+2pQB` 2M ;ûMû`�H �p2+ H2b +�Ti2m`b [mB bQMi Ǵbm` b�
iāi2Ǵ ¨ H� TH�+2 /2 b2b Ǵv2mtǴX GQ`b[m2 H2 `Q#Qi � #2bQBM /Ƕ�ii`�T2` mM Q#D2i- BH p� ǴiQm`M2`
b� iāi2Ǵ p2`b +2i Q#D2i- TQm` 2M Q#i2MB` mM2 TQbBiBQM THmb T`û+Bb2X G2 T`2KB2` T`Q#HĕK2
pB2Mi /m 7�Bi [mǶBH M2 7�mi T�b T`2M/`2 2M +QKTi2 H2b /QMMû2b T2M/�Mi [m2 H� Ǵiāi2Ǵ 2i
/QM+ [m2 H2b +�Ti2m`b [mB v bQMi bBimûb #Qm;2Mi- +�` +2b /QMMû2b M2 bQMi T�b T`û+Bb2b 2i
T2mp2Mi p2MB` 7�mbb2` iQmi H2 `2bi2X AH 7�mi /QM+ �pQB` +2ii2 TQbbB#BHBiû /2 /ûb�+iBp2` H� T`Bb2
2M +QKTi2 /2 HǶ�+[mBbBiBQM ¨ /2b KQK2Mib T`û+BbX G2 b2+QM/ T`Q#HĕK2 pB2Mi /m 7�Bi [m2
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client
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client
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+ timeline
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world semantic_map

t

+ timeline

scene graph

world post_planning
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t

6B;m`2 jXj Ĝ a+?ûK� /ǶmM `ûb2�m TQbbB#H2 , ?mBi +HB2Mib T�`i�;2Mi /2b KQ/ĕH2b /Ƕ2M@
pB`QMM2K2Mi ¨ i`�p2`b [m�i`2 KQM/2b BM/ûT2M/�Mib U+QMbiBimûb /2 KQ/ĕH2b bT�iB�mt 2i
i2KTQ`2Hb +QMDQBMibVX *2ii2 �`+?Bi2+im`2 T2`K2i /2b `�{M2K2Mib bm++2bbB7b 2i KQ/mH�B`2b
/2b KQ/ĕH2b- �/�Tiûb �mt #2bQBMb /2 +?�[m2 +HB2Mi (G2K�B;M�M kyR3)

HQ`b[m2 H� Ǵiāi2Ǵ /m `Q#Qi bǶ2bi /ûTH�+û2- HǶ2Mb2K#H2 /2b ûHûK2Mib [mB bQMi T2`Ïmb pQMi āi`2
KQ/B}ûb UbB H2 `Q#Qi `2;�`/�Bi H� T2`bQMM2 2M 7�+2 /2 HmB 2M miBHBb�Mi /2 H� /ûi2+iBQM /2
pBb�;2b- BH p� T`Q#�#H2K2Mi M2 THmb H� T2`+2pQB`XXXVX

*2H� BKTHB[m2 /2b +?QBtX hQmb +2b +?QBt /QBp2Mi āi`2 /Q+mK2Miûb 2i /Bb+miûbX

S�`H2` /2 H� KāK2 +?Qb2 G� /û}MBiBQM [m2 HǶQM T2mi /QMM2` �mt +?Qb2b T2mi āi`2
/Bzû`2Mi2 b2HQM H2 MBp2�m Qɍ HǶQM b2 TH�+2X S�` 2t2KTH2- bB HǶQM +�H+mH2 H2 7�Bi U_2/*m#2 Bb@
oBbB#H2"v >mK�MV- [mǶ2bi@+2 [m2 +2H� p2mi /B`2 \ 1bi@+2 [m2 H2 +m#2 2bi pBbB#H2 K�BMi2M�Mi-
2bi@BH /�Mb H2 +?�KT /2 pm2- � ûiû pm- T2M/�Mi +QK#B2M /2 i2KTb \ 2i+X

.2 KāK2 bB HǶQM p2mi /ûi2+i2` HǶ�ii2MiBQM /2 HǶ?mK�BM �p2+ H2[m2H QM BMi2`�;Bi- +2H�
T2mi āi`2 7Q`i2K2Mi HBû ¨ H� i�+?2 2i T�b b2mH2K2Mi �m 7�Bi [mǶBH `2;�`/2 H2 `Q#QiX GǶ?mK�BM
[mB `2;�`/2 /�Mb H� /B`2+iBQM Qɍ H2 `Q#Qi ;mB/2 HmB /Bi /2 `2;�`/2` 2bi �ii2MiB7XXX

G¨ 2M+Q`2- H2b +?QBt 7�Bib /QBp2Mi āi`2 /Q+mK2Miûb 2i /Bb+miûbX
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6B;m`2 jX9 Ĝ a+?ûK� /ǶmM2 �`+?Bi2+im`2 lM/2`rQ`H/X G2b +HB2Mib HBb2Mi 2i ;ûMĕ`2Mi
H2b KQM/2b 1Lo → 1Lon_P"Ph → Ę→ >lJ�L nS1_aS1*hAo1X G2b /2mt /2`MB2`b KQM/2b
>lJ�L&R-k'nS1_aS1*hAo1 `2T`ûb2Mi2Mi H� T2`bT2+iBp2 pBbm2HH2 BKKû/B�i2 /2 +?�+mM /2b
?mK�BMb- �BMbB [m2 H2m`b T2`+2TiBQMb pBbm2HH2b T�bbû2bX 1M i�Mi [m2 i2Hb- +2 bQMi H2b Kû@
KQB`2b pBbm2HH2b /2b ?mK�BMb- bm` H2b[m2HH2b H2 `Q#Qi T2mi bǶ�TTmv2` TQm` T`2M/`2 /2b
/û+BbBQMb (G2K�B;M�M kyR3)
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G� /B{+mHiû /2b ?vTQi?ĕb2b AH 2bi bQmp2Mi Mû+2bb�B`2 /2 7�B`2 /2b ?vTQi?ĕb2b �m b2BM
/2 bvbiĕK2 /Ƕûp�Hm�iBQM /2 H� bBim�iBQMX �BMbB bB H2 `Q#Qi � pm mM Q#D2i bm` H� i�#H2 ¨ mM
KQK2Mi /QMMû 2i [mǶBH M2 HǶ� T�b pm �BHH2m`b- QM T2mi 7�B`2 HǶ?vTQi?ĕb2 [m2 HǶQ#D2i 2bi
iQmDQm`b H¨X .2 KāK2- BH 2bi TQbbB#H2 /ǶmiBHBb2` mM KQi2m` T?vbB[m2X

*2T2M/�Mi- BH 7�mi H¨ 2M+Q`2 [m2 +2b ?vTQi?ĕb2b bQB2Mi +H�B`2K2Mi /û}MB2b 2i BMb+`Bi2b
/�Mb mM +QMi2ti2 T�`iB+mHB2` UQɍ 2HH2b 7Q`K2Mi mM 2Mb2K#H2 /Ƕ?vTQi?ĕb2b `�BbQMM�#H2 TQm`
+QKT`2M/`2 H� bBim�iBQM �+im2HH2VX A/û�H2K2Mi- BH 7�m/`�Bi TQmpQB` /û}MB` mM 2Mb2K#H2 /Ƕ?v@
TQi?ĕb2b TQm` mM +QMi2ti2X

G¨ 2M+Q`2- H2b +?QBt 7�Bib /QBp2Mi āi`2 /Q+mK2Miûb 2i /Bb+miûbX

.QMM2` /2b ûHûK2Mib /2 +QM};m`�iBQM G2 MBp2�m /û+BbBQMM2H /BbTQb2 /ǶmM +2`i�BM
MQK#`2 /ǶBM7Q`K�iBQMb [mB T2mp2Mi BM~m2` bm` HǶûp�Hm�iBQM /2 H� bBim�iBQMX AH TQm``�Bi āi`2
miBH2 /2 /QMM2` /2b KQv2Mb �m bvbiĕK2 /2 bmT2`pBbBQM /2 p2MB` +QM};m`2` HǶûp�Hm�iBQM 2M
7QM+iBQM /m +QMi2ti2X

GQ`b[m2 HǶQM 7�Bi /2 H� K�MBTmH�iBQM- QM � #2bQBM /Ƕ�pQB` mM2 TQbBiBQM i`ĕb T`û+Bb2 /2b
Q#D2ib- K�Bb +2H� p2mi �mbbB /B`2 [mǶ¨ /Ƕ�mi`2b KQK2Mib Ǵb2mH2K2MiǴ b�pQB` [m2 HǶQ#D2i 2bi
bm` H� i�#H2 bm{i Ub�Mb [mǶBH bQBi Mû+2bb�B`2 /2 +�H+mH2` mM2 TQbBiBQM T`û+Bb2VX *2H� TQm``�Bi
āi`2 mM ûHûK2Mi /2 +QM};m`�iBQMX

GQ`b[m2 HǶQM miBHBb2 /2 H� `2+QMM�Bbb�M+2 /2 pBb�;2b- /�Mb +2`i�BMb +QMi2ti2b QM TQm``�Bi
BM/B[m2` [m2H 2Mb2K#H2 /2 T2`bQMM2b QM bQm?�Bi2 `2+QMM�ŗi`2 U2i T�b iQmi +2mt [mB T2mp2Mi
b2 i`Qmp2` /�Mb H� #�b2VX *2H� T2mi �pQB` mM2 BKTQ`i�M+2 MQM b2mH2K2Mi TQm` bBKTHB}2` H2
i`�p�BH /2 H� `2+QMM�Bbb�M+2 /2 pBb�;2b- K�Bb û;�H2K2Mi ¨ THmb HQM; i2`K2 TQm` /2b `�BbQMb
/2 +QM}/2MiB�HBiûX

hQmDQm`b TQm` H� `2+QMM�Bbb�M+2 /2 pBb�;2b- H2 bvbiĕK2 /2 /û+BbBQM T2mi b�pQB` ¨ mM
KQK2Mi /QMMû [mǶmM2 T2`bQMM2 M2 p� THmb `2;�`/2` H2 `Q#Qi- ivTB[m2K2Mi [m�M/ mM `Q#Qi
;mB/2 /2K�M/2 ¨ H� T2`bQMM2 �p2+ [mB BH BMi2`�;Bi /2 `2;�`/2` H� /B`2+iBQM [mǶBH TQBMi2X Āi`2
+�T�#H2 /2 T�`i�;2` +2ii2 BM7Q`K�iBQM TQm``�Bi āi`2 BMiû`2bb�Mi TQm` ûpBi2` �m bvbiĕK2 /2
`2+QMM�Bbb�M+2 /2 +QMiBMm2` ¨ +?2`+?2` T2M/�Mi +2 i2KTb@H¨X

*QMiBMmBiû /�Mb H2b /ûp2HQTT2K2Mib G2 /2`MB2` bQm+B 2bi #B2M 2Mi2M/m H� +QMiB@
MmBiû /�Mb H2b /ûp2HQTT2K2MibX �m DQm` /Ƕ�mDQm`/Ƕ?mB- MQmb MǶ�pQMb THmb /2 +�T�+Biûb /2
/ûp2HQTT2K2Mi TQm` +2 bvbiĕK2 �m H�#Q`�iQB`2X

jXj :û`2` H2b +QMM�Bbb�M+2b
AH MǶv �p�Bi K�H?2m`2mb2K2Mi T�b 2m /2 TQm`bmBi2 /m i`�p�BH `û�HBbû T�` aûp2`BM G2K�B@

;M�M bm` H2b QMiQHQ;B2b �p2+ P_P (G2K�B;M�M kyRy)X LQmb �pQMb 2m HǶQ++�bBQM /2 `2MQm@
p2H2` +2 i`�p�BH �p2+ H� i?ĕb2 /2 :mBHH�mK2 a�`i?Qm (a�`i?Qm kykR�)X

G� T`2KBĕ`2 [m2biBQM [m2 HǶQM T2mi b2 TQb2` +Ƕ2bi TQm`[mQB mM bvbiĕK2 ¨ #�b2 /ǶQMiQ@
HQ;B2UbV 2bi T2`iBM2Mi 2M `Q#QiB[m2 2M ;ûMû`�H 2i /�Mb H2 /QK�BM2 /2 HǶBMi2`�+iBQM ?mK�BM@
`Q#Qi 2M T�`iB+mHB2`X

*Ƕ2bi 2M 7�Bi mM +QMbi�i T�`i�;û �m MBp2�m /m /QK�BM2- �BMbB S`�b�/ 2i �HX (S`�b�/ kyky)
BM/B[m2Mi [mǶmM ;`�T?2 bûK�MiB[m2 Qm ;`�T?2 /2 +QMM�Bbb�M+2b- 2bi �mDQm`/Ƕ?mB 7`û[m2K@
K2Mi miBHBbû +QKK2 `2T`ûb2Mi�iBQM /2b +QMM�Bbb�M+2b /�Mb H2b �TTHB+�iBQMb `Q#QiB[m2b U2X;X
("�HBMi@"2M+xû/B kyR3)- (h2MQ`i? kyRd)- (S�mHBmb kyR3)VX *2H� T2`K2i /2 `2T`ûb2Mi2` 2Mi`2
�mi`2b ,



j3 *?�TBi`2 jX :û`2` b2b +QMM�Bbb�M+2b- ûp�Hm2` +2HH2b /2b �mi`2b

ě H2b +�iû;Q`B2b /Ƕ2MiBiûb ¨ /Bzû`2Mib MBp2�mt /Ƕ�#bi`�+iBQM- T�` 2tX mM2 TQB;Mû2 2bi
mM Q#D2i T?vbB[m2

ě H2b +�`�+iû`BbiB[m2b /2b 2MiBiûb- T�` 2tX mM 7`B;Q � mM2 TQB;Mû2
ě H� 7QM+iBQM Qm H2 #mi- H2b �zQ`/�M+2b /2b 2MiBiûb- T�` 2tX H� TQB;Mû2 /m 7`B;Q T2`K2i

/ǶQmp`B` H2 7`B;Q
ě H� HQ+�HBb�iBQM /ǶmM2 2MiBiû T�` `�TTQ`i ¨ mM2 �mi`2 U+Ƕ2bi@¨@/B`2 H2b `2H�iBQMb bT�@

iB�H2bV- T�` 2tX H� #Qmi2BHH2 /2 H�Bi 2bi �m 7`B;Q
GǶmiBHBb�iBQM /2b QMiQHQ;B2b 2M `Q#QiB[m2 7�Bi HǶQ#D2i /2 i`QBb ivT2b /2 +QMi`B#miBQMbX G�

+`û�iBQM /ǶQMiQHQ;B2- H2 biQ+F�;2 /2 +2b QMiQHQ;B2b 2i H2b Kû+�MBbK2b /ǶBM7û`2M+2 �bbQ+Bûb-
H2b 7`�K2rQ`Fb miBHBb�Mi H2b QMiQHQ;B2bX

G� +`û�iBQM /ǶQMiQHQ;B2b b2 +QM+2Mi`2 bm` H� /û}MBiBQM /m pQ+�#mH�B`2 2i /2b `ĕ;H2bX G2b
QMiQHQ;B2b +`ûû2b bQMi bQmp2Mi /BpBbû2b 2M [m�i`2 +�iû;Q`B2b , MBp2�m bmTû`B2m`- `û7û`2M+2-
/QK�BM2 2i �TTHB+�iBQMX G2b QMiQHQ;B2b /2 MBp2�m bmTû`B2m` /û}MBbb2Mi /2b +QM+2Tib H�`@
;2K2Mi �TTHB+�#H2b- i`�Mbp2`b�mt ¨ THmbB2m`b /Bb+BTHBM2bX G2b THmb miBHBbû2b bQMi .PG*1
U.2b+`BTiBp2 PMiQHQ;v 7Q` GBM;mBbiB+ �M/ *Q;MBiBp2 1M;BM22`BM;V (J�bQHQ kyyj)- *v+
(G2M�i RN3N)- Qm alJP UPMiQHQ;B2 bmTû`B2m`2 7mbBQMMû2 bm;;û`û2V (LBH2b kyyR)X G2b QM@
iQHQ;B2b /2 `û7û`2M+2 bQMi #�bû2b bm` HǶQMiQHQ;B2 bmTû`B2m`2 2i /û+`Bp2Mi H2 pQ+�#mH�B`2
/ǶmM2 /Bb+BTHBM2- +QKK2 HǶBM;ûMB2`B2 Qm H� Kû/2+BM2X S�` 2t2KTH2- (a+?H2MQz kyR8) +Qmp`2
H� `Q#QiB[m2 2i HǶ�miQK�iBb�iBQM- /û+`Bp�Mi H2 `Q#Qi /ǶmM TQBMi /2 pm2 i2+?MB[m2- �p2+
b2b +�Ti2m`b- b2b T`Q+2bbmb 2i b� TQbBiBQMX G2b QMiQHQ;B2b /2 /QK�BM2 pBb2Mi ¨ �{M2` mM2
/Bb+BTHBM2- 2M b2 +QM+2Mi`�Mi bm` mM /QK�BM2 THmb `2bi`2BMi- +QKK2 HǶQMiQHQ;B2 aPJ�
("2ĽH2` kyky) b2 +QM+2Mi`�Mi bm` H� `2T`ûb2Mi�iBQM /2b �+iBpBiûbX 1M}M- H2b QMiQHQ;B2b /Ƕ�T@
THB+�iBQMb ûi2M/2Mi H2b QMiQHQ;B2b /2 /QK�BM2 TQm` /2b �TTHB+�iBQMb T`û+Bb2bX G� +QM+2TiBQM
/2 HǶQMiQHQ;B2 miBHBb2 /2b H�M;�;2b i2Hb [m2 _.6 U_2bQm`+2b .2b+`BTiBQM 6`�K2rQ`FV- 6PG
U6B`bi P`/2` GQ;B+V Qm PqG Uq2# PMiQHQ;v G�M;m�;2VX

§ HǶ�B/2 /2 +2b QMiQHQ;B2b- mM +2`i�BM MQK#`2 /2 +�/`2b QMi ûiû /ûp2HQTTûb TQm` T`2M/`2
2M +?�`;2 H2b T`Q+2bbmb /2 `�BbQMM2K2Mi /2 ?�mi MBp2�m /�Mb H2b �TTHB+�iBQMb `Q#QiB[m2bX
S�`KB 2mt- QM i`Qmp2 /2b bvbiĕK2b ¨ #�b2 /ǶQMiQHQ;B2b miBHBbûb TQm` H� T`Bb2 /2 /û+B@
bBQM- HǶûp�Hm�iBQM /2 H� bBim�iBQM- H� TH�MB}+�iBQM Qm H2 K�BMiB2M /2b +`Qv�M+2bX lM2 `2@
pm2 +QKTHĕi2 /2 +2b +�T�+Biûb /2 `�BbQMM2K2Mi 2i /2b +�/`2b +Q``2bTQM/�Mib 2bi /BbTQ@
MB#H2 /�Mb (PHBp�`2b@�H�`+Qb kyRN)- QM T2mi +Bi2` EMQr_Q# (h2MQ`i? kyRj)- _Pa1hh�
(ai2MK�`F kyRj)- *�_1aa1a ("`mMQ kyRd)- _Q#Q"`�BM (a�t2M� kyR9)- Qm 2M+Q`2 P_P
(G2K�B;M�M kyRy)X

G2 /2`MB2` ivT2 /2 +QMi`B#miBQM 2bi H2 biQ+F�;2 2i HǶBM7û`2M+2 ¨ #�b2 /ǶQMiQHQ;B2b TQm`
7Q`K2` mM2 #�b2 /2 +QMM�Bbb�M+2b bm` H�[m2HH2 H2 +�/`2 T2mi bǶ�TTmv2` TQm` 2z2+im2` mM
`�BbQMM2K2Mi /2 THmb ?�mi MBp2�mX EMQr_Q# miBHBb2 S`QHQ; (qB2H2K�F2` kyyj) �p2+ mM2
#B#HBQi?ĕ[m2 TQm` ;û`2` H2b i`BTH2ib _.6X _Pa1hh� miBHBb2 a2b�K2 TQm` biQ+F2` 2i BMi2`@
`Q;2` /2b i`BTH2ib _.6 ("`Q2Fbi`� kyyk)X P_P miBHBb2 C2M� 2M THmb /m `�BbQMM2m` S2HH2i
(aB`BM kyyd)X 1M}M- _Q#Q"`�BM miBHBb2 mM2 #�b2 /2 /QMMû2b /2 ;`�T?2b T2`bQMM�HBbû2X

1M `ûbmKû- mM2 "�b2 /2 *QMM�Bbb�M+2b- bQmb 7Q`K2 /ǶQMiQHQ;B2- T2mi āi`2 pm2 +QKK2
mM ;`�T?2 bûK�MiB[m2 `2TQb�Mi bm` mM2 bTû+B}+�iBQM 7Q`K2HH2 2i 2tTHB+Bi2 /m b2Mb T�`i�;û
/2b +QM+2Tib miBHBbûb TQm` `2T`ûb2Mi2` mM2 bBim�iBQM /QMMû2X �}M /Ƕāi`2 miBHBbû2 /�Mb mM
7`�K2rQ`F TQm` 2z2+im2` mM `�BbQMM2K2Mi /2 ?�mi MBp2�m- HǶQMiQHQ;B2 /QBi āi`2 biQ+Fû2
TQm` 2tTQb2` H2b +QMM�Bbb�M+2b [mǶ2HH2 +QMiB2Mi ¨ /Ƕ�mi`2b +QKTQb�MibX

�m+mM2 bQHmiBQM /2 biQ+F�;2 bi�M/�`/ MǶ� ûK2`;û Dmb[mǶ¨ T`ûb2Mi- +�` +2H� /ûT2M/ T`BM@
+BT�H2K2Mi /2b #2bQBMb /2 HǶ�TTHB+�iBQM 2i +Ƕ2bi +2 bm` [mQB MQmb �HHQMb `2p2MB` K�BMi2M�MiX
Zm2HH2b bQMi H2b 7QM+iBQMM�HBiûb bQm?�Biû2b TQm` mM bvbiĕK2 ¨ #�b2 /ǶQMiQHQ;B2b TQm` MQi`2



jXjX :û`2` H2b +QMM�Bbb�M+2b jN

/QK�BM2 \

h`�p�BHH2` 2M i�Mi [m2 b2`p2m` .�Mb mM2 �`+?Bi2+im`2 `Q#QiB[m2- QM i`Qmp2 /Bzû`2Mib
+QKTQb�Mib [mB �+[mBĕ`2Mi- i`�Bi2Mi 2i T`Q/mBb2Mi /2b /QMMû2b ¨ /Bzû`2Mib MBp2�mt /Ƕ�#b@
i`�+iBQM +QKK2 MQmb HǶ�pQMb pm �p2+ H� };m`2 jXRX lM T`Q#HĕK2 +QKKmM �p2+ mM2 i2HH2
�`+?Bi2+im`2 2bi [m2 +?�[m2 +QKTQb�Mi TQbbĕ/2 mM2 T�`iB2 /2b +QMM�Bbb�M+2b ;ûMû`�H2b-
+2 [mB T2mi +QM/mB`2 ¨ /2b BM+Q?û`2M+2bX S�` +QMbû[m2Mi- H� #�b2 /2 +QMM�Bbb�M+2b [m2
MQmb pQmHQMb /QBi āi`2 mM b2`p2m`- �++2bbB#H2 T�` `2[māi2 2i KBb2 ¨ DQm` T�` MǶBKTQ`i2 [m2H
+QKTQb�MiX �BMbB- 2HH2 T2mi 7Qm`MB` mM2 +QMM�Bbb�M+2 mMB7Q`K2 ¨ iQmi2 HǶ�`+?Bi2+im`2X

S`Bb2 2M +?�`;2 /2 THmbB2m`b BMbi�M+2b .�Mb H2 /QK�BM2 /2 HǶBMi2`�+iBQM ?mK�BM@
`Q#Qi- QM p2mi TQmpQB` KQ/ûHBb2` H� +QMM�Bbb�M+2 /m `Q#Qi- K�Bb �mbbB āi`2 +�T�#H2 /2
`2T`ûb2Mi2` mM2 2biBK�iBQM /2b +QMM�Bbb�M+2b /2b �mi`2b �;2MibX *2`i�BMb bvbiĕK2b H2 7QMi
2M +?QBbBbb�Mi /ǶBMiû;`2` HǶ2Mb2K#H2 /2b /QMMû2b /�Mb mM2 b2mH2 #�b2X *2T2M/�Mi- MQmb
T2MbQMb [m2 bûT�`2` H2b +QMM�Bbb�M+2b U2i H2b 2biBK�iBQMb /2b +QMM�Bbb�M+2bV /2b /Bzû`2Mib
�;2Mib /�Mb /2b #�b2b /Bzû`2Mi2b T2mi 7�+BHBi2` H� T`Bb2 2M +?�`;2 /2 H� KBb2 ¨ DQm`- H�
`2+?2`+?2 /2 bBKBH�`Biûb Qm /2 /Bzû`2M+2b- 2i+X .2 THmb- bB HǶQM 2MpBb�;2 �mbbB #B2M /2b
BMi2`�+iBQMb +Qm`i@i2`K2 UT�` 2t- /ǶmM `Q#Qi@2KTHQvû �p2+ mM +HB2Mi /�Mb mM K�;�bBMV
2i /2b BMi2`�+iBQMb HQM;@i2`K2 UT�` 2t- /ǶmM `Q#Qi@2KTHQvû �p2+ mM �mi`2 2KTHQvû /m
K�;�bBMV- BH 7�mi āi`2 +�T�#H2 /2 TQmpQB` KûKQ`Bb2` 7�+BH2K2Mi mM2 BMi2`�+iBQM- K�Bb T2mi@
āi`2 �mbbB /2 HǶ2z�+2`X G� TQbbB#BHBiû /Ƕ�pQB` THmbB2m`b #�b2b T2mi �mbbB T2`K2ii`2 /Ƕ2MpBb�;2`
/2 b2 T`QD2i2` /�Mb mM ûi�i 7mim` U2X;X [m2H b2`� HǶûi�i /2 K� #�b2 bB D2 `û�HBb2 +2 TH�MV 2i /2 H2
+QKT�`2` ¨ HǶûi�i T`ûb2MiX G2 bvbiĕK2 [m2 MQmb �pQMb /ûp2HQTTû T2`K2i /2 ;û`2` THmbB2m`b
#�b2b- K�Bb T�b 2M+Q`2 /2 ;û`2` H2b �bT2+ib KûKQ`Bb�iBQM- T`QD2+iBQM 2i �/û[m�iBQM �m
+QMi2ti2- K�Bb +2 bQMi /2b +?Qb2b bm` H2b[m2HH2b MQmb bQm?�BiQMb i`�p�BHH2` TQm` H� bmBi2X

AMi2``Q;�iBQM �m MBp2�m bûK�MiB[m2 *QKK2 2tTHB[mû /�Mb ("`Q2Fbi`� kyyk)- TQm`
BMi2``Q;2` /2b ;`�T?2b _.6- i`QBb MBp2�mt bQMi TQbbB#H2bX *QMbB/û`�Mi mM2 QMiQHQ;B2 û+`Bi2
2M sJG- H2 MBp2�m bvMi�tB[m2 BMi2``Q;2`�Bi H� bi`m+im`2 sJGX S�` +QMbû[m2Mi- BH BMi2`@
`Q;2`�Bi mM �`#`2 THmiƬi [mǶmM ;`�T?2X lM2 `2[māi2 b2`�Bi Ǵ/QMM2x@KQB H2b `2bbQm`+2b BK@
#`B[mû2b /�Mb mM ûHûK2Mi .2b+`BTiBQM �v�Mi HǶ�ii`B#mi �#Qmi �p2+ H� p�H2m` sǴX AH 2bi /QM+
/ûT2M/�Mi /2 H� H�M;m2 2i Mû+2bbBi2 /2 +QMM�ŗi`2 H2b KQib +Hûb miBHBbûbX G2 MBp2�m bi`m+im@
`2H- i2H [m2 /BbTQMB#H2 /�Mb (G�bbBH� RNN3)- 7Qm`MBi mM2 �#bi`�+iBQM �m H�M;�;2X AH T2`K2i
mM2 `2[māi2 /m ivT2 Ǵ/QMM2x@KQB iQmb H2b ûHûK2Mib /2 ivT2 �Ǵ [m2HH2 [m2 bQBi H� K�MBĕ`2
/QMi BH 2bi `2T`ûb2Miû /�Mb H2 H�M;�;2X *2T2M/�Mi- H2 MBp2�m bi`m+im`2H M2 `2;�`/2 [m2 H2b
i`BTH2ib 2tTHB+Bi2bX aB " 2bi mM bQmb@ivT2 /2 � 2i [m2 HǶûHûK2Mi t 2bi /û+`Bi +QKK2 ûi�Mi
/2 ivT2 "- H� /2K�M/2 /2b ûHûK2Mib /2 ivT2 �- t M2 b2`� T�b `2MpQvûX G2 /2`MB2` MBp2�m
/2 `2[māi2 2bi H2 MBp2�m bûK�MiB[m2 [mB M2 b2 HBKBi2 T�b �mt +QMM�Bbb�M+2b 2tTHB+Bi2bX § +2
MBp2�m- 2M /2K�M/�Mi H2b ûHûK2Mib /2 ivT2 �- t b2`�Bi `2MpQvû- +�` t 2bi /2 ivT2 " 2i " 2bi
mM2 bTû+B�HBb�iBQM /2 �X SQm` bmTTQ`i2` +2 MBp2�m /2 `2[māi2- /2mt bQHmiBQMb T2mp2Mi āi`2
miBHBbû2b , +�H+mH2` H� 72`K2im`2 /m ;`�T?2 U�DQmi2` � +QKK2 ivT2 /2 t 2i H2 biQ+F2`V- Qm
HǶBM7û`2` ¨ H� `2[māi2X �HQ`b [m2 H� T`2KBĕ`2 bQHmiBQM bmTT`BK2 mM2 T�`iB2 /2 H� bûK�MiB[m2
2M �TH�iBbb�Mi H� ?Bû`�`+?B2 UQM T2`/ H2 7�Bi [m2 t 2bi /2 ivT2 � T�`+2 [mǶBH 2bi /2 ivT2 "V-
H� b2+QM/2 T2mi āi`2 +?`QMQT?�;2 TQm` H2b `2[māi2bX

_2[māi2b bTû+B}[m2b LQi`2 Q#D2+iB7 2bi /2 7Qm`MB` mM �++ĕb }M �mt +QMM�Bbb�M+2b biQ@
+Fû2b ¨ ?�mi2 7`û[m2M+2X § H� /Bzû`2M+2 /2 S`QHQ; [mB TQbbĕ/2 bQM T`QT`2 �H;Q`Bi?K2 /2
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`2+?2`+?2- QM T`û7û`2`� /2b `2[māi2b /2 MBp2�m BM7û`B2m` i2HH2b [m2 , Ŀ [m2Hb bQMi H2b ivT2b
/B`2+ib /2 s \ ŀ- Ŀ [m2HH2b bQMi H2b T`QT`Bûiûb BMp2`b2b /2 u \ ŀ- Ŀ [m2HH2b T`QT`Bûiûb HB2Mi *
2i . \ - Qm Ŀ 1 2bi@BH /�Mb H2 /QK�BM2 /Ƕ�TTHB+�iBQM /2 6 \ ŀ- 2i +2H� �m MBp2�m bûK�MiB[m2X
Lû�MKQBMb- TQm` H2b `2[māi2b `�TB/2b- MQmb /2pQMb 7�B`2 �ii2MiBQM �m MQK#`2 /ǶBM7û`2M+2b
Mû+2bb�B`2b �m KQK2Mi /2 H� `2[māi2X

h?`2�/ b�72 úi�Mi /QMMû [m2 H2 HQ;B+B2H /QBi 7QM+iBQMM2` +QKK2 mM b2`p2m`- MQmb bQm@
?�BiQMb [mǶBH T`2MM2 2M +?�`;2 THmbB2m`b `2[māi2b 2M T�`�HHĕH2- K�Bb [mǶBH bQBi bû+m`Bbû HQ`b
/2 H� KBb2 ¨ DQm`X

LBp2�m /Ƕ2tT`2bbBpBiû *QMbB/û`�Mi H2 q2# PMiQHQ;v G�M;m�;2 UPqGV- BH 2tBbi2 /B7@
7û`2Mib MBp2�mt /Ƕ2tT`2bbBpBiû 2M 7QM+iBQM /2b #2bQBMbX G� THmb 2tT`2bbBp2 2bi PqG@7mHH-
+2T2M/�Mi- QM /Bi [mǶ2HH2 MǶ2bi T�b +QKTmi�iBQMM2HH2- +2 [mB bB;MB}2 [m2 H2b BM7û`2M+2b
[mǶ2HH2 T2`K2i M2 T2mp2Mi T�b āi`2 `ûbQHm2b �m KQK2Mi /2 H� `2[māi2X 1MbmBi2- PqG@.G
U.2b+`BTiBQM GQ;B+V T`2M/ 2M +?�`;2 H� ?Bû`�`+?B2 /2b T`QT`Bûiûb 2i /2b +H�bb2b- H� `2bi`B+@
iBQM /2 p�H2m` /ǶûMmKû`�iBQM- H2b T`QT`Bûiûb BMp2`b2b Qm H� `2bi`B+iBQM /2 +�`/BM�HBiûX 1M}M-
PqG@HBi2 2bi H2 KQBMb 2tT`2bbB7- M2 T`2M�Mi T�b 2M +?�`;2 H� `2bi`B+iBQM /2 +�`/BM�HBiû 2i H�
`2bi`B+iBQM /2 p�H2m`X JāK2 bB PqG@.G +QMpB2M/`�Bi- /�Mb mM2 T`2KBĕ`2 p2`bBQM PqG@HBi2
TQm``�Bi bm{`2X *Ƕ2bi TQm`i�Mi HǶ2tT`2bbBpBiû KBMBK�H2 ¨ bmTTQ`i2` /�Mb bQM 2Mb2K#H2X

_�BbQMM2K2Mi T2`bQMM�HBbû § /2b }Mb /2 `2+?2`+?2- MQmb M2 pQmHQMb T�b MQmb HBKB@
i2` �m `�BbQMM2K2Mi /2 H� HQ;B[m2 /m T`2KB2` Q`/`2X LQmb pQmHQMb TQmpQB` BMiû;`2` /2b
T`Q+2bbmb /2 `�BbQMM2K2Mi /ûT2M/�Mi /2 HǶ�TTHB+�iBQM �v�Mi mM �++ĕb /B`2+i ¨ H� bi`m+@
im`2 BMi2`M2X lM2 i2HH2 7QM+iBQMM�HBiû TQm``�Bi āi`2 7Qm`MB2 T�` H2 bmTTQ`i /2 THm;BMb T�`
2t2KTH2X GǶ�p�Mi�;2 /2b THm;BMb 2bi [m2 MǶBKTQ`i2 [mB T2mi �DQmi2` mM2 +�T�+Biû /2 `�B@
bQMM2K2Mi b�Mb KQ/B}2` H2 +ƾm` /m HQ;B+B2H Qm TQbbû/2` mM2 p2`bBQM T2`bQMM�HBbû2X

�m pm /2 +2b 7QM+iBQMM�HBiûb bQm?�Biû2b- /m MQK#`2 /ǶQmiBHb /BbTQMB#H2b- THmb K�BMi2Mmb
Qm b�Mb /Q+mK2Mi�iBQM- 2i /2 MQi`2 #2bQBM /2 TQmpQB` K2ii`2 2M ƾmp`2 /2 MQmp2HH2b +�T�@
+Biûb 2M 7QM+iBQM /2 MQb #2bQBMb /2 `2+?2`+?2 ûpQHm�Mi /�Mb H2 i2KTb- :mBHH�mK2 a�`i?Qm
� 7�Bi H2 +?QBt /2 /ûp2HQTT2` mM MQmp2�m HQ;B+B2H ¨ T�`iB` /2 xû`QX G2 HQ;B+B2H `ûbmHi�Mi 2bi
PMiQHQ;2MBmb ?iiTb,ffb�`i?QmX;Bi?m#XBQfQMiQHQ;2MBmbfX PMiQHQ;2MBmb bǶBMb+`Bi /�Mb
H� +QMiBMmBiû /m HQ;B+B2H P_P K�Bb 2M T`QTQb�Mi mM2 ;2biBQM KmHiB@BMbi�M+2b THmb TQmbbû2
2i mM bvbiĕK2 /2 `2[māi2b THmb �/�Tiû ¨ HǶBMiû;`�iBQM /�Mb /2b �H;Q`Bi?K2bX

jX9 1tTHQBi2` H2b +QMM�Bbb�M+2b
GǶmM2 /2b T`2KBĕ`2b miBHBb�iBQMb /ǶPMiQHQ;2MBmb � ûiû mM2 i�+?2 /2 +�H+mH /ǶBiBMû`�B`2b

/�Mb H2 +�/`2 /m T`QD2i JmJJ1_X *2 i`�p�BH � ûiû 2z2+imû �p2+ :mBHH�mK2 a�`i?Qm
2i _�+?B/ �H�KB 2i � 7�Bi HǶQ#D2i /2 H� Tm#HB+�iBQM a2K�MiB+ aT�iB�H _2T`2b2Mi�iBQM , �
mMB[m2 `2T`2b2Mi�iBQM Q7 �M 2MpB`QMK2Mi #�b2/ QM �M QMiQHQ;v 7Q` `Q#QiB+ �TTHB+�iBQMb
(a�`i?Qm kyRN�)X

ú[mBTû /ǶmM2 `2T`ûb2Mi�iBQM /2 bQM 2MpB`QMM2K2Mi- H2 `Q#Qi /QBi i`Qmp2` mM +?2KBM
MQM TQm` HmB@KāK2- K�Bb TQm` HǶ?mK�BM [mB HmB � /2K�M/û bQM +?2KBMX G2 +?2KBM +�H+mHû
/QBi āi`2 �/�Tiû �mt +QMM�Bbb�M+2b 2i �mt +�T�+Biûb /2 HǶ?mK�BMX �BMbB- /�Mb mM +2Mi`2
+QKK2`+B�H- MQmb MǶBM/B[m2`QMb T�b mM +?2KBM �p2+ mM 2b+�HB2` ¨ mM2 T2`bQMM2 ¨ KQ#BHBiû
`û/mBi2 Qm ¨ mM2 T2`bQMM2 KmMB2 /ǶmM +�//B2X lM2 7QBb +�H+mHû- H2 `Q#Qi /QBi 2tTHB[m2`

https://sarthou.github.io/ontologenius/
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HǶBiBMû`�B`2X G¨ Qɍ H2b +�`i2b BMi2`�+iBp2b MǶQMi [mǶ¨ K2ii`2 2M ûpB/2M+2 mM +?2KBM- B+B- H2
`Q#Qi /QBi ;ûMû`2` mM2 T?`�b2 [m2 HǶ?mK�BM TQm``� KûKQ`Bb2`X "B2M bȿ`- H2 `Q#Qi M2 p� T�b
;mB/2` HǶ?mK�BM �p2+ /2b T?`�b2b /m bivH2 ǴK�`+?2` jy Kĕi`2b- iQm`M2` ¨ @Ny /2;`ûbǴX *2
M2 b2`�Bi T�b �/�TiûX GǶmb�;2 /2 HǶQ`B2Mi�iBQM 2i /2 `û7û`2M+2b �mt ûHûK2Mib /2 HǶ2MpB`QM@
M2K2Mi bǶBKTQb2`� ¨ i`�p2`b mM2 T?`�b2 /m ivT2 Ŀ K�`+?2` Dmb[mǶ�m ~2m`Bbi2 TmBb iQm`M2`
¨ ;�m+?2 ŀX PM p2mi �BMbB [m2 H2 `Q#Qi ;ûMĕ`2 /2b +?2KBMb +QKT`û?2MbB#H2b 2i 2tû+mi�#H2b
T�` HǶ?mK�BMX SQm` +2H� �p�Bi ûiû +`ûû2 mM2 `2T`ûb2Mi�iBQM mMB}û2 /ǶmM 2MpB`QMM2K2Mi
BMiû`B2m` ¨ HǶ�B/2 /ǶmM2 QMiQHQ;B2- TQm` BM+Hm`2 ¨ H� 7QBb /2b +QMM�Bbb�M+2b iQTQHQ;B[m2b
2i bûK�MiB[m2bX SmBb- bm` H� #�b2 /2 +2ii2 `2T`ûb2Mi�iBQM- MQmb �pQMb ûH�#Q`û mM T`2KB2`
�H;Q`Bi?K2 TQm` i`Qmp2` mM BiBMû`�B`2 �/�Tiû ¨ 2tTHB[m2` ¨ mM ?mK�BM 2i mM /2mtBĕK2
�H;Q`Bi?K2 TQm` H2 p2`#�HBb2`X G� };m`2 jX8 Qz`2 mM2 BHHmbi`�iBQM /m bvbiĕK2X

jX8 S�`i�;2` H� +QMM�Bbb�M+2
*2 i`�p�BH � ûiû 2z2+imû �p2+ :mBH?2K "mBb�M- :mBHH�mK2 a�`i?Qm- �`i?m` "Bi@JQMMQi

2i _�+?B/ �H�KB 2i 7�Bi HǶQ#D2i /2 H� Tm#HB+�iBQM 1{+B2Mi- bBim�i2/ �M/ QMiQHQ;v #�b2/
`272``BM; 2tT`2bbBQM ;2M2`�iBQM 7Q` ?mK�M@`Q#Qi +QHH�#Q`�iBQM ("mBb�M kyky#)X

AH M2 bm{i T�b /Ƕ�pQB` iQmi2b H2b BM7Q`K�iBQMb- 2M+Q`2 7�mi@BH TQmpQB` H2b miBHBb2` TQm`
+QKKmMB[m2` /2 K�MBĕ`2 2{+�+2X S`2MQMb HǶ2t2KTH2 /2 H� };m`2 jXe- BK�;BM2x [m2 +Ƕ2bi
pQi`2 TQBMi /2 pm2 2i [m2 pQmb āi2b 7�+2 �m `Q#QiX J�BMi2M�Mi- +QMbB/û`QMb [m2 H2 `Q#Qi
/QBi i`Qmp2` H2 KQv2M /2 pQmb /2K�M/2` H2 bivHQ `Qm;2 [mB MǶ2bi T�b �++2bbB#H2 T�` HmB-
K�Bb [mB 2bi pBbB#H2 2i �++2bbB#H2 T�` pQmbX GQ`b[mǶmM b2mH bivHQ 2bi T`ûb2Mi U6B;X jXe U�VV-
H� `û7û`2M+2 2bi ûpB/2Mi2 ¨ T`Q/mB`2X aB T�` +QMi`2- BH v � /2mt bivHQb /�Mb /2mt TQib /2
+QmH2m`b /Bzû`2Mi2b U6B;X jXe U7VV- H2 `Q#Qi /QBi ;ûMû`2` mM2 2tT`2bbBQM 7�Bb�Mi `û7û`2M+2 ¨
HǶmM /2b TQib TQm` b2 `û7û`2` �m bivHQ +B#H2X

.2 THmb- Dmb[mǶ¨ T`ûb2Mi- MQmb +QMbB/û`BQMb [m2 H2 `Q#Qi +QMM�Bbb�Bi H2b MQiBQMb /2 bivHQ
2i /2 #Qŗi2 ¨ +`�vQMb �BMbB [m2 H2m`b MQKb 2M H�M;�;2 M�im`2H TQm` 2M T�`H2`X *2T2M/�Mi-
bB MQi`2 `Q#Qi /QBi T�`H2` �M;H�Bb 2i M2 +QMM�ŗi T�b H� i`�/m+iBQM /2 TQi ¨ +`�vQMb- BH
/2p`� `2+Qm`B` ¨ mM i2`K2 THmb ;ûMû`B[m2- i2H [m2 Ŀ +QMi2M2m` ŀX *2H� T2mi bQmH2p2` /2
MQmp2HH2b �K#B;mśiûb [mB /2p`QMi āi`2 `ûbQHm2b- T�` 2tX /�Mb H2 +�b Qɍ /Ƕ�mi`2b +QMi2M�Mib
bQMi pBbB#H2b T�` HǶ?mK�BMX G2 `Q#Qi /QBi û;�H2K2Mi 7�B`2 �ii2MiBQM �mt `2H�iBQMb [mǶBH miBHBb2
TQm` b2 `û7û`2` ¨ mM2 2MiBiûX S�` 2t2KTH2- miBHBb2` H2 TQB/b 2t�+i /ǶmM Q#D2i M2 b2`�Bi T�b
miBH2 2i miBHBb2` H� +QmH2m` M2 b2`�Bi T�b H� T`QT`Bûiû H� THmb �TT`QT`Bû2 TQm` mM2 T2`bQMM2
/�HiQMB2MM2X *2H� bB;MB}2 [m2 H2 `Q#Qi M2 /QBi miBHBb2` [m2 /2b `2H�iBQMb +QMMm2b 2i T2`Ïm2b
T�` H� T2`bQMM2 �p2+ [mB BH BMi2`�;BiX *2H� b2 7�Bi 2M T`2M�Mi 2M +QKTi2 H2b +QMM�Bbb�M+2b
/2 HǶ�mi`2 2i /QM+ 2M ;ûMû`�Mi HǶ2tT`2bbBQM ¨ T�`iB` /2 HǶ2biBK�iBQM T�` H2 `Q#Qi /2 H� #�b2
/2 +QMM�Bbb�M+2b /m T�`i2M�B`2 ?mK�BMX

G2 T`Q+2bbmb bQmb@D�+2Mi ¨ iQmb H2b 2t2KTH2b T`û+û/2Mib 2bi +2 [m2 HǶQM �TT2HH2 +QKKm@
MûK2Mi mM2 i�+?2 /2 ;ûMû`�iBQM /Ƕ2tT`2bbBQM /2 `û7û`2M+2 _272``BM; 1tT`2bbBQM :2M2`�iBQM
U_1:VX 1HH2 2bi bQmp2Mi +QKTQbû2 /2 /2mt bQmb@i�+?2b , H� /ûi2`KBM�iBQM /m +QMi2Mm U/û@
i2`KBM2` H2b `2H�iBQMb ¨ miBHBb2`V 2i H� `û�HBb�iBQM HBM;mBbiB[m2 U+?QBbB` H2b KQib ¨ miBHBb2`
TQm` +QKKmMB[m2` H2 +QMi2MmV (E`�?K2` kyRk)X AH 2bi bQmp2Mi BKTQbbB#H2 /2 +QMbB/û`2`
+2b /2mt bQmb@i�+?2b /2 K�MBĕ`2 iQi�H2K2Mi BM/ûT2M/�Mi2X 1M 2z2i- H� ;ûMû`�iBQM 2i H�
p�HQ`Bb�iBQM /m +QMi2Mm /ûT2M/2Mi 7Q`i2K2Mi /2b +QM+2Tib miBHBb�#H2b 2M H�M;�;2 M�im`2HX
*2H� T2mi āi`2 �bbm`û 2M miBHBb�Mi mM2 #�b2 /2 +QMM�Bbb�M+2b /û/Bû2- +QMi2M�Mi mMB[m2K2Mi
/2b +QM+2Tib p2`#�HBb�#H2b- K�Bb /2 i2HH2b #�b2b /2 +QMM�Bbb�M+2b T2mp2Mi āi`2 /B{+BH2b ¨
K�BMi2MB` T2M/�Mi HǶBMi2`�+iBQMX .�Mb mM b+ûM�`BQ +QQTû`�iB7- BH 7�mi û;�H2K2Mi bǶ�bbm`2`
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6B;m`2 jX8 Ĝ 1t2KTH2 /ǶmiBHBb�iBQM /ǶPMiQHQ;2MBmb TQm` H2 +�H+mH /2 `Qmi2 2i H� _2T`ûb2M@
i�iBQM aT�iB�H2 aûK�MiB[m2 �bbQ+Bû2X 1M ?�mi- 2M #H2m- QM p� `2i`Qmp2` H2b +H�bb2b miBHBbû2b
TQm` /û+`B`2 H� iQTQHQ;B2 /ǶmM 2MpB`QMM2K2Mi BMiû`B2m`X 1M ?�mi- 2M p2`i- QM p� `2i`Qm@
p2` H2b T`QT`Bûiûb /û}MB2bX 1M /2bbQmb- QM `2i`Qmp2 H� `2T`ûb2Mi�iBQM /2 H� +QMM�Bbb�M+2
+QM+2`M�Mi mM K�;�bBM biQ+Fû /�Mb HǶQMiQHQ;B2X PM pQBi [m2 +2ii2 `2T`ûb2Mi�iBQM +QMiB2Mi
/2b BM7Q`K�iBQMb bûK�MiB[m2b- K�Bb �mbbB /2b BM7Q`K�iBQMb iQTQHQ;B[m2bX
1M #�b /2 H� };m`2- QM i`Qmp2 mM 2t2KTH2 /2 T?`�b2 ;ûMû`û2 bB H� T2`bQMM2 /2K�M/2 /Ƕ�HH2`
�m "m`;2` EBM; 2i mM2 `2T`ûb2Mi�iBQM /m pû`Bi�#H2 +?2KBM TQm` v �``Bp2`- KQMi`�Mi [m2
H� T?`�b2 ;ûMû`û2 T2`K2i #B2M /Ƕ�ii2BM/`2 H2 #miX
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6B;m`2 jXe Ĝ aBt bBim�iBQMb Qɍ b2 `û7û`2` ¨ mM bivHQ +QM/mBb2Mi ¨ /Bzû`2Mi2b `ûTQMb2b
TQm` 7�B`2 7�+2 �mt �K#B;mśiûbX G2b pm2b bQMi �{+?û2b /m +Ƭiû /2 HǶ?mK�BM- H2 `Q#Qi 2bi
TH�+û /2 HǶ�mi`2 +Ƭiû /2 H� i�#H2X

[m2 HǶ2tT`2bbBQM /2 `û7û`2M+2 M2 `2TQb2 bm` �m+mM 7�Bi BM+QMMm /m T�`i2M�B`2 ?mK�BMX
LQmb M2 /ûp2HQTT2`QMb T�b THmb B+B- K�Bb MQmb �pQMb T`QTQbû mM �H;Q`Bi?K2 #�bû bm`

HǶQMiQHQ;B2 2i BM/ûT2M/�Mi /m /QK�BM2 TQm` H� ;ûMû`�iBQM /Ƕ2tT`2bbBQMb /2 `û7û`2M+2 TQm`
�TTQ`i2` mM2 `ûTQMb2 ¨ +2 T`Q#HĕK2X § HǶ�B/2 /ǶmM2 7QM+iBQM /2 +Qȿi T2`bQMM�HBb�#H2 2biB@
K�Mi H� +?�`;2 +Q;MBiBp2 Mû+2bb�B`2 ¨ mM ?mK�BM TQm` BMi2`T`ûi2` HǶ2tT`2bbBQM /2 `û7û`2M+2-
HǶ�H;Q`Bi?K2 T`Q/mBi HǶ2Mb2K#H2 QTiBK�H /Ƕ�bb2`iBQMb p2`#�HBb�#H2b T2`K2ii�Mi /2 /Bb+`BKB@
M2` b�Mb �K#B;mśiû mM2 2MiBiû /QMMû2 `û7û`2M+û2 T�` H2 `Q#QiX

jXe *QM+HmbBQMb

jXeXR 1tTHQ`2` H2b +QMM�Bbb�M+2b

LQmb MǶ�pQMb 7�Bi [m2 +QKK2M+2` ¨ i`�p�BHH2` bm` H� bi`m+im`�iBQM /2 H� #�b2 /2 +QMM�Bb@
b�M+2b- bm` HǶ�TTQ`i /2b QMiQHQ;B2b- bm` H� Mû+2bb�B`2 KBb2 2M TH�+2 /ǶmM T`Q+2bbmb /2 Kû@
KQ`Bb�iBQM 2i+X K�Bb H2 i`�p�BH /ûD¨ `û�HBbû MQmb �KĕM2 ¨ 7�B`2 H2b `2K�`[m2b bmBp�Mi2b ,

ě ú+`B`2 2i K�MBTmH2` /2b QMiQHQ;B2b Ï¨ bǶ�TT`2M/X
ě *2H� T2mi T�`�ŗi`2 bBKTH2- HQ`b[m2 HǶQM Qmp`2 mM }+?B2` QrH /2 H2 KQ/B}2` TQm`

�DQmi2` /2b T`QT`Bûiûb Qm /2b ûHûK2Mib /�Mb HǶQMiQHQ;B2 K�Bb +Ƕ2bi mM H2m``2X
AH 7�mi āi`2 i`ĕb �ii2MiB7 HQ`b[m2 HǶQM 7�Bi ûpQHm2` mM2 QMiQHQ;B2 +�` QM � pBi2
7�Bi /2 Ǵ+�bb2`Ǵ [m2H[m2 +?Qb2 2i /2 T2`/`2 �HQ`b H2b +�T�+Biûb /2 `�BbQMM2K2Mi
�bbQ+Bû2bX AH 7�mi �TT`2M/`2- T`2M/`2 H2 i2KTb /2 7�B`2 H2b imiQb /2 S`Qiû;û
U?iiTb,ffT`Qi2;2Xbi�M7Q`/X2/mfV T�` 2t2KTH2 TQm` b�pQB` +2 [mǶQM 7�BiX

ě J2ii`2 H� +QMM�Bbb�M+2 �m +Q2m` /m bvbiĕK2
ě *QKK2 MQmb HǶ�pQMb pm- BH v � ûMQ`KûK2Mi /2 +QMM�Bbb�M+2b �miQm` /m `Q#Qi

2i +Ƕ2bi +QKTHB[mû /Ƕ�pQB` mM2 pm2 ;HQ#�H2 /2 +2i 2Mb2K#H2X GǶmM /2b bQm+Bb �m@
[m2H QM 2bi +QM7`QMiû- +Ƕ2bi [m2 H2b 7QM+iBQMM�HBiûb bQMi bQmp2Mi BKTHûK2Miû2b
/2 K�MBĕ`2 /û+QmTHû2- T�` /2b ;2Mb p2M�Mi /2 +QKKmM�miûb /Bzû`2Mi2b UKQ@

https://protege.stanford.edu/
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iBQM TH�MMBM;- pBbBQM- i�bF TH�MMBM;V 2i UpQmH�Mi bQmp2Mi #B2M 7�B`2V T`2M�Mi
2M +QKTi2 T�` 2mt@KāK2b mM K�tBKmK /2 +?Qb2bX �BMbB- /2 MQK#`2mt +?QBt
bQMi +�+?ûb 2i `2M/mb BM/BbTQMB#H2b 2i bm`iQmi BMpBbB#H2b TQm` H2 bvbiĕK2 /û+B@
bBQMM2HX *Ƕ2bi- D2 T2Mb2- mM2 2``2m`- mM K�tBKmK /2 T�`�Kĕi`2b /2p`�Bi āi`2
`2M/m /BbTQMB#H2X G2 bvbiĕK2 /û+BbBQMM2H TQm``�Bi �HQ`b 7�B`2 /2b T`QTQbBiBQMb
U[mB b2`�B2Mi 2MbmBi2 T`Bb2b 2M +QKTi2 Qm T�b �m MBp2�m 7QM+iBQMM2HVX

ě LQmb bQKK2b bm` H� T`2KBĕ`2 K�`+?2 /2 +2 i`�p�BH /2 KBb2 ¨ /BbTQbBiBQM /2b
+QMM�Bbb�M+2b TQm` mM2 miBHBb�iBQM U`�BbQMMû2V 2i T�`i�;û2 2i MQmb �HHQMb +QMiB@
Mm2` /Ƕv i`�p�BHH2` +�` MQmb T2MbQMb [m2 +Ƕ2bi mM �bT2+i +Hû TQm` mM2 �`+?Bi2+im`2
+Q;MBiBp2X

ě �TT`2MiBbb�;2- /QMMû2b BM+QKTHĕi2b 2ifQm BM+2`i�BM2b
ě LQmb MǶ�pQMb T�b �#Q`/û B+B HǶ�bT2+i �TT`2MiBbb�;2- MB H� T`Bb2 2M +QKTi2 /2

/QMMû2b BM+QKTHĕi2b 2ifQm BM+2`i�BM2b- K�Bb #B2M 2Mi2M/m H� +QMM�Bbb�M+2 /QBi
TQmpQB` ûpQHm2` �m +Qm`b /m i2KTb 2i HǶQM /QBi b2 TQb2` H� [m2biBQM /m +QKK2MiX
LQmb �HHQMb MQi�KK2Mi 2MpBb�;2` +QKK2Mi H2 /B�HQ;m2 T2mi T2`K2ii`2 /2 7�B`2
ûpQHm2` H� +QMM�Bbb�M+2X

jXeXk �HH2` THmb HQBM /�Mb HǶ2tTHQBi�iBQM /2 HǶ2biBK�iBQM /2b +QMM�Bbb�M+2b
/2 HǶ�mi`2

�HQ`b [m2 MQmb MǶ�pQMb T�b 2M+Q`2 }MB /ǶmiBHBb2` H2b TQbbB#BHBiûb �+im2HH2b /ǶPMiQHQ;2@
MBmb- MQmb `û~û+?BbbQMb /ûD¨ �mt ûHûK2Mib [mǶBH b2`�Bi BMiû`2bb�Mi /2 TQmpQB` T`2M/`2 2M
+QKTi2X LQmb T2MbQMb- T�` 2t2KTH2- [m2 H2 HB2M 2Mi`2 H2 /B�HQ;m2 U2i H2b bi`m+im`2b /2 KQ@
/ûHBb�iBQM �bbQ+Bû2b (�b?2` kyRe- �b?2` kyky- >mMi2` kyR3- >mMi2` KBM;)V 2i MQb KQ/ĕH2b
/ǶBMi2`�+iBQM TQm``�B2Mi #ûMû}+B2` HǶmM /2 HǶ�mi`2X *Ƕ2bi +2 [m2 MQmb �HHQMb �#Q`/2` /�Mb
H2 +�/`2 /m T`QD2i �L_ �ah_A. .Aa*lh1_ .B�HQ;m2 AMi2`�+iB7 ai`m+im`û- *QMbQHB/û 2i
lMB}û TQm` H� `û�HBb�iBQM /2 h�+?2b 1M _Q#QiB[m2 U+7 b2+iBQM kX9VX

lM2 T�`iB2 /2b [m2biBQMb [m2 MQmb 2bTû`QMb TQmpQB` ûim/B2` /�Mb H2 +�/`2 /2 +2ii2
+QHH�#Q`�iBQM bQMi H2b bmBp�Mi2bX hQmi /Ƕ�#Q`/- āi`2 +�T�#H2 /2 /ûi2`KBM2` [m2HH2 2bi HǶBM@
7Q`K�iBQM T2`iBM2Mi2 ¨ mM KQK2Mi /QMMûX �BMbB- bB HǶQM 2MpBb�;2 mM2 #�b2 /2 +QMM�Bbb�M+2b
+QMbû[m2Mi2- +2H� T2mi /2p2MB` /ǶmM2 T�`i +QKTHB[mû /2 7�B`2 /2 HǶBM7û`2M+2 bm` H� #�b2 2M@
iBĕ`2- K�Bb +2H� MǶ� T�b 7Q`+ûK2Mi /2 b2Mb MQM THmbX AH 2bi BKTQ`i�Mi /2 TQmpQB` b�pQB` [m2H
2bi HǶ2bT�+2 /ǶBM7Q`K�iBQM T2`iBM2Mi ¨ mM KQK2Mi /QMMû 2i /Ƕāi`2 +�T�#H2 /2 b2 7Q+�HBb2`
bm` +2ii2 BM7Q`K�iBQM T2`iBM2Mi2 TQm` /û+B/2`X PM TQm``�Bi `�TT`Q+?2` +2H� /2 HǶB/û2 /ǶmM
T`Q+2bbmb /Ƕ�ii2MiBQM MQM THmb b2mH2K2Mi T2`+2Tim2HH2- K�Bb �mbbB +QM+2Tim2HH2X 1MbmBi2-
āi`2 +�T�#H2 /2 /ûi2`KBM2` [mǶmM2 BM7Q`K�iBQM 2bi K�M[m�Mi2- BKT`û+Bb2 Qm BM+2`i�BM2 U2i
T2mi@āi`2 KāK2 āi`2 +�T�#H2 /2 /ûi2`KBM2` 2i KQ/ûHBb2` [m2 [m2H[mǶmM /Ƕ�mi`2 T2mi �pQB`
+2ii2 BM7Q`K�iBQMVX 1M}M- āi`2 +�T�#H2 /2 ;ûMû`2` H2 /B�HQ;m2 TQm` �pQB` +2ii2 BM7Q`K�iBQM-
/2 K2ii`2 ¨ DQm` H� #�b2 /2 +QMM�Bbb�M+2b �mbbB #B2M �p2+ /2b �+iBQMb Qm T�` H2 /B�HQ;m2 2i
/2 /Bb+mi2` ¨ T`QTQb /ǶmM TH�M 2i bB #2bQBM H2 +Q``B;2` Qm 2M T`QTQb2` /2b KQ/B}+�iBQMbX
SQm` T2`K2ii`2 H� T`Bb2 2M +QKTi2 /2 iQmi +2H�- BH 7�m/`� û;�H2K2Mi āi`2 +�T�#H2 U2Mi`2
�mi`2bV /2 /ûi2`KBM2` +2 [mB 7�Bi T�`iB2 /m /B�HQ;m2 2i +2 [mB MǶ2M 7�Bi T�b T�`iB2- āi`2
+�T�#H2 /2 T`2M/`2 2M +QKTi2 HǶ�bT2+i i2KTQ`2H 2i H2 7�Bi [m2 HǶBMi2`�+iBQM � mM #mi , H�
`û�HBb�iBQM /ǶmM2 i�+?2- āi`2 +�T�#H2 /2 `2K2ii`2 2M +�mb2 mM2 BM7Q`K�iBQM 2i /2 b�pQB` [m2
b� p�H2m` T2mi +?�M;2` �m +Qm`b /m i2KTbX
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jXd *QMi`B#miBQMb �bbQ+Bû2b
jXdXR am` H2b �bT2+ib ûp�Hm�iBQM /2 H� bBim�iBQM

(a�HH�KB kyRN) uQ�M a�HH�KB- aûp2`BM G2K�B;M�M- �m`ûHB2 *HQ/B+- _�+?B/
�H�KBX aBKmH�iBQM@#�b2/ T?vbB+b `2�bQMBM; 7Q` +QMbBbi2Mi b+2M2 2biBK�iBQM
BM �M >_A +QMi2tiX kyRN A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB@
;2Mi _Q#Qib �M/ avbi2Kb UA_PaV- LQp kyRN- J�+�m- *?BM�X TTXd3j9@d39R-
�RyXRRyNfA_Pa9y3NdXkyRNX3Ne3Rye�X �?�H@ykNk8N98�

(G2K�B;M�M kyR3) aûp2`BM G2K�B;M�M- uQ�M a�HH�KB- *?`BbiQT?2` q�HH#`B/;2- �m`ûHB2
*HQ/B+- hQMv "2HT�2K2- 2i �HXX lL.1_qP_G.a , *�b+�/BM; aBim�iBQM �bb2bb@
K2Mi 7Q` _Q#QibX A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/
avbi2Kb UA_Pa kyR3V- P+i kyR3- J�/`B/- aT�BMX �RyXRRyNfA_PaXkyR3X38N9yN9�X �?�H@
yRN9jNRd�

(JBHHB2x kyR9) :`û;QB`2 JBHHB2x- J�ii?B2m q�`MB2`- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX �
7`�K2rQ`F 7Q` 2M/QrBM; �M BMi2`�+iBp2 `Q#Qi rBi? `2�bQMBM; +�T�#BHBiB2b �#Qmi
T2`bT2+iBp2@i�FBM; �M/ #2HB27 K�M�;2K2MiX A111 _P@J�L kyR9- �m; kyR9-
1/BM#m`;?- lMBi2/ EBM;/QKX TTX6`�hkX9- �RyXRRyNf_PJ�LXkyR9XeNkejNN�X �?�H@
yRye989e�

jXdXk am` H2b �bT2+ib QMiQHQ;B2
(a�`i?Qm kykR#) :mBHH�mK2 a�`i?Qm- �K�M/BM2 J�vBK�- :mBH?2K "mBb�M- E�i?H22M

"2H?�bb2BM- �m`ûHB2 *HQ/B+X h?2 .B`2+iQ` h�bF , � Sbv+?QHQ;v@AMbTB`2/ h�bF iQ �b@
b2bb *Q;MBiBp2 �M/ AMi2`�+iBp2 _Q#Qi �`+?Bi2+im`2bX jyi? A111 AMi2`M�iBQM�H *QM72@
`2M+2 QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U_P@J�L kykRV- �m;
kykR- o�M+Qmp2` UoB`im�HV- *�M�/�X /QB , �RyXRRyNf_P@J�L8yd38XkykRXN8R889j�X
l_G , ?iiTb,ff?�HXb+B2M+2f?�H@yjjkdkkkf

("mBb�M kyky#) :mBH?2K "mBb�M- :mBHH�mK2 a�`i?Qm- �`i?m` "Bi@JQMMQi- �m`ûHB2 *HQ@
/B+- _�+?B/ �H�KBX 1{+B2Mi- aBim�i2/ �M/ PMiQHQ;v #�b2/ _272``BM; 1tT`2bbBQM :2@
M2`�iBQM 7Q` >mK�M@_Q#Qi +QHH�#Q`�iBQMX h?2 kNi? A111 AMi2`M�iBQM�H *QM72`2M+2
QM _Q#Qi � >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U _P@J�LV- �m; kyky- L�TH2b
UQM HBM2V- Ai�HvX TTXj9N@j8e- /QB , �RyXRRyNf_P@J�L9dyNeXkykyXNkkj938�X l_G ,
?iiTb,ff?�HXb+B2M+2f?�H@ykNkkyN3pk

(a�`i?Qm kyRN#) :mBHH�mK2 a�`i?Qm- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX PMiQHQ;2MBmb , �
HQM;@i2`K b2K�MiB+ K2KQ`v 7Q` `Q#QiB+ �;2MibX A111 AMi2`M�iBQM�H *QM72`2M+2 QM
_Q#Qi � >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM UA111 _Q@J�L kyRNV- P+i kyRN- L2r
.2H?B- AM/B�X l_G , ?iiTb,ff?�HXb+B2M+2f?�H@ykk3jj9k

(a�`i?Qm kyRN�) :mBHH�mK2 a�`i?Qm- _�+?B/ �H�KB- �m`ûHB2 *HQ/B+X a2K�MiB+ aT�iB�H
_2T`2b2Mi�iBQM , � mMB[m2 `2T`2b2Mi�iBQM Q7 �M 2MpB`QMK2Mi #�b2/ QM �M QMiQHQ;v
7Q` `Q#QiB+ �TTHB+�iBQMbX *QK#BM2/ qQ`Fb?QT QM aT�iB�H G�M;m�;2 lM/2`bi�M/BM;
UaTGlV �M/ :`QmM/2/ *QKKmMB+�iBQM 7Q` _Q#QiB+b U_Q#QLGSV- CmM kyRN- JBM@
M2�TQHBb- lMBi2/ ai�i2bX l_G , ?iiTb,ff?�HXb+B2M+2f?�H@ykRddR9y

(*HQ/B+ kyyd#) �m`ûHB2 *HQ/B+- J�tBK2 _�Mb�M- _�+?B/ �H�KB- oBM+2Mi JQMi`2mBHX �
K�M�;2K2Mi Q7 Kmim�H #2HB27 7Q` ?mK�M@`Q#Qi BMi2`�+iBQMX kyyd A111 AMi2`M�iBQM�H
*QM72`2M+2 QM avbi2Kb- J�M �M/ *v#2`M2iB+b- P+i kyyd- JQMi`2�H- *�M�/�X l_G ,
?iiTb,ff?�HXb+B2M+2f?�H@yRNdd8dd

https://hal.science/hal-03327222/
https://hal.science/hal-02922098v2
https://hal.science/hal-02283342
https://hal.science/hal-02177140
https://hal.science/hal-01977577
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S`2M/`2 /2b /û+BbBQMb 2i 2tû+mi2`
/2b �+iBQMb 2M BMi2`�+iBQM

LQmb �pQMb �#Q`/û /�Mb H2 +?�TBi`2 R 2i H2 +?�TBi`2 k H2b /Bzû`2Mib ûHûK2Mib [mǶBH
7�HH�Bi +QMbB/û`2` /�Mb H2 +�/`2 /2 HǶ2tû+miBQM /ǶmM2 BMi2`�+iBQM ?mK�BM@`Q#QiX LQmb �HHQMb
�#Q`/2` B+B +QKK2Mi +2b /Bzû`2Mib ûHûK2Mib T2mp2Mi āi`2 KBb 2M KmbB[m2X

G2b i`�p�mt T`ûb2Miûb /�Mb +2 +?�TBi`2 bQMi TQm` H� THmT�`i Bbbmb /2b i`�p�mt `û�HBbûb
T�` a�M/`� .2pBM (.2pBM kyRd�) 2i �K�M/BM2 J�vBK� (J�vBK� kykR�)X

9XR amT2`pBbBQM 2i BMi2`�+iBQM
JQM i`�p�BH /2 i?ĕb2 TQ`i�Bi bm` H� bmT2`pBbBQM- H2 iBi`2 /2 K� i?ĕb2 ûi�Bi , amT2`pBbBQM

TQm` mM `Q#Qi BMi2`�+iB7 , �+iBQM 2i BMi2`�+iBQM TQm` mM `Q#Qi �miQMQK2 2M 2MpB`QMM2K2Mi
?mK�BM (*HQ/B+ kyyd�)X C2 +`QBb [m2 D2 MǶ�B T�b ¨ 7�B`2 #2�m+QmT ûpQHm2` HǶ2tTHB+�iBQM [m2
D2 /QMM�Bb ¨ HǶûTQ[m2 TQm` 2tTHB[m2` +2 [mǶ2bi H� bmT2`pBbBQMX

G� `û�HBb�iBQM /ǶmM2 i�+?2 2M `Q#QiB[m2 2bi /ûT2M/�Mi2 /ǶmM +QMi2ti2X *2 +QMi2ti2 2i
b� T2`Tûim2HH2 ûpQHmiBQM Mû+2bbBi2Mi mM2 �/�Ti�iBQM +QMbi�Mi2 /m +QKTQ`i2K2Mi /m `Q#QiX
amT2`pBb2` mM2 i�+?2 `Q#QiB[m2 +Ƕ2bi TQi2MiB2HH2K2Mi /ûi2`KBM2` iQmi2b H2b Bbbm2b TQbbB#H2b
/2b �+iBQMb- iQmb H2b +QMi2ti2b 2MpBb�;2�#H2b 2i T`ûpQB` H2 i`�Bi2K2Mi ¨ `û�HBb2` /�Mb +?�+mM
/2b +�bX G2 #mi 2bi /2 `2M/`2 H2 `Q#Qi �miQMQK2- BX2X bB HǶQM /2K�M/2 �m `Q#Qi /2 `û�HBb2` mM2
i�+?2- BH HǶ2tû+mi2 2i 2Mi`2T`2M/ bB #2bQBM iQmi2b H2b T`Q+û/m`2b /Ƕ�/�Ti�iBQM Mû+2bb�B`2bX
G2 `ûbmHi�i TQm``� āi`2 mM bm++ĕb bB H� i�+?2 ¨ �++QKTHB` 2bi i2`KBMû2 ¨ HǶBbbm2 /2b �+iBQMb
KBb2b 2M `Qmi2 T�` H2 `Q#Qi Qm mM û+?2+ bB H2 `Q#Qi +QM+Hmi- b2HQM b2b +�T�+Biûb 2i HǶûi�i /2
HǶ2MpB`QMM2K2Mi [m2 H� i�+?2 2bi B``û�HBb�#H2 Qm 2M+Q`2 bB mM +�b MQM T`ûpm Qm BM;û`�#H2
b2 T`Q/mBiX .�Mb iQmb H2b +�b- H2 bvbiĕK2 /2 bmT2`pBbBQM /2p`�- /�Mb H� K2bm`2 /m TQbbB#H2-
bǶ�bbm`2` /2 H�Bbb2` H2 bvbiĕK2 /�Mb mM ûi�i /ûMmû /2 /�M;2` TQm` H2 `Q#Qi HmB@KāK2 2i
H2b T2`bQMM2b [mB HǶ2MiQm`2Mi- 2X;X �``āi2` H2b KQmp2K2Mib /ǶmM #`�b K�MBTmH�i2m` 2i H2
`2K2ii`2 2M TQbBiBQM bȿ`2- �``āi2` H2b KQi2m`b 2i K2ii`2 H2b 7`2BMb bB HǶQM /QBi �``āi2` H�
#�b2X
GQ`b[m2 H� i�+?2 2bi /2 M�im`2 +QHH�#Q`�iBp2- +Ƕ2bi@¨@/B`2 [mǶ2HH2 2M;�;2 MQM b2mH2K2Mi H2
`Q#Qi K�Bb �mbbB mM2 �mi`2 T2`bQMM2 UQm KāK2 mM �mi`2 `Q#QiV- /2 MQmp2HH2b 2tB;2M+2b
�TT�`�Bbb2MiX 1M 2z2i- ¨ +Ƭiû /2 H� `û�HBb�iBQM /2 H� i�+?2 2HH2@KāK2- pQMi /2pQB` b2 T`Q@
/mB`2 mM 2Mb2K#H2 /Ƕ�+iBQMb `2HBû2b ¨ H� KBb2 2M TH�+2 /2 H� i�+?2- ¨ b� +QM/mBi2 2i ¨ b�
i2`KBM�BbQMX S`2MQMb T�` 2t2KTH2 H� i�+?2 :Bp2P#D2+iUP#D2+iL�K2-S2`bQML�K2V- i�+?2
TQm` H�[m2HH2 H2 `Q#Qi /QBi /QMM2` HǶQ#D2i P#D2+iL�K2 ¨ H� T2`bQMM2 S2`bQML�K2 b2 i`Qm@
p�Mi ¨ b� T`QtBKBiûX LQmb TQmpQMb /û+`B`2 +2ii2 i�+?2 /ǶmM2 K�MBĕ`2 ǳ`Q#Qi@+2Mi`B[m2Ǵ
Qɍ H2 `Q#Qi p� /2pQB` bmBp`2 mM 2Mb2K#H2 T`û/û}MB /Ƕûi�T2b , i2M/`2 HǶQ#D2i ¨ H� T2`bQMM2-
�ii2M/`2 [m2 H� T2`bQMM2 T`2MM2 HǶQ#D2i- `2K2ii`2 H2 #`�b ¨ b� TQbBiBQM BMBiB�H2X _û�HBb�Mi
+2ii2 bmBi2 /Ƕ�+iBQMb- H� i�+?2 :Bp2P#D2+i b2`�Bi `û�HBbû2X *2T2M/�Mi bB H� i�+?2 2bi /û}MB2
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/2 +2ii2 K�MBĕ`2- [m2 b2 T�bb2@i@BH bB HǶ?mK�BM M2 bmBi T�b 2t�+i2K2Mi H2 T`QiQ+QH2 /û}MB
T�` HǶ2M+?�ŗM2K2Mi /2b i�+?2b- 2X;X bB H� T2`bQMM2 M2 T`2M/ T�b HǶQ#D2i- H2 `Q#Qi �ii2M/@BH
Qm �#�M/QMM2@i@BH H� i�+?2 \ ZmB BKTQb2 H2 `vi?K2 \ *QKK2Mi HǶ?mK�BM 2bi@BH �p2`iB ûi�T2
T�` ûi�T2 /2b BMi2MiBQMb /m `Q#Qi \ G2 `Q#Qi 2t?B#2@i@BH /2 i2HH2b BMi2MiBQMb \ .�Mb +2 +�b-
H� i�+?2 2bi `û�HBbû2 2M #Qm+H2 Qmp2`i2 b�Mb [m2 HǶQM /QMM2 �m `Q#Qi H� TQbbB#BHBiû /Ƕ�pQB`
Qm /2 T2`+2pQB` mM `2iQm` /ǶBM7Q`K�iBQM /2 H� T�`i /2 HǶ?mK�BM 2i /2 K�MBĕ`2 bvKûi`B[m2
/2 /QMM2` /2b BM7Q`K�iBQMb 2M +2 b2Mb ¨ HǶ?mK�BMX �BMbB- ¨ +Ƭiû /2 H� ;2biBQM /m T`Q+2bbmb
/ǶûpQHmiBQM /2 H� i�+?2- BH 7�mi ;û`2` H2 T`Q+2bbmb /ǶûpQHmiBQM /2 HǶBMi2`�+iBQMX *2b T`Q+2bbmb
M2 bQMi T�b /BbDQBMibX S�` 2t2KTH2- T`2M/`2 2M +QKTi2 H� TQbBiBQM- HǶ�iiBim/2 /2 HǶ?mK�BM
HQ`b /2 H� TH�MB}+�iBQM /2 H� i`�D2+iQB`2 /m #`�b- 2i �/�Ti2` +QMbi�KK2Mi H� pBi2bb2 2i HǶ�+@
+ûHû`�iBQM HQ`b /2 b� `û�HBb�iBQM T�`iB+BT2Mi /2 +2b /2mt +QKTQb�Mi2bX
UXXXV
G� i?ûQ`B2 /2 HǶBMi2MiBQM DQBMi2 ûMQM+2 [m2 /2mt �;2Mib QMi mM #mi +QKKmM T2`bBbi�Mi UQm
DQBMi T2`bBbi2Mi ;Q�HV bB BHb QMi H� +`Qv�M+2 Kmim2HH2 , [m2 H2 #mi MǶ2bi T�b 2M+Q`2 `û�HBbû-
[mǶBHb bQm?�Bi2Mi [m2 H2 #mi bQBi `û�HBbû- [m2 i�Mi [mǶBHb M2 TQbbĕ/2Mi T�b H� +`Qv�M+2 +QK@
KmM2 [m2 H2 #mi 2bi i2`KBMû U�+?B2p2/V- B``û�HBb�#H2 UmM�+?B2p�#H2V Qm MǶ2bi THmb T2`iBM2Mi
UB``2H2p�MiV- H2 #mi M2 T2mi āi`2 �#�M/QMMûX *2ii2 /2`MBĕ`2 +QM/BiBQM BM/B[m2 [mǶBH 2bi /2 H�
`2bTQMb�#BHBiû /2b �;2Mib 2M;�;ûb /�Mb H2 #mi /Ƕ�bbm`2` H� +QKKmMB+�iBQM TQm` �ii2BM/`2 H�
+`Qv�M+2 +QKKmM2 +QM+2`M�Mi HǶûi�i /2 H� i�+?2X úi�Mi /QMMû [m2 MQmb M2 TQmpQMb MQmb
2M;�;2` [m2 bm` H2b �+i2b 2z2+imûb T�` H2 `Q#Qi- BX2X MQmb M2 TQmpQMb MQmb 2M;�;2` bm`
HǶ2tû+miBQM /ǶmM �+i2 T�` mM �mi`2 �;2Mi- MQmb �M�Hvb2`QMb +2 [m2 H2 `Q#Qi /QBi 7�B`2 TQm`
b�iBb7�B`2 +2ii2 /û}MBiBQMX *QM+2`M�Mi MQi`2 i�+?2 :Bp2P#D2+i- H2 KBMBKmK /2 +QKKmMB@
+�iBQM [mǶBH 7�mi `û�HBb2` p� +QMbBbi2` ¨ bǶ�bbm`2` [m2 H� T2`bQMM2 2bi T`āi2 ¨ BMi2`�;B` 2i
¨ H� T`ûp2MB` HQ`b[m2 H� i�+?2 2bi i2`KBMû2X �BMbB HQ`b /2 HǶ2tû+miBQM /ǶmM2 i�+?2 2M +QHH�@
#Q`�iBQM �p2+ HǶ?mK�BM- H2 `Q#Qi /QBi MQM b2mH2K2Mi �pQB` H2b KQv2Mb /2 `û�HBb2` H� i�+?2-
K�Bb �mbbB /2 ;û`2` H2 ~Qi /ǶBMi2`�+iBQM TQm` +QKKmMB[m2` b2b BMi2MiBQMb 2i b2b +`Qv�M+2b
2i /2 KQMBiQ`2` HǶ�+iBpBiû /2 bQM T�`i2M�B`2X *2+B /2 K�MBĕ`2 �M�HQ;m2 �m +�b /m /B�HQ;m2
(*H�`F RNNe�) Qɍ HǶQM T2mi /BbiBM;m2` H2 /B�HQ;m2 �m b2BM /2 H� i�+?2 2HH2@KāK2 2i H� +QK@
KmMB+�iBQM Mû+2bb�B`2 ¨ b� ;2biBQMX *QKKmMB[m2` +Ƕ2bi T�`i�;2` HǶBM7Q`K�iBQM- Q#i2MB` /2b
+`Qv�M+2b T�`i�;û2b p� +QM/mB`2 ¨ H� +QKKmMB+�iBQM T�` HǶBMi2`Kû/B�B`2 /Ƕ�+i2b /2 +QK@
KmMB+�iBQMX G� +QKKmMB+�iBQM p� TQmpQB` b2 7�B`2 T�` H2 /B�HQ;m2- BX2X H� +QKKmMB+�iBQM
p2`#�H2- K�Bb û;�H2K2Mi T�` HǶBMi2`Kû/B�B`2 /2 iQmi2b H2b TQbbB#BHBiûb /2 +QKKmMB+�iBQM
/BbTQMB#H2b , ;2bi2b- KQmp2K2Mib- �{+?�;2- 2i+X .2 THmb /û+`Bi T�` *H�`F (*H�`F RNNe�)-
+QMi`B#m2` ¨ H� +QKKmMB+�iBQM M2 /QBi T�b b2 `2bi`2BM/`2 ¨ H� M2;�iBp2 2pB/2M+2 @ ûpB@
/2M+2 [m2 MQmb MǶ�pQMb T�b ûiû 2Mi2M/mb Qm +QKT`Bb- K�Bb �mbbB ¨ H� TQbBiBp2 2pB/2M+2
T�` HǶQ#i2MiBQM /Ƕ�++mbû /2 `û+2TiBQM U�+FMQrH2/;2K2MiV- /2 U`2H2p�Mi M2ti im`MV Qm T�`
mM2 �ii2MiBQM +QMiBMm2 U+QMiBMm2/ �ii2MiBQMVX G� +QKKmMB+�iBQM 2bi mM T`Q+2bbmb #BH�iû`�HX
.�Mb MQi`2 +�b- 2HH2 p� +QMbB/û`2` /2mt �+i2m`b , H2 `Q#Qi 2i HǶ?mK�BMX G� +QKKmMB+�iBQM
T2mi āi`2 ¨ HǶBMbiB;�iBQM /2 HǶmM Qm /2 HǶ�mi`2 /2 K�MBĕ`2 BM/Bzû`2Mi2X
UXXXV
G2 +QMi2ti2 /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi Mû+2bbBi2 H� T`Bb2 2M +QKTi2 2tTHB+Bi2 /2 HǶ?mK�BM
¨ iQmb H2b MBp2�mtX AH p� MQi�KK2Mi BKTHB[m2` /2b +QKKmMB+�iBQMb 2Mi`2 HǶ?mK�BM 2i H2
`Q#Qi TQm` T�`i�;2` H2b +QMM�Bbb�M+2b +QM+2`M�Mi H� i�+?2 ¨ `û�HBb2`- 2M +Qm`b /2 `û�HBb�iBQM
Qm `û�HBbû2X SQm` 2tû+mi2` mM2 i�+?2 +QHH�#Q`�iBp2- MQi`2 bvbiĕK2 /2 bmT2`pBbBQM p� /2pQB`
`û�HBb2` MQM b2mH2K2Mi H� i�+?2 2HH2@KāK2- K�Bb /2p`� û;�H2K2Mi KQMBiQ`2` HǶ�+iBpBiû /2
HǶ?mK�BM TQm` TQmpQB` /ûi2+i2` HǶ�TT�`BiBQM /Ƕ�+i2b /2 +QKKmMB+�iBQM 2i T`Q/mB`2 H� `û@
TQMb2 �TT`QT`Bû2X S�` 2t2KTH2- /�Mb MQi`2 i�+?2 :Bp2P#D2+i- bB HQ`b[m2 H2 `Q#Qi i2M/ H2



9XkX 1HûK2Mib Mû+2bb�B`2b ¨ mM bvbiĕK2 /2 /û+BbBQM TQm` H� +QHH�#Q`�iBQM 9N

#`�b TQm` /QMM2` HǶQ#D2i ¨ HǶ?mK�BM- bB +2HmB@+B /ûiQm`M2 H� iāi2 U2X;X +QKK2MÏ�Mi ¨ T�`H2`
¨ mM2 �mi`2 T2`bQMM2V H2 `Q#Qi /QBi TQmpQB` BMi2`T`ûi2` +2ii2 T2`i2 /Ƕ�ii2MiBQM +QKK2 mM2
+QKKmMB+�iBQM U2M HǶQ++m``2M+2 mM2 T2`i2 /2 +QKKmMB+�iBQMV 2i H� i`�/mB`2 T�` 2t2KTH2
+QKK2 mM2 bmbT2MbBQM /2 H� i�+?2 2M +Qm`b 2i �;B` 2M +QMbû[m2M+2 2M �``āi�Mi H2 KQmp2@
K2Mi /m #`�b i�Mi [m2 HǶ?mK�BM M2 `2;�`/2 T�b 2M /B`2+iBQM /m `Q#QiX AH 2bi /QM+ Mû+2bb�B`2
/2 T`2M/`2 2M +QKTi2 HǶ?mK�BM �m MBp2�m /û+BbBQMM2HX LQmb M2 TQmpQMb `2bi`2BM/`2 H�
+QKKmMB+�iBQM ¨ mM b+?ûK� T`û/û}MB 2i bi�iB[m2X S�` 2t2KTH2- H� +QKKmMB+�iBQM T2mi
āi`2 THmb Qm KQBMb û[mBHB#`û2 2Mi`2 H2b BMi2`HQ+mi2m`b b2HQM [mǶBH v �Bi Qm MQM Qm H2�/2` ¨
H� i�+?2- Qm 2HH2 T2mi āi`2 THmb Qm KQBMb Mû+2bb�B`2 b2HQM H2b +QMM�Bbb�M+2b [mǶBHb QMi HǶmM
/2 HǶ�mi`2X
1i �BMbB- /�Mb K� i?ĕb2 DǶ�p�Bb T`QTQbû ,
H� /û}MBiBQM /ǶmM i2H b+?ûK� /2 K�MBĕ`2 �/�Tiû2 ¨ H� i�+?2 U2i ¨ +?�+mM2 /2 b2b bQmb@
i�+?2bV- ¨ HǶ�;2Mi �p2+ H2[m2H p� �pQB` HB2m H� +QKKmMB+�iBQM 2i �m +QMi2ti2 +Qm`�Mi /2 H�
i�+?2X LQmb T`QTQbQMb mM KQv2M /2 /û}MB` +2b b+?ûK�b /2 +QKKmMB+�iBQM 2i MQmb T`QTQ@
bQMb mM b+?ûK� #�bû bm` MQi`2 i`�/m+iBQM /2 H� MQiBQM /2 +`Qv�M+2 Kmim2HH2X *2T2M/�Mi-
MQmb `2bi`2B;MQMb MQi`2 ûim/2 �mt +QKKmMB+�iBQMb +QM+2`M�Mi H2 /û`QmH2K2Mi /ǶmM2 i�+?2 ,
b� KBb2 2M `Qmi2- b� bmbT2MbBQM- b� `2T`Bb2- bQM �``āiX LQi`2 bvbiĕK2 T2`K2i H� ;2biBQM
/ǶmM 2Mb2K#H2 /2 i�+?2b- /û}MB T�` mM 2Mb2K#H2 T�`iB2HH2K2Mi Q`/QMMû /2 bQmb@i�+?2b
�mt[m2HH2b MQmb `�ii�+?QMb /2b b+?ûK�b /2 +QKKmMB+�iBQM �/�TiûbX

JBb2 ¨ T�`i H� K�MBĕ`2 Q`B;BM�H2 /2 +QMbB/û`2` H� +QKKmMB+�iBQM +QKK2 mM2 �+iBQM
¨ T�`i 2MiBĕ`2 /�Mb KQM i`�p�BH /2 i?ĕb2- +?Qb2 [m2 MQmb MǶ�pQMb T�b `2+QMbB/û`û2 TQm`
H� bmBi2 U2M iQmb H2b +�b T�b +QKK2 Ï¨V 2i [mǶBH b2`�Bi T2`iBM2Mi /2 `ûBMi`Q/mB`2- H2 `2bi2
KQMi`2 #B2M H2 +�/`2 /�Mb H2[m2H pQMi bǶBMi`Q/mB`2 H2b i`�p�mt /QMi MQmb �HHQMb T�`H2`X
GǶBMi2`�+iBQM Mû+2bbBi2 /2 /Qi2` H2 `Q#Qi /2b +�T�+Biûb /2 T`2M/`2 2M +QKTi2 HǶ�mi`2X

9Xk 1HûK2Mib Mû+2bb�B`2b ¨ mM bvbiĕK2 /2 /û+BbBQM TQm` H�
+QHH�#Q`�iBQM

9XkXR 6�B`2 ;`QmT2
lM2 BMi2`�+iBQM M2 b2 `ûbmK2 T�b ¨ H� `û�HBb�iBQM /ǶmM2 i�+?2X S�` 2t2KTH2- TQm`

mM `Q#Qi ;mB/2 /�Mb mM +2Mi`2 +QKK2`+B�H- HǶBMi2`�+iBQM +QKK2M+2 HQ`b[mǶmM2 T2`bQMM2
bǶ�TT`Q+?2 /m `Q#Qi- HmB T�`H2 Qm H2 `2;�`/2X G2 `Q#Qi T2mi �HQ`b 2M;�;2` HǶBMi2`�+iBQM 2i
T`QTQb2` b2b b2`pB+2bX GǶBMi2`�+iBQM T2mi /QMM2` HB2m ¨ THmbB2m`b i�+?2b `û�HBbû2b H2b mM2b ¨
H� bmBi2 /2b �mi`2bX GǶBMi2`�+iBQM b2 i2`KBM2 HQ`b[m2 H� T2`bQMM2 T�`i U2M /Bb�Mi �m `2pQB`
Qm MQMVX

SQm` /û}MB` +2ii2 Tû`BQ/2 T2M/�Mi H�[m2HH2 H2 `Q#Qi 2i H� T2`bQMM2 bQMi 2M BMi2`�+iBQM-
�K�M/BM2 J�vBK� � T`QTQbû H� MQiBQM /2 b2bbBQM /ǶBMi2`�+iBQMX 1HH2 2bi /BpBbû2 2M i`QBb
T�`iB2b- bmBp�Mi H� bi`m+im`2 T`QTQbû2 T�` (_Q#BMbQM kyRk) , H2b b�Hmi�iBQMb- H2 +Q`Tb /2 HǶBM@
i2`�+iBQM 2i H2b �/B2mtX S`2KBĕ`2K2Mi- H2b b�Hmi�iBQMb +Q``2bTQM/ ¨ H� Tû`BQ/2 Qɍ mM �;2Mi
/ûK�``2 mM2 BMi2`�+iBQM 2M HǶBMBiB�Mi �p2+ mM �mi`2 �;2MiX G� b2bbBQM /ǶBMi2`�+iBQM /m`2
i�Mi [m2 HǶBMi2`�+iBQM 2bi K�BMi2Mm2 bQBi T�` H� +QMp2`b�iBQM bQBi T�` HǶ2tû+miBQM /2 i�+?2b
+QHH�#Q`�iBp2b [mB +Q``2bTQM/2Mi �m +Q`Tb /2 HǶBMi2`�+iBQMX 1M}M 2HH2 b2 i2`KBM2 HQ`b[mǶ�m
KQBMb mM /2b �;2Mib BKTHB[mûb /�Mb HǶBMi2`�+iBQM b2 /û;�;2- bQBi 2M K2ii�Mi }M #`mb[m2@
K2Mi ¨ HǶBMi2`�+iBQM- bQBi 2M 72`K�Mi HǶBMi2`�+iBQM +QKK2 /û+`Bi T�` (a+?2;HQz RNdj)- +2H�
+Q``2bTQM/ �mt Ǵ�m `2pQB`ǴX

G� };m`2 9XR `2T`ûb2Mi2 H� bi`m+im`2 ?Bû`�`+?B[m2 /ǶmM2 b2bbBQM /ǶBMi2`�+iBQMX
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6B;m`2 9XR Ĝ G� bi`m+im`2 ?Bû`�`+?B[m2 /ǶmM2 b2bbBQM /ǶBMi2`�+iBQMX G2 MBp2�m H2 THmb
ûH2pû 2bi H� b2bbBQM /ǶBMi2`�+iBQMX G2 /2mtBĕK2 MBp2�m 2bi +QKTQbû /2b i�+?2bX 1HH2b bQMi
BM+Hmb2b /�Mb H2 +Q`Tb /ǶBMi2`�+iBQM /2 H� b2bbBQM /ǶBMi2`�+iBQMX .2mt ivT2b /2 i�+?2b bQMi
+QMbB/û`û2b 2i T2mp2Mi b2 +?2p�m+?2`- H2b i�+?2b +QHH�#Q`�iBp2b 2i +QMp2`b�iBQMM2HH2bX �p2+
+2ii2 `2T`ûb2Mi�iBQM- mM2 i�+?2 T2mi āi`2 `�{Mû2 `û+m`bBp2K2Mi 2M bQmb@i�+?2b Dmb[mǶ¨
�ii2BM/`2 H2 /2`MB2` MBp2�m- H2 MBp2�m /2b �+iBQMb- [mB 2bi +QMbB/û`û +QKK2 �iQKB[m2X

9XkXk aǶ2M;�;2` ¨ 7�B`2 2Mb2K#H2
*2ii2 MQiBQM /2 b2bbBQM /ǶBMi2`�+iBQM 2bi `2HBû2 ¨ H� MQiBQM /Ƕ2M;�;2K2MiX aB/M2` 2i

�HX T`QTQb2Mi [m2 ǴGǶ2M;�;2K2Mi 2bi H2 T`Q+2bbmb T�` H2[m2H /2mt UQm THmbB2m`bV T�`iB+B@
T�Mib ûi�#HBbb2Mi- K�BMiB2MM2Mi 2i K2ii2Mi }M ¨ H2m` +QMM2tBQM T2`Ïm2 HQ`b /ǶBMi2`�+iBQMb
[mǶBHb 2Mi`2T`2MM2Mi +QMDQBMi2K2MiǴ (aB/M2` kyyj)X G2 `Q#Qi /QBi āi`2 +�T�#H2 /2 K�MB72b@
i2` bQM 2M;�;2K2Mi U�BMbB [m2 bQM /ûb2M;�;2K2MiV 2i �mbbB /2 H2b ûp�Hm2` T�` `�TTQ`i ¨
bQM T�`i2M�B`2 ?mK�BMX

PM T2mi /û}MB` THmbB2m`b ûi�ib TQbbB#H2b �m b2BM /ǶmM2 b2bbBQM /ǶBMi2`�+iBQM TQm` H�
T�`iB2 +Q`Tb /2 HǶBMi2`�+iBQM- 2X;X ,

• +QMp2`b�iBQM , mM #�p�`/�;2 bQ+B�H Qm mM2 Mû;Q+B�iBQM /ǶQ#D2+iB7- b�Mb �m+mM2 �+iBQM
T?vbB[m2 2z2+imû2 ¨ HǶ2t+2TiBQM /2b ;2bi2b /2 +QKKmMB+�iBQM

• i�+?2 +QHH�#Q`�iBp2 , H2b /2mt �;2Mib 2tû+mi2Mi /2b �+iBQMb �}M /Ƕ�ii2BM/`2 mM Q#D2+iB7
+QKKmM

• T?�b2b /ǶBM�+iBpBiû , H2b �;2Mib M2 /Bb+mi2Mi T�b Qm MǶ2tû+mi2Mi T�b mM2 i�+?2 +QHH�@
#Q`�iBp2 2Mb2K#H2- K�Bb `2bi2Mi 2M;�;ûb /�Mb H� b2bbBQM /ǶBMi2`�+iBQM- +2H� b2 T`Q/mBi
2Mi`2 H2b T?�b2b /ǶBMi2`�+iBQM �+iBp2b

SQm` +?�+mM /2 +2b i`QBb ûi�ib- H� K�MBĕ`2 /2 K�MB72bi2` HǶ2M;�;2K2Mi p�`B2 UT�`
2t2KTH2- /�Mb mM2 +QMp2`b�iBQM- mM �;2Mi `2;�`/�Mi bQM T�`i2M�B`2 �{+?2 bQM 2M;�;2@
K2Mi c HQ`b /ǶmM2 i�+?2- mM �;2Mi 2tû+mi�Mi +Q``2+i2K2Mi bQM �+iBQM 2bi mM2 K�MBĕ`2 /2
/ûKQMi`2` bQM 2M;�;2K2MiVX *Ƕ2bi TQm`[mQB BH 2bi Mû+2bb�B`2 /2 /û}MB` [m2H +QKTQ`i2K2Mi
H2 `Q#Qi /QBi T`ûb2Mi2` /�Mb +?�[m2 ûi�i 2i [m2H +QKTQ`i2K2Mi BH /QBi �ii2M/`2 /2 HǶ?mK�BM
/�Mb +?�[m2 ûi�i- +�` +2b +QKTQ`i2K2Mib bQMi ;ûMû`�H2K2Mi i`ĕb bTû+B}[m2b UT�` 2t2KTH2-
/�Mb mM2 i�+?2 /2 ;mB/�;2- H2 `Q#Qi ;�`/2 H� iāi2 Q`B2Miû2 p2`b H2 pBb�;2 /2 bQM T�`i2M�B`2
TQm` /ûKQMi`2` bQM 2M;�;2K2Mi /�Mb H� +QMp2`b�iBQM 2i H2b +QMi2ti2b BM�+iB7b 2i HQ`b[mǶBH
/QMM2 mM2 /B`2+iBQM- BH bǶ�ii2M/ ¨ +2 [m2 HǶ?mK�BM `2;�`/2 H� /B`2+iBQM [mǶBH KQMi`2 c /�Mb
mM2 i�+?2 /2 `û�HBb�iBQM /ǶmM2 TBH2 /2 +m#2b- HQ`b[m2 H2 `Q#Qi /QMM2 mM2 BMbi`m+iBQM BH
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�ii2M/ /2 HǶ?mK�BM [mǶBH T`2MM2 H2 +m#2 /QMMûVX

9XkXj 1tû+mi2` 2i /û+B/2` 2Mb2K#H2

.�Mb H� bmBi2- MQmb +QMbB/û`QMb [m2 HǶ?mK�BM 2i H2 `Q#Qi /BbTQb2Mi /ǶmM TH�M T�`i�;ûX
SQm` ;ûMû`2` +2 TH�M T�`i�;û- �m G��a- MQmb miBHBbQMb H2 TH�MB}+�i2m` >�hS >mK�M@
�r�`2 h�bF SH�MM2` (JQMi`2mBH kyyd- �HBHB kyyN#- aBHp� kyR8- G�HH2K2Mi kyR3)X *2 TH�MB@
}+�i2m` `2MpQB2 mM TH�M T�`i�;û �p2+ /ǶmM2 T�`i H2b �+iBQMb /m `Q#Qi 2i /Ƕ�mi`2 T�`i
H2b �+iBQMb /2 HǶ?mK�BM TQm` TQmpQB` �ii2BM/`2 H2 #miX G� };m`2 9X9 T�;2 8d KQMi`2 mM
2t2KTH2 /2 TH�MX G2 bvbiĕK2 TH�MB}2 /QM+ TQm` /2mt- H2 `Q#Qi 2i H� T2`bQMM2 �p2+ H�[m2HH2
BH BMi2`�;BiX

LQmb �pQMb /ûD¨ ûpQ[mû /�Mb H2 +?�TBi`2 j T�;2 jR- H� KQ/ûHBb�iBQM T�` H2 `Q#Qi /2b
+QMM�Bbb�M+2b [m2 H� T2`bQMM2 � +QM+2`M�Mi bQM 2MpB`QMM2K2MiX GQ`b[mǶBH bǶ�;Bi /Ƕ2tû+mi2`
mM2 �+iBQM- BH bǶ�;Bi û;�H2K2Mi /2 KQ/ûHBb2` H2b +QMM�Bbb�M+2b /2b �mi`2b �;2Mib ¨ T`QTQb /m
#mi- /2 HǶQ#D2+iB7 +Qm`�Mi- /2 HǶûi�i /m TH�M 2ifQm /m KQM/2X a�M/`� .2pBM (.2pBM kyRd�)
� T`QTQbû mM2 KQ/ûHBb�iBQM /2b +QMM�Bbb�M+2b bm` H2 TH�M 2i bm` HǶ�p�M+û2 /�Mb HǶ2tû+miBQM
/2b �+iBQMbX G2 `Q#Qi K�BMiB2Mi MQM b2mH2K2Mi b� T`QT`2 +QMM�Bbb�M+2 bm` HǶ�p�M+2K2Mi
/m TH�M +QKKmM 2i /2 b2b �+iBQMb- K�Bb û;�H2K2Mi mM2 2biBK�iBQM /2 H� +QMM�Bbb�M+2
/2 HǶ?mK�BM bm` HǶ�p�M+2K2Mi /m TH�M +QKKmM 2i /2 b2b T`QT`2b �+iBQMbX *2+B 2bi #B2M
2Mi2M/m HBKBiû �mt ûHûK2Mib T2`+2TiB#H2b T�` H2 `Q#Qi Qm [mǶBH 2bi TQbbB#H2 /Ƕ�+[mû`B` T�`
H2 /B�HQ;m2X G2 bvbiĕK2 +QMbB/ĕ`2 [m2 H2b /2mt �;2Mib QMi +QMM�Bbb�M+2 /m TH�M T�`i�;ûX
LQmb MǶ�HHQMb T�b 2tTHB[m2` B+B HǶ2Mb2K#H2 /2b T`Q+2bbmb T2`K2ii�Mi /Ƕ2z2+im2` +2b +�H+mHb-
K�Bb +2 [mǶBHb T2`K2ii2Mi ,

�+?2p2` mM #mi 2M +QKKmM , aB H2 `Q#Qi �``Bp2 ¨ H� +QM+HmbBQM [m2 H2 #mi +Qm`�Mi /2
H� i�+?2 2bi �ii2BMi- Qm 2bi /2p2Mm BM�ii2B;M�#H2 Qm �MMmHû 2i [mǶBH � +�H+mHû [m2
HǶ?mK�BM MǶ�p�Bi T�b H� KāK2 BM7Q`K�iBQM- BH T2mi b2 /QMM2` TQm` #mi [m2 HǶ?mK�BM
Q#iB2MM2 +2ii2 BM7Q`K�iBQM UbB HǶQM bmBi H� /û}MBiBQM /2 r2�F �+?B2p2K2Mi ;Q�H /2
*Q?2M G2p2b[m2 (*Q?2M RNNR)VX

�p�Mi mM2 �+iBQM /2 HǶ?mK�BM , G2 `Q#Qi T2mi �mbbB bǶ�bbm`2` [m2 HǶ?mK�BM � HǶBM7Q`K�@
iBQM [m�M/ BH /QBi `û�HBb2` mM2 �+iBQMX SQm` +2H�- ¨ +?�[m2 7QBb [m2 H2 `Q#Qi +QMbB/ĕ`2
[m2 HǶ?mK�BM /QBi `û�HBb2` mM2 �+iBQM- BH pû`B}2 [m2 HǶ?mK�BM � #B2M HǶBM7Q`K�iBQMX AH
T2mi v �pQB` THmbB2m`b `�BbQMb �m 7�Bi [m2 H2 `Q#Qi 2i HǶ?mK�BM MǶ�B2Mi T�b H� KāK2
BM7Q`K�iBQM +QM+2`M�Mi HǶ�+iBQM ¨ `û�HBb2`X aQBi HǶ?mK�BM K�M[m2 /ǶBM7Q`K�iBQMb bm`
H2b �+iBQMb `û�HBbû2b �Miû`B2m`2K2Mi TQm` b�pQB` [m2 +Ƕ2bi bQM �+iBQM [mB /QBi āi`2
`û�HBbû2 K�BMi2M�Mi- H2 `Q#Qi T2mi �HQ`b pû`B}2` bQM 2biBK�iBQM /2 H� +QMM�Bbb�M+2
/2 HǶ?mK�BM T�` `�TTQ`i ¨ +2b �+iBQMb T�bbû2b 2i B/2MiB}2` bB BH v � /2b /Bzû`2M+2b
2Mi`2 b2b +QMM�Bbb�M+2b 2i bQM 2biBK�iBQM /2b +QMM�Bbb�M+2b /2 HǶ?mK�BM 2i /QMM2`
HǶBM7Q`K�iBQM +Q``2bTQM/�Mi2 ¨ HǶ?mK�BMX aQBi HǶ?mK�BM K�M[m2 /ǶBM7Q`K�iBQMb bm`
HǶûi�i /m KQM/2 TQm` b�pQB` [m2 bQM �+iBQM 2bi /ûbQ`K�Bb TQbbB#H2X .�Mb +2 +�b- H2
`Q#Qi T2mi pû`B}2` H2b +QM/BiBQMb T`û�H�#H2b ¨ HǶ�+iBQM 2i pû`B}2` [m2HH2 BM7Q`K�iBQM
2bi BM+Q``2+i2 Qm K�M[m�Mi2X

S`ûp2MB` H2b 2``2m`b , AH T2mi �``Bp2` [m2 HǶ?mK�BM 7�bb2 mM2 �+iBQM �HQ`b [m2 +2 MǶûi�Bi
T�b HǶ�+iBQM T`ûpm2 /�Mb H2 TH�M ¨ +2 KQK2Mi@H¨X SQm` ûpBi2` +2H�- H2 `Q#Qi T2mi
pû`B}2` [m2 b2b +QMM�Bbb�M+2b bQMi +Q?û`2Mi2b �p2+ bQM 2biBK�iBQM /2b +QMM�Bbb�M+2b
/2 HǶ?mK�BMX AH T2mi �``Bp2` [m2 HǶ?mK�BM T2Mb2 [m2 HǶ�+iBQM T`û+û/2Mi b� T`QT`2
�+iBQM � ûiû `û�HBbû2 �p2+ bm++ĕb �HQ`b [m2 +2 MǶ2bi T�b H2 +�bX AH T2mi �``Bp2` [m2
HǶ?mK�BM �Bi mM2 +`Qv�M+2 2``QMû2 bm` HǶûi�i /m KQM/2- +�` BH MǶ� T�b T2`Ïm [m2H[m2
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+?Qb2 2i H¨ 2M+Q`2 H2 `Q#Qi T2mi HǶ2biBK2`X aǶBH bǶ�T2`ÏQBi /ǶmM2 /Bp2`;2M+2- H2 `Q#Qi
T2mi āi`2 T`Q@�+iB7 2i H� +QKKmMB[m2` ¨ HǶ?mK�BMX

aB;M�H2` b2b �+iBQMb , GQ`b[m2 H2 `Q#Qi 2bi bm` H2 TQBMi /Ƕ2z2+im2` mM2 �+iBQM- BH T2mi
+�H+mH2` bB bm` H� #�b2 /2 b2b +QMM�Bbb�M+2b HǶ?mK�BM 2bi �m +Qm`�Mi /2 HǶBKKBM2M+2
/2 bQM �+iBQMX aB HǶ?mK�BM MǶ2bi T�b �m +Qm`�Mi- H2 `Q#Qi T2mi �HQ`b bB;M�H2` [mǶBH
p� �;B`X

AM�+iBQM 2i BM+2`iBim/2 , JāK2 bB H2 `Q#Qi 2biBK2 [m2 HǶ?mK�BM /QBi �;B` 2i [mǶBH H2 b�Bi-
BH 2bi TQbbB#H2 [m2 HǶ?mK�BM MǶ2tû+mi2 iQmDQm`b T�b bQM Qm b2b �+iBQMbX G2 `Q#Qi 2bi
+�T�#H2 /Ƕ2biBK2` bB HǶ?mK�BM 2bi /ûD¨ Q++mTû Qm bǶBH MǶ2bi T�b �+im2HH2K2Mi 2M;�;û
/�Mb H� i�+?2- 2i /�Mb +2 +�b BH �ii2M/ [m2 HǶ?mK�BM bQBi /BbTQMB#H2X aB +2 MǶ2bi T�b
H2 +�b- H2 `Q#Qi +QMbB/ĕ`2 [m2 bQM 2biBK�iBQM /2 H� +QMM�Bbb�M+2 /2 HǶ?mK�BM bm` H�
i�+?2 2bi T2mi@āi`2 2``QMû2 2i HmB /2K�M/2 bTû+B}[m2K2Mi /Ƕ2z2+im2` HǶ�+iBQMX aB
HǶ?mK�BM MǶ�;Bi iQmDQm`b T�b- H2 `Q#Qi +QMbB/ĕ`2 [m2 HǶ�+iBQM � û+?Qmû- �#�M/QMM2
H2 TH�M 2M +Qm`b 2i 2bb�B2 /2 i`Qmp2` mM TH�M �Hi2`M�iB7 2t+Hm�Mi +2ii2 �+iBQMX

�p2+ +2b ûHûK2Mib- H2 `Q#Qi 2bi +�T�#H2 /2 +QKKmMB[m2` 2i /Ƕ�;B` 2{+�+2K2Mi /�Mb H2
+�/`2 /2 HǶ2tû+miBQM /ǶmM TH�M T�`i�;û +�H+mHû T`û+û/2KK2Mi +QKK2 +2mt T`QTQbûb T�`
>�hSX

*2T2M/�Mi- miBHBb2` mM i2H TH�M � �mbbB /2b HBKBi2b /�Mb mM +�/`2 /ǶBMi2`�+iBQMX 1M 2z2i-
THmiƬi [mǶmM TH�M Qɍ iQmi2b H2b �+iBQMb 2i H2m`b T�`�Kĕi`2b bQMi +�H+mHûb /ĕb H2 /ûT�`i- QM
TQm``�Bi pQmHQB` H�Bbb2` +2`i�BM2b /û+BbBQMb HQ`b /2 HǶ2tû+miBQMX SQm` +2H�- a�M/`� .2pBM �
i`�p�BHHû ¨ T2`K2ii`2 H� +`û�iBQM /ǶmM TH�M ;�`/�Mi mM2 +2`i�BM2 bQmTH2bb2 TQm` TQmpQB`
T`2M/`2 /2b /û+BbBQMb �m THmb T`ĕb /2 HǶ2tû+miBQM 2i THmb T`û+BbûK2Mi T2`K2ii`2 /2 `ûTQM/`2
¨ /2mt [m2biBQMb �m THmb T`ĕb /2 H� `û�HBb�iBQM /2 HǶ�+iBQM ,

R ZmB /QBi 2z2+im2` mM2 �+iBQM \ *2ii2 /û+BbBQM 2bi [m2H[m27QBb BKTHB+Bi2 [m�M/ mM2
b2mH2 T2`bQMM2 2bi +�T�#H2 /Ƕ2tû+mi2` mM2 �+iBQM- K�Bb T2mi- /�Mb +2`i�BMb +�b-
/2K�M/2` mM2 Mû;Q+B�iBQM Qm mM2 �/�Ti�iBQM /2 H� T�`i /m `Q#QiX .�Mb H2b p2`bBQMb
T`û+û/2Mi2b /Ƕ>�hS- iQmi2b +2b /û+BbBQMb ûi�B2Mi T`Bb2b ¨ HǶûH�#Q`�iBQM /m TH�MX A+B
QM `2M/ TQbbB#H2 H2 `2TQ`i /2 H� /û+BbBQM ¨ HǶ2tû+miBQM [m�M/ 2HH2 MǶ2bi T�b BKTHB+Bi2
�}M /2 ;�;M2` 2M ~mB/Biû 2i 2M �/�Ti�#BHBiû- 2M �ii2M/�Mi- HǶ�+iBQM 2bi �HHQmû2 ¨
HǶ�;2Mi sX *Ƕ2bi@¨@/B`2 [m2 HQ`b /2 H� TH�MB}+�iBQM QM +QMbB/ĕ`2 [m2 +2ii2 �+iBQM
T2mi āi`2 `û�HBbû2 T�` HǶmM Qm HǶ�mi`2 /2b �;2Mib @ b�Mb +?QBbB`X
ě � HǶ2tû+miBQM- [m�M/ H2 `Q#Qi /QBi +?QBbB` [mB /QBi `û�HBb2` mM2 �+iBQM �HHQmû2 ¨

HǶ�;2Mi s- BH pû`B}2`� /�Mb mM T`2KB2` i2KTb [m2Hb bQMi H2b �;2Mib `û2HH2K2Mi
/BbTQMB#H2b TQm` 2z2+im2` +2ii2 �+iBQMX aB H2 `Q#Qi 2bi H2 b2mH ¨ TQmpQB` `û�HBb2`
HǶ�+iBQM U2X;X H� T2`bQMM2 2bi /ûD¨ 2M i`�BM /Ƕ2z2+im2` mM2 �mi`2 �+iBQMV- BH T`2M@
/`� HǶBMBiB�iBp2 /2 `û�HBb2` HǶ�+iBQMX aB H2b /2mt T2mp2Mi `û�HBb2` HǶ�+iBQM- H2 `Q#Qi
�m`� �HQ`b /2mt /Bzû`2Mib KQ/2b TQbbB#H2b ,
ě G2 KQ/2 Mû;Q+B�iBQM , Qɍ H2 `Q#Qi /2K�M/2 ¨ HǶ?mK�BM bB BH p2mi `û�HBb2`

HǶ�+iBQM 2i �;Bi UQm MQMV 2M 7QM+iBQM /2 b� `ûTQMb2X
ě G2 KQ/2 �/�Ti�iBQM , Qɍ H2 `Q#Qi �ii2M/ mM i2KTb +Qm`i /2 pQB` bB HǶ?mK�BM

T`2M/ HǶBMBiB�iBp2 /2 `û�HBb2` HǶ�+iBQM- 2i- bB +2 MǶ2bi T�b H2 +�b- T`2M/ HmB@KāK2
HǶBMBiB�iBp2 /2 H� `û�HBb2`X

lM2 7QBb mM2 �+iBQM �HHQmû2 T�` H2 `Q#Qi- BH +�H+mH2 mM MQmp2�m TH�M TQm` pû`B}2`
[m2 +2ii2 �HHQ+�iBQM MǶ� T�b /Ƕ�mi`2b BKTHB+�iBQMb /�Mb H2 TH�MX

k �p2+ [m2Hb Q#D2ib 2z2+im2` mM2 �+iBQM \ AH T2mi �``Bp2` [m2 /2mt Q#D2ib bQB2Mi 7QM+@
iBQMM2HH2K2Mi û[mBp�H2Mib /�Mb H2 +�/`2 /2 H� i�+?2X .�Mb +2 +�b- H2 `Q#Qi T`2M�Bi
�mT�`�p�Mi ¨ HǶûH�#Q`�iBQM /m TH�M mM2 /û+BbBQM �`#Bi`�B`2 [m�Mi ¨ HǶQ#D2i ¨ miBHBb2`
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/m`�Mi mM2 �+iBQMX A+B QM `2M/ TQbbB#H2 H2 `2TQ`i /2 +2ii2 /û+BbBQM ¨ HǶ2tû+miBQM- H¨
2M+Q`2 TQm` ;�;M2` 2M ~mB/Biû 2i 2M �/�Ti�#BHBiûX

9XkX9 úp�Hm2` HǶBMi2`�+iBQM
LQmb �HHQMb ûim/B2` B+B H� TQbbB#BHBiû TQm` H2 `Q#Qi- T2M/�Mi HǶ2tû+miBQM /2 b� i�+?2-

/Ƕûp�Hm2` bB HǶBMi2`�+iBQM b2 T�bb2 #B2M Qm T�bX GǶB/û2 2bi [m2 H2 `Q#Qi /BbTQb2 /ǶmM KQv2M
/Ƕ2biBK2` +QKK2Mi b2 /û`QmH2 HǶBMi2`�+iBQMX LQmb MQKKQMb +2ii2 +�T�+Biû ǴH� K2bm`2 /2
H� Zm�HBiû /ǶAMi2`�+iBQM /m TQBMi /2 pm2 /m `Q#QiǴ UZm�HBiv Q7 AMi2`�+iBQM UZQAVVX *2+B 2bi
mM i`�p�BH `û�HBbû HQ`b /2 H� i?ĕb2 /Ƕ�K�M/BM2 J�vBK� (J�vBK� kykR�)X

aB QM /BbTQb2 /ǶmM2 i2HH2 K2bm`2 2i [m2 HǶQM +QMbB/ĕ`2 [mǶmM2 ZQA ûH2pû2 2bi H2 bB;M2 [m2
HǶBMi2`�+iBQM b2 T�bb2 #B2M �HQ`b [mǶmM2 ZQA #�bb2 2bi H2 bB;M2 [m2 HǶBMi2`�+iBQM M2 b2 /û`QmH2
T�b #B2MX �HQ`b T�` 2t2KTH2- bB H2 `Q#Qi /ûi2+i2 [m2 H� ZQA +QKK2M+2 ¨ #�Bbb2`- BH T2mi
T`2M/`2 mM2 /û+BbBQM #�bû2 bm` +2ii2 BM7Q`K�iBQM 2i �;B` TQm` 2bb�v2` /Ƕ�KûHBQ`2` H� [m�HBiû
/2 HǶBMi2`�+iBQM U2X;X BH T2mi +?QBbB` /2 +?�M;2` +2`i�BM2b KQ/�HBiûb +QKK2 H� H�M;m2 /�Mb
H�[m2HH2 BH +QKKmMB[m2 �p2+ HǶ?mK�BM- H2 pQHmK2 /2 b2b ?�mi@T�`H2m`b- Qm H2b T�`�Kĕi`2b
/2 b2b TH�MB}+�i2m`bVX �m +QMi`�B`2- HQ`b[m2 H� ZQA 2bi ûH2pû2- H2 `Q#Qi T2mi /û+B/2` /2
+QMiBMm2` HǶBMi2`�+iBQM +QKK2 T`ûpm KāK2 bB T2mi@āi`2 H2 TH�M bmBpB MǶ2bi T�b QTiBK�H U2X;X
H� i`�D2+iQB`2 +?QBbB2 T2mi M2 THmb āi`2 H� THmb �/û[m�i2- K�Bb bB iQmi b2 T�bb2 #B2M T2mi@āi`2
2bi@BH T`û7û`�#H2 /2 M2 T�b 2M +?�M;2` 2i /2 `Bb[m2` /2 KQ/B}2` H� [m�HBiû /ǶBMi2`�+iBQMVX
"B2M 2Mi2M/m- H2b /û+BbBQMb /QBp2Mi āi`2 TQM/û`û2b- K�Bb MQmb T2MbQMb [m2 /QMM2` �m `Q#Qi
H� TQbbB#BHBiû /Ƕûp�Hm2` HmB@KāK2- 2M i2KTb `û2H- b� T2`+2TiBQM /2 H� [m�HBiû /2 HǶBMi2`�+iBQM
[mB 2bi 2M i`�BM /2 b2 /û`QmH2` T2mi �B/2` 2i �KûHBQ`2` b2b +�T�+Biûb /û+BbBQMM2HH2bX .2
THmb- �m HQM; +Qm`b- +2H� T2mi T2`K2ii`2 /Ƕ�M�Hvb2` bB +2`i�BMb +QKTQ`i2K2Mib +QM/mBb2Mi
BMp�`B�#H2K2Mi ¨ mM2 #�Bbb2 /2 H� [m�HBiû /ǶBMi2`�+iBQM 2i /QM+ `2K2ii`2 2M +�mb2 +2`i�BMb
+?QBt U+2H� TQmp�Mi b2 7�B`2 Qz@HBM2VX LQmb �pQMb TQm` H2 KQK2Mi i`�p�BHHû ¨ K2ii`2 2M
TH�+2 mM2 K2bm`2 /2 H� ZQA 2i bQKK2b 2M i`�BM /Ƕ�M�Hvb2` THmb }M2K2Mi +QKK2Mi HǶmiBHBb2`
2{+�+2K2Mi �m MBp2�m /û+BbBQMM2HX

G� [m2biBQM 2bi , bm` [m2HH2 #�b2 K2bm`2` H� ZQA \ [m2Hb bQMi H2b ûHûK2Mib ¨ T`2M/`2
2M +QKTi2 \ LQmb �pQMb TQm` H2 KQK2Mi /û}MB mM +2`i�BM MQK#`2 /2 Kûi`B[m2b 2i MQmb
bQKK2b 7Q+�HBbûb bm` /2mt +QM+2Tib , H� K2bm`2 /2 HǶ2M;�;2K2Mi /2 HǶ?mK�BM 2i H� K2bm`2
/2 HǶ2{+�+Biû /2 HǶ2tû+miBQM /2b i�+?2b +QHH�#Q`�iBp2bX *2T2M/�Mi- +2+B MǶ2bi 2M �m+mM
+�b 2t?�mbiB7- 2i /Ƕ�mi`2b Kûi`B[m2b 2i T�`�Kĕi`2b TQm``�B2Mi U2i /2p`�B2MiV āi`2 �DQmiûb
mHiû`B2m`2K2MiX LQi`2 i`�p�BH T2mi āi`2 pm +QKK2 mM2 #Qŗi2 ¨ QmiBHb T�`KB H2b[m2Hb BH 2bi
TQbbB#H2 /2 TBQ+?2` H2b Kûi`B[m2b bQm?�Biû2b 2M 7QM+iBQM /2b i�+?2b Qm /2b +QMi2ti2bX LQmb
T`QTQbQMb mM KQv2M /Ƕ�;`û;2` +2b Kûi`B[m2b- T`Q/mBb�Mi H� ZQAX GǶûp�Hm�iBQM /2 H� ZQA 2bi
2z2+imû2 ¨ i`QBb MBp2�mt /Ƕ�#bi`�+iBQM /Bzû`2Mib , H2 MBp2�m /2 H� b2bbBQM /ǶBMi2`�+iBQM- H2
MBp2�m /2 H� i�+?2 2i H2 MBp2�m /2 HǶ�+iBQMX G2 i�#H2�m 9XR KQMi`2 mM 2t2KTH2 /2b /Bzû`2Mi2b
Kûi`B[m2b [m2 MQmb �pQMb /û}MB2bX
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9XkX8 *QKKmMB[m2` �p2+

G� +QKKmMB+�iBQM 2bi mM T`Q+2bbmb mM T2m ¨ T�`i 2i TQm`i�Mi +2Mi`�HX S�` 2t2KTH2-
/�Mb b� i?ĕb2 �K�M/BM2 J�vBK� (J�vBK� kykR�) 2tTHB[m2 H2b /Bzû`2Mib ivT2b /2 +QKKm@
MB+�iBQM p2`#�H2 [m2 bQM bvbiĕK2 2bi +�T�#H2 /2 ;û`2` ,

RX Pmp2`im`2 2i 72`K2im`2 /2 H� b2bbBQM /ǶBMi2`�+iBQM UT�` 2t2KTH2- Ǵ"QMDQm`ǴV-
kX .QMM2` /2b BM7Q`K�iBQMb bm` b2b +�T�+Biûbf`ƬH2 UT�` 2t2KTH2- ǴC2 bmBb H¨ TQm` pQmb

�B/2` ¨ i`Qmp2` pQi`2 +?2KBMǴV-
jX AMBiB2` mM Q#D2+iB7 T�`i�;û UT�` 2t2KTH2- Ǵ*QMbi`mBbQMb +2ii2 TBH2 /2 +m#2bXǴV-
9X .QMM2` /2b BM7Q`K�iBQMb bm` H� i�+?2 2M +Qm`b UT�` 2t2KTH2- ǴCǶ�B M2iiQvû H� i�#H2XǴV-
8X .2K�M/2` /2b BM7Q`K�iBQMb bm` H� i�+?2 2M +Qm`b UT�` 2t2KTH2- Ǵ�p2x@pQmb M2iiQvû

H� i�#H2 \ǴV-
eX .2K�M/2` ¨ HǶ?mK�BM /Ƕ2z2+im2` mM2 �+iBQM UT�` 2t2KTH2- ǴSQmp2x@pQmb M2iiQv2`

H� i�#H2 \ǴV-
dX �#�M/QMM2` HǶQ#D2+iB7 +QKKmM UT�` 2t2KTH2- ǴJQM �+iBQM � û+?Qmû- DǶ�#�M/QMM2

H� i�+?2XǴV
PM H2 pQBi- +2b /Bzû`2Mib ivT2b /2 +QKKmMB+�iBQM QMi /Bzû`2Mib #mib- +2`i�BM2b 7QMi BMiû;`�@
H2K2Mi T�`iB2 /2 H� i�+?2 Qm /2 HǶ�+iBQM 2M +Qm`b U2X;X ǴPɍ /ûbB`2x@pQmb �HH2` \ǴV- /Ƕ�mi`2b
bQMi THmb ;ûMû`�H2b 2i bQMi 2M HB2M �p2+ H2 /û`QmH2K2Mi ;ûMû`�H /ǶmM2 i�+?2 2M +QKKmM
U2X;X ǴCǶ�B `û�HBbû KQM �+iBQM- +Ƕ2bi ¨ pQi`2 iQm`ǴV- /Ƕ�mi`2b QMi ¨ pQB` �p2+ H� ;2biBQM /2
HǶBMi2`�+iBQM 2HH2@KāK2 U2X;X Ǵ"QMDQm`ǴVX �pQB` mM2 ;2biBQM +Q?û`2Mi2 /2 H� +QKKmMB+�iBQM
/�Mb H2 +�/`2 /ǶmM2 BMi2`�+iBQM ?mK�BM@`Q#Qi 2bi mM /û} 2M bQBX

GǶmM2 /2b /B{+mHiûb T`QpB2Mi �mbbB /m 7�Bi [mǶmM2 +QKKmMB+�iBQM- +2 MǶ2bi T�b 7Q`+û@
K2Mi mM2 +QKKmMB+�iBQM p2`#�H2- mM ;2bi2 T2mi �mbbB �pQB` mM `ƬH2 /�Mb H� +QKKmMB+�iBQMX
*Ƕ2bi [m2H[m2 +?Qb2 [m2 MQmb �pBQMb 2MpBb�;û /�Mb K� i?ĕb2 2M BMiû;`�Mi HǶ�+iBQM 2i H�
+QKKmMB+�iBQM �m b2BM /2 H� /û}MBiBQM /2b i�+?2b (*HQ/B+ kyyd�)X aB HǶQM `2T`2M/ H2 +û@
Hĕ#`2 �/�;2 /2 S�mH q�ixH�rB+F- ǴPM M2 T2mi T�b M2 T�b +QKKmMB[m2`Ǵ 2i /�Mb H2 +�b
/ǶmM `Q#Qi +Ƕ2bi �mbbB p`�B 2i H2 7�Bi [m2 HǶ2Mb2K#H2 /2b 7QM+iBQMM�HBiûb /ǶmM `Q#Qi bQBi
/û+QmTû 2M mM2 KmHiBim/2 /2 /Bb+BTHBM2b 2bi H¨ 2M+Q`2 mM ûHûK2Mi ¨ T`2M/`2 2M +QKTi2X
S�` 2t2KTH2- HQ`b[m2 HǶQM p� +�H+mH2` TQm` H2 `Q#Qi mM KQmp2K2Mi TQm` /QMM2` mM Q#D2i
¨ mM2 T2`bQMM2- QM p� 7�B`2 �TT2H ¨ H� TH�MB}+�iBQM /2 KQmp2K2Mi [mB p� MQmb `2MpQv2`
mM KQmp2K2Mi TQm` H2 #`�b /m `Q#QiX *2T2M/�Mi- TQm` iQmi2 TH�i27Q`K2 +QKK2 S2TT2`
Qm S_k û[mBTû2 /ǶmM2 Ǵiāi2Ǵ- bB H2 KQmp2K2Mi /m #`�b 2bi +Q``2+i- K�Bb [m2 H� iāi2 /m
`Q#Qi MǶ�;Bi T�b 2M +Q?û`2M+2 U2X;X H2 `Q#Qi `2;�`/2 ¨ HǶQTTQbûV H� T2`bQMM2 2M 7�+2 p� āi`2
/û+QMi2M�M+û2X A/û�H2K2Mi- BH 7�m/`�Bi [m2 H2b �H;Q`Bi?K2b /2 TH�MB}+�iBQM /2 KQmp2K2Mi
TQm` H2 #`�b T`2MM2Mi 2M +QKTi2 �mbbB H2 KQmp2K2Mi /2 H� iāi2X S�` 2t2KTH2- MQmb �pBQMb
K2Mû mM2 T2iBi2 ûim/2 TQm` �M�Hvb2` Qɍ /2p�Bi `2;�`/2` H� iāi2 /�Mb H2 +�/`2 /ǶmM ;2bi2 /2
/QM (:?�`#B kyR8) 2i �pBQMb i`Qmpû mM KQ/ĕH2 Qɍ ¨ H� }M /m KQmp2K2Mi- H2 `Q#Qi /2p`�Bi
`2;�`/2` HǶQ#D2i TmBb H� T2`bQMM2 ¨ [mB HǶQ#D2i ûi�Bi /2biBMû TQm` [m2 H� T2`bQMM2 2M 7�+2
+QMbB/ĕ`2 H2 ;2bi2 THmb û+QHQ;B[m2X

.�Mb H2 +�/`2 /m T`QD2i CQBMi�+iBQM9>_A U+7 b2+iBQM kXRV- MQmb �pQMb ûim/Bû +QK@
K2Mi H2b bB;M�mt /2 +QKKmMB+�iBQM TQmp�B2Mi āi`2 miBHBbûb TQm` �KûHBQ`2` HǶBMi2`�+iBQMX
.�Mb �//`2bbBM; DQBMi �+iBQM +?�HH2M;2b BM >_A , AMbB;?ib 7`QK Tbv+?QHQ;v �M/ T?BHQbQT?v
("2H?�bb2BM kykk)- MQmb `2H2pBQMb MQi�KK2Mi HǶBKTQ`i�M+2 /2 H� `2+QMM�Bbb�M+2 Kmim2HH2
2i H2 7�Bi /2 +QMbB/û`2` HǶ2Mb2K#H2 /m `Q#Qi [m�M/ QM +QMbB/ĕ`2 mM2 i�+?2X LQmb `2pB2M@
/`QMb THmb �p�Mi bm` +2b �bT2+ib /�Mb H2 +?�TBi`2 e Qɍ MQmb �#Q`/2`QMb H� T`Bb2 2M +QKTi2
/m +QMi2ti2 bQ+B�H 2M `Q#QiB[m2X
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6B;m`2 9Xk Ĝ �`+?Bi2+im`2 /m bvbiĕK2 /ûp2HQTTû , .�Mb +2ii2 };m`2- U>�#Bim�H 2tT2`i =
KQ/2H 7`22 2tT2`i = bvbiĕK2 /Ƕ�TT`2MiBbb�;2V 2i U:Q�H@/B`2+i2/ 2tT2`i = KQ/2H@#�b2/ =
>�hSVX

9XkXe �TT`2M/`2 T2M/�Mi mM2 BMi2`�+iBQM

*2+B 2bi mM i`�p�BH [mB � ûiû `û�HBbû /�Mb H2 +�/`2 /m T`QD2i �L_ _Q#Q2`;QbmK �p2+
a�M/`� .2pBM �m G��a 2i 1`r�M _2M�m/Q /2 HǶAaA_ TQm` H2b �bT2+ib 2tTû`BK2Mi�iBQMb
/QMi D2 p�Bb T�`H2` B+B 2i [mB bQMi mM T2m THmb /ûi�BHHûb /�Mb HǶ�`iB+H2 G2�`MBM; iQ BMi2`�+i
rBi? ?mK�Mb mbBM; ;Q�H@/B`2+i2/ �M/ ?�#Bim�H #2?�pBQ`b (_2M�m/Q kyR8) �BMbB [m2 /�Mb
H2b i?ĕb2b /Ƕ1`r�M _2M�m/Q (_2M�m/Q kyRe) 2i a�M/`� .2pBM (.2pBM kyRd�)X G2b �mi`2b
T�`i2M�B`2b /m T`QD2i bQMi bB;M�i�B`2b /2 HǶ�`iB+H2 Bbbm /m T`QD2i hQr�`/ a2H7@�r�`2 _Q#Qib
(*?�iBH� kyR3)X

G� [m2biBQM B+B 2bi H� bmBp�Mi2- +QKK2Mi 2bi@BH TQbbB#H2 /Ƕ2MpBb�;2` HǶmiBHBb�iBQM /Ƕ�T@
T`2MiBbb�;2 2i B+B- /2 HǶ�TT`2MiBbb�;2 T�` `2M7Q`+2K2Mi (_2M�m/Q kyR9) (amiiQM kyR3) /�Mb
mM +�/`2 /ǶBMi2`�+iBQM ?mK�BM@`Q#QiX aB HǶQM b2 TH�+2 �m MBp2�m /û+BbBQMM2H- H2 `Q#Qi 2M
T?�b2 /Ƕ�TT`2MiBbb�;2 p� i2bi2` HǶ2Mb2K#H2 /2b �+iBQMb /BbTQMB#H2b 2i BH Ǵbm{iǴ �HQ`b /2
i`Qmp2` H� #QMM2 7QM+iBQM /2 `û+QKT2Mb2 TQm` �ii2BM/`2 H2 #miX *2T2M/�Mi- /�Mb mM +�/`2
/2 +QHH�#Q`�iBQM- BH 2bi +QMi`2@BMimBiB7 [m2 H2 `Q#Qi +QKK2M+2 T�` 7�B`2 MǶBKTQ`i2 [m2HH2
�+iBQM /BbTQMB#H2 UTQi2MiB2HH2K2Mi ǴMǶBKTQ`i2 [mQBǴV- KāK2 bB +Ƕ2bi ǴTQm` �TT`2M/`2ǴX
AK�;BM2x@pQmb /�Mb H� KāK2 bBim�iBQM- [m2H[mǶmM 2M 7�+2 /2 pQmb 7�Bi MǶBKTQ`i2 [mQB-
+QKK2Mi `ûTQM/`2 \ *QKK2Mi K2ii`2 2M TH�+2 mM2 BMi2`�+iBQM \ AH T�`�ŗi �HQ`b ûpB/2Mi
[m2 HǶ�TT`2MiBbb�;2 /ǶmM2 i�+?2 2M BMi2`�+iBQM M2 T2mi T�b T�`iB` /2 xû`QX

.�Mb +2 T`QD2i- +2 [m2 MQmb �pQMb 7�Bi +Ƕ2bi miBHBb2` MQi`2 bvbiĕK2 /2 TH�MB}+�iBQM
>�hS (�HBHB kyyN#) +QKK2 �KQ`+2 /m T`Q+2bbmb /Ƕ�TT`2MiBbb�;2X 1M 2z2i- �p2+ >�hS
QM /BbTQb2 /ǶmM /QK�BM2 `û�HBbû T�` mM 2tT2`i 2i [mB T2`K2i /2 ;ûMû`2` H2b /Bzû`2Mi2b
bQHmiBQMb TQbbB#H2b i�Mi /m TQBMi /2 pm2 /m `Q#Qi [m2 /m TQBMi /2 pm2 /2 HǶ?mK�BMX GǶB/û2
ûi�Bi /ǶmiBHBb2` +2 TH�M >�hS +QKK2 mM }H /Ƕ�`B�M2- +QKK2 mM2 #�b2 HQ;B[m2 /2 +2 [mǶBH
7�mi `û�HBb2`X lM2 7QBb H� ǴK�MBĕ`2 /2 7�B`2Ǵ /Ƕ>�hS �TT`Bb2- QM TQmp�Bi H�Bbb2` H2 bvbiĕK2
/Ƕ�TT`2MiBbb�;2 7�B`2 /2b /B;`2bbBQMb TQm` b2 bQ`iB` /2 bBim�iBQMb [mB MǶûi�B2Mi T�b T`ûpm2b
Qm TQm` �TT`2M/`2 /2 MQmp2HH2b TQbbB#BHBiûbX

SQm` `û�HBb2` +2H�- MQmb �pQMb KBb 2M +QKTûiBiBQM +?�+mM2 /2 MQb #`B[m2b HQ;B+B2HH2b
UH2b �+iBQMb /BbTQMB#H2b ûi�B2Mi B/2MiB[m2bV ,

>�hS UTQm` H2 G��aV , mM TH�MB}+�i2m` >hL- /BbTQb�Mi /ǶmM KQ/ĕH2 /m KQM/2 2i
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6B;m`2 9Xj Ĝ _2T`ûb2Mi�iBQM /2 H� bBKmH�iBQM `û�HBbû2 , mM 2Mb2K#H2 /2 +�bb2ii2b 2bi bm`
H� i�#H2- +2`i�BM2b bQMi �++2bbB#H2b ¨ HǶ�;2Mi ?mK�BM- /Ƕ�mi`2b ¨ HǶ�;2Mi `Q#Qi- +2`i�BM2b �mt
/2mtX G2b /2mt �;2Mib /QBp2Mi M2iiQv2` H� i�#H2 2i ¨ H� }M /2 H� i�+?2- iQmi2b H2b +�bb2ii2b
/QBp2Mi āi`2 /ûTQbû2b /�Mb mM2 TQm#2HH2 U�++2bbB#H2 ¨ HǶmM Qm HǶ�mi`2 /2b T`Qi�;QMBbi2bVX

6B;m`2 9X9 Ĝ 1t2KTH2 /2 TH�M >�hS T`Q/mBi TQm` +2ii2 i�+?2
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+�T�#H2 /2 +�H+mH2` mM TH�M ¨ T�`iB` /2 HǶûi�i +Qm`�Mi 7Qm`MB T�` H2 bvbiĕK2
UHQ`b[m2 HǶûi�i BMBiB�H H2 T2`K2iV +QKT`2M�Mi HǶ2Mb2K#H2 /2b �+iBQMb TQm` `û�HBb2`
H� i�+?2- +2T2M/�Mi /�Mb MQi`2 +�b- >�hS M2 7Qm`MBi [m2 H� T`2KBĕ`2 �+iBQM /m
TH�M (�HBHB kyyN#)-

mM �H;Q`Bi?K2 /Ƕ�TT`2MiBbb�;2 KQ/2H@7`22 UTQm` HǶAaA_V , +�T�#H2 û;�H2K2Mi /2 T`QTQ@
b2` H� T`Q+?�BM2 �+iBQM ¨ 2tû+mi2` (_2M�m/Q kyR9)X

� +?�[m2 Biû`�iBQM- H2 bvbiĕK2 � /QM+ �++ĕb ¨ /2mt �+iBQMb TQbbB#H2bX SQm` +?QBbB` 2Mi`2
+2b /2mt �+iBQMb- MQmb �pQMb +QMÏm mM J2i�*QMi`ƬH2m` [mB +?QBbBi 2Mi`2 H2b /2mt QTiBQMb
¨ +?�[m2 T�b /Ƕ2tû+miBQM b2HQM H2 b+?ûK� T`ûb2Miû };m`2 9XkX

LQi`2 BMimBiBQM ûi�Bi [m2 H2b /2mt 2tT2`ib TQmp�B2Mi �pQB` /2b `ƬH2b +QKTHûK2Mi�B`2b ,
• >�hS ,

ě /BbTQb2 /2 +QMM�Bbb�M+2b ¨ T`BQ`B- biQ+Fû2b /�Mb bQM KQ/ĕH2- [mB HmB T2`K2i /2
7Qm`MB` mM TH�M +QKTH2i- BH M2 Mû+2bbBi2 T�b /2 T?�b2 /Ƕ�TT`2MiBbb�;2- K�Bb BH
b2 T2mi [mǶBH bQBi BM+�T�#H2 /2 T`QTQb2` mM2 MQmp2HH2 �+iBQM UbB bQM KQ/ĕH2 /m
KQM/2 HmB BM/B[m2 [mǶ�m+mM TH�M M2 T2`K2i /2 `û�HBb2` H� i�+?2V

ě H2 i2KTb /2 +�H+mH /ǶmM TH�M 2bi 7QM+iBQM /m MQK#`2 /Ƕûi�ib 2i /Ƕ�+iBQMb 2MpBb�@
;û2b

ě H2 bvbiĕK2 +�H+mH2 mM TH�M +QKTH2i Dmb[mǶ�m #mi
• HǶ�H;Q`Bi?K2 /Ƕ�TT`2MiBbb�;2 KQ/2H@7`22 ,

ě Mû+2bbBi2 mM2 T?�b2 /Ƕ�TT`2MiBbb�;2 [mB T2mi āi`2 HQM;m2- K�Bb T`QTQb2`� iQmDQm`b
mM2 �+iBQM ¨ `û�HBb2`X

ě BH M2 pû`B}2 T�b bB HǶ�+iBQM 2bi TQbbB#H2- BH HǶ2bb�B2
=> H2 J2i�*QMi`ƬH2m` TQm``�Bi ;mB/2` HǶ�TT`2MiBbb�;2 /2 HǶ�H;Q`Bi?K2 KQ/2H@7`22

2M b2 #�b�Mi bm` H2b �+iBQMb T`QTQbû2b T�` >�hSX lM2 7QBb +2i �TT`2MiBbb�;2
`û�HBbû- HǶ�H;Q`Bi?K2 KQ/2H@7`22 TQm``�Bi āi`2 T`BpBHû;Bû T�` H2 J2i�*QMi`ƬH2m`X

LQmb �pQMb 2MpBb�;û i`QBb +�b T�`iB+mHB2`b TQm` H2[m2H H� +QKTHûK2Mi�`Biû /2 MQb bvb@
iĕK2b TQm``�Bi bǶ�pû`2` T2`iBM2Mi2 ,

*�b R , GǶ2MpB`QMM2K2Mi M2 +?�M;2 T�b- HǶ2bT�+2 /Ƕûi�i T2`K2i �m TH�MB}+�i2m` >�hS
/2 i`Qmp2` mM TH�M p�HB/2X .�Mb +2 +�b- >�hS 2bi HǶ1tT2`i [mB 2bi H2 KB2mt ¨ KāK2
/2 `ûbQm/`2 H� i�+?2- TmBb[m2 b� TH�MB}+�iBQM HmB T2`K2i /2 i`Qmp2` mM +?2KBM
p2`b HǶûi�i #mi 2M 2tTHQBi�Mi b2b +QMM�Bbb�M+2bX G2 J2i�*QMi`ƬH2m` /QBi /QM+ H2
bûH2+iBQMM2` T`û7û`2MiB2HH2K2Mi HQ`b /2b T`2KBĕ`2b 2tû+miBQMb /2 H� i�+?2X GǶ1tT2`i
?�#Bim2H �TT`2M/ 2M T�`�HHĕH2 /2b �+iBQMb +?QBbB2b T�` >�hS- 2i T`2M/ H� K�BM
HQ`b[m2 bQM �TT`2MiBbb�;2 2bi bm{b�Mi TQm` HmB 7�B`2 +?QBbB` H2b #QMM2b �+iBQMb ¨ mM
+Qȿi KQBM/`2X

*�b k , GǶ2MpB`QMM2K2Mi +?�M;2- >�hS 2bi +�T�#H2 /2 i`Qmp2` mM TH�MX PM b2 TH�+2
�T`ĕb �TT`2MiBbb�;2 /ǶmM2 ?�#Bim/2 +QKTQ`i2K2Mi�H2 T�` HǶ1tT2`i ?�#Bim2H- 2i QM
+?�M;2 H2b +QM/BiBQMb /�Mb H2b[m2HH2b H2 `Q#Qi �;Bi UBX2X H� TQm#2HH2 +?�M;2 /2 +ƬiûVX
G� i�+?2 2bi H� KāK2- K�Bb HǶ?�#Bim/2 MǶ2bi THmb T2`iBM2Mi2 /�Mb +2b +QM/BiBQMb-
H2 J2i�*QMi`ƬH2m` /QBi /QM+ `2/QMM2` H� K�BM ¨ >�hS TQm` `2i`Qmp2` mM TH�M
[mB T2`K2ii2 /2 `ûbQm/`2 H� i�+?2X 1M +QMb2`p�Mi +2b MQmp2HH2b +QM/BiBQMb 2MpB`QM@
M2K2Mi�H2b- HǶ1tT2`i ?�#Bim2H T2mi `û�TT`2M/`2 mM2 ?�#Bim/2 U�p2+ H2b /û7�mib /2
TH�biB+Biû /2 +2i �H;Q`Bi?K2- Qm ûp2Mim2HH2K2Mi �p2+ biQ+F�;2 /2 HǶ?�#Bim/2 T`û+û@
/2Mi2 2i �TT`2MiBbb�;2 ¨ T�`iB` /2 xû`QVX

*�b j , >�hS M2 T2mi T�b i`Qmp2` mM TH�MX 1M T�`i�Mi /ǶmM bvbiĕK2 [mB MǶ� T�b 2M+Q`2
�TT`Bb- MQmb TH�ÏQMb H2 `Q#Qi /�Mb mM +�b TQm` H2[m2H >�hS M2 T2mi i`Qmp2` /2



9XjX oBbBQM avbiĕK2 8N

TH�M p�HB/2X J�H;`û HǶû+?2+ /2 H� TH�MB}+�iBQM- HǶ�TT`Q+?2 2bb�Bb@2``2m`b /2 HǶ1tT2`i
?�#Bim2H T2`K2i �m `Q#Qi /Ƕ�;B` 2i �m TH�MB}+�i2m` /2 i`Qmp2` mM ûi�i /�Mb H2[m2H
BH T2mi `ûmbbB` ¨ TH�MB}2`X

C2 M2 p�Bb T�b /ûi�BHH2` B+B H2b `ûbmHi�ib [mB bQMi `2biûb i`ĕb T`ûHBKBM�B`2b UQM TQm``�
b2 `û7û`2` �mt +?�TBi`2b +Q``2bTQM/�Mi /�Mb H� i?ĕb2 /Ƕ1`r�M _2M�m/Q (_2M�m/Q kyRe) 2i
/2 a�M/`� .2pBM (.2pBM kyRd�)VX *2T2M/�Mi- +2 i`�p�BH � T2`KBb H� KBb2 2M TH�+2 /ǶmM2
T`2KBĕ`2 T`2mp2 /2 +QM+2Ti T2`K2ii�Mi /ǶmiBHBb2` mM bvbiĕK2 /2 TH�MB}+�iBQM #�bû KQ/ĕH2
UB+B >�hSV +QKK2 �KQ`+2 TQm` mM bvbiĕK2 /Ƕ�TT`2MiBbb�;2 KQ/2H@7`22 UBX2X QM 2bi T�b
Q#HB;û /2 T�`iB` Ǵ7`QK b+`�i+?Ǵ- QM T2mi 7�B`2 �TT`2M/`2 �m bvbiĕK2 ¨ T�`iB` /2 +QMM�Bb@
b�M+2b /QMMû2b T�` mM 2tT2`iVX GǶ�mi`2 ;`�M/ �p�Mi�;2- +Ƕ2bi [mǶmM2 7QBb [m2 +2i �KQ`Ï�;2
2bi `û�HBbû- QM � mM bvbiĕK2 [mB M2 `2bi2 T�b #HQ[mû HQ`b[mǶ�m+mM TH�M MǶ2bi TQbbB#H2- BH
p� 2bb�v2` /2 7�B`2 mM2 /2 b2b �+iBQMb /BbTQMB#H2b U2i MQmb �pBQMb �mbbB BK�;BMû TQmpQB`
`2p2MB` bm` H2 /QK�BM2 >�hS [m�M/ QM /û+Qmp`�Bi +2 ;2M`2 /2 +?Qb2bVX

LQmb MǶ�pQMb K�H?2m`2mb2K2Mi T�b 2m H2 i2KTb /Ƕ�{M2` THmb �p�Mi iQmi2b H2b 2tTû@
`BK2Mi�iBQMb [m2 MQmb �pBQMb 2M iāi2 K�Bb 7Q`i ?2m`2mb2K2Mi- ¨ H� 7�p2m` /ǶmM MQmp2�m
T`QD2i �L_ S_*A 1Ga� U1z2+iBp2 G2�`MBM; Q7 aQ+B�H �zQ`/�M+2b +7 b2+iBQM kXjV MQmb
�HHQMb TQmpQB` +QMiBMm2` ¨ 2tTHQ`2` +2b /Bzû`2Mi2b TBbi2b 2i KāK2 /2 MQmp2HH2bX

9Xj oBbBQM avbiĕK2
LQmb �pQMb �#Q`/û /�Mb +2 +?�TBi`2 mM2 T�`iB2 /2b ûHûK2Mib ¨ T`2M/`2 2M +QKTi2

HQ`b[mǶBH bǶ�;Bi /2 ;û`2` HǶ2tû+miBQM /ǶmM2 BMi2`�+iBQM ?mK�BM@`Q#QiX :û`2` HǶ2Mb2K#H2 /2
+2b T`Q+2bbmb /2 K�MBĕ`2 +Q?û`2Mi2 TQm` T2`K2ii`2 H� `û�HBb�iBQM /2 HǶBMi2`�+iBQM /2@
K�M/2 H� KBb2 2M TH�+2 /ǶmM bvbiĕK2 /2 bmT2`pBbBQMX .�Mb b� i?ĕb2- �K�M/BM2 J�vBK�
(J�vBK� kykR�) T`QTQb�Bi mM 2Mb2K#H2 /Ƕ2tB;2M+2b TQm` H2 /ûp2HQTT2K2Mi /ǶmM bvbiĕK2
/2 bmT2`pBbBQM /û/Bû ¨ H� ;2biBQM /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi- MQmb H� `2T`2MQMb B+B 2M
HǶ�/�Ti�Mi mM T2m ,

Āi`2 ;ûMû`B[m2X G2b Q#D2+iB7b /ûp2HQTTûb /�Mb H� bmBi2 /2 +2ii2 HBbi2 bQMi p�H�#H2b
TQm` H� THmT�`i /2b i�+?2b +QHH�#Q`�iBp2bX �BMbB- BH MQmb � b2K#Hû 2bb2MiB2H /2 /ûp2@
HQTT2` mM HQ;B+B2H MQM /û/Bû ¨ mM2 i�+?2 ?mK�BM@`Q#Qi T�`iB+mHBĕ`2 K�Bb +�T�#H2 /2
;û`2` /2b TH�Mb TQm` /Bp2`b2b i�+?2bX

S`2M/`2 2M +QKTi2 H2 T�`i2M�B`2 ?mK�BM *2H� bB;MB}2 T`2M/`2 2M +QKTi2 b2b +�@
T�+Biûb- b2b +QMM�Bbb�M+2b 2i b� T2`bT2+iBp2X *2H� /2p`�Bi BM+Hm`2 �mbbB H2b +QMM�Bb@
b�M+2b /2 HǶ?mK�BM bm` H2 `Q#QiX

:�`/2` /2 H� bQmTH2bb2 2i H�Bbb2` H� TQbbB#BHBiû ¨ HǶ?mK�BM /2 /û+B/2`X .�Mb
+2`i�BMb +�b- BH MǶ2bi T�b miBH2- pQB`2 +QMi`2@T`Q/m+iB7 [m2 H2 `Q#Qi TH�MB}2 iQmi 2M
�KQMi bm`iQmi bB H2 TH�M K2i 2M D2m /2 HǶBMi2`�+iBQM U2i /2b �+iBQMb /2 HǶ?mK�BMVX
.û+B/2` [mB 7�Bi [mQB 2i /�Mb [m2H Q`/`2 T2mi āi`2 /û+B/û �m KQK2Mi /2 HǶ2tû+miBQMX

_2+QMM�ŗi`2 H2b �+iBQMb ?mK�BM2bX SQm` bm`p2BHH2` HǶ�p�M+2K2Mi /m TH�M- H2 `Q#Qi
/QBi āi`2 +�T�#H2 /2 bm`p2BHH2` HǶ?mK�BM 2M `2+QMM�Bbb�Mi b2b �+iBQMb K�Bb �mbbB 2M
ûi�Mi +�T�#H2 /2 /B`2 bǶBH 2bi BM�+iB7 Qm [mǶBH MǶ2bi THmb 2M;�;û /�Mb H� i�+?2X

:û`2` H2b BKT`ûpmbX G2 TH�M T�`i�;û ;ûMû`û T�` H2 `Q#Qi �m /û#mi /2 HǶBMi2`�+iBQM
/QBi `2T`ûb2Mi2` mM2 i`�K2 B/û�H2 K�Bb BH 7�mi āi`2 +�T�#H2 /2 ;û`2` /2b /ûpB�iBQMb
¨ +2 TH�M 2i /2 ;û`2` H2b BKT`ûpmbX

:û`2` HǶ2Mb2K#H2 /2b +QKKmMB+�iBQMb /2 K�MBĕ`2 T2`iBM2Mi2X G� +QKKmMB@
+�iBQM 2bi HǶmM2 /2b +Hûb /2 H� +QHH�#Q`�iBQMX AH 2bi /QM+ BKTQ`i�Mi /2 /Qi2` H2
`Q#Qi /2 H� +�T�+Biû ¨ ;û`2` /2b �+iBQMb /2 +QKKmMB+�iBQM T2`iBM2Mi2b- p2`#�H2b 2i



ey *?�TBi`2 9X S`2M/`2 /2b /û+BbBQMb 2i 2tû+mi2` /2b �+iBQMb 2M BMi2`�+iBQM

MQM p2`#�H2bX
*QMbB/û`2` HǶBMi2`�+iBQM 2M bQB 2i T�b b2mH2K2Mi H� i�+?2X LQmb T`QTQbQMb /2

+QMbB/û`2` +2 7�Bi 2M /û}MBbb�Mi +2 [m2 MQmb �pQMb �TT2Hû b2bbBQM /ǶBMi2`�+iBQM [mB
/QMM2 mM +�/`2 ¨ HǶBMi2`�+iBQMX

aǶ�/�Ti2` ¨ HǶ?mK�BM aǶ�/�Ti2` ¨ HǶ2tTû`B2M+2- �mt +�T�+Biûb Qm �mt T`û7û`2M+2b /2
H� T2`bQMM2 �p2+ [mB H2 `Q#Qi BMi2`�;BiX

PM T2mi pQB` /�Mb +2ii2 HBbi2 mM2 2ti2MbBQM /2b T`QT`Bûiûb /û}MB2b TQm` mM `Q#Qi �m@
iQMQK2 , T`Q;`�KK�#BHBiû- �miQMQKB2 2i �/�Ti�#BHBiû- `û�+iBpBiû- +QKTQ`i2K2Mi +Q?û`2Mi-
`Q#mbi2bb2- 2ti2MbB#BHBiû U+7 b2+iBQM RXkVX

SQm` `ûTQM/`2 ¨ +2b 2tB;2M+2b- �K�M/BM2 J�vBK� � /ûp2HQTTû C�>_oAa , CQBMi
�+iBQM@#�b2/ >mK�M@�r�`2 bmT2_oAaQ`X C�>_oAa 2bi mM bvbiĕK2 /2 bmT2`pBbBQM- +Ƕ2bi@
¨@/B`2 [mǶBH BMiĕ;`2 H2b /û+BbBQMb /2 ?�mi MBp2�m /m `Q#Qi 2i +QMi`ƬH2 bQM +QKTQ`i2K2Mi 2M
i2M�Mi +QKTi2 /2 HǶ?mK�BM �p2+ H2[m2H H2 `Q#Qi BMi2`�;BiX �BMbB- C�>_oAa b2 /Bzû`2M+B2
/2b bvbiĕK2b /2 bmT2`pBbBQM /û/Bûb �m +QMi`ƬH2 `Q#QiB[m2 Qm KmHiB@`Q#Qib /�Mb H� K2bm`2 Qɍ
HǶ?mK�BM 2bi T`Bb 2M +QKTi2X C�>_oAa BMi2``Q;2- ;ĕ`2 2i 2tû+mi2 /2b TH�Mb UT�`i�;ûbV [mB
bQMi mM 2Mb2K#H2 UT�`iB2HH2K2MiV Q`/QMMû /Ƕ�+iBQMb ¨ 2z2+im2` T�` /2b �;2Mib ?mK�BMb 2i
`Q#Qib �}M /Ƕ�ii2BM/`2 mM Q#D2+iB7 UT�`i�;ûVX G� ;2biBQM /m TH�M 2bi #�bû2 bm` HǶ2biBK�iBQM
/2b +QMM�Bbb�M+2b /2 HǶ?mK�BM- b� +QMM�Bbb�M+2 /2 HǶûi�i �+im2H /2 HǶ2MpB`QMM2K2Mi 2i /2b
�+iBQMb ?mK�BM2b `2+QMMm2bX G2 bvbiĕK2 2bi +�T�#H2 /2 ;û`2` /Bzû`2Mib ivT2b /2 TH�MbX G�
;2biBQM /m TH�M `2TQb2- 2Mi`2 �mi`2b- bm` H� `2+QMM�Bbb�M+2 /2b �+iBQMb /2 HǶ?mK�BM �p2+ [mB
H2 `Q#Qi BMi2`�;BiX C�>_oAa BMiĕ;`2 b2b T`QT`2b T`Q+2bbmb /2 bmBpB /Ƕ�+iBQM- +Ƕ2bi@¨@/B`2
/2 bûH2+iBQM /m TQBMi /ǶBMiû`āi /m `Q#Qi UT2`K2ii�Mi HǶ�ii2MiBQM +QMDQBMi2V- 2i /2 `2+QM@
M�Bbb�M+2 /Ƕ�+iBQMbX *2 /2`MB2` T`Q+2bbmb 2bi #�bû bm` mM KQ/ĕH2 2i � ûiû +QMÏm TQm` āi`2
`Q#mbi2 ¨ mM2 T2`+2TiBQM TQi2MiB2HH2K2Mi T2m }�#H2 /2 HǶ?mK�BMX 1MbmBi2- +QKK2 BH v � /2b
�+iBQMb /m TH�M ¨ 2tû+mi2` T�` H2 `Q#Qi- C�>_oAa � #2bQBM /ǶBMi2`7�+2b �p2+ H2b +QMi`ƬH2m`b
/m `Q#QiX .2 THmb- H2b �+iBQMb T2mp2Mi āi`2 /2 /2mt ivT2b- T?vbB[m2b 2i +QKKmMB+�iBp2b-
2i Mû+2bbBi2Mi /QM+ mM2 ;2biBQM /Bzû`2M+Bû2X 1M}M- mM2 +�`�+iû`BbiB[m2 BKTQ`i�Mi2 2bi H�
+�T�+Biû /2 +QKKmMB[m2` p2`#�H2K2Mi �p2+ HǶ?mK�BMX 1M 2z2i- HQ`b /ǶmM2 i�+?2 +QHH�#Q@
`�iBp2- +QKKmMB[m2` T2mi āi`2 Mû+2bb�B`2- 2Mi`2 �mi`2b- TQm` BM7Q`K2` H2 T�`i2M�B`2 /ǶmM2
�+iBQM 2z2+imû2- Qm TQm` HmB /2K�M/2` /Ƕ2M 2z2+im2` mM2X

G� };m`2 9X8 `2T`ûb2Mi2 /ǶmM2 T�`i HǶ2Mb2K#H2 /2b /QMMû2b ;û`û2b T�` H2 bvbiĕK2 C�>_@
oAa 2i /Ƕ�mi`2 T�`i HǶ2Mb2K#H2 /2b T`Q+2bbmb �bbQ+Bûb 2i H2m`b HB2Mb �p2+ H2b /Bzû`2Mib +QK@
TQb�MibX

9X9 *QMi`B#miBQMb �bbQ+Bû2b
(6BQ`2 kyR9) JB+?2H�M;2HQ 6BQ`2- �m`ûHB2 *HQ/B+- �M/ _�+?B/ �H�KBX PM SH�MMBM; �M/

h�bF �+?B2p2K2Mi JQ/�HBiB2b 7Q` >mK�M@_Q#Qi *QHH�#Q`�iBQMX AM AMi2`M�iBQM�H
avKTQbBmK QM 1tT2`BK2Mi�H _Q#QiB+b UAa1_ kyR9V- T�;2 R8TX- J�``�F2+?- JQ@
`Q++Q- CmM2 kyR9X l_G ?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@yRR9NRyNX

(:?�`#B kyR8) :?�`#B- S�m#2H- *HQ/B+- *�``2`�b- �H�KB- �M/ *2HHB2`) J�KQmM :?�`#B-
SB2``2@oBM+2Mi S�m#2H- �m`ûHB2 *HQ/B+- PT?ûHB2 *�``2`�b- _�+?B/ �H�KB- �M/ C2�M@
J�`B2 *2HHB2`X hQr�`/ � #2ii2` mM/2`bi�M/BM; Q7 i?2 +QKKmMB+�iBQM +m2b BMpQH@
p2/ BM � ?mK�M@`Q#Qi Q#D2+i i`�Mb72`X AM k9i? AMi2`M�iBQM�H avKTQbBmK QM _Q@
#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- A111 _P@J�L- T�;2b jRNĜjk9-
EQ#2- C�T�M- �m;mbi kyR8X /QB , RyXRRyNf_PJ�LXkyR8XdjjjekeX l_G ?iiTb,
ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@yRek3k9NX

https://hal.archives-ouvertes.fr/hal-01149109
https://hal.archives-ouvertes.fr/hal-01628249
https://hal.archives-ouvertes.fr/hal-01628249
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(_2M�m/Q kyR8) 1`r�M _2M�m/Q- a�M/`� .2pBM- "2MQŗi :B`�`/- _�D� *?�iBH�- _�+?B/
�H�KB- J2?/B E?�K�bbB- �M/ �m`ûHB2 *HQ/B+X G2�`MBM; iQ BMi2`�+i rBi? ?mK�Mb
mbBM; ;Q�H@/B`2+i2/ �M/ ?�#Bim�H #2?�pBQ`bX AM _Q@J�M kyR8- qQ`Fb?QT QM G2�`MBM;
7Q` >mK�M@_Q#Qi *QHH�#Q`�iBQM- EQ#2- C�T�M- �m;mbi kyR8X l_G ?iiTb,ff?�HX
H��bX7`f?�H@yRN99j3yX

(.2pBM kyRd#) a�M/`� .2pBM- �m`ûHB2 *HQ/B+- �M/ _�+?B/ �H�KBX �#Qmi .2+BbBQMb
.m`BM; >mK�M@_Q#Qi a?�`2/ SH�M �+?B2p2K2Mi , q?Q a?QmH/ �+i �M/ >Qr \
AM aQ+B�H _Q#QiB+b-Ni? AMi2`M�iBQM�H *QM72`2M+2- A*a_ kyRd- hbmFm#�- C�T�M-
LQp2K#2` kk@k9- kyRd- S`Q+22/BM;b- pQHmK2 Rye8k Q7 G2+im`2 LQi2b BM *QK@
Tmi2` a+B2M+2 #QQF b2`B2b- T�;2b 98jĜ9ejX bT`BM;2`- P+iQ#2` kyRdX l_G ?iiTb,
ff?�HXH��bX7`f?�H@yRN9jN8NX

(.2pBM kyR3) a�M/`� .2pBM- *�KBHH2 o`B;M�m/- E�i?H22M "2H?�bb2BM- �m`ûHB2 *HQ/B+-
PT?ûHB2 *�``2`�b- �M/ _�+?B/ �H�KBX 1p�Hm�iBM; i?2 S2`iBM2M+2 Q7 _Q#Qi .2+B@
bBQMb BM � >mK�M@_Q#Qi CQBMi �+iBQM *QMi2ti , h?2 S2_.Ah� Zm2biBQMM�B`2X
AM kdi? A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QK@
KmMB+�iBQM U_P@J�L kyR3V- L�MDBM;- *?BM�- �m;mbi kyR3X /QB , RyXRRyNf_P@
J�LXkyR3X38k8d38X l_G ?iiTb,ff?�HXH��bX7`f?�H@yRNyeRyRX

(*?�iBH� kyR3) _�D� *?�iBH�- 1`r�M _2M�m/Q- JB?�B �M/`B2b- PK�` _B+�`/Q *?�p2x@
:�`+B�- SB2``2 Gm+2@o�v`�+- _�T?�ďH :Qiibi2BM- _�+?B/ �H�KB- �m`ûHB2 *HQ/B+- a�M@
/`� .2pBM- "2MQŗi :B`�`/- �M/ J2?/B E?�K�bbBX hQr�`/ a2H7@�r�`2 _Q#QibX 6`QM@
iB2`b BM _Q#QiB+b �M/ �A- 8 ,33- �m;mbi kyR3X /QB , RyXjj3Nf7`Q#iXkyR3Xyyy33X l_G
?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@yR38eNjRX

(J�vBK� kyRN) �K�M/BM2 J�vBK�- �m`ûHB2 *HQ/B+- �M/ _�+?B/ �H�KBX 1p�Hm�iBQM Q7
i?2 Zm�HBiv Q7 AMi2`�+iBQM 7`QK i?2 `Q#Qi TQBMi Q7 pB2r BM >mK�M@_Q#Qi AMi2`�+@
iBQMbX AM Rbi 1/BiBQM Q7 Zm�HBiv Q7 AMi2`�+iBQM BM aQ+B�HHv �bbBbiBp2 _Q#Qib UZAa�_V
qQ`Fb?QT- J�/`B/- aT�BM- LQp2K#2` kyRNX h?2 RRi? AMi2`M�iBQM�H *QM72`2M+2 QM
aQ+B�H _Q#QiB+b UA*a_ kyRNVX l_G ?iiTb,ff?�HXH��bX7`f?�H@yk9yjy3RX

(J�vBK� kykR#) �K�M/BM2 J�vBK�- �m`ûHB2 *HQ/B+- �M/ _�+?B/ �H�KBX hQr�`/b _Q@
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6B;m`2 9X8 Ĝ lM2 pm2 /2b ûHûK2Mib Mû+2bb�B`2b �m 7QM+iBQMM2K2Mi /m bvbiĕK2 /2 bmT2`@
pBbBQM C�>_oAa (J�vBK� kykR�)X 1M ?�mi- HǶ2Mb2K#H2 /2b /QMMû2b +QMbB/û`û2b TQm` H�
;2biBQM /m bvbiĕK2 /2 bmT2`pBbBQMX G2 `Q#Qi T2mi bQBi āi`2 2M b2bbBQM /ǶBMi2`�+iBQM �p2+ mM
?mK�BM- bQBi āi`2 b2mHX GQ`b[mǶBH bǶ�;Bi /ǶmM2 i�+?2- H� T`Q;`2bbBQM /�Mb H2 TH�M 2bi +�H+mHû2
U/2b /2mt TQBMib /2 pm2VX lM TH�M 2bi +QKTQbû /2 i�+?2b �#bi`�Bi2b 2i T`BKBiBp2b /QMi
HǶûi�i ûpQHm2 �m 7m` 2i ¨ K2bm`2 /m /û`QmH2K2Mi /2 H� i�+?2X G� [m�HBiû /2 HǶBMi2`�+iBQM
UZQAV 2i H� `2+QMM�Bbb�M+2 /2b �+iBQMb /2 HǶ?mK�BM bQMi /2mt ûHûK2Mib +QMiBMm2HH2K2Mi
+�H+mHûbX GQ`b[m2 H2 `Q#Qi 2tû+mi2 mM2 �+iBQM- HǶûi�i /2 +2HH2@+B 2bi KBb ¨ DQm` �BMbB [m2
bQM `ûbmHi�i Ubm++ĕb Qm û+?2+VX 1M #�b- HǶ2Mb2K#H2 /2b T`Q+2bbmb /2 C�>_oAa U2M #H2mV 2i
H2m`b BMi2`�+iBQMb �p2+ H2b �mi`2b ûHûK2Mib /2 HǶ�`+?Bi2+im`2X
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:û`2` H2b /û7�BHH�M+2b

8XR AMi`Q/m+iBQM

CǶ�BK2`�Bb �#Q`/2` B+B H� T`Q#HûK�iB[m2 /2 H� T`Bb2 2M +QKTi2 /2b �bT2+ib bû+m`Biû /�Mb
H2 +�/`2 /2 /ûp2HQTT2K2Mi `Q#QiB[m2 2M ;ûMû`�H 2i /�Mb mM +�/`2 /ǶBMi2`�+iBQM ?mK�BM@
`Q#Qi 2M T�`iB+mHB2`X AH 2bi ¨ MQi2` [m2 DǶ�B 2z2+imû KQM bi�;2 /2 .1� 2M +QHH�#Q`�iBQM 2Mi`2
HǶû[mBT2 "AS U1`B+ _mii2M 2i E�`BM2 �HiBb2MV 2i HǶû[mBT2 o2`BK�; U6HQ`2M+2 J�`�MBM+?BV
bm` H2 bmD2i /2 H� bvMi?ĕb2 /2 +QMi`ƬH2m` /Bb+`2i TQm` H� pû`B}+�iBQM /ǶmM bvbiĕK2 `Q#QiB[m2
U+2 i`�p�BH � 7�Bi HǶQ#D2i /2 H� Tm#HB+�iBQM (�HiBb2M kyyj)VX

aB HǶQM 2MpBb�;2 mM `Q#Qi ûpQHm�Mi �m KBHB2m /2b ?mK�BMb- H� bû+m`Biû 2M T`2KB2` HB2m /2b
?mK�BMb ûpQHm�Mi T`ĕb /m Qm /2b `Q#Qib 2i û;�H2K2Mi /m `Q#Qi HmB@KāK2 2bi T`BKQ`/B�H2X
CǶ�B ûiû BMpBiû ¨ T�`iB+BT2` �m bûKBM�B`2 .�;bim?H Ǵo2`B}+�iBQM �M/ avMi?2bBb Q7 >mK�M@
_Q#Qi AMi2`�+iBQMǴ U?iiTb,ff/`QTbX/�;bim?HX/2fQTmbfpQHHi2ti2fkyRNfRy3eRfVX *2
bûKBM�B`2 �p�Bi TQm` #mi /2 7�B`2 b2 `2M+QMi`2` H2b +QKKmM�miûb /2 H� pû`B}+�iBQM 7Q`K2HH2
2M `Q#QiB[m2 2i +2HH2 /2 HǶBMi2`�+iBQM ?mK�BM@`Q#QiX GQ`b /ǶmM2 /Bb+mbbBQM- mM /2b +?2`@
+?2m`b MQmb � 7�Bi T�`i /ǶmM2 �M2+/Qi2X GQ`b /m /ûTHQB2K2Mi /ǶmM `Q#Qi /�Mb H2 +�/`2 /ǶmM
T`QD2i /2 `2+?2`+?2 /�Mb HǶû[mBp�H2Mi /ǶmM 1S�>.- H2 `Q#Qi ûi�Bi T�`iB ¨ 7QM/ 2i �p�Bi }MB
b� +Qm`b2 /�Mb HǶ2b+�HB2`X AH MǶv �p�Bi T�b 2m /2 pB+iBK2b- ¨ T�`i H2 `Q#Qi HmB@KāK2X *Ƕûi�Bi
mM2 /2 MQb +`�BMi2b HQ`b /2 HǶ2tTû`BK2Mi�iBQM ¨ H� *Biû /2 HǶ1bT�+2 2i +Ƕ2bi TQm`[mQB mM
�;2Mi /2 H� *Biû /2 HǶ1bT�+2 ûi�Bi iQmDQm`b T`ûb2Mi HQ`b[m2 H2 `Q#Qi ûi�Bi 2M b2`pB+2- 2i +Ƕ2bi
+2 [m2 MQmb �pQMb 7�Bi û;�H2K2Mi HQ`b /m /ûTHQB2K2Mi /m `Q#Qi JmJJ1_ 2M 6BMH�M/2X
LQmb MǶ�pQMb �mDQm`/Ƕ?mB T�b H2b +�T�+Biûb- /�Mb H2 +�/`2 /ǶmM T`QD2i /2 `2+?2`+?2- /Ƕ�bbm@
`2` [mǶmM #m; MǶ2bi T�b T`ûb2Mi /�Mb MQb bvbiĕK2b 2i [mǶBH M2 TQm``�Bi T�b 2M;2M/`2` mM2
bBim�iBQM /�M;2`2mb2 TQm` H2b T2`bQMM2b �miQm` /m `Q#Qi- +Ƕ2bi mM `Bb[m2 K2bm`û +2`i2b-
K�Bb BH 7�mi 2M �pQB` +QMb+B2M+2 2i H2 T`2M/`2 2M +QKTi2X

CǶ�B i`�p�BHHû /�Mb H2 b2+i2m` /2 HǶ�û`QM�miB[m2- `û;B T�` /2b MQ`K2b i`ĕb bi`B+i2b U¨ +2ii2
ûTQ[m2 +Ƕûi�Bi H� MQ`K2 .P@Rd3"- MBp2�m * /�Mb KQM +�b , ǴlM /û7�mi /m bvbiĕK2 Qm
bQmb@bvbiĕK2 ûim/Bû T2mi T`QpQ[m2` mM T`Q#HĕK2 K�D2m` 2Mi`�ŗM�Mi mM /vb7QM+iBQMM2K2Mi
/2b û[mBT2K2Mib pBi�mt /2 HǶ�TT�`2BHǴVX .�Mb +2 b2+i2m`- +Ƕ2bi 2M [m2H[m2 bQ`i2 H2 /QMM2m`
/ǶQ`/`2 UT�` 2t2KTH2 �B`#mbV [mB /QMM2 H2 ǴH�ǴX �BMbB- H� MQ`K2 2bi i`�/mBi2 T�` H2 /QMM2m`
/ǶQ`/`2 2i H2b bQmb@i`�Bi�Mib /QBp2Mi /û`Bp2` +?�+mM2 /2b 2tB;2M+2b /�Mb H2m` HQ;B+B2HX *2H�
/2K�M/2 mM i`�p�BH /2 i`�Ï�#BHBiû BKTQ`i�Mi �++QKT�;Mû /ǶmM i`�p�BH /2 i2bib 2i /2 +QMi`ƬH2
[m�HBiû +QMbB/û`�#H2X *2H� T2`K2i- BM }M2- [m2 +?�+mM2 /2b HB;M2b /m HQ;B+B2H bQBi i`�+û2
T�` mM2 Qm /2b 2tB;2M+2bX �BMbB- iQmi2b H2b HB;M2b /2 +Q/2b QMi mM2 Mû+2bbBiû 2i iQmi2b H2b
2tB;2M+2b /QBp2Mi āi`2 i2biû2bX

.�Mb H2 +�/`2 �miQKQ#BH2- �p�Mi HǶ�``Bpû2 /2 H� MQ`K2 AaP@kekek- H� T`Q#HûK�iB[m2 ûi�Bi
i`�Biû2 /2 K�MBĕ`2 /Bzû`2Mi2- H� Kûi?Q/2 �J.1* U�M�Hvb2 /2b KQ/2b /2 /û7�BHH�M+2- /2
H2m`b 2z2ib 2i /2 H2m` +`BiB+BiûV ûi�Bi miBHBbû2 TQm` `û~û+?B` �mt /Bzû`2Mi2b /û7�BHH�M+2b [mB
TQmp�B2Mi b2 T`Q/mB`2- +QKK2Mi H2b T�HHB2` bB TQbbB#H2 Qm +QKK2Mi `û�;B` ¨ H2m`b +QMbû@
[m2M+2bX

https://drops.dagstuhl.de/opus/volltexte/2019/10861/


e9 *?�TBi`2 8X :û`2` H2b /û7�BHH�M+2b

1M `Q#QiB[m2- HǶmM2 /2b T`2KBĕ`2b +?Qb2b [m2 HǶQM �TT`2M/ HQ`b[m2 HǶQM miBHBb2 mM `Q@
#Qi- +Ƕ2bi �pQB` HǶ�``āi /Ƕm`;2M+2 /�Mb H2b K�BMb HQ`b[m2 H2 `Q#Qi 7QM+iBQMM2- Ǵ�m +�b QɍǴX
*2T2M/�Mi- BH 7�mi #B2M �pQB` 2M iāi2 [m2 +2 [m2 H2 bvbiĕK2 /QBi 7�B`2 HQ`b[m2 HǶQM T`2bb2
HǶ�``āi /Ƕm`;2M+2 MǶ� `B2M /ǶûpB/2MiX Zm2H b2Mb /QMM2` ¨ +2i �``āi TQm` mM `Q#Qi +QKK2
S2TT2` Qm mM `Q#Qi ?mK�MQś/2 [mB /QBi Ǵi2MB`Ǵ /2#QmiX *QmT2` H2b KQi2m`b \ J�Bb �HQ`b
[m2 b2 T�bb2@i@BH \ G2 `Q#Qi iQK#2 \ Zm2 7�B`2 TQm` mM /`QM2 \ Zm2 7�B`2 TQm` mM pû?B+mH2
�miQMQK2 BMbû`û �m KBHB2m /2 H� +B`+mH�iBQM \ SQm` mM `Q#Qi +B`+mH�Mi bm` mM2 T2Mi2 \

LQmb �HHQMb B+B bm`pQH2` b�Mb `2Mi`2` /�Mb H2b /ûi�BHb- K�Bb MQmb bQm?�BiQMb 2tTHB[m2`
HǶBKTQ`i�M+2 /2 THmb 2M THmb ;`�M/2 [m2 p� T`2M/`2- [m2 /QBi T`2M/`2- +2ii2 +QMbB/û`�iBQMX

8Xk *2 [mB T2mi K�H b2 T�bb2`

8XkXR .û7�BHH�M+2 >�`/r�`2

lM `Q#Qi +Ƕ2bi mM UQm THmbB2m`bV S*- bm` `Qm2b- bm` T�ii2b- ¨ ?ûHB+2bXXX �p2+ /2b +�Ti2m`b
2i /2b �+iBQMM2m`bX �m MBp2�m ?�`/r�`2- QM T2mi T2Mb2` ¨ mM +2`i�BM MQK#`2 /2 /û7�BHH�M+2b
TQbbB#H2bX hQmi /Ƕ�#Q`/ �m MBp2�m /2b +�Ti2m`b 2i /2b �+iBQMM2m`bX lM2 /û7�BHH�M+2 T2mi
p2MB` /ǶmM2 T�MM2 /m +�Ti2m`f�+iBQMM2m` HmB@KāK2 U2X;X mM Q/QKĕi`2 [mB `2MpQB2 /2b
/QMMû2b 2``QMû2bV- K�Bb �mbbB /ǶmM +�b /ǶmiBHBb�iBQM HBKBi2 Qm BKT`ûpm2 U2X;X 7mKû2 /2p�Mi
mM +�Ti2m` /2 pBbBQMVX 1M 7�Bi- MǶBKTQ`i2 [m2H +QKTQb�Mi T2mi iQK#2` 2M T�MM2- T�`
2t2KTH2 BH T2mi b2 T`Q/mB`2 mM T`Q#HĕK2 KûKQB`2 bm` mM2 +�`i2 ûH2+i`QMB[m2X .Ƕ�mi`2b ivT2b
/2 T`Q#HĕK2b ?�`/r�`2 T2mp2Mi bm`p2MB`- T�` 2t2KTH2- H� #�ii2`B2 T2mi āi`2 /û+?�`;û2 Qm
7�B#H2- +QKK2 TQm` HǶ�``āi /Ƕm`;2M+2- BH 7�mi `û~û+?B` T`m/2KK2Mi ¨ H� T`Q+û/m`2 [mB /QBi
āi`2 KBb2 2M TH�+2 U2X;X H2 /`QM2 BH b2 TQb2 Qɍ [m�M/ BH MǶ� T`2b[m2 THmb /ǶûM2`;B2 \VX

8XkXk .û7�BHH�M+2 aQ7ir�`2

lM `Q#Qi 2tû+mi2 /m +Q/2- BH T2mi �mbbB b2 T`Q/mB`2 /2b /û7�BHH�M+2b bQ7ir�`2- BH T2mi v
�pQB` /2b #m;b 2i +2b #m;b T2mp2Mi b2 T`Q/mB`2 ¨ /2 MQK#`2mt MBp2�mt 2i ¨ /2 MQK#`2mt
2M/`QBibX LQmb �HHQMb 2M /QMM2` B+B mM2 HBbi2 UMQM 2t?�mbiBp2V TQm` T2`K2ii`2 /Ƕ�TT`û?2M@
/2` +2 [mǶBH 2bi Mû+2bb�B`2 /2 +QMbB/û`2` , #m; /�Mb mM2 7QM+iBQM +�Ti2m`- #m; /�Mb mM2
7QM+iBQM �+iBQMM2m`- #m; /�Mb mM2 7QM+iBQM /2 TH�MB}+�iBQM 2i /Ƕ2tû+miBQM /2 i`�D2+iQB`2-
#m; /�Mb mM2 7QM+iBQM /2 TH�MB}+�iBQM /2 i�+?2b- #m; /�Mb H2 bvbiĕK2 /2 bmT2`pBbBQM- #m;
+�` mM2 /QMMû2 /2 HǶQMiQHQ;B2 2bi BM+Q``2+i2- #m; +�` mM2 7QM+iBQM /2 T2`+2TiBQM MǶ2bi T�b
�bb2x `Q#mbi2- 2i+X

"B2M bȿ`- +Ƕ2bi MQi`2 i`�p�BH /2 T`Q;`�KK2m` 2M BM7Q`K�iB[m2 /2 MQmb TQb2` +2b [m2b@
iBQMb HQ`b[m2 HǶQM +Q/2 H2b 7QM+iBQMbX J�Bb H2 7�Bi 2bi [mǶ�mDQm`/Ƕ?mB QM miBHBb2 /2 THmb 2M
THmb /2 7QM+iBQMb 2M Ǵ#QBi2 MQB`2Ǵ /QMi QM M2 K�ŗi`Bb2 T�b 7Q`+ûK2Mi iQmi H2 +Q/2 2i 2M@
bmBi2- MQmb MǶ�pQMb T�b H2b KQv2Mb /2 H�M+2` /2b T`Q+û/m`2b /2 pû`B}+�iBQM +QKK2 +2HH2b
[m2 DǶ�B +QMMm2b /�Mb HǶ�û`QM�miB[m2X AH 2bi TQbbB#H2 /ǶmiBHBb2` /2b i2+?MB[m2b /2 bvMi?ĕb2 /2
+QMi`ƬH2m` TQm` ;ûMû`2` mM bvbiĕK2 Ǵb�72Ǵ Qm /2b i2+?MB[m2b /2 KQ/2H@+?2+FBM; TQm` pû`B@
}2` [mǶBH `2bT2+i2 +2`i�BM2b `ĕ;H2b- K�Bb HǶBMiû;`�iBQM /2 +2b i2+?MB[m2b 2bi 2M+Q`2 +Qȿi2mb2
2M i2`K2b /ǶBMp2biBbb2K2MiX .2 THmb- HǶBMiû;`�iBQM /2 i2+?MB[m2b /2 /22T@H2�`MBM; `2M/ H¨
2M+Q`2 H2b TQbbB#BHBiûb /2 pû`B}+�iBQM +QKTHB[mû2bX
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8XkXj G2 +�b T�`iB+mHB2` /2 HǶBMi2`�+iBQM

�T`ĕb- `�bbm`QMb@MQmb- +2 M2 bQMi T�b MQb `Q#Qib /2 `2+?2`+?2 [mB /QBp2Mi b2 `2i`Qmp2`
/�Mb MQb K�BbQMb- K�Bb /2b `Q#Qib /ûp2HQTTûb T�` /2b 2Mi`2T`Bb2b [mB 2HH2b /2p`QMi +2`iB}2`
H2m` bvbiĕK2X �BMbB- BH 2tBbi2 �mDQm`/Ƕ?mB mM +2`i�BM MQK#`2 /2 MQ`K2b [mB bǶ�TTHB[m2Mi
�mt `Q#Qib [mB bQMi �m +QMi�+i /2b T2`bQMM2b i2HH2b [m2 AaP Rj388 ,kyRy aû+m`Biû /2b K�@
+?BM2b Ĝ SQbBiBQMM2K2Mi /2b T`Qi2+iBQMb T�` `�TTQ`i �mt pBi2bb2b /Ƕ�TT`Q+?2 /2b T�`iB2b
/m +Q`Tb ?mK�BM U?iiTb,ffrrrXBbQXQ`;fbi�M/�`/f9k398X?iKHV- AaPfha R8yee ,kyRe _Q#Qib 2i
/BbTQbBiB7b `Q#QiB[m2b Ĝ _Q#Qib +QHH�#Q`�iB7b U?iiTb,ffrrrXBbQXQ`;fbi�M/�`/fekNNeX?iKHV 2i
AaP Rj93k ,kyR9 _Q#Qib 2i /BbTQbBiB7b `Q#QiB[m2b Ĝ 1tB;2M+2b /2 bû+m`Biû TQm` H2b `Q#Qib
/2 bQBMb T2`bQMM2Hb U?iiTb,ffrrrXBbQXQ`;fbi�M/�`/f8j3kyX?iKHVX lM T`QD2i +QKK2 H2 T`QD2i
*Po_ U?iiTb,ffb�72�`QmM/`Q#QibX+QKfV T`QTQb2 mM2 #Qŗi2 ¨ QmiBHb /Ƕûp�Hm�iBQM /2b `Bb[m2b
[mB 7Qm`MBi /2b HB;M2b /B`2+i`B+2b TQm` ;û`2` +2b MQ`K2bX AH T`QTQb2 mM2 Kûi?Q/2 /Ƕûp�Hm�@
iBQM /2b `Bb[m2b #�bû2 bm` HǶ�M�Hvb2 /2b +�b /ǶmiBHBb�iBQM [mB 2bi HǶ�TT`Q+?2 /2 #�b2 TQm`
i`�Bi2` H� +2`iB}+�iBQMX

J�Bb TQbQMb@MQmb [m�M/ KāK2 H� [m2biBQM /2 H� TQbbB#H2 bm`p2Mm2 /2 +2b #m;b HQ`b[m2
H2 `Q#Qi 2bi 2M BMi2`�+iBQM ,

ě #m; /�Mb mM2 7QM+iBQM +�Ti2m` UmM2 /2b /B{+mHiûb T2mi āi`2 /2 b�pQB` bB +Ƕ2bi mM
#m; Qm bB +Ƕ2bi HǶmiBHBb�i2m` [mB p2mi Ǵi2bi2`Ǵ H2 `Q#Qi- �BMbB ¨ H� *Biû /2 HǶ1bT�+2-
H2b ;2Mb TQb�B2Mi H2m`b K�BMb bm` H2b +�Ti2m`b mHi`�@bQMb TQm` i2Mi2` /2 Ǵi2bi2`Ǵ H2
`Q#QiV

ě #m; /�Mb mM2 7QM+iBQM �+iBQMM2m` UmM2 /BpBbBQM T�` xû`Q 2i pQi`2 `Q#Qi T�`i ¨ 7QM/-
+�` H� +QMbB;M2 2MpQB2 mM2 p�H2m` BM}MB2V

ě #m; /�Mb mM2 7QM+iBQM /2 TH�MB}+�iBQM 2i /Ƕ2tû+miBQM /2 i`�D2+iQB`2 UH2 `Q#Qi 7�Bi
i`QBb iQm`b bm` HmB@KāK2 �p�Mi /2 /ûK�``2`- +2H� MǶ� T�b 7Q`+ûK2Mi mM2 BM+B/2M+2
bm` H� bû+m`Biû- K�Bb +Ƕ2bi +QKTHB[mû ¨ +QKT`2M/`2V

ě #m; /�Mb mM2 7QM+iBQM /2 TH�MB}+�iBQM /2 i�+?2b
ě #m; /�Mb H2 bvbiĕK2 /2 bmT2`pBbBQM
ě #m; +�` mM2 /QMMû2 /2 HǶQMiQHQ;B2 2bi BM+Q``2+i2
ě #m; +�` mM2 7QM+iBQM /2 T2`+2TiBQM MǶ2bi T�b �bb2x `Q#mbi2 UBH v �p�Bi mM2 T2`@

bQMM2- K�Bb H� T2`+2TiBQM M2 HǶ� T�b pm- bB H� T2`+2TiBQM M2 HǶ� T�b pm �m+mM �mi`2
�H;Q`Bi?K2 M2 p� TQmpQB` H2 T`2M/`2 2M +QKTi2XXXV

LQmb HǶ�pQMb /ûD¨ /Bi HǶmM2 /2b T`2KBĕ`2b +?Qb2b +Ƕ2bi [mǶ�m /ûT�`i- HǶmiBHBb�i2m` p�
i2Mi2` /2 Ǵi2bi2`Ǵ H2 `Q#Qi- HǶmiBHBb�i2m` p� T2Mb2` ¨ #2�m+QmT /2 +?Qb2b [m2 pQmb MǶ�pB2x
KāK2 T�b BK�;BMû2b U2X;X DǶ�B �TT`Bb ¨ K2b /ûT2Mb [m2 HǶû+`�M i�+iBH2 /m `Q#Qi [m2 MQmb
miBHBbBQMb ¨ H� *Biû /2 HǶ1bT�+2 ûi�Bi KmHiB@iQm+?XXX THmbB2m`b 2M7�Mib QMi `ûmbbB ¨ �TTmv2` bm`
THmbB2m`b #QmiQMb /2 HǶBMi2`7�+2 2M KāK2 i2KTbXXXV- K�Bb BH p� �mbbB /2b 7QBb M2 T�b T2Mb2`
[m2 [m2H[m2 +?Qb2 2bi TQbbB#H2 U2X;X T�` +QMi`2 H2b ;`�M/b@T�`2Mib /2b 2M7�Mib MǶ�p�B2Mi T�b
+QKT`Bb �m /ûT�`i [m2 HǶû+`�M ûi�Bi i�+iBH2 2i H2m` /Bb�B2Mi /2 M2 bm`iQmi T�b v iQm+?2`VX

LQmb T2MbQMb [mǶBH v � �mbbB mM ûHûK2Mi ¨ T`2M/`2 2M +QKTi2 ¨ +2 MBp2�mX *Ƕ2bi H�
+QMM�Bbb�M+2 /2b `Q#Qib T�` H2b T2`bQMM2b [mB pQMi H2b miBHBb2` 2i H2b `2M+QMi`2`X PM � iQmb
�TT`Bb ¨ miBHBb2` H2b /Bzû`2Mib QmiBHb i2+?MB[m2b [mB MQmb 2MiQm`2Mi 2i MQmb 2M bQKK2b
/2p2Mmb 7�KBHB2`b �m 7m` 2i ¨ K2bm`2X J�Bb H� THmT�`i /m i2KTb TQm` +2H� MQmb �pQMb 2m
mM KQ/2 /Ƕ2KTHQBX SQm` HǶ�miQKQ#BH2- MQmb �pQMb KāK2 T�bbû mM T2`KBb /2 +QM/mB`2 TQm`
�TT`2M/`2 H2b `ĕ;H2b- H2 +Q/2 /2 H� `Qmi2- +QMMm2b /2 iQmb 2i [mB 7�Bi [m2 MQmb 7�BbQMb ûMQ`@
KûK2Mi /2 T`û/B+iBQM HQ`b[m2 MQmb bQKK2b /�Mb mM 2MpB`QMM2K2Mi `QmiB2`X 1M pQBim`2-
pQmb b�p2x [mǶmM2 pQBim`2 2bi b2Mbû2 bǶ�``āi2` HQ`b[m2 pQmb �ii2M/2x ¨ mM T�bb�;2 TBûiQM

https://www.%20iso.org/standard/42845.html
https://www.iso.org/standard/62996.html
https://www.iso.org/standard/53820.html
https://safearoundrobots.com/


ee *?�TBi`2 8X :û`2` H2b /û7�BHH�M+2b

6B;m`2 8XR Ĝ � ;�m+?2- H2 T�MM2�m 7`�MÏ�Bb ǴxQM2 /2 `2M+QMi`2ǴX � /`QBi2- MQi`2 T`QTQ@
bBiBQM /2 +`û�iBQM /ǶmM2 i2HH2 xQM2 TQm` H2b `Q#Qib M�pB;m�Mi T�`KB H2b ?mK�BMb U2i �mi`2b
`Q#QibVX �m KBHB2m- H� 7�ÏQM /QMi H2b `m2b ûi�B2Mi T�`i�;û2b �p�Mi H2 +Q/2 /2 H� `Qmi2- BH
MǶv �p�Bi �m+mM2 Q`;�MBb�iBQM 2i T�` 2t2KTH2 H2b ;2Mb i`�p2`b�B2Mi T�`iQmiX �mDQm`/Ƕ?mB-
H2 +Q/2 /2 H� `Qmi2 �B/2 H2b T2`bQMM2b 2i H2b �mi`2b pû?B+mH2b ¨ T�`i�;2` HǶ2bT�+2- MQmb
T`QTQbQMb H� +`û�iBQM /2 `ĕ;H2b /2 +B`+mH�iBQM TQm` �B/2` H2b T2`bQMM2b 2i H2b `Q#Qib ¨ 7�B`2
/2 KāK2X

U2M 6`�M+2 pQmb b�p2x �mbbB �ii2M/`2 /Ƕāi`2 bȿ` [m2 H� pQBim`2 bǶ�``āi2XXXV- pQmb b�p2x [mǶBH
v � H� T`BQ`Biû ¨ /`QBi2- 2i+X

GQ`b /m KQMi�;2 /ǶmM T`QD2i 2m`QTû2M TQ`i�Mi bm` H2 /ûp2HQTT2K2Mi /ǶmM bvbiĕK2 /2
M�pB;�iBQM TQm` `Q#Qi �miQMQK2- MQmb �pBQMb BK�;BMû H� +`û�iBQM /ǶmM +Q/2 /2 H� `Qmi2
TQm` H2b `Q#Qib 2i H2b TBûiQMbX aB HǶQM BK�;BM2 mM `Q#Qi +B`+mH�Mi �m KBHB2m /2b TBûiQMbX AH
2bi Mû+2bb�B`2 ¨ MQi`2 b2Mb [m2 H2b TBûiQMb TmBbb2Mi 7�B`2 /2b T`û/B+iBQMb bm` +2 [m2 p� 7�B`2
mM `Q#Qi 2i /2 H� KāK2 7�ÏQM [m2 H2 `Q#Qi TmBbb2 7�B`2 2i miBHBb2` /2b T`û/B+iBQMb HQ`b[mǶBH
M�pB;m2 �mT`ĕb /2b TBûiQMb UK�Bb BH 7�mi [m2 +2b +�T�+Biûb bQB2Mi +QMMm2b /2b ?mK�BMbVX
G2b xQM2b Qɍ H2b `Q#Qib T�`i�;2Mi HǶ2bT�+2 2i M�pB;m2Mi T�`KB H2b TBûiQMb MǶ2tBbi2Mi T�b
2M+Q`2X .�Mb THmbB2m`b T�vb 2m`QTû2Mb- BH 2tBbi2 mM T�MM2�m /2 bB;M�HBb�iBQM +Q``2bTQM/�Mi
¨ mM2 xQM2 /2 `2M+QMi`2 Qm T�`i�;û2- i2H [m2 `2T`ûb2Miû bm` H2 +Ƭiû ;�m+?2 /2 H� 6B;X 8XRX
.�Mb +2b xQM2b- mM +2`i�BM MQK#`2 /2 `ĕ;H2b bǶ�TTHB[m2Mi +QKK2 H2 7�Bi [m2 H2b TBûiQMb
QMi iQmDQm`b H� T`BQ`Biû U[mQB [mǶBH �``Bp2V 2i [m2 H� pBi2bb2 2bi HBKBiû2X 6�Bi BMiû`2bb�Mi-
BH 2bi �mbbB /Bi [m2 ǴH2 T�`i�;2 /2 H� pQB`B2 b2 7�Bi T�` H� +Q?�#Bi�iBQM 2Mi`2 TBûiQMb 2i
pû?B+mH2b ¨ #�bb2 pBi2bb2 �m +2Mi`2 /2 H� `m2X .ĕb [m2 H� H�`;2m` /2 H� `m2 H2 T2`K2i-
BH 2bi BKTQ`i�Mi /2 ;�`/2` mM 2bT�+2 +QMiBMm `ûb2`pû �mt TBûiQMbX G2 i2`K2 Ǵ`2M+QMi`2Ǵ
bQmHB;M2 [m2 H2b +QM~Bib /QBp2Mi āi`2 ;û`ûb- MQM T�` mM `�TTQ`i /2 7Q`+2- K�Bb THmiƬi T�`
+Qm`iQBbB2 �m T`Q}i /2b THmb pmHMû`�#H2bXǴ U?iiT,ffrrrX+`2mb2X;QmpX7`f+QMi2Mif/QrMHQ�/f9Njef
j88yjf7BH2fT/7n7B+?2nxQM2n`2M+QMi`2n+H2de3#dRXT/7V *2ii2 /2`MBĕ`2 T?`�b2 bB;MB}2 #2�m+QmT
2M i2`K2b /Ƕ�ii2Mi2b bm` +2 [mB TQm``�Bi �``Bp2` 2i �B/2 ¨ H� 7Q`K�iBQM /2b �ii2Mi2b Kmim2HH2b
2Mi`2 TBûiQMb 2i +QM/m+i2m` /�Mb +2 +�bX LQmb T2MbQMb [m2 H2 /ûTHQB2K2Mi /2b `Q#Qib
�mT`ĕb /2b TBûiQMb /2p`�Bi bǶ�++QKT�;M2` /m /ûp2HQTT2K2Mi /2 i2HH2b xQM2b 2i /2 i2HH2b
bB;M�HBb�iBQMb �BMbB [m2 /2 `ĕ;H2b /2 +B`+mH�iBQM /û/Bû2b [mB T2`K2ii`QMi �mt TBûiQMb /2
b2 7Q`;2` /2b �ii2Mi2b bm` H2b +QKTQ`i2K2Mib /2b `Q#Qib 2i /Ƕ�B/2` ¨ H� `ûbQHmiBQM /2b
bBim�iBQMb Qɍ H� Mû;Q+B�iBQM 2bi Mû+2bb�B`2X "B2M bȿ`- 2M }M /2 +QKTi2- H2 TBûiQM �m`�
iQmDQm`b H� T`BQ`Biû /QM+ H� bû+m`Biû 2i HǶûp�Hm�iBQM /2b `Bb[m2b bQMi �m T`2KB2` TH�M /2b
T`BQ`Biûb- H2 `Q#Qi M2 /QBi #H2bb2` T2`bQMM2 [mQB [mǶBH �``Bp2 2i /QBi TQmpQB` bǶ�``āi2` UQm āi`2
TH�+û /�Mb mM2 +QM};m`�iBQM bû+m`Bbû2 TQm` H2b ?mK�BMb �miQm`V +?�[m2 7QBb [m2 Mû+2bb�B`2X

http://www.creuse.gouv.fr/content/download/4936/35503/file/pdf_fiche_zone_rencontre_cle768b71.pdf
http://www.creuse.gouv.fr/content/download/4936/35503/file/pdf_fiche_zone_rencontre_cle768b71.pdf


8XjX *QM+HmbBQM ed

8XkX9 *v#2`bû+m`Biû
1M ;ûMû`�H- QM +QKKmMB[m2 �p2+ H2 `Q#Qi ¨ i`�p2`b mM `ûb2�m rB}X Zm2 b2 T�bb2@i@BH bB

[m2H[mǶmM `ûmbbBbb�Bi ¨ TB`�i2` H2 `ûb2�m \ 1bi +2 [mǶBH 2bi TQbbB#H2 /2 T`2M/`2 H2 +QMi`ƬH2
/m `Q#Qi \ aB HǶQM T2Mb2 ¨ �pQB` /2b `Q#Qib ;`�M/b Tm#HB+b /�Mb H2 7mim`- BH 7�mi T2Mb2` �mt
ûp2Mim2HH2b K2M�+2bX � +Ƭiû /2b T`Q#HĕK2b ûi?B[m2b [m2 +2H� TQb2`�B2Mi- mM2 T2`bQMM2 [mB
`ûmbbB`�Bi ¨ `û+mTû`2` H2 Ǵ~mt pB/ûQǴ Bbbm2 /ǶmM /`QM2 Qm /ǶmM `Q#Qi BMi2`p2M�Mi bm` mM
bBi2 b2MbB#H2 TQm``�Bi āi`2 T`Q#HûK�iB[m2X .2 KāK2 mM2 T2`bQMM2 [mB T`2M/`�Bi H2 +QMi`ƬH2
/m ?�mi@T�`H2m` /ǶmM `Q#Qi TQm` /Bzmb2` /2 H� T`QT�;�M/2X

8Xj *QM+HmbBQM
.�Mb +2 +?�TBi`2- MQmb �pQMb pQmHm /QMM2` /2b TBbi2b /2 +QKT`û?2MbBQM 2i /2 `û~2tBQM

bm` H2b /û7�BHH�M+2b [mB T2mp2Mi b2 T`Q/mB`2X LQmb MǶ�pQMb T�b /2 i`�p�mt bm` H� [m2biBQM
K�Bb MQmb T2MbQMb [m2 +Ƕ2bi mM bmD2i [mǶBH 7�m/`�Bi TQmpQB` �#Q`/2` /2 7�ÏQM ;HQ#�H2 TQm`
T2`K2ii`2 mM2 T`Bb2 2M +?�`;2 THmb ;ûMû`�H2 2i T�b �m +�b T�` +�b TQm` +?�[m2 �TTHB+�iBQMX
lM /ûp2HQTT2m` /ǶmM bvbiĕK2 T�`iB+mHB2` TQm``�Bi iB`2` #ûMû}+2 /Ƕ�pQB` mM +2`i�BM MQK#`2
/2 `ĕ;H2b Qm /Ƕ2tB;2M+2b ¨ bmBp`2X

8X9 *QMi`B#miBQMb �bbQ+Bû2b
(�HiBb2M kyyj) E�`BM2 �HiBb2M- �m`ûHB2 *HQ/B+- 6HQ`2M+2 J�`�MBM+?B- �M/ 1`B+ _mi@

i2MX kyyjX lbBM; +QMi`QHH2`@bvMi?2bBb i2+?MB[m2b iQ #mBH/ T`QT2`iv@2M7Q`+BM; H�v2`bX
AM S`Q+22/BM;b Q7 i?2 Rki? 1m`QT2�M +QM72`2M+2 QM S`Q;`�KKBM; U1aPSǶyjVX
aT`BM;2`@o2`H�;- "2`HBM- >2B/2H#2`;- Rd9ĜR33X l_G , ?iiTb,ffi2�KXBM`B�X7`f
+i`H@�f7BH2bfkyR8fykf1bQTyjXT/7
ě *2i �`iB+H2 7�Bi bmBi2 �mt i`�p�mt [m2 DǶ�B `û�HBbû �p2+ E�`BM2 �HiBb2M /�Mb H2

+�/`2 /2 KQM .1� 2M +Q@2M+�/`2K2Mi 2Mi`2 6HQ`2M+2 J�`BMBM+?B /m H�#Q`�iQB`2
o2`BK�; 2i 1`B+ _mii2M /2 HǶAL_A� _?ƬM2@�HT2bX .�Mb H2b bvbiĕK2b +QKTH2t2b-
+QKK2 H2b mbBM2b /2 `Q#Qib- H2b �TTHB+�iBQMb bQMi +QMbi`mBi2b bm` mM 2Mb2K#H2
/2 +QKTQb�Mib Qm /BbTQbBiB7bX *?�+mM /Ƕ2mt � /2b +QMi`�BMi2b BM/BpB/m2HH2b T�`@
iB+mHBĕ`2b- 2i BH 2tBbi2 û;�H2K2Mi /2b +QMi`�BMi2b HQ;B[m2b bm` H2m`b BMi2`�+iBQMb-
HBû2b T�` 2t2KTH2 �mt +�`�+iû`BbiB[m2b Kû+�MB[m2b Qm ¨ HǶ�++ĕb �mt `2bbQm`+2b
T�`i�;û2bX G� ;2biBQM /2 +2b +QMi`�BMi2b T2mi āi`2 bûT�`û2 /2 HǶ�TTHB+�iBQM- 2i
`û�HBbû2 T�` mM2 +Qm+?2 BMi2`Kû/B�B`2X LQmb KQMi`QMb +QKK2Mi +QMbi`mB`2 /2
i2HH2b +Qm+?2b /2 T`QT`Bûiûb- /�Mb mM bivH2 KBti2 BKTû`�iB7f/û+H�`�iB7 , RV H2b
+QMi`�BMi2b BMi`BMbĕ[m2b ¨ mM +QKTQb�Mi bQMi KQ/ûHBbû2b T�` mM �miQK�i2 c H2
T`Q/mBi /2 +2b �miQK�i2b 2bi mM2 T`2KBĕ`2 �TT`QtBK�iBQM /2 HǶ2Mb2K#H2 /2b
+QMi`�BMi2b ¨ `2bT2+i2` c kV H2b +QMi`�BMi2b [mB BKTHB[m2Mi THmbB2m`b +QKTQb�Mib
bQMi 2tT`BKû2b 2M T`QT`Bûiûb HQ;B[m2b i2KTQ`2HH2b /2 +2 T`Q/mBi c jV MQmb miB@
HBbQMb /2b i2+?MB[m2b 2i /2b QmiBHb ;ûMû`�mt /2 bvMi?ĕb2 /2 +QMi`ƬH2m`b �}M /2
+QK#BM2` HǶ2Mb2K#H2 /2b �miQK�i2b T�`�HHĕH2b +QKKmMB+�Mib �p2+ H� +QMi`�BMi2
;HQ#�H2X

https://team.inria.fr/ctrl-a/files/2015/02/Esop03.pdf
https://team.inria.fr/ctrl-a/files/2015/02/Esop03.pdf




*?�TBi`2 e

AK�;BM2` H2 `Q#Qi +QKK2 mM �;2Mi
bQ+B�H �m KBHB2m /Ƕ�mi`2b �;2Mib

bQ+B�mt

ǴZm2 H2b +QKTûi2M+2b /ǶBMi2`�+iBQM bQ+B�H2 bQB2Mi 2bb2MiB2HH2b �m #QM 7QM+iBQMM2K2Mi
/2b `Q#Qib bQ+B�mt MǶBKTHB[m2 T�b Mû+2bb�B`2K2Mi [m2 H2b `Q#Qib bQ+B�mt /QBp2Mi āi`2 Qm
T2mp2Mi āi`2 +QKK2 H2b ?mK�BMbX 1M }M /2 +QKTi2- H2 ivT2 /2 +QKTûi2M+2 /QMi mM `Q#Qi
/QMMû � #2bQBM TQm` 7QM+iBQMM2` +Q``2+i2K2Mi 2bi /ûi2`KBMû T�` bQM 2MpB`QMM2K2Mi /2
i�+?2 Qm H2 T�`�Kĕi`2 TQm` H2[m2H BH 2bi T`Q;`�KKûX SQm` BHHmbi`2`- H2b `Q#Qib M2iiQv2m`b
/2K�M/2Mi /Ƕ�mi`2b +QKTûi2M+2b bQ+B�H2b ¨ HǶ?Ƭi2H [mǶ¨ H� K�BbQM- mM `Q#Qi `û+2TiBQM@
MBbi2 7�Bi �TT2H ¨ /Ƕ�mi`2b +QKTûi2M+2b ¨ HǶ?Ƭi2H [mǶ�mt m`;2M+2b- 2i H2b `Q#Qib bQB;M�Mib
/2K�M/2Mi /2b +QKTûi2M+2b /Bzû`2Mi2b /2b `Q#Qib M2iiQv2m`bXǴ ("`BM+F kyR3)

eXR ZmǶ2bi +2 [mǶmM �;2Mi bQ+B�H \
LQmb �HHQMb T`ûb2Mi2` B+B THmbB2m`b i`�p�mt [m2 MQmb �pQMb K2Mûb /�Mb mM +�/`2 BM@

i2`/Bb+BTHBM�B`2 �p2+ /2b Tbv+?QHQ;m2b 2i /2b T?BHQbQT?2b bm` H� MQiBQM /2 bQ+B�HBiûX G2
T`2KB2` 2bi Bbbm /ǶmM i`�p�BH �p2+ oő+iQ` 62`M�M/2x *�bi`Q 2i _�mH >�FHB- q?�i /Q2b Bi
i�F2 iQ #2 � bQ+B�H �;2Mi \ (62`M�M/2x *�bi`Q kyky)- H2 b2+QM/ 2bi Bbbm /ǶmM i`�p�BH �p2+
E�i?H22M "2H?�bb2BM- oő+iQ` 62`M�M/2x@*�bi`Q- �K�M/BM2 J�vBK�- 1HBb�#2i? S�+?2`B2-
JB+?ĕH2 :mB/2iiB- _�+?B/ �H�KB 2i >ûHĕM2 *Q+?2i- �//`2bbBM; DQBMi �+iBQM +?�HH2M;2b BM
>_A , AMbB;?ib 7`QK Tbv+?QHQ;v �M/ T?BHQbQT?v ("2H?�bb2BM kykk)X

eXRXR G2b +QM/BiBQMb /2 H� bQ+B�HBiû
GQ`b[mǶmM `Q#Qi MQmb �++m2BHH2 /ǶmM2 pQBt DQv2mb2- +2H� T2mi BM/mB`2 2M MQmb mM2 `û@

�+iBQM ûKQiBQMM2HH2 Qm mM2 i2Mi�iBp2 /2 +QMi�+i pBbm2H [mB bQMi /2b `û�+iBQMb ivTB[m2b /2
HǶBMi2`�+iBQM bQ+B�H2 ?mK�BM2X aB H2 `Q#Qi M2 T2mi T�b `ûTQM/`2 /2 K�MBĕ`2 `û+BT`Q[m2 2i bQ@
+B�H2K2Mi �TT`QT`Bû2- MQb �ii2Mi2b M2 bQMi T�b b�iBb7�Bi2b 2i MQmb TQmpQMb MQmb b2MiB` /ûÏmb
Qm 7`mbi`ûbX LQmb �pQMb i2M/�M+2 ¨ ǴbQ+B�HBb2`Ǵ H2 `Q#Qi /2 K�MBĕ`2 B``û�HBbi2- +Ƕ2bi@¨@/B`2
¨ HmB �ii`B#m2` mM +2`i�BM MQK#`2 /2 +�T�+Biûb [m2 HǶQM `2i`Qmp2 +?2x H2b āi`2b bQ+B�mt [m2
MQmb `2M+QMi`QMb 2i �p2+ [mB MQmb BMi2`�;BbbQMb ?�#Bim2HH2K2Mi (a2B#i kyR9- uQmM; kyRy)X
§ +2 T`Q#HĕK2 bǶ�DQmi2 H2 7�Bi [m2 MQmb M2 /BbTQbQMb T�b /ǶmM KQ/ĕH2 +QKTH2i /2 H� HBbi2 /2b
+�T�+Biûb [m2 MQmb �bbQ+BQMb ¨ +2ii2 i2M/�M+2 ¨ bQ+B�HBb2`- 2i M2 TQmpQMb /QM+ T�b ûp�Hm2`
/2 K�MBĕ`2 }�#H2 H2b +QMbû[m2M+2b /2 HǶmiBHBb�iBQM /2b `Q#Qib bQ+B�mt TQm` MQi`2 +mHim`2 2i
MQb p�H2m`bX LQmb T`QTQbQMb [m2 HǶB/2MiB}+�iBQM /ǶmM 2Mb2K#H2 /2 +�`�+iû`BbiB[m2b Mû+2b@
b�B`2b ¨ H� bQ+B�HBiû TmBbb2 �iiûMm2` H2b ûp2Mim2Hb BKT�+ib Mû;�iB7b /2 HǶmiBHBb�iBQM /2b `Q#Qib
bQ+B�mt- T�` 2t2KTH2 2M T2`K2ii�Mi �mt `Q#Qib /Ƕ�pQB` mM +QKTQ`i2K2Mi �Hi2`M�iB7 bQ+B�@
H2K2Mi 2{+�+2- K�Bb T2m BMp�bB7- ûpBi�Mi �BMbB /Ƕ2tTHQBi2` H2b ûKQiBQMb 2i H2b b2MiBK2Mib
?mK�BMb 2i /2 MmB`2 ¨ HǶBMiû;`Biû Qm ¨ HǶ�miQMQKB2 ?mK�BM2X



dy
*?�TBi`2 eX AK�;BM2` H2 `Q#Qi +QKK2 mM �;2Mi bQ+B�H �m KBHB2m /Ƕ�mi`2b

�;2Mib bQ+B�mt

SQm` 2Mi�K2` +2ii2 `û~2tBQM- MQmb MQmb bQKK2b BMbTB`ûb /ǶmM2 Kûi?Q/2 BMBiBû2 T�`
.�MB2H .2MM2ii [mB � bm;;û`û [m2 H2b āi`2b ?mK�BMb QMi mM2 i2M/�M+2 M�im`2HH2 ¨ b2 +QK@
T`2M/`2 2M i�Mi [mǶ�;2Mib BMi2MiBQMM2HbX a2HQM .2MM2ii- HQ`b[m2 MQmb 2bb�vQMb /2 +QK@
T`2M/`2 H2 +QKTQ`i2K2Mi /2b �mi`2b- MQmb �/QTiQMb mM2 TQbBiBQM BMi2MiBQMM2HH2 2Mp2`b
2mt- +2 [mB bB;MB}2 [m2 MQmb H2b +QKT`2MQMb +QKK2 /2b �;2Mib [mB QMi /2b ûi�ib BMi2M@
iBQMM2Hb- 2bb2MiB2HH2K2Mi /2b +`Qv�M+2b 2i /2b /ûbB`b- 2i [mB bQMi `�iBQMM2Hb /�Mb H2 b2Mb
Qɍ BHb bûH2+iBQMM2Mi /2b �+iBQMb [mB- b2HQM H2m`b +`Qv�M+2b- b2`p2Mi �m KB2mt H� b�iBb7�+iBQM
/2 H2m`b /ûbB`b (.2MM2ii kyyN)X .2MM2ii � T`QTQbû i`QBb TQbBiBQMb [m2 HǶQM T2mi �/QTi2`
HQ`b[m2 HǶQM `2M+QMi`2 mM MQmp2H Q#D2i 2i [mǶQM 2bb�B2 /2 +QKT`2M/`2 2ifQm /2 T`û/B`2 bQM
+QKTQ`i2K2Mi , H� Ǵbi`�iû;B2 /m T?vbB+B2MǴ UT?vbB+�H bi�M+2V- H� Ǵbi`�iû;B2 /m i2+?MB+B2MǴ
U/2bB;M bi�M+2V- H� Ǵbi`�iû;B2 BMi2`T`ûi�iBp2Ǵ UBMi2MiBQM�H bi�M+2V RX

S`2MQMb [m2H[m2b BMbi�Mib TQm` 2tTHB[m2` +2b i`QBb bi`�iû;B2bX aB MQmb bmBpQMb H� Ǵbi`�@
iû;B2 /m T?vbB+B2MǴ- MQmb 2bb�vQMb /2 +QKT`2M/`2 mM Q#D2i 2M 7QM+iBQM /2 b2b T`QT`Bûiûb
T?vbB[m2bX �BMbB- bB HǶQM 2t�KBM2 mM2 pB2BHH2 #`�M+?2 bĕ+?2 iQK#û2 /ǶmM �`#`2- MQmb TQm@
pQMb T`û/B`2- bBKTH2K2Mi bm` H� #�b2 /2b T`QT`Bûiûb K�iû`B2HH2b /m KQ`+2�m /2 #QBb- [mǶBH
b2 #`Bb2`� bB QM HmB �TTHB[m2 mM2 7Q`+2 2i #`ȿH2`� bB HǶQM v K2i H2 72mX aB MQmb bmBpQMb H�
Ǵbi`�iû;B2 /m i2+?MB+B2MǴ- MQmb 2bb�vQMb /2 +QKT`2M/`2 mM Q#D2i 2M 7QM+iBQM /2 +2 TQm`
[mQB BH 2bi +QMÏm- /2 bQM #miX �BMbB- bB MQmb bQKK2b +QM7`QMiûb ¨ mM �b+2Mb2m`- MQmb �HHQMb
+QMbB/û`2` [m2 +Ƕ2bi mM �TT�`2BH +QMÏm /�Mb mM #mi T`û+Bb- BX2X i`�MbTQ`i2` /2b T2`bQMM2b
2i /2b Q#D2ib 2Mi`2 H2b ûi�;2b /ǶmM #�iBK2MiX LQmb �HHQMb 2M /û/mB`2 [mǶBH p� MQmb T2`@
K2ii`2 /2 MQmb `2M/`2 ¨ mM �mi`2 ûi�;2X aǶBH M2 +QKK2M+2 T�b ¨ #Qm;2` BKKû/B�i2K2Mi-
MQmb �HHQMb MQmb /2K�M/2` +QKK2Mi BM/B[m2` ¨ [m2H ûi�;2 b2 `2M/`2- 2i miBHBb2` ¨ MQm@
p2�m H� Ǵbi`�iû;B2 /m i2+?MB+B2MǴ TQm` 2M /û/mB`2 [m2 H2b #QmiQMb MmKû`Qiûb bm` H2 Km`
bQMi T`Q#�#H2K2Mi H¨ ¨ +2ii2 }MX "B2M bȿ`- mM BM;ûMB2m` bTû+B�HBbû /�Mb H2b �b+2Mb2m`b b2`�
T2mi@āi`2 +�T�#H2 /Ƕ2tTHB[m2` H2 7QM+iBQMM2K2Mi 2M bmBp�Mi H� Ǵbi`�iû;B2 /m T?vbB+B2MǴ-
K�Bb TQm` H2 +QKKmM /2b KQ`i2Hb- BH 2bi THmb �Bbû /Ƕ2M �TT`û?2M/2` H2 7QM+iBQMM2K2Mi
2M 7�Bb�Mi `û7û`2M+2 ¨ bQM Q#D2+iB7 2i �mt #mib U2i ûp2Mim2Hb bQmb@#mibV [mǶBH T2`K2i /Ƕ�i@
i2BM/`2X GQ`b[m2 MQmb `2M+QMi`QMb /2b �MBK�mt Qm /Ƕ�mi`2b T2`bQMM2b- �m+mM2 /2 +2b /2mt
bi`�iû;B2b MǶ2bi pû`Bi�#H2K2Mi �/�Tiû2 2i HǶQM bmBi THmiƬi mM2 Ǵbi`�iû;B2 BMi2`T`ûi�iBp2ǴX
�p2+ [m2H[m2b +QMM�Bbb�M+2b /2 #�b2 2i mM KBMBKmK /ǶQ#b2`p�iBQMb- MQmb H2b +QKT`2MQMb
+QKK2 /2b �;2Mib- +QKK2 /2b āi`2b BMi2MiBQMM2Hb [mB QMi /2b +`Qv�M+2b 2i /2b /ûbB`b 2M
`2H�iBQM �p2+ H2 KQM/2X 1M �/QTi�Mi mM2 i2HH2 TQbBiBQM BMi2MiBQMM2HH2- MQmb TQmpQMb /QM@
M2` mM b2Mb ¨ H2m`b +QKTQ`i2K2Mib , +2 H�TBM K2 7mBi T�`+2 [mǶBH T2Mb2 [m2 D2 bmBb mM2
K2M�+2 2i [mǶBH p2mi ûpBi2` H2b K2M�+2b c +2ii2 T2`bQMM2 2Mi`2 /�Mb +2i BKK2m#H2 T�`+2
[mǶ2HH2 p2mi `2Mi`2` +?2x 2HH2 2i 2HH2 pBi /�Mb +2i BKK2m#H2X �ii`B#m2` /2 i2Hb ûi�ib BMi2M@
iBQMM2Hb �mt �MBK�mt 2i �mt āi`2b ?mK�BMb 2bi HQ;B[m2- +�` +2ii2 7�ÏQM /2 T2Mb2` `2M/ H2m`
+QKTQ`i2K2Mi +QKT`û?2MbB#H2 2i THmb 7�+BH2 ¨ T`ûpQB` U[m2 bB MQmb �/QTiBQMb H2b �mi`2b
bi`�iû;B2bVX *2T2M/�Mi- T�`7QBb- 2tTHB[m2` Qm T`û/B`2 H2b �+iBQMb ¨ T�`iB` /2 +2ii2 Ǵbi`�iû;B2
BMi2`T`ûi�iBp2Ǵ T2mi û;�H2K2Mi /2p2MB` 7�biB/B2mtX SQm`[mQB +2ii2 T2`bQMM2 b2 /ûTā+?2@
i@2HH2 /Ƕ�``Bp2` �m #m`2�m bB iƬi H2 K�iBM \ 1bi@+2 [m2 +Ƕ2bi p`�BK2Mi bQM BMi2MiBQM �HQ`b
[mǶ2HH2 � HǶ�B` 7�iB;mû2 \ SQm`[mQB bǶ�``āi2@i@2HH2 �m 72m `Qm;2 bB 2HH2 p2mi �``Bp2` H2 THmb iƬi
TQbbB#H2 \ �@i@2HH2 p`�BK2Mi 2MpB2 /2 `2bi2` H¨ iQmi /ǶmM +QmT \ 1M 7�Bi- TQm`[mQB iQmi H2
KQM/2 bǶ�``āi2 �mt 72mt `Qm;2b \ 1bi@+2 [mǶBHb �BK2Mi `2;�`/2` H� +QmH2m` `Qm;2 Qm [mQB \

GQ`b[m2 MQmb Q#b2`pQMb H2 +QKTQ`i2K2Mi /2b āi`2b ?mK�BMb- H� Ǵbi`�iû;B2 BMi2`T`û@
i�iBp2Ǵ #�bû2 bm` H2b BMi2MiBQMb M2 b2K#H2 T�b bm{b�Mi2X G� T2`bQMM2 b2 /ûTā+?2 T�`+2

RX TQm` H� i`�/m+iBQM- DǶ�/QTi2 H� i2`KBMQHQ;B2 T`QTQbû2 bm` H� T�;2 rBFBTû/B� /2 .�MB2H .2MM2ii ?iiTb,
ff7`XrBFBT2/B�XQ`;frBFBf.�MB2Hn.2MM2ii
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eXRX ZmǶ2bi +2 [mǶmM �;2Mi bQ+B�H \ dR

[mǶ2HH2 i`�p�BHH2 /�Mb +2 #�iBK2Mi 2i [m2 /�Mb +2 `ƬH2- 2HH2 2bi +2Mbû2 āi`2 H¨ ¨ 3 ?2m`2b
/m K�iBM- 2i +Ƕ2bi mM2 MQ`K2 /�Mb bQM 2Mi`2T`Bb2X J�Bb 2HH2 bǶ�``āi2 �m 72m `Qm;2 U+QKK2
iQmi H2 KQM/2V- +�` +Ƕ2bi mM2 `ĕ;H2 /�Mb H� bQ+Bûiû /2 bǶ�``āi2` �mt 72mt `Qm;2bX PM pQBi
/QM+ �TT�`�ŗi`2 /2b `û7û`2M+2b �mt MQ`K2b bQ+B�H2b- �mt `ƬH2b bQ+B�mt 2i �mt BMbiBimiBQMb
bQ+B�H2b 2i MQmb MQKK2`QMb +2ii2 bi`�iû;B2- Ǵbi`�iû;B2 /ǶBMi2`T`ûi�iBQM bQ+B�H2Ǵ 2M `2;�`/
/2 H� Ǵbi`�iû;B2 /ǶBMi2`T`ûi�iBQM BMi2MiBQMM2HH2Ǵ [m2 MQmb �pQMb 2tTQbû2 T`û+û/2KK2MiX
*2 +QM+2Ti ûi�#HB`�Bi mM 2Mb2K#H2 /2 7QM+iBQMM�HBiûb [m2 H2b `Q#QiB+B2Mb TQm``�B2Mi miB@
HBb2` +QKK2 TQBMi /2 /ûT�`i /�Mb H� +QM+2TiBQM /2 `Q#Qib bQ+B�mt �p�Mi /2 T�bb2` ¨ /2b
2Mb2K#H2b THmb `B+?2b /2 7QM+iBQMM�HBiûb /2 bQ+B�HBiûX *2H� b2`�Bi û;�H2K2Mi miBH2 TQm` H2b
miBHBb�i2m`b- +�` H2b BM7Q`K2` bm` +2b +�`�+iû`BbiB[m2b /2 bQ+B�HBiû [mB `2bi2Mi 2M /2Ï¨ /2 H�
T2`bQMM�HBiû H2b �B/2`�Bi ¨ ûpBi2` /2 7�B`2 /2b ?vTQi?ĕb2b B``û�HBbi2b bm` H2b +�T�+Biûb /2b
`Q#Qib 2M i2`K2b /2 +QMb+B2M+2- /ǶûKQiBQMb Qm /2 KQ`�HBiûX �/QTi2` mM2 +QKT`û?2MbBQM
BMbi`mK2Mi�HBbi2 T2`K2i 2M Qmi`2 /2 T�`H2` Hû;BiBK2K2Mi /2 Ŀ `Q#Qib bQ+B�mt ŀ b�Mb �pQB`
¨ bǶ2M;�;2` /�Mb HǶB/û2 [m2 H2b `Q#Qib bQMi Ŀ p`�BK2Mi ŀ bQ+B�mt �m b2Mb Qɍ H2 bQMi H2b
?mK�BMb- Qm T�`i�;2Mi �p2+ MQmb /2b Kû+�MBbK2b bBKBH�B`2b [mB T`Q/mBb2Mi H2b ivT2b /2
+QKTQ`i2K2Mib [m2 MQmb +QMbB/û`QMb +QKK2 bQ+B�mtX

eXRXk .û}MBiBQM /ǶmM2 bi`�iû;B2 /ǶBMi2`T`ûi�iBQM bQ+B�H2

.�Mb (62`M�M/2x *�bi`Q kyky)- �p2+ oB+iQ` 62`M�M/2x *�bi`Q 2i _�mH >�FHB- MQmb �pQMb
T`QTQbû mM +2`i�BM MQK#`2 /Ƕ2tB;2M+2b [m2 H2b �;2Mib /QBp2Mi āi`2 +�T�#H2b /Ƕ2t?B#2`
TQm` TQmpQB` āi`2 +QMbB/û`ûb +QKK2 /2b �;2Mib bQ+B�mtX S�` bvKûi`B2- +2b 2tB;2M+2b MQmb
/QMM2Mi /2b TBbi2b TQm` /ûp2HQTT2` mM2 bi`�iû;B2 /ǶBMi2`T`ûi�iBQM bQ+B�H2 ,

1tB;2M+2 /2 *QKTQ`i2K2Mi _�iBQMM2H UAMi2MiBQM�H ai�M+2 _2[mB`2K2MiV SQm`
āi`2 +QMbB/û`û2 +QKK2 mM �;2Mi- H� +B#H2 /2 HǶQ#b2`p�iBQM /QBi b2 +QKTQ`i2` /2
K�MBĕ`2 ¨ +2 [m2 bQM +QKTQ`i2K2Mi TmBbb2 āi`2 BMi2`T`ûiû +QKK2 ûi�Mi `�iBQMM2H@
H2K2Mi KQiBpû T�` /2b +`Qv�M+2b- /2b /ûbB`b 2i /2b BMi2MiBQMbX
ě PM TQm``�Bi Q#D2+i2` [m2 +2ii2 2tB;2M+2 Mû+2bbBi2 HǶ2tBbi2M+2 /Ƕûi�ib K2Mi�mt

Ǵ`û2HbǴ 2i +QMbB/û`2` [m2 +2H� MǶ� T�b /2 b2Mb TQm` mM `Q#QiX *2T2M/�Mi- MQmb
+QMbB/û`QMb [m2 +2ii2 2tB;2M+2 2bi M2mi`2 T�` `�TTQ`i ¨ +2H�- HǶBKTQ`i�Mi B+B
2bi [m2 H2 +QKTQ`i2K2Mi TmBbb2 āi`2 BMi2`T`ûiû 2i +QKT`Bb 2M TQbimH�Mi /2b
+`Qv�M+2b- /2b /ûbB`b 2i /2b BMi2MiBQMb- T�b [m2 +2b +`Qv�M+2b 2tBbi2MiX

1tB;2M+2 /2 a2MbB#BHBiû �mt �mi`2b �;2Mib Ua2MbBiBpBiv iQ Pi?2` �;2MibV SQm`
āi`2 bQ+B�H- mM �;2Mi /QBi �pQB` H� +�T�+Biû /ǶB/2MiB}2` /Ƕ�mi`2b �;2Mib 2i āi`2 b2MbB#H2
¨ H2m` T`ûb2M+2 2M �/�Ti�Mi bQM +QKTQ`i2K2Mi 2M +QMbû[m2M+2X
ě A+B MQmb /ûi2`KBMQMb [mǶmM �;2Mi bQ+B�H 2bi /Bzû`2Mi /ǶmM Q#D2i 2i [mǶmM �;2Mi

bQ+B�H 2bi +�T�#H2 /2 7�B`2 H� /Bzû`2M+2 2Mi`2 mM Q#D2i 2i mM �mi`2 �;2MiX
ě *2ii2 b2MbB#BHBiû �mt �mi`2b �;2Mib 2bi Mû+2bb�B`2 ¨ HǶBMi2`�+iBQM bQ+B�H2X GǶBM@

i2`�+iBQM bQ+B�H2 Mû+2bbBi2 /Ƕāi`2 +�T�#H2 /2 T`û/B`2 H2b �+iBQMb /2b �mi`2b 2i /2
+QQ`/QMM2` b2b T`QT`2b �+iBQMb �p2+ H2b H2m`bX

1tB;2M+2 /2 +QKT`û?2MbBQM MQ`K�iBp2 ULQ`K�iBp2 lM/2`bi�M/BM; _2[mB`2@
K2MiV G2b �;2Mib bQ+B�mt /QBp2Mi āi`2 +�T�#H2b /2 +QKT`2M/`2 H2m` +QKTQ`i2K2Mi
2i +2HmB /2b �mi`2b �;2Mib ¨ H� HmKBĕ`2 /2b �ii2Mi2b ;ûMû`û2b T�` H2b MQ`K2b- `ĕ;H2b
2i +QMp2MiBQMb bQ+B�H2b- 2i āi`2 2M K2bm`2 /2 KQ/B}2` H2m` +QKTQ`i2K2Mi TQm`
bǶ�++Q`/2` �p2+ 2mtX
ě 1M /Ƕ�mi`2b i2`K2b- +2ii2 2tB;2M+2 /2K�M/2 bBKTH2K2Mi ¨ mM �;2Mi bQ+B�H /Ƕāi`2

+�T�#H2 /2 `2+QMM�ŗi`2 /2b �+iBQMb Qm /2b +QKTQ`i2K2Mib +QKK2 +QM7Q`K2b



dk
*?�TBi`2 eX AK�;BM2` H2 `Q#Qi +QKK2 mM �;2Mi bQ+B�H �m KBHB2m /Ƕ�mi`2b

�;2Mib bQ+B�mt

¨ mM2 MQ`K2 U+Ƕ2bi@¨@/B`2 [m2 HǶ�+iBQM `ûTQM/ �mt �ii2Mi2b ;ûMû`û2b T�` mM2
MQ`K2V- 2i /2 `û;mH2` bQM +QKTQ`i2K2Mi 2M +QMbû[m2M+2X

1tB;2M+2b MQ`K�iBp2b /Ƕûp�Hm�iBQM 2i /2 `û;mH�iBQM ULQ`K�iBp2 2p�Hm�iBQM
�M/ `2;mH�iBQM `2[mB`2K2MibV G2b �;2Mib bQ+B�mt /QBp2Mi āi`2 +�T�#H2b /Ƕûp�@
Hm2` TQbBiBp2K2Mi 2i Mû;�iBp2K2Mi mM TH�M /Ƕ�+iBQM T�`iB+mHB2` +QM7Q`KûK2Mi
¨ mM2 MQ`K2 2i /2 /û+H2M+?2` /Bzû`2Mib +QKTQ`i2K2Mib `û;mH�i2m`b �TT`QT`Bûb
+QKK2 b�M+iBQMM2` /2b `ûTQMb2b- /2K�M/2` /2b `�BbQMb- #H�K2`- K�MB72bi2` mM2
�TT`Q#�iBQM Qm DmbiB}2` HǶ�+iBQMX

LQmb T`QTQbQMb +2b 2tB;2M+2b +QKK2 mM }H /Ƕ�`B�M2 ¨ bmBp`2 HQ`b /2 H� +QM+2TiBQM
/ǶmM `Q#Qi �K2Mû ¨ QTû`2` /�Mb mM +QMi2ti2 bQ+B�HX *2b 2tB;2M+2b MQmb b2K#H2Mi 7Qm`MB`
/2b +QM/BiBQMb bm{b�Mi2b 2i Mû+2bb�B`2b TQm` HǶ�+iBQM bQ+B�H2 /�Mb mM b2Mb KBMBK�HX LQmb
+`QvQMb [mǶBH 2tBbi2 mM2 +H�bb2 /Ƕ�;2Mib bQ+B�mt [mB bQMi +�T�#H2b /ǶmM2 BMi2`�+iBQM bQ@
+B�H2 `m/BK2Mi�B`2 [mB 2bi 2M+Q`2 HQBM /ǶmM2 BMi2`�+iBQM bQ+B�H2 +QKTHĕi2 [mB bmTTQb2 /2b
+�T�+Biûb bvKûi`B[m2b /2b T�`iB+BT�Mib 2i +Ƕ2bi +2 [m2 MQmb �pQMb 2bb�vû /2 +�`�+iû`Bb2`X

eXRXj GǶBKTQ`i�M+2 /2 H� `2+QMM�Bbb�M+2 Kmim2HH2

LQmb T2MbQMb [m2 H� T`Bb2 2M +QKTi2 /2 +2b 2tB;2M+2b /�Mb H� +QM+2TiBQM /ǶmM `Q#Qi
/2biBMû ¨ �;B`fQTû`2` 2M bQ+Bûiû T2mi T2`K2ii`2 MQi�KK2Mi /Ƕ�KûHBQ`2` H� `2+QMM�Bbb�M+2
Kmim2HH2 UKmim�H `2+Q;MBiBQMVX

G� `2+QMM�Bbb�M+2 Kmim2HH2 ("`�M/QK kyyd- �M/ kyR9- a+�MHQM kyyy) T2`K2i �mt BM/B@
pB/mb /2 bǶB/2MiB}2` 2i /2 bǶ�++2Ti2` 2M i�Mi [mǶ�;2Mib bQ+B�mtX G� `2+QMM�Bbb�M+2 Kmim2HH2
2tB;2 [m2 +?�[m2 BM/BpB/m B/2MiB}2 HǶ�mi`2 +QKK2 mM T�`i2M�B`2 TQbbB#H2 TQm` HǶBMi2`�+iBQMX
*2 T�`i2M�B`2 b2`� +�T�#H2 /2 ;ûMû`2` /2b �ii2Mi2b 2i /Ƕ�MiB+BT2` 2M 7QM+iBQM /2 /Bzû`2Mi2b
+�`�+iû`BbiB[m2b T?vbB[m2b 2i bQ+B�H2b- 2M 7QM+iBQM /2b BM7Q`K�iBQMb +QM+2`M�Mi H2b BMi2`�+@
iBQMb T`û+û/2Mi2b Qm /2b bi`m+im`2b bQ+B�H2b i2HH2b [m2 /2b MQ`K2b Qm /2b +QMp2MiBQMbX .2
THmb- H� `2+QMM�Bbb�M+2 Kmim2HH2 `2[mB2`i H� +QM}`K�iBQM BKTHB+Bi2 Qm 2tTHB+Bi2 [m2 HǶ�mi`2-
2M i�Mi [m2 T�`i2M�B`2 bQ+B�H- �++2Ti2 /ǶmM2 K�MBĕ`2 Qm /ǶmM2 �mi`2 HǶBMi2`�+iBQMX GǶmM /2b
KQv2Mb H2b THmb bȿ`b /Ƕûi�#HB` +2ii2 `2+QMM�Bbb�M+2 2bi /2 bǶ�TTmv2` bm` /2b bi`�iû;B2b /2
+QKKmMB+�iBQM 2i +Ƕ2bi [m2 MQmb �pQMb ûim/Bû /�Mb ("2H?�bb2BM kykk)X

G� `2+QMM�Bbb�M+2 /2 HǶ�mi`2 +QKK2 T�`i2M�B`2 TQi2MiB2H /ǶmM2 BMi2`�+iBQM T2mi b2
7�B`2 T�` /2b BM/B+2b /2 +QKKmMB+�iBQM p2`#�mt 2ifQm MQM p2`#�mt- [mB T2mp2Mi āi`2
THmb Qm KQBMb 2tTHB+Bi2b ¨ /Bzû`2Mi2b ûi�T2b /2 HǶBMi2`�+iBQMX 6�Bi BMiû`2bb�Mi- H2b ?m@
K�BMb ûi�#HBbb2Mi bQmp2Mi /2b bi`�iû;B2b /2 +QKKmMB+�iBQM TQm` 7�+BHBi2` HǶû+?�M;2 /ǶBM@
7Q`K�iBQMb �p�Mi HǶ�+iBQM DQBMi2 2HH2@KāK2- KāK2 /�Mb /2b bBim�iBQMb Qɍ /2b MQ`K2b bQ@
+B�H2b- /2b +QMp2MiBQMb Qm /2b b+`BTib bQMi /BbTQMB#H2b TQm` `û;mH2` MQb BMi2`�+iBQMb bQ@
+B�H2b (�M/`2rb kyRk- *�bi`Q kyky- a+?�MF RNdd- w�rB/xFB kyRj)X S�` 2t2KTH2- 2M i�Mi
[m2 +HB2Mib- MQmb b�pQMb ;ûMû`�H2K2Mi +QKK2Mi BMi2`�;B` �p2+ mM b2`p2m` /�Mb mM `2b@
i�m`�Mi- +�` iQmi2b H2b T�`iB2b BKTHB[mû2b +QMM�Bbb2Mi H2b `ĕ;H2b +H�B`2b /ǶûiB[m2ii2 2i /2
MQ`K2b bQ+B�H2bX *Ƕ2bi +2ii2 +QMM�Bbb�M+2 /2 H� K�MBĕ`2 /2 T`Q+û/2` [mB `û;mH2 HǶBMi2`�+iBQM
TQm` �ii2BM/`2 HǶQ#D2+iB7 +QKKmM /2 T`2M/`2 mM `2T�bX *2T2M/�Mi- KāK2 HQ`b[m2 +2b `ĕ;H2b
2i MQ`K2b 2tBbi2Mi- H2b BMi2`�+iBQMb ?mK�BM2b Mû+2bbBi2Mi /2 bB;M�H2` 2i /2 +QKKmMB[m2`
/Bzû`2Mib ivT2b /ǶBM7Q`K�iBQMb +QM+2`M�Mi H2 H�M+2K2Mi- H2 K�BMiB2M Qm H� bQ`iB2 /ǶmM2
�+iBQM +QMDQBMi2- H� `2+QMM�Bbb�M+2 /2 HǶ�ii`B#miBQM /2b `ƬH2b Qm /2b bTû+B}+Biûb +QM+2`M�Mi
H2b T`û7û`2M+2b- H2b Q#D2+iB7b 2i H2b bQmb@i�+?2bX �BMbB- H� KBb2 2M TH�+2 /ǶmM2 `2+QMM�Bb@
b�M+2 Kmim2HH2 2bi 7QM/�K2Mi�H2 TQm` H2 /ûK�``�;2 /2 HǶ�+iBQM DQBMi2- K�Bb BM~m2M+2 �mbbB
7Q`i2K2Mi bQM /ûTHQB2K2MiX S�` 2t2KTH2- HǶûi�#HBbb2K2Mi /ǶmM2 `2+QMM�Bbb�M+2 Kmim2HH2
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7�+BHBi2 HǶ�ii`B#miBQM /2b `ƬH2b- +2 [mB /ûi2`KBM2 û;�H2K2Mi H2b bi`�iû;B2b /2 +QKKmMB+�iBQM
miBHBbû2b HQ`b /2 HǶ2tû+miBQM /2 HǶ�+iBQMX

LQmb bQKK2b 2M �++Q`/ �p2+ AM;�` "`BMF 2i �HX ("`BM+F kyR3) [mB T`QTQb2 [m2 +2ii2
`2+QMM�Bbb�M+2 2bi H� +Hû /ǶmM2 +QQTû`�iBQM `ûmbbB2 �p2+ H2b `Q#Qib +�` mM2 7QBb H� `2+QMM�Bb@
b�M+2 Kmim2HH2 ûi�#HB2 2Mi`2 H2b �;2Mib , URV H2b �mi`2b /2pB2MM2Mi TQm` KQB /2b `2bbQm`+2b
/ǶmM2 K�MBĕ`2 [mB 7�pQ`Bb2 HǶû;�HBiû 2i H2 T�`i�;2- +2 [mB T2`K2i ¨ bQM iQm` UkV /ǶQ#i2MB`
2i /2 T�`i�;2` THmb /ǶBM7Q`K�iBQMb �m +Qm`b /2 HǶBMi2`�+iBQM ?mK�BM@`Q#QiX

AH 7�mi #B2M +QKT`2M/`2 [m2 +2ii2 +QKT`û?2MbBQM Kmim2HH2 2bi mM T`Q+2bbmb /Qm#H2X
.ǶmM2 T�`i +2H� MQmb /QMM2 /2b TBbi2b bm` +2 [m2 MQmb /2pQMb BMiû;`2` �m `Q#Qi TQm` TQmpQB`
;û`2` mM2 BMi2`�+iBQM K�Bb BH BM/mBi �mbbB H2 7�Bi [m2 HǶQM /QMM2 +2b +Hûb �mt T2`bQMM2b �p2+
[mB H2 `Q#Qi p� BMi2`�;B`X Zm2Hb bQMi H2b ûHûK2Mib �mt[m2Hb H2 `Q#Qi /QBi b�pQB` `ûTQM/`2 2i
[m2Hb bQMi H2b ûHûK2Mib TQm` H2b[m2Hb BH M2 T2mi T�b Qm MǶ� T�b ¨ `û�;B`X *2H� /QMM2 /2b +Hûb
/2 +QKT`û?2MbBQM /�Mb H2b /2mt b2MbX *Ƕ2bi 2M +Q?û`2M+2 �p2+ +2 [m2 T`QTQb�Bi *�FK�F
2i h�F�v�K� (*�FK�F kyR9) bm` HǶBMiû`āi /Ƕ�TT`2M/`2 �mt ;2Mb ¨ miBHBb2` H2b `Q#Qib �p�Mi
/2 H2b miBHBb2`X

eXk .2 HǶBMiû`āi /2 KQ/ûHBb2` H� MQiBQM /Ƕ2M;�;2K2Mi
.�Mb +2ii2 b2+iBQM- MQmb �HHQMb iQmi /Ƕ�#Q`/ T`ûb2Mi2` /2mt +QM+2TiBQMb T?BHQbQT?B[m2b

/2 H� MQiBQM /Ƕ2M;�;2K2Mi /�Mb H2 +�/`2 /ǶmM2 BMi2`�+iBQM ?mK�BM@?mK�BMX LQmb 2tTHB[m2@
`QMb 2MbmBi2 +QKK2Mi +2b KQ/ĕH2b T2mp2Mi āi`2 mM2 bQm`+2 /ǶBMbTB`�iBQM TQm` H2 /QK�BM2
/2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi 2i T`QTQb2`QMb mM T`2KB2` KQ/ĕH2 /ǶQTû`�iBQM�HBb�iBQM /2
H� ;2biBQM /2b 2M;�;2K2MibX

*2b i`�p�mt bQMi Bbbmb /ǶmM2 +QHH�#Q`�iBQM �p2+ oB+iQ` 62`M�M/2x *�bi`Q- 1HB@
b�#2i? S�+?2`B2 2i _�+?B/ �H�KB Ǵ*QKKBiK2Mib BM >mK�M@_Q#Qi AMi2`�+iBQMǴ
(62`M�M/2x *�bi`Q kyRN- *HQ/B+ kyRN) [mB bǶ2bi TQm`bmBpB 2MbmBi2 iQmDQm`b �p2+ oB+iQ` 62`@
M�M/2x *�bi`Q- �K�M/BM2 J�vBK� 2i E�i?H22M "2H?�bb2BM Ǵh?2 _QH2 Q7 *QKKBiK2Mib BM
aQ+B�HHv �TT`QT`B�i2 _Q#QiB+bǴ U¨ p2MB`V (62`M�M/2x *�bi`Q )X

.�Mb H� bmBi2 /m /Q+mK2Mi MQmb i`�/mB`QMb +QKKBiK2Mi T�` 2M;�;2K2Mi 2i 2tT2+i�iBQM
T�` �ii2Mi2X

G� MQiBQM /Ƕ2M;�;2K2Mi DQm2 mM `ƬH2 +2Mi`�H /�Mb H� +QKT`û?2MbBQM /2 HǶ�+iBQM
+QMDQBMi2 U(*Q?2M RNNy- "`�iK�M RNNk)VX LQmb /Bb+miQMb /2 /2mt T`QTQbBiBQMb bTû+B}[m2b
�mt 2M;�;2K2Mib , HǶ�TT`Q+?2 7QM+iBQMM2HH2- [mB bQmiB2Mi [m2 H� 7QM+iBQM +2Mi`�H2 /2b 2M@
;�;2K2Mib 2bi /2 `û/mB`2 /Bzû`2Mi2b 7Q`K2b /ǶBM+2`iBim/2 c 2i HǶ�TT`Q+?2 MQ`K�iBp2- [mB
bQmiB2Mi [m2 H2b 2M;�;2K2Mib +`û2Mi /2b Q#HB;�iBQMb pBb@¨@pBb /2 b2b +Q@K�M/�i�B`2b [mB
bQMi 2M /`QBi /Ƕ2tB;2` [m2 +2b Q#HB;�iBQMb bQB2Mi `2KTHB2bX

eXkXR GǶ�TT`Q+?2 7QM+iBQMM2HH2 , HǶ2M;�;2K2Mi +QKK2 mM QmiBH TQm` `û@
/mB`2 HǶBM+2`iBim/2

PM T2mi bQmi2MB` [m2 +2 [mB /BbiBM;m2 mM2 �+iBQM +QMDQBMi2 UT�` 2t2KTH2 K�`+?2` 2M@
b2K#H2V /2 H� bBKTH2 +QQ`/BM�iBQM /m +QKTQ`i2K2Mi U/2mt T2`bQMM2b K�`+?�Mi �m KāK2
`vi?K2 �m ?�b�`/V 2bi [m2 H2b T�`i2M�B`2b bǶ2M;�;2Mi ¨ �ii2BM/`2 mM Q#D2+iB7 2Mb2K#H2
(:BH#2`i kyRj)X .2 THmb- mM i2H 2M;�;2K2Mi T�`iB+BT�iB7 bǶ�++QKT�;M2 bQmp2Mi /Ƕ�mi`2b 2M@
;�;2K2Mib +QMi`�H�iû`�mt (_Qi? kyy9) �bbQ+Bûb ¨ HǶQ#D2+iB7 ;ûMû`�H Qm �m TH�M Mû+2bb�B`2
TQm` HǶ�ii2BM/`2 UT�` 2t2KTH2 M2 T�b �++ûHû`2`- Qm �ii2M/`2 bQM T�`i2M�B`2 bǶBH 2bi H�Bbbû
TQm` +QKTi2VX G� Mû+2bbBiû /Ƕûi�#HB` +2b /Bzû`2Mib 2M;�;2K2Mib pB2Mi /m 7�Bi [m2 KāK2
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*?�TBi`2 eX AK�;BM2` H2 `Q#Qi +QKK2 mM �;2Mi bQ+B�H �m KBHB2m /Ƕ�mi`2b

�;2Mib bQ+B�mt

2M bmTTQb�Mi [m2 H2b T�`i2M�B`2b bQm?�Bi2Mi �``Bp2` �m `ûbmHi�i- /Bzû`2Mi2b bQm`+2b /ǶBM@
+2`iBim/2 TQm``�B2Mi 2KTā+?2` H� `û�HBb�iBQM /2 HǶ�+iBQM +QKKmM2X *QKK2 H2 bQmiB2MM2Mi
JB+?�2H 2i S�+?2`B2 (JB+?�2H kyR9)- H2b T�`iB+BT�Mib T2mp2Mi āi`2 +QM7`QMiûb ¨ i`QBb bQm`+2b
/ǶBM+2`iBim/2 HQ`b /ǶmM2 �+iBQM +QMDQBMi2 ,

RX mM2 BM+2`iBim/2 KQiBp�iBQMM2HH2 UKQiBp�iBQM�H mM+2`i�BMivV , H2b T�`iB+BT�Mib
T2mp2Mi M2 T�b b�pQB` bB H2 T�`i2M�B`2 2bi KQiBpû Qm MQM TQm` bǶ2M;�;2` /�Mb HǶ�+@
iBQM +QMDQBMi2X �BMbB- BHb M2 T2mp2Mi T�b āi`2 bȿ`b /2 H� +QMp2`;2M+2 /2 H2m`b BMiû`āib
`2bT2+iB7b Qm bǶBHb T�`i�;2Mi Qm MQM mM Q#D2+iB7X

kX mM2 BM+2`iBim/2 BMbi`mK2Mi�H2 UBMbi`mK2Mi�H mM+2`i�BMivV , H2b T�`iB+BT�Mib T2mp2Mi
M2 T�b b�pQB` bǶBHb bQMi /Ƕ�++Q`/ Qm MQM bm` H� K�MBĕ`2 /2 T`Q+û/2` c T�` 2t2KTH2-
+QKK2Mi H2b T�`iB+BT�Mib /QBp2Mi `ûT�`iB` H2m`b `ƬH2b Qm [m�M/ 2i Qɍ BHb /QBp2Mi
�;B`X

jX mM2 BM+2`iBim/2 bm` H2 i2``�BM /Ƕ2Mi2Mi2 U+QKKQM ;`QmM/ mM+2`i�BMivV , BH T2mi
�``Bp2` [m2 H2b +`Qv�M+2b 2i H2b KQiBp�iBQMb BMbi`mK2Mi�H2b M2 b2 K�MB72bi2Mi T�b
Kmim2HH2K2MiX �BMbB- KāK2 bB H2b T�`iB+BT�Mib T�`i�;2Mi mM Q#D2+iB7 Qm bǶ2Mi2M/2Mi
bm` H� K�MBĕ`2 /2 T`Q+û/2`- BHb T2mp2Mi M2 T�b b�pQB` [m2 +Ƕ2bi H2 +�bX

*QKK2Mi H2b 2M;�;2K2Mib `û/mBb2Mi@BHb +2b bQm`+2b /ǶBM+2`iBim/2 \ a2HQM HǶ�TT`Q+?2
7QM+iBQMM2HH2 bQmi2Mm2 T�` JB+?�2H 2i S�+?2`B2 (JB+?�2H kyR9)- ;ûMû`2` /2b 2M;�;2K2Mib
`û/mBi HǶBM+2`iBim/2 2M bi�#BHBb�Mi H2b �ii2Mi2b +QM+2`M�Mi H2b �+iBQMb- H2b +`Qv�M+2b 2i H2b
KQiBp�iBQMb 2i �BMbB- 2M 7�+BHBi�Mi H� T`û/B+iBQM /2b �mi`2b +Q@�+i2m`b- +2 [mB `2M/ HǶ�+iBQM
+QMDQBMi2 THmb ~mB/2 2i 2{+�+2X § H2m` �pBb- H2b T`BM+BT�mt �bT2+ib /2b 2M;�;2K2Mib bQMi
HBûb ¨ H� K�MBĕ`2 /QMi H2b �ii2Mi2b bQMi ;ûMû`û2b 2i- T�` +QMbû[m2Mi- ¨ H� K�MBĕ`2 /QMi
H2b 2M;�;2K2Mib bQMi ûi�#HBbX S�` 2t2KTH2- +QKK2Mi H2b +Q@�;2Mib ;ûMĕ`2Mi /2b �ii2Mi2b
T�` H� +QKKmMB+�iBQM BKTHB+Bi2 2i 2tTHB+Bi2 (�mbiBM RNek- aBTQbQp� kyR3) Qm H� `ûTûiBiBQM
U(:BH#2`i kyRj- JB+?�2H kyRe)VX

eXkXk GǶ�TT`Q+?2 MQ`K�iBp2 , HǶ�bT2+i MQ`K�iB7 pb /2b+`BTiB7 /2b 2M;�;2@
K2Mib

62`M�M/2x *�bi`Q 2i S�+?2`B2 (S�+?2`B2 kykR) b2 bQMi +QM+2Mi`ûb bm` mM �bT2+i /Bzû`2Mi
/2b 2M;�;2K2Mib- ¨ b�pQB` +QKK2Mi BHb +`û2Mi /2b Q#HB;�iBQMb 2Mp2`b b2b +Q@�;2Mib [mB bQMi
2M /`QBi /Ƕ2tB;2` [m2 +2b Q#HB;�iBQMb bQB2Mi b�iBb7�Bi2b- +2 [mB 7�Bi M�ŗi`2 /2b �ii2Mi2b [m2
HǶ�;2Mi �;B`� +QKK2 2M;�;û Qm [m2- bB +2 MǶ2bi T�b H2 +�b- H2b +Q@�;2Mib 2tB;2`QMi [mǶBH
H2 7�bb2X *2ii2 pBbBQM T�`i�;2 �p2+ HǶ�TT`Q+?2 7QM+iBQMM2HH2 HǶB/û2 [m2 H2b �ii2Mi2b bQMi
HǶûHûK2Mi +2Mi`�H /2b 2M;�;2K2MibX *2T2M/�Mi- BHb bQmiB2MM2Mi [m2 H2b �ii2Mi2b ;ûMû`û2b
T�` H2b 2M;�;2K2Mib bQMi /ǶmM ivT2 T�`iB+mHB2` , H2b �ii2Mi2b MQ`K�iBp2bX 1M T?BHQbQT?B2 /2
HǶ2bT`Bi- THmbB2m`b �mi2m`b U(:`22MbT�M RNd3- S�T`xv+F� RNNN- q�HH�+2 RNN3)V QMi bQmHB;Mû
[mǶQM T2mi /BbiBM;m2` /2mt ivT2b /Ƕ�ii2Mi2b ,

RX H2b �ii2Mi2b /2b+`BTiBp2b , �ii2Mi2b /QMi H� pBQH�iBQM Qm H� 7`mbi`�iBQM M2 /û+H2M+?2
T�b Mû+2bb�B`2K2Mi /2b �iiBim/2b `û�+iBp2bX *2b �ii2Mi2b bQMi HBû2b �mt T`ûpBbBQMbX
S�` 2t2KTH2- pQmb TQmp2x pQmb �ii2M/`2 ¨ +2 [m2 pQi`2 �KB2 #QBp2 mM2 #Bĕ`2 T�`+2
[m2 +Ƕ2bi +2 [mǶ2HH2 7�Bi iQmDQm`b- K�Bb bB 2HH2 M2 H2 7�Bi T�b- +2H� T2mi pQmb bm`T`2M/`2-
K�Bb T�b pQmb /û`�M;2`X

kX H2b �ii2Mi2b MQ`K�iBp2b , �ii2Mi2b /QMi H� pBQH�iBQM Qm H� 7`mbi`�iBQM /û+H2M+?2 /2b
�iiBim/2b `û�+iBp2b , #H�K2 UMX#X H� MQiBQM /2 #H�K2 /QBi bǶ2Mi2M/`2 B+B 2M i2`K2b
i`ĕb ;ûMû`�mt 2i b�Mb +?�`;2 KQ`�H2 c +Ƕ2bi@¨@/B`2 +QKK2 mM2 `û�+iBQM [mB b2`i ¨
b�M+iBQMM2` Mû;�iBp2K2Mi mM2 +QM/mBi2- [m2 +2ii2 +QM/mBi2 bQBi Qm MQM mM2 pBQH�iBQM
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/ǶmM2 MQ`K2 KQ`�H2V- /2K�M/2 /2 DmbiB}+�iBQM Qm /2 b�M+iBQMX �mi`2K2Mi /Bi- H�
`ûTQMb2 MQ`K�H2 ¨ b� 7`mbi`�iBQM 2bi /ǶBKTQb2` mM2 `û�+iBQM Mû;�iBp2 ¨ HǶ�mi`2 �;2Mi
TQm` M2 T�b �pQB` �;B +QKK2 T`ûpmX .2 i2HH2b `û�+iBQMb Mû;�iBp2b bQMi THmb +?�`;û2b
ûKQiBQMM2HH2K2Mi 2i pBb2Mi ¨ `û;mH2` H2 +QKTQ`i2K2Mi /2 HǶ�mi`2X S�` 2t2KTH2- pQmb
TQmp2x pQmb b2MiB` 2M /`QBi /2 b�M+iBQMM2` pQi`2 �KB HQ`b[mǶBH +QMi`2+�``2 pQi`2
�ii2Mi2 /2 +û/2` b� TH�+2 ¨ mM2 T2`bQMM2 �;û2 /�Mb H2 Kûi`QX

.m TQBMi /2 pm2 MQ`K�iB7- H2b 2M;�;2K2Mib b2`p2Mi ¨ +`û2` TQm` bQB@KāK2- Qm TQm`
HǶ�mi`2 �;2Mi- /2b �ii2Mi2b MQ`K�iBp2b- /2 bQ`i2 [m2 MQmb TQmpQMb MQmb �bbm`2` [m2 +?�[m2
T�`iB+BT�Mi b2 +QKTQ`i2 +QKK2 T`ûpmX .�Mb +2ii2 QTiB[m2- HǶ�bT2+i +Hû /2b 2M;�;2K2Mib 2bi
H� K�MBĕ`2 /QMi MQmb �{+?QMb /Bzû`2Mi2b bi`�iû;B2b /2 +QKKmMB+�iBQM 2i /2 +QKTQ`i2K2Mi
TQm` `2M/`2 2tTHB+Bi2b MQb Q#HB;�iBQMb 2Mp2`b MQi`2 T�`i2M�B`2 2i H2m`b T`QT`2b Q#HB;�iBQMb
2Mp2`b MQmb c T�` 2t2KTH2- 2M #H�K�Mi- 2M 7�Bb�Mi T`2M/`2 +QMb+B2M+2 ¨ HǶ�mi`2 /2 +2 [mB
2bi �ii2M/m Qm 2M bǶ2t+mb�Mi [m�M/ [m2H[m2 +?Qb2 M2 p� T�bX § +2 bi�/2- BH +QMpB2Mi /2
MQi2` [m2 H2b /2mt �TT`Q+?2b M2 bQMi T�b Mû+2bb�B`2K2Mi BM+QKT�iB#H2bX 1M 7�Bi- /�Mb H�
K2bm`2 Qɍ 2HH2b K2ii2Mi HǶ�++2Mi bm` /Bzû`2Mib �bT2+ib /m i`�Bi2K2Mi /2b 2M;�;2K2Mib T�`
H2b �;2Mib- 2HH2b T2mp2Mi āi`2 +QMbB/û`û2b +QKK2 +QKTHûK2Mi�B`2bX a2HQM MQmb- H� ;2biBQM
/2b 2M;�;2K2Mib BKTHB[m2 ¨ H� 7QBb /2 ;ûMû`2` /2b �ii2Mi2b [mB 7�+BHBi2Mi H� `û/m+iBQM /2
HǶBM+2`iBim/2 2i /Ƕ�{+?2` /2b bi`�iû;B2b /2 `ûT�`�iBQM 2i /2 `û;mH�iBQM HQ`b[m2 +2b �ii2Mi2b
bQMi /ûÏm2bX

eXkXj �TTHB+�iBQM ¨ H� `Q#QiB[m2

1M `Q#QiB[m2- QM i`Qmp2 THmbB2m`b BKTHûK2Mi�iBQMb +QM+2`M�Mi H2b 2M;�;2K2Mib �TTHB@
[mûb �mt +QMp2`b�iBQMb +QHH�#Q`�iBp2b (aB/M2` kyyj- aB/M2` kyy8) K�Bb �mbbB �mt T�`�Kĕi`2b
/ǶBMi2`�+iBQMb +QKK2 /�Mb >mK�M@_Q#Qi AMi2`�+iBQM PT2`�iBM; avbi2K (6QM; kyye)- /�Mb
_Q#Qi "2?�pBQ` hQQHFBi (>m�M; kyRj)- /�Mb _Q#Qi hmi2H�;2 ("`2�x2�H kyy9) Qm HBû ¨ H� bm@
T2`pBbBQM 2i �mt �+i2b /2 +QKKmMB+�iBQM (*HQ/B+ kyyd�)X

SQm` BHHmbi`2` +QKK2Mi H� MQiBQM /Ƕ2M;�;2K2Mi TQm``�Bi āi`2 BMbi�M+Bû2 2i #ûMû}+B2` ¨
mM2 �`+?Bi2+im`2 `Q#QiB[m2- MQmb �HHQMb `2T`2M/`2 HǶ2t2KTH2 /2 _�+F?�K ;mB/2 /2 Kmbû2
(*HQ/B+ kyye)X _�+F?�K 2bi H2 `Q#Qi bm` H2[m2H DǶ�B `û�HBbû mM2 /2 K2b K�MBTb /2 i?ĕb2-
BH � Q{+Bû +QKK2 ;mB/2 ¨ H� *Biû /2 HǶ2bT�+2 T2M/�Mi [m2H[m2b b2K�BM2b 2Mi`2 kyyk 2i
kyy8 U+7X ?iiT,ffrrrXH��bX7`f`Q#Qibf`�+F?�KVX lM b+ûM�`BQ #�bB[m2 ûi�Bi H2 bmBp�Mi ,
mM pBbBi2m` /2 H� *Biû �``Bp�Bi T`ĕb /m `Q#Qi- H2 `Q#Qi HǶBMpBi�Bi ¨ +?QBbB` mM2 /2biBM�iBQM-
H� T2`bQMM2 +?QBbBbb�Bi H� /2biBM�iBQM bm` HǶû+`�M i�+iBH2 /m `Q#Qi- H2 `Q#Qi +�H+mH�Bi �HQ`b
H2 +?2KBM 2i ;mB/�Bi H2 pBbBi2m` Dmb[mǶ¨ H� /2biBM�iBQM- mM2 7QBb �``Bpû2 ¨ H� /2biBM�iBQM- H2
`Q#Qi /QMM�Bi [m2H[m2b 2tTHB+�iBQMb bm` H2 HB2m /Ƕ�``Bpû2 2i T`2M�Bi +QM;ûX GQ`b /2 H� T?�b2
/2 M�pB;�iBQM- H2 `Q#Qi pû`B}�Bi `û;mHBĕ`2K2Mi [m2 H� T2`bQMM2 ûi�Bi iQmDQm`b /2``Bĕ`2 HmBX
G2 `Q#Qi /2p�Bi �mbbB ;û`2` H2b �mi`2b pBbBi2m`b 2i TQbbB#H2b �ii`QmT2K2Mib U2M �ii2M/�Mi-
2M /2K�M/�Mi H2 T�bb�;2 Qm 2M `2+�H+mH�Mi mM2 MQmp2HH2 i`�D2+iQB`2VX oQvQMb bB HǶQM 2bb�B2
/Ƕ�TTHB[m2` mM b+?ûK� /2 T`Bb2 2M +QKTi2 /2b 2M;�;2K2Mib bm` +2i 2t2KTH2X C2 iB2Mb ¨
T`û+Bb2` [m2 +2i 2t2KTH2 i2H [mǶBH 2bi 2tTHB[mû 2M bmBp�Mi MǶ� T�b ûiû BKTHûK2MiûX AH bǶ�;Bi
/ǶmM2 `û~2tBQM bm` H2 TQbbB#H2 �TTQ`i /2b 2M;�;2K2Mib ¨ mM2 �`+?Bi2+im`2 `Q#QiB[m2X

.�Mb +2i 2t2KTH2- QM +QMbB/ĕ`2 mM 2M;�;2K2Mi +QMDQBMi 2Mi`2 H2 pBbBi2m` 2i _�+F?�K
TQm` �HH2` 2Mb2K#H2 p2`b mM2 /2biBM�iBQM T�`iB+mHBĕ`2- Qɍ H2 `Q#Qi /QBi ;mB/2` H2 pBbBi2m`
i�M/Bb [m2 H2 pBbBi2m` /QBi H2 bmBp`2X .�Mb +2 +QMi2ti2- H2b 2M;�;2K2Mib +QMDQBMib ;ûMĕ`2Mi
/2mt 2M;�;2K2Mib bm#bB/B�B`2b [mB ;ûMĕ`2Mi H2b �ii2Mi2b bmBp�Mi2b , RV H2 `Q#Qi �ii2M/ /m
pBbBi2m` [mǶBH H2 bmBp2 Dmb[mǶ¨ /2biBM�iBQM c kV H2 pBbBi2m` bǶ�ii2M/ ¨ +2 [m2 H2 `Q#Qi H2 ;mB/2X
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de
*?�TBi`2 eX AK�;BM2` H2 `Q#Qi +QKK2 mM �;2Mi bQ+B�H �m KBHB2m /Ƕ�mi`2b

�;2Mib bQ+B�mt

*QMbB/û`QMb H2b i`QBb ivT2b /ǶBM+2`iBim/2b [m2 MQmb �pQMb bTû+B}ûbX *2ii2 T�`iB2 b2`�
BHHmbi`û2 T�` H� };m`2 eXRX

eXkXjXR GǶBM+2`iBim/2 KQiBp�iBQMM2HH2

G� T`2KBĕ`2 bQm`+2 /ǶBM+2`iBim/2 2bi HBû2 ¨ H� KQiBp�iBQMX *QKK2 H2 /Bb2Mi JB+?�2H 2i
S�+?2`B2 , ǴMQmb M2 TQmpQMb T�b āi`2 bȿ`b /2 H� +QMp2`;2M+2 /2b BMiû`āib /ǶmM T�`i2M�B`2
TQi2MiB2H �p2+ MQb T`QT`2b BMiû`āib 2i /QM+ M2 T�b b�pQB` bǶBH 2tBbi2 /2b Q#D2+iB7b [m2 MQmb
TQmpQMb T�`i�;2` 2i T`QKQmpQB` 2Mb2K#H2X .2 THmb- KāK2 bB MQmb b�pQMb [m2HH2b bQMi H2m`b
T`û7û`2M+2b �+im2HH2b 2i [mǶ2HH2b +Q``2bTQM/2Mi �mt MƬi`2b- MQmb TQmpQMb M2 T�b āi`2 bȿ`b
/2 H� bi�#BHBiû /2 +2b T`û7û`2M+2bXǴ (JB+?�2H kyR9)X 1M /Ƕ�mi`2b i2`K2b- H2 `Q#Qi 2i HǶ?mK�BM
/QBp2Mi �HB;M2` H2m`b T`û7û`2M+2b 2i KQiBp�iBQMb TQm` 2z2+im2` H� i�+?2 +QMDQBMi2X 1M +2
b2Mb- H2b 2M;�;2K2Mib +QMDQBMib T2mp2Mi DQm2` mM i2H `ƬH2 2M BKTQb�Mi /2b Q#HB;�iBQMb /Ƕ�;B`
¨ +?�[m2 �;2MiX

.�Mb MQi`2 2t2KTH2- _�+F?�K p� bǶQ++mT2` /2 ;mB/2` T2M/�Mi [m2 H2 pBbBi2m` bmBi-
K�Bb i�Mi [m2 HǶ2M;�;2K2Mi MǶ2bi T�b ûi�#HB H2b /2mt T�`i2M�B`2b M2 T2mp2Mi T�b āi`2
bȿ`b [m2 HǶ�mi`2 T�`iB2 p� 7�B`2 b� T�`iX PM T2mi +QMbB/û`2` [mǶmM2 7QBb [m2 H2b �;2Mib
b2 bQMi 2M;�;ûb ¨ 2z2+im2` H� i�+?2- /2mt �bT2+ib bQMi ¨ T`2M/`2 2M +QKTi2 /m +Ƭiû /2
+?�[m2 �;2MiX S`2KBĕ`2K2Mi- +?�[m2 �;2Mi /QBi ?QMQ`2` b2b Q#HB;�iBQMb UT�` 2t2KTH2 B+B- H2
pBbBi2m` /QBi bmBp`2 2i _�+F?�K /QBi H2 ;mB/2`VX .2mtBĕK2K2Mi- +?�[m2 �;2Mi /QBi 7Q`K2`
/2b �ii2Mi2b +QM+2`M�Mi H2b Q#HB;�iBQMb /2 HǶ�mi`2 �;2Mi UT�` 2t2KTH2 B+B , TQm` H2 pBbBi2m`-
[m2 _�+F?�K ;mB/2 2i TQm` H2 `Q#Qi- [m2 HǶmiBHBb�i2m` bmBp2VX am` H� };m`2 2bi `2T`ûb2Miû
H2 7�Bi [m2 _�+F?�K 2i H2 pBbBi2m` QMi mM TH�M +QKKmM- 2i 2M Q`�M;2 bQMi `2T`ûb2Miûb H2b
Q#HB;�iBQMb 2i �ii2Mi2b +Q``2bTQM/�Mi2b HBû2b ¨ H� KQiBp�iBQMX

aB [m2H[m2 +?Qb2 +?�M;2 +QM+2`M�Mi +2b Q#HB;�iBQMb 2i �ii2Mi2b- HǶ�;2Mi /2p`�Bi āi`2
2M K2bm`2 /Ƕ�{+?2` /2b bB;M�mt TQm` �p2`iB` HǶ�mi`2 /2b +?�M;2K2Mib T2`iBM2MibX 1M
2z2i- bB HǶQM +QMbB/ĕ`2 [mǶmM2 7QBb 2M;�;ûb- H2b �;2Mib bǶ2M;�;2Mi ¨ #�Bbb2` H2b BM+2`iB@
im/2bX aB [m2H[m2 +?Qb2 +?�M;2 +QM+2`M�Mi +2b Q#HB;�iBQMb 2i H2b �ii2Mi2b �bbQ+Bû2b- BH 7�mi
�p2`iB` HǶ�mi`2X *2 TQBMi � û;�H2K2Mi ûiû bQmHB;Mû T�` H� i?ûQ`B2 /2 HǶBMi2MiBQM +QMDQBMi2
(*Q?2M RNNy) [mB BMi`Q/mBi H� MQiBQM /Ƕ2M;�;2K2Mi T�` `�TTQ`i �m #mi /2 H� i�+?2 +QHH�@
#Q`�iBp2 , ǴbB mM2 û[mBT2 2bi 2M;�;û2 p2`b mM #mi- bB HǶmM /2b K2K#`2b /2 HǶû[mBT2 pB2Mi ¨
T2Mb2` [m2 H2 #mi 2bi �ii2BMi �HQ`b- i�Mi [m2 iQmb H2b K2K#`2b /2 HǶû[mBT2 M2 bQMi T�b �m
+Qm`�Mi- BH ;�`/2 +QKK2 #mi /2 7�B`2 +QMM�ŗi`2 +2i ûi�i ¨ iQmb H2b K2K#`2b /2 HǶû[mBT2ǴX
1M /Ƕ�mi`2b i2`K2b- H2b 2M;�;2K2Mib +QMDQBMib BKTQb2Mi �mt /2mt �;2Mib HǶQ#HB;�iBQM /Ƕ�+@
+QKTHB` HǶQ#D2+iB7 ;ûMû`�H Qm /ǶBM7Q`K2` HQ`b[m2 HǶQ#D2+iB7 2bi �ii2BMi Qm [mǶBH MǶ2bi THmb
TQbbB#H2 /2 HǶ�++QKTHB`X

.2b BM+2`iBim/2b +QM+2`M�Mi H� KQiBp�iBQM T2mp2Mi û;�H2K2Mi bm`p2MB` HQ`b /2 HǶ2tû+m@
iBQM /2 H� i�+?2X S�` 2t2KTH2- +Ƭiû `Q#Qi- BH T2mi �``Bp2` [m2 _�+F?�K /û+B/2 /Ƕ�MMmH2` b�
T�`iB+BT�iBQMX .�Mb +2 +�b- H2 `Q#Qi /QBi bB;M�H2` H� /û+BbBQM �m pBbBi2m`- �}M [m2 H2 pBbBi2m`
bmbT2M/2 b2b �ii2Mi2b +QM+2`M�Mi H� T�`iB+BT�iBQM /2 _�+F?�KX .�Mb mM �mi`2 b+ûM�`BQ-
H2 `Q#Qi TQm``�Bi /ûi2+i2` [m2 H2 pBbBi2m` M2 bǶ�ii2M/ THmb ¨ āi`2 ;mB/û UT�` 2t2KTH2- mM2
�mi`2 T2`bQMM2 � BMi2``QKTm H� i�+?2 /2 ;mB/�;2VX aB _�+F?�K � iQmDQm`b HǶ2M;�;2K2Mi /2
;mB/2`- H2 `Q#Qi /QBi bB;M�H2` �m pBbBi2m` [mǶBH 2bi iQmDQm`b 2M;�;ûX AH 2bi û;�H2K2Mi TQbbB#H2
[m2 MQmb M2 +QMbB/û`BQMb T�b mM2 p�H2m` QmBfMQM K�Bb mM BMi2`p�HH2 UT�` 2t2KTH2- (yXXR)V Qm
mM2 K2bm`2 /2 H� [m�HBiû /2 HǶBMi2`�+iBQM (J�vBK� kykR#)X .�Mb +2 +�b- MQmb �M�Hvb2`BQMb
mM2 i2M/�M+2 2i MQmb /2p`BQMb 2bb�v2` /2 +QMb2`p2` mM +2`i�BM MBp2�m TQm` +2ii2 p�H2m`-
T�` 2t2KTH2- +QM+2`M�Mi H� /m`û2 /2 HǶBMi2``mTiBQM- H2 #2bQBM /2 /QMM2` /2b BM7Q`K�iBQMb



eXkX .2 HǶBMiû`āi /2 KQ/ûHBb2` H� MQiBQM /Ƕ2M;�;2K2Mi dd

6B;m`2 eXR Ĝ _2T`ûb2Mi�iBQM /2 H� ;2biBQM /2b 2M;�;2K2Mib /�Mb H2 +�b /2 _�+F?�K ;mB/2
¨ H� +Biû /2 HǶ2bT�+2
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*?�TBi`2 eX AK�;BM2` H2 `Q#Qi +QKK2 mM �;2Mi bQ+B�H �m KBHB2m /Ƕ�mi`2b

�;2Mib bQ+B�mt

6B;m`2 eXk Ĝ _2T`ûb2Mi�iBQM /2 H� ;2biBQM /2b 2M;�;2K2Mib /�Mb H2 +�b /2 _�+F?�K ;mB/2
¨ H� +Biû /2 HǶ2bT�+2



eXkX .2 HǶBMiû`āi /2 KQ/ûHBb2` H� MQiBQM /Ƕ2M;�;2K2Mi dN

bm` HǶ2M;�;2K2Mi /m `Q#Qi 2Mp2`b H2 pBbBi2m` b2`�Bi /Bzû`2MiX
*QM+2`M�Mi HǶ2M;�;2K2Mi /m pBbBi2m` ¨ 7�B`2 b� T�`i- BH T2mi �``Bp2` [m2 H2 pBbBi2m`

+QKKmMB[m2 ¨ _�+F?�K [mǶBH M2 72`� THmb H� i�+?2X G2 `Q#Qi /QBi �m KQBMb `2+QMM�ŗi`2
+2ii2 BM7Q`K�iBQM TQm` K2ii`2 }M ¨ HǶ2M;�;2K2MiX AH b2 T2mi �mbbB [m2 HǶ�ii2Mi2 /m `Q#Qi
bm` H2 7�Bi [m2 H2 pBbBi2m` bmBp2 bQBi `QKTm2 UbB H2 `Q#Qi M2 /ûi2+i2 THmb H2 pBbBi2m` T�`
2t2KTH2VX .�Mb +2 +�b- H2 `Q#Qi /QBi bǶ�bbm`2`- bB TQbbB#H2- [m2 HǶ2M;�;2K2Mi b2 i2`KBM2
û;�H2K2Mi /m +Ƭiû /m pBbBi2m` UT�` 2t2KTH2- [mǶBH M2 bǶ�;Bi T�b b2mH2K2Mi /ǶmM T`Q#HĕK2
/2 T2`+2TiBQMf/ûi2+iBQMVX

PM T2mi +QMbB/û`2` [m2 H2 7�Bi [m2 H2 `Q#Qi ;mB/2 T2M/�Mi [m2 H2 pBbBi2m` bmBi @ 2i H2b
�ii2Mi2b +Q``2bTQM/�Mi2b , TQm` H2 pBbBi2m`- H2 `Q#Qi ;mB/2 2i TQm` H2 `Q#Qi- H2 pBbBi2m` bmBi
@ 7Q`K2 mM TH�M T�`i�;û [mB 2bi +QMMm /2b /2mt �;2Mib Ui�Mi [m2 HǶ2M;�;2K2Mi +QKKmM
2bi 2M +Qm`bVX G2 TH�M TQm``�Bi āi`2 THmb T`û+Bb /2 +?�[m2 +Ƭiû UT�` 2t2KTH2- /m +Ƭiû
/2 _�+F?�K- ;mB/2` [m2H[mǶmM bB;MB}2`�Bi T�` 2t2KTH2 /ûi2+i2` H2 pBbBi2m`- +�H+mH2` mM2
i`�D2+iQB`2- 2tû+mi2` H� i`�D2+iQB`2 2i+XV- +2T2M/�Mi H2 TH�M MǶ2bi T�`i�;û [m2 /�Mb mM2
+2`i�BM2 K2bm`2X LQmb bQmi2MQMb [m2 H� KQiBp�iBQM /2b /2mt �;2Mib M2 T2mi āi`2 `2KBb2
2M +�mb2 [m2 T�` `�TTQ`i ¨ mM Q#D2+iB7 2i mM TH�M T�`i�;ûbX S�` 2t2KTH2- +2H� M2 b2`� T�b
TQbbB#H2 bm` /2b bQmb@TH�Mb +QKK2 H2 TH�M /m `Q#Qi /�Mb H� };m`2 eXR- TmBb[m2 +2 TH�M
MǶ2bi T�b T�`i�;û �p2+ H2 pBbBi2m`X

GǶBM+2`iBim/2 BMbi`mK2Mi�H2 G2 /2mtBĕK2 ivT2 /ǶBM+2`iBim/2 2bi HBû �mt +QMM�Bbb�M+2b
BMbi`mK2Mi�H2b +QM+2`M�Mi H� K�MBĕ`2 /Ƕ2tû+mi2` H2 TH�MX LQmb /2pQMb `2K�`[m2` [m2 KāK2
HQ`b[m2 H2b /2mt �;2Mib QMi /2b +�T�+Biûb /Bzû`2Mi2b TQm` bǶ�bbm`2` [m2 H2b Q#D2+iB7b 2i H2b
KQiBp�iBQMb bQMi +Q``2+i2K2Mi T�`i�;ûb- BHb T2mp2Mi iQmDQm`b āi`2 BM+2`i�BMb /2 H� K2BHH2m`2
7�ÏQM /2 T`Q+û/2` Qm /Ƕ2tû+mi2` H2b TH�Mb 2i H2b ûi�T2b Mû+2bb�B`2b TQm` `û�HBb2` HǶQ#D2+iB7
(JB+?�2H kyR9)X

.�Mb MQi`2 2t2KTH2- +2H� b2 i`�/mBi T�` H2 7�Bi [m2- #B2M [m2 _�+F?�K 2i H2 pBbBi2m`
bQB2Mi �p2`iBb /m `ƬH2 /2 HǶ�mi`2- BH 2tBbi2 iQmDQm`b mM2 bQm`+2 /ǶBM+2`iBim/2 �m MBp2�m /m
T�`i�;2 /m TH�MX G2 pBbBi2m` MǶ2bi T�b �m +Qm`�Mi Ub�m7 bǶBH bǶ�;Bi /m T`Q;`�KK2m` /m `Q#Qi
K�Bb MQmb M2 +QMbB/û`2`QMb T�b +2 +�b B+BV /2 H� 7�ÏQM /QMi _�+F?�K bǶv T`2M/`� TQm` 7�B`2
b� T�`i /2 H� i�+?2X

SQm` 7�B`2 7�+2 ¨ +2ii2 bQm`+2 /ǶBM+2`iBim/2- H2 `Q#Qi /QBi KQ/ûHBb2` H2 7�Bi [mǶBH M2
T�`i�;2 T�b �p2+ H2 pBbBi2m` b2b T`QT`2b TH�Mb Qm /m KQBMb bQM TH�M ¨ mM MBp2�m /QMMûX
S�` 2t2KTH2 bm` H� };m`2 eXR- H2 TH�M /m `Q#Qi +QKT`2M/ , H2 +�H+mH /2 i`�D2+iQB`2- H�
/ûi2+iBQM /2 H� T2`bQMM2- 2i+- 2i +2 MBp2�m MǶ2bi T�b T�`i�;û �p2+ H2 pBbBi2m`- H2 `Q#Qi /QBi
2M i2MB` +QKTi2X *2H� bB;MB}2 [m2 bB mM2 T�MM2 b2 T`Q/mBi ¨ +2 MBp2�m T�`iB+mHB2`- ûi�Mi
/QMMû [mǶ2HH2 MǶ2bi T�b T�`i�;û2- H2 `Q#Qi /QBi /QMM2` mM2 2tTHB+�iBQM T`û+Bb2 /2 HǶû+?2+
TQm` Q#i2MB` /2 HǶ�B/2 Qm /û+H2M+?2` /2b �+iBQMb /2 `ûT�`�iBQM /2 H� T�`i /m pBbBi2m`X
S�` 2t2KTH2- mM b+ûM�`BQ TQbbB#H2 TQm``�Bi āi`2 +2HmB Qɍ- �p�Mi H2 /û#mi /2 H� M�pB;�iBQM-
_�+F?�K T2mi M2 T�b /ûi2+i2` H2 pBbBi2m`- BH /QBi /QM+ /Ƕ�#Q`/ bB;M�H2` +2 [mǶBH 2bb�B2
/2 7�B`2 �}M /2 HǶ�p2`iB`X § +2 iBi`2- +QKTi2 i2Mm /2 HǶ2M;�;2K2Mi /m pBbBi2m`- QM T2mi
bǶ�ii2M/`2 ¨ +2 [mǶBH HǶ�B/2 U`ûT�`2VX lM2 �mi`2 TQbbB#BHBiû TQm``�Bi āi`2 [m2 HQ`b /m +�H+mH
/2 H� i`�D2+iQB`2- H2 +�H+mH �Bi û+?QmûX .�Mb +2 +�b- HǶ2tTHB+�iBQM TQm``�Bi āi`2 [m2 HǶû+?2+
2bi bm` H2 +�H+mH /2 H� i`�D2+iQB`2 @ T�b bm` iQmi2 H� i�+?2 @ /QM+ +2H� TQm``�Bi āi`2 T2mi@āi`2
THmb �++2Ti�#H2f+QKT`û?2MbB#H2 TQm` H2 pBbBi2m` U[mB b2`�Bi KBb /�Mb mM2 TQbBiBQM Qɍ BH
T2mi T�`i�;2` H� `2+QMM�Bbb�M+2 Kmim2HH2 +QM+2`M�Mi +2 [mB b2 T�bb2VX

lM2 �mi`2 bQm`+2 TQbbB#H2 /ǶBM+2`iBim/2 BMbi`mK2Mi�H2 T2mi +QM+2`M2` H2 iBKBM;- THmiƬi
[m2 HǶ2tû+miBQM Qm H� TH�MB}+�iBQM 2M bQBX .�Mb +2 +�b- bB H2 `Q#Qi /BbTQb2 /ǶmM2 /m`û2



3y
*?�TBi`2 eX AK�;BM2` H2 `Q#Qi +QKK2 mM �;2Mi bQ+B�H �m KBHB2m /Ƕ�mi`2b

�;2Mib bQ+B�mt

�++2Ti�#H2 TQm` iQmi2b +2b �+iBQMb U+2ii2 /m`û2 �++2Ti�#H2 TQm``�Bi /ûT2M/`2 /m pBbBi2m`V-
T�` 2t2KTH2- BH T2mi �``Bp2` [m2 H2 +�H+mH /2 H� i`�D2+iQB`2 bQBi HQM;X aB i2H 2bi H2 +�b- H2
`Q#Qi /2p`�Bi āi`2 +�T�#H2 /Ƕ2MpQv2` mM bB;M�H TQm` +QKKmMB[m2` [m2 iQmi p� #B2M 2i [m2
+2H� p� Dmbi2 T`2M/`2 THmb /2 i2KTb [m2 /Ƕ?�#Bim/2X

*QKK2 /�Mb H2 +�b /2 HǶBM+2`iBim/2 KQiBp�iBQMM2HH2- MQmb TQmpQMb i`Qmp2` /2b T`û+û@
/2Mib /�Mb H� HBiiû`�im`2 BM7Q`K�iB[m2 bm` H� 7�ÏQM /QMi H2b �;2Mib TQm``�B2Mi ;û`2` H2 ivT2
/ǶBM+2`iBim/2b ;ûMû`û2b T�` HǶB;MQ`�M+2 /2b TH�Mb /m T�`i2M�B`2X S�` 2t2KTH2- H� i?ûQ`B2 /2b
TH�Mb T�`i�;ûb (:`Qbx RNNe) miBHBb2 /2b BMi2MiBQMb BM/BpB/m2HH2b TQm` ûi�#HB` HǶ2M;�;2K2Mi
/2b +QHH�#Q`�i2m`b /�Mb H2m` �+iBpBiû +QKKmM2X AH 2bi BMiû`2bb�Mi /2 MQi2` [m2 H� i?ûQ`B2 /2b
TH�Mb T�`i�;ûb T`QTQb2 û;�H2K2Mi H� MQiBQM /Ƕ2M;�;2K2Mi /2 HǶ�;2Mi 2Mp2`b H2b +�T�+Biûb
/2 b2b T�`i2M�B`2b +QHH�#Q`�i2m`b- �BMbB [m2 H� MQiBQM /2 +QKTQ`i2K2Mi miBH2 2i /Ƕ�+iBQM
+QMi`�+im2HH2X

eXkXjXk GǶBM+2`iBim/2 +QM+2`M�Mi H2 i2``�BM /Ƕ2Mi2Mi2

G� i`QBbBĕK2 bQm`+2 /ǶBM+2`iBim/2 2bi HBû2 �m i2``�BM /Ƕ2Mi2Mi2 U+QKKQM ;`QmM/VX JB@
+?�2H 2i S�+?2`B2 (JB+?�2H kyR9) bQmiB2MM2Mi [mǶǴBH M2 bm{i T�b /Ƕ�bbm`2` H� +QQ`/BM�iBQM
[m2 MQmb bQvQMb `û2HH2K2Mi KQiBpûb TQm` TQm`bmBp`2 H2b KāK2b Q#D2+iB7b 2i [m2 MQmb �vQMb
/2b +`Qv�M+2b 2i /2b TH�Mb BMbi`mK2Mi�mt bm{b�KK2Mi bBKBH�B`2b +QM+2`M�Mi H� K�MBĕ`2
/QMi +2b Q#D2+iB7b /QBp2Mi āi`2 �ii2BMibX aB pQmb Qm KQB M2 T2MbQMb T�b [m2 +Ƕ2bi H2 +�b-
MQmb MǶ�HHQMb T�b MQmb 2M;�;2` /�Mb mM2 �+iBQM +QKKmM2ǴX § +2 iBi`2- HǶ�+iBQM +QKKmM2
Mû+2bbBi2 /2 bǶ�bbm`2` [m2 bQM T�`i2M�B`2 � H2b KāK2b KQiBp�iBQMb 2i H2b KāK2b T`QD2ib
[m2 bQB- K�Bb �mbbB- [mǶBH 2bi +QMb+B2Mi /2 MQi`2 T`Bb2 /2 +QMb+B2M+2 +QKKmM2 ¨ +2 bmD2i-
/2 bQ`i2 [m2 HǶ�HB;M2K2Mi /2b KQiBp�iBQMb 2i /2b TH�Mb 2bi i`�MbT�`2Mi TQm` H2b mMb 2i H2b
�mi`2bX

LQmb �pQMb /ûD¨ 2t�KBMû HǶBM+2`iBim/2 /m i2``�BM /Ƕ2Mi2Mi2 /�Mb H� K2bm`2 Qɍ MQmb
�pQMb 2t�KBMû +QKK2Mi HǶ2tT`2bbBQM /2b Q#HB;�iBQMb 2i H2 T�`i�;2 /2b 2M;�;2K2Mib �p2+
H2b TH�Mb T2mp2Mi 7�+BHBi2` H� `û/m+iBQM /2b BM+2`iBim/2b KQiBp�iBQMM2HH2b 2i BMbi`mK2Mi�H2bX
A+B- +2T2M/�Mi- MQmb �BK2`BQMb û;�H2K2Mi +QMbB/û`2` mM2 �mi`2 /BK2MbBQM , HǶBM+2`iBim/2
T�`iB+mHBĕ`2 /m i2``�BM /Ƕ2Mi2Mi2 [mB bm`pB2Mi HQ`b[m2 H2 7QM+iBQMM2K2Mi /m `Q#Qi 2bi BM@
+QMMm /m pBbBi2m` Qm [m2 +2`i�BMb KQ/ĕH2b /2 +QKTQ`i2K2Mi /m pBbBi2m` M2 bQMi T�b +QMMmb
/m `Q#QiX �BMbB- HQ`b[mǶmM2 i2HH2 BM+2`iBim/2 +QKKmM2 T`Q/mBi mM2 pBQH�iBQM Qm mM2 /û@
7�BHH�M+2- H2 `Q#Qi 2i H2 pBbBi2m` T2mp2Mi `ûT�`2` H� bBim�iBQM 2M T�`i�;2�Mi /2b BM7Q`K�iBQMb
[mB +Q``B;2Mi H2 T`Q#HĕK2X

1M +2 b2Mb- H2b 2M;�;2K2Mib +QMDQBMib BKTQb2Mi HǶ2tB;2M+2 /2 K2ii`2 ¨ /BbTQbBiBQM /m
T�`i2M�B`2 HǶBM7Q`K�iBQM HQ`b[mǶ2HH2 2bi T2`iBM2Mi2- 2i /QM+- 2HH2 BKTHB[m2 /Bzû`2Mi2b Ǵp�@
`B�#H2bǴ [mB TQm``�B2Mi BKT�+i2` H� K�MBĕ`2 /QMi HǶ�+iBQM 2bi K2Mû2 2i H� i�+?2 �++QKTHB2X
S�` 2t2KTH2 /�Mb H� };m`2 eXR- +?�[m2 �+iBQM /m TH�M /m `Q#Qi BKTHB[m2 /2b T�`�Kĕi`2b-
T�` 2t2KTH2- TQm` H� /ûi2+iBQM /2 H� T2`bQMM2- H� xQM2 /2 /ûi2+iBQM 2i H� iQHû`�M+2X .m +Ƭiû
/m pBbBi2m`- iQmi2b +2b p�`B�#H2b bQMi +�+?û2b K�Bb BH TQm``�Bi T2mi@āi`2 āi`2 BMiû`2bb�Mi- ¨
mM KQK2Mi /QMMû- /2 H2b T�`i�;2` +?�[m2 7QBb [m2 +2H� 2bi Mû+2bb�B`2 Qm TQbbB#H2 2M +�b /2
T`Q#HĕK2X 1M 2z2i- T�` 2t2KTH2- bB HQ`b /2 H� M�pB;�iBQM H2 pBbBi2m` M2 bmBi T�b- +2H� T2mi
āi`2 ¨ +�mb2 /2 H� pBi2bb2 /m `Q#Qi Qm /2 H� 7Q`K2 /2 b� i`�D2+iQB`2- �BMbB- �p�Mi /2 +QMbB@
/û`2` [mǶmM2 �+iBQM � û+?Qmû- H2 `Q#Qi TQm``�Bi BMi2``Q;2` H� T2`bQMM2 bm` +2b T�`�Kĕi`2b
U2i /û+B/2` �p2+ 2HH2 bǶBH 2bi Mû+2bb�B`2 /2 H2b `û;H2` /Bzû`2KK2MiVX G¨ 2M+Q`2- H2 T�`i�;2
/ǶBM7Q`K�iBQMb T2`K2ii`�Bi /Ƕ2Mi`2` /�Mb mM2 `2+QMM�Bbb�M+2 Kmim2HH2 /2 +2 [mB b2 T�bb2X
*2T2M/�Mi- MQmb +QMbB/û`QMb [m2 +2b BM7Q`K�iBQMb MǶQMi T�b #2bQBM /Ƕāi`2 T�`i�;û2b /ĕb



eXkX .2 HǶBMiû`āi /2 KQ/ûHBb2` H� MQiBQM /Ƕ2M;�;2K2Mi 3R

H2 /ûT�`i Qm /�Mb H2 +�b Qɍ iQmi p� #B2M TQm` M2 T�b bm`+?�`;2` HǶBMi2`�+iBQMX
GǶ�++2Mi KBb bm` H� +QKT`û?2MbBQM /ǶmM i2``�BM /Ƕ2Mi2Mi2 2M i2`K2b /Ƕ2M;�;2K2Mib 2i

bQM BKTQ`i�M+2 TQm` H� +QKKmMB+�iBQM b2 `2i`Qmp2 û;�H2K2Mi /�Mb H2b i`�p�mt /Ƕ>2`#2`i
>X *H�`F (*H�`F RNNe#- *H�`F RNNR- *H�`F kyye)X *QKK2 BH +QM+Hmi �p2+ b� +QHHĕ;m2 amb�M
1X "`2MM�M ǴlM2 7QBb [m2 MQmb �pQMb 7Q`KmHû mM K2bb�;2- MQmb /2pQMb 7�B`2 THmb [m2
bBKTH2K2Mi HǶ2MpQv2`X LQmb /2pQMb MQmb �bbm`2` [mǶBH � ûiû +QKT`Bb +QKK2 MQmb HǶ�pBQMb
T`ûpmX aBMQM- MQmb �pQMb T2m /Ƕ�bbm`�M+2 [m2 H2 /Bb+Qm`b �m[m2H MQmb T�`iB+BTQMb b2 /û@
`QmH2`� /2 K�MBĕ`2 Q`/QMMû2Ǵ (*H�`F RNNR)X S�` �BHH2m`b- BH T`QTQb2 û;�H2K2Mi /2 +QMbB/û`2`
/ǶmM +Ƭiû HǶ�+iBpBiû +QMDQBMi2 /2 #�b2 Qm HǶ�+iBpBiû +QMDQBMi2 T`QT`2K2Mi /Bi2 2i /Ƕ�mi`2 T�`i
H2b �+iBQMb +QMDQBMi2b /2 +QQ`/BM�iBQM #�bû2b bm` /2b �+i2b /2 +QKKmMB+�iBQM (*H�`F kyye)X
1M /Ƕ�mi`2b i2`K2b- BH /BbiBM;m2 2Mi`2 H� +QQ`/BM�iBQM 2i H2b bB;M�mt +QKKmMB+�iB7b [mB
2tTHB+Bi2Mi H2b 2M;�;2K2Mib BKTHB[mûb /�Mb H2 i2``�BM /Ƕ2Mi2Mi2 Mû+2bb�B`2 ¨ H� `û�HBb�iBQM
/2 HǶ�+iBQM +QKKmM2X

eXkXjXj JQ/ûHBb�iBQM /2b �bT2+ib MQ`K�iB7b 2i /2b+`BTiB7b

GǶ�M�Hvb2 T?BHQbQT?B[m2 +B@/2bbmb � bQmHB;Mû [mǶmM �bT2+i 7QM/�K2Mi�H /2b 2M;�;2@
K2Mib 2bi bQM �bT2+i MQ`K�iB7X .�Mb H2b BMi2`�+iBQMb ?mK�BM2b- +2i �bT2+i MQ`K�iB7 /2
HǶ2M;�;2K2Mi KQiBp2 /2 MQK#`2mt bB;M�mt `û;H2K2Mi�B`2b 2i /2b bi`�iû;B2b /2 `ûT�`�iBQM
[mB 7�+BHBi2Mi HǶ2tû+miBQM /2 HǶQ#D2+iB7 +QKKmMX LQmb �HHQMb �M�Hvb2` +QKK2Mi /Bzû`2Mib
�bT2+ib MQ`K�iB7b U2i /2b+`BTiB7bV /2b 2M;�;2K2Mib bQMi KQ/ûHBbûb /�Mb MQi`2 +�/`2X

.�Mb H2b b2+iBQMb T`û+û/2Mi2b- MQmb �pQMb pm +QKK2Mi H2 T�`i�;2 /2 HǶBM7Q`K�iBQM
2bi 7QM/�K2Mi�H TQm` mM2 2tû+miBQM `ûmbbB2 /2 HǶ�+iBQM +QMDQBMi2 @ T�` 2t2KTH2- HǶQ#D2+iB7
+QKKmM 2i H2 TH�M T�`i�;û @- i�M/Bb [m2 /Ƕ�mi`2b BM7Q`K�iBQMb @ T�` 2t2KTH2- H� T�`iB2
BM/BpB/m2HH2 /m TH�M @ M2 H2 bQMi T�bX G2b BM7Q`K�iBQMb T�`i�;û2b Qm MQM bQMi T�`iB+mHBĕ@
`2K2Mi BKTQ`i�Mi2b /�Mb HǶ�+iBQM +QMDQBMi2 ?mK�BM@`Q#Qi- +QKTi2 i2Mm /2b T�`iB+mH�`Biûb
/2b BM+2`iBim/2b ;ûMû`û2b T�` HǶQT�+Biû /m +QKTQ`i2K2Mi /m `Q#QiX lM2 +QM+HmbBQM bBKB@
H�B`2 T2mi āi`2 iB`û2 /2b +QMbû[m2M+2b MQ`K�iBp2b /2 +2b BM7Q`K�iBQMb 2i /2 H� K�MBĕ`2 /QMi
2HH2b /û+H2M+?2Mi /2b bB;M�mt 2i /2b `û�+iBQMb /2 `û;mH�iBQM /m `Q#QiX

§ MQi`2 �pBb- mM2 ?vTQi?ĕb2 T�` /û7�mi `�BbQMM�#H2 b2`�Bi [m2 bB H2b BM7Q`K�iBQMb T�`@
i�;û2b /QBp2Mi āi`2 +QMbB/û`û2b +QKK2 BKTHB[m�Mi /2b 2M;�;2K2Mib- 2i /QM+ H2b �ii2Mi2b
;ûMû`û2b T�` +2b 2M;�;2K2Mib i`�Biû2b +QKK2 MQ`K�iBp2b- H2b BM7Q`K�iBQMb [mB M2 bQMi
T�b T�`i�;û2b- K�Bb [mB T2mp2Mi ;ûMû`2` +2`i�BM2b �ii2Mi2b /QBp2Mi āi`2 i`�Biû2b +QKK2
/2b+`BTiBp2bX 1M /Ƕ�mi`2b i2`K2b- H2 `Q#Qi /QBi `û�;B` ¨ H� 7`mbi`�iBQM 7�+2 �mt �ii2Mi2b
;ûMû`û2b T�` H2b BM7Q`K�iBQMb T�`i�;û2b @ �bbQ+Bû2b ¨ HǶQ#D2+iB7 +QKKmM 2i �m TH�M T�`i�;û
@ 2M miBHBb�Mi /2b bB;M�mt `û;H2K2Mi�B`2b Qm /2b bi`�iû;B2b /2 `ûT�`�iBQM �HQ`b [mǶBH M2 /QBi
T�b `û�;B` /2 H� KāK2 K�MBĕ`2 7�+2 �mt �ii2Mi2b ;ûMû`û2b T�` /2b BM7Q`K�iBQMb [mB M2 bQMi
T�b T�`i�;û2bX

.�Mb MQi`2 +�/`2- [m2HH2 b2`�Bi H� /Bzû`2M+2 2Mi`2 7�B`2 7�+2 ¨ mM2 �ii2Mi2 /2b+`BTiBp2 Qm
MQ`K�iBp2 \ .�Mb HǶ2t2KTH2 /2 H� };m`2 eXR- H2 TH�M /m `Q#Qi TQm` `2KTHB` b� T�`i /2 i�+?2
MǶ2bi T�b T�`i�;û �p2+ H2 pBbBi2m`X AK�;BM2x [mǶ¨ H� }M /2 HǶBMi2`�+iBQM- _�+F?�K /QMM2 /2b
2tTHB+�iBQMb bm` H� /2biBM�iBQM- +2H� ;ûMĕ`2 HǶ�ii2Mi2 [m2 H2 pBbBi2m` `2bi2`� TQm` û+Qmi2`
HǶ2tTHB+�iBQMX G2 TH�M MǶûi�Mi T�b T�`i�;û- HǶ�ii2Mi2 [m2 H2 pBbBi2m` û+Qmi2 2bi +QMbB/û`û2
+QKK2 /2b+`BTiBp2X 1M +QMbû[m2M+2- _�+F?�K M2 T`Q/mB`�Bi �m+mM bB;M�H `û;H2K2Mi�B`2 bB
H2 pBbBi2m` T�`i�Bi c +Ƕ2bi@¨@/B`2 [mǶBH M2 +QMbB/û`2`�Bi T�b Mû;�iBp2K2Mi H2 7�Bi [m2 HǶ�ii2Mi2
MǶ� T�b ûiû b�iBb7�Bi2X .ǶmM �mi`2 +Ƭiû- bB H2 pBbBi2m` `2bi2 2i û+Qmi2- _�+F?�K /2p`�Bi āi`2
+�T�#H2 /2 ;û`2` HǶBMi2`�+iBQM Dmb[mǶ¨ H� }M 2i +QMbB/û`2` TQbBiBp2K2Mi H2 7�Bi [m2 HǶ�ii2Mi2



3k
*?�TBi`2 eX AK�;BM2` H2 `Q#Qi +QKK2 mM �;2Mi bQ+B�H �m KBHB2m /Ƕ�mi`2b

�;2Mib bQ+B�mt

� ûiû `2KTHB2X
1M `ûbmKû- 7�+2 ¨ mM2 �ii2Mi2 /2b+`BTiBp2- H2 `Q#Qi /QBi āi`2 +�T�#H2 /Ƕ2MpBb�;2` H2b

+QMbû[m2M+2b /2 HǶ�ii2Mi2 HQ`b[mǶ2HH2 b2 `û�HBb2 �HQ`b [mǶBH M2 /QBi T�b `û�;B` Mû;�iBp2K2Mi-
2i /QM+- MB T`Q/mB`2 /2 bB;M�mt `û;mH�i2m`b MB `ûT�`2` HQ`b[m2 HǶ�ii2Mi2 2bi 7`mbi`û2X 1M
`2p�M+?2- 7�+2 ¨ mM2 �ii2Mi2 MQ`K�iBp2- H2 `Q#Qi /QBi āi`2 +�T�#H2 /2 T`Q/mB`2 /2b bB;M�mt
`û;H2K2Mi�B`2b 2i 2Mi`2` 2M KQ/2 `ûT�`�iBQM bB #2bQBMX .2 THmb- BH 7�mi `2K�`[m2` [m2
H� KāK2 /Bzû`2M+2 bǶ�TTHB[m2 ¨ +?�[m2 7QBb [m2 MQmb +QMbB/û`QMb mM2 �ii2Mi2 /m `Q#Qi
+QM+2`M�Mi HǶ�+iBQM /m pBbBi2m` 2i bB MQmb +QMbB/û`QMb mM2 �ii2Mi2 /m pBbBi2m` [mB /2p`�Bi
āi`2 `2KTHB2 T�` H2 `Q#QiX

eXj aQ+B�HBiû- 2M;�;2K2Mib 2i ?Q`BxQMi�HBiû , `2K�`[m2b /2
+QM+HmbBQM

.�Mb +2 +?�TBi`2- /�Mb mM2 T`2KBĕ`2 T�`iB2- MQmb �pQMb /QMMû /2b TBbi2b TQm` K2ii`2
2M TH�+2 mM2 bi`�iû;B2 BMi2`T`ûi�iBp2 ǴKBMBK�H2Ǵ /2 H� bQ+B�HBiû 2i �pQMb BMbBbiû bm` HǶBK@
TQ`i�M+2 /2 H� `2+QMM�Bbb�M+2 Kmim2HH2 /�Mb +2 T`Q+2bbmbX 1MbmBi2- MQmb �pQMb 2tTHB[mû
+QKK2Mi MQmb T2MbQMb [m2 H� T`Bb2 2M +QKTi2 /2 H� MQiBQM /Ƕ2M;�;2K2Mi �BMbB [m2 H2b
�ii2Mi2b 2i H2b bB;M�mt [mB v bQMi �bbQ+Bûb TQm``�Bi 7Qm`MB` mM +�/`2 2tTHB+�iB7 /�Mb mM2
�`+?Bi2+im`2 `Q#QiB[m2 /û/Bû2 ¨ HǶBMi2`�+iBQMX 1M 2z2i- T�` 2t2KTH2- HQ`b[m2 MQmb �pBQMb
/ûTHQvû H2 `Q#Qi 2M kyyk- MQmb �pBQMb BMiû;`û mM +QKTQ`i2K2Mi Qɍ HQ`b[m2 H2 +?2KBM ûi�Bi
HQM;- H2 `Q#Qi b2 `2iQm`M�Bi 2i bǶ�``āi�Bi TQm` pû`B}2` [m2 HǶ?mK�BM ûi�Bi iQmDQm`b T`ûb2MiX
LQi`2 +�/`2 /QMM2 mM2 2tTHB+�iBQM ¨ +2 +QKTQ`i2K2Mi [m2 MQmb �pBQMb +Q/û ¨ H� bmBi2 /2
MQb 2tTû`BK2Mi�iBQMbX AH MǶ2bi T�b Mû+2bb�B`2 /Ƕ�ii2M/`2 [mǶmM2 �ii2Mi2 bQBi 7`mbi`û2 TQm`
/2pQB` ;ûMû`2` mM bB;M�HX *2H� T2mi �pQB` mM b2Mb /2 H2 7�B`2 bB mM2 �+iBQM 2bi THmb HQM;m2
[m2 T`ûpm2X

G2 `ƬH2 +2Mi`�H /2b 2M;�;2K2Mib MǶ2bi T�b b2mH2K2Mi 7QM+iBQMM2H- /�Mb H2 b2Mb Qɍ BHb
�B/2Mi 2ifQm 7�+BHBi2Mi H� +QQ`/BM�iBQM 2Mi`2 H2b BM/BpB/mb K�Bb �mbbB- BHb KQiBp2Mi mM 2M@
b2K#H2 /ǶQmiBHb +QKKmMB+�iB7b [mB �B/2Mi H2b BM/BpB/mb ¨ b�pQB` ¨ [mQB bǶ�ii2M/`2 H2b mMb
T�` `�TTQ`i �mt �mi`2b /�Mb H2 +�/`2 /ǶmM2 �+iBQM DQBMi2X *2 bQMi T`û+BbûK2Mi +2b ivT2b
/2 bB;M�mt bQ+B�mt 2i /2 +QKTQ`i2K2Mib HBûb �mt Q#HB;�iBQMb bQ+B�H2b 2i �mt `û�+iBQMb �mt
`ûmbbBi2b Qm �mt û+?2+b [mB 7QMi /2b 2M;�;2K2Mib mM +QM+2Ti BMiû`2bb�Mi TQm` H� +QM+2TiBQM
/2 `Q#Qib bQ+B�H2K2Mi �TT`QT`BûbX

AH v � /2mt B/û2b BKTQ`i�Mi2b [m2 MQmb �BK2`BQMb BMi`Q/mB`2 B+B 2i [mB- ¨ MQi`2 �pBb-
bQMi 7QM/�K2Mi�H2b TQm` /2 7mim`2b `2+?2`+?2bX

S`2KBĕ`2K2Mi- +QKK2 iQmi2 �mi`2 +�T�+Biû- H� ;2biBQM �mbbB #B2M /m +QMi2ti2 bQ+B�H [m2
/2b 2M;�;2K2Mib /�Mb H2 /QK�BM2 /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi Mû+2bbBi2 mM2 T2`bT2+iBp2
BMiû;`�iBp2X G� 7�ÏQM /QMi MQmb +QKT`2MQMb +QKK2Mi �#Q`/2` /2 i2HH2b 2tTû`B2M+2b ?QHBb@
iB[m2b 2i +QMi2tim2HH2b T�bb2 T�` H2 +QM+2Ti /Ƕ?Q`BxQMi�HBiû [mB `2MpQB2 ¨ HǶB/û2 /2 +QMbB/û`2`
HǶ�+iBQM DQBMi2 /�Mb bQM 2Mb2K#H2 HQ`b /2 H� KQ/ûHBb�iBQM 2i /2 H� +QM+2TiBQM /2b +�T�+Biûb
`Q#QiB[m2bX *QKK2 2tT`BKû T�` "2H?�bb2BM- 62`M�M/2x@*�bi`Q 2i J�vBK�- �pQB` mM2 �T@
T`Q+?2 ?Q`BxQMi�H2 bB;MB}2 [m2 ǴH2b �+iBQMb DQBMi2b 2M >_A M2 /QBp2Mi T�b āi`2 �#bi`�Bi2b /2
HǶ2Mb2K#H2 /m +QMi2ti2 2i /2 HǶ�``Bĕ`2@TH�M Qɍ H� i�+?2 +QHH�#Q`�iBp2 T�`iB+mHBĕ`2 2bi BMiû;`û2
2i bBimû2 /�MbĘ (LQmb /2pQMb) T`2M/`2 2M +QMbB/û`�iBQM H� 7�ÏQM /QMi H2b /Bzû`2Mi2b BM7Q`@
K�iBQMb +QMi2tim2HH2b- H2b +�T�+Biûb `Q#QiB[m2b 2i ?mK�BM2b 2i H2 +QMi2ti2 BMi2`�;Bbb2Mi /2
K�MBĕ`2 +QKTH2t2 �p2+ H2b /BbTQbBiB7b (`Q#QiB[m2b) 2M [m2biBQMǴ ("2H?�bb2BM kyky)X

.2mtBĕK2K2Mi- QM M2 T2mi T�b 7�B`2 HǶû+QMQKB2 /ǶBMiû;`2` HǶmiBHBb�i2m` /�Mb H� #Qm+H2X



eX9X *QMi`B#miBQMb �bbQ+Bû2b 3j

AH 7�mi HmB T2`K2ii`2 /2 +QKT`2M/`2 H2b TQbbB#BHBiûb 2i �mbbB H2b HBKBi2b [m2 HǶQM /QMM2 �m
`Q#Qi UT�` 2t2KTH2 B+B 2M i2`K2 /2 bQ+B�HBiû Qm 2M K�iBĕ`2 /2 ;2biBQM /2b 2M;�;2K2MibVX
AH v � /2b +Q/2b ¨ +`û2` 2i ¨ BMiû;`2`X *Ƕ2bi TQm`[mQB MQmb T2MbQMb [m2 +2 +QM+2Ti /2
`2+QMM�Bbb�M+2 Kmim2HH2 2bi +Hû 2i [mǶmM /û} b2`� /2 H� K2ii`2 2M Q2mp`2 +QMDQBMi2K2Mi
/m +Ƭiû /m `Q#Qi 2i �mbbB /2 H� T2`bQMM2 �p2+ H�[m2HH2 BH BMi2`�;BiX

eX9 *QMi`B#miBQMb �bbQ+Bû2b
(62`M�M/2x *�bi`Q kyRN) oB+iQ` 62`M�M/2x *�bi`Q- �m`ûHB2 *HQ/B+- _�+?B/ �H�KB-

1HBb�#2i? S�+?2`B2X *QKKBiK2Mib BM >mK�M@_Q#Qi AMi2`�+iBQMX kyRNX
?iiTb,ffD2�MMB+Q/X++b/X+M`bX7`fBDMnyjy39Ry8f7BH2f
62`M�M/2x@*�bi`Q@*HQ/B+@�H�KB@S�+?2`B2@*QKKBiK2Mib@BM@>_A@�A@>_AW
kykyRNXT/7

(*HQ/B+ kyRN) �m`ûHB2 *HQ/B+- _�+?B/ �H�KB- 1HBb�#2i? S�+?2`B2- oő+iQ` 62`M�M/2x *�b@
i`QX *QKKBiK2Mib BM >mK�M@_Q#Qi AMi2`�+iBQMX 3i? CQBMi �+iBQM J22iBM;- CmH
kyRN- :2MQp�- Ai�HvX kyRNX
?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`fG��a@A.1�fBDMnyjy39Ry8pR

(62`M�M/2x *�bi`Q ) U� p2MB`V oő+iQ` 62`M�M/2x *�bi`Q- �K�M/BM2 J�vBK�- E�i?H22M
"2H?�bb2BM- �m`ûHB2 *HQ/B+ U7Q`i?+QKBM;V ǳh?2 _QH2 Q7 *QKKBiK2Mib BM aQ+B�HHv
�TT`QT`B�i2 _Q#QiB+bǴ AM :`�Mb+?2- JX L2`m`F�`- CX "2HHQM- aX L ?`@q�;2M2`
U2/bV h2+?MQHQ;v aQ+B�HBx�iBQM \ aQ+B�H �TT`QT`B�i2M2bb 7Q` +QKTmi2`@#�b2/ bvb@
i2KbX aT`BM;2`
ě G2b /2mt T`2KBĕ`2b +QMi`B#miBQMb `2T`2MM2Mi MQb T`QTQbBiBQMb bm` HǶ�TTQ`i [m2

T2mi �pQB` H� KQ/ûHBb�iBQM /2 H� MQiBQM /Ƕ2M;�;2K2Mi U+QKKBiK2MiV /�Mb H2
+�/`2 /ǶmM2 BMi2`�+iBQM ?mK�BM@`Q#QiX G� /2`MBĕ`2- mM2 p2`bBQM THmb ûH�#Q`û2-
2bi 2M +Qm`b /2 `ûpBbBQM TQm` mM2 Tm#HB+�iBQM /�Mb mM Qmp`�;2X

(62`M�M/2x *�bi`Q kyky) oő+iQ` 62`M�M/2x *�bi`Q- _�mH >�FHB- �m`ûHB2 *HQ/B+X q?�i
/Q2b Bi i�F2 iQ #2 � bQ+B�H �;2Mi \X �TT2�`2/ BM , LǠ`bFQp- JX- a2B#i CX- ZmB+F
PX kykyX *mHim`�HHv ambi�BM�#H2 aQ+B�H _Q#QiB+běS`Q+22/BM;b Q7 _Q#QT?BHQbQT?v
kykyX- a2`B2b 6`QMiB2`b Q7 �A �M/ Aib �TTHB+�iBQMb- APa S`2bb- �Kbi2`/�KX- kyky-
�RyXjkjjf6�A�kyyN89�X
?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@ykNejy99f/Q+mK2Mi
ě *2i �`iB+H2 2bi H2 `ûbmHi�i /ǶmM i`�p�BH +QKKmM HQ`b /2 HǶQ`;�MBb�iBQM /ǶmM rQ`F@

b?QT TQm` _Q#Q@S?BHQbQT?v kykyX G2 #mi /2 +2i �`iB+H2 2bi /2 T`ûb2Mi2` mM2 HBbi2
U/ǶBMbTB`�iBQM T?BHQbQT?B[m2V /Ƕ2tB;2M+2b TQm` T2`K2ii`2 H� KBb2 2M TH�+2 /ǶmM2
bi`�iû;B2 /ǶBMi2`T`ûi�iBQM bQ+B�H2 /�Mb mM +�/`2 /ǶBMi2`�+iBQM ?mK�BM@`Q#QiX lM2
i2HH2 HBbi2 M2 pBb2 T�b ¨ /ûi�BHH2` H2b T`Q+2bbmb +Q;MBiB7b /2``Bĕ`2 H� bQ+B�HBiû K�Bb
¨ 7Qm`MB` mM2 +�`�+iû`Bb�iBQM Ub�Mb KBb2 2M ƾmp`2V /2b +�T�+Biûb 2i +QKTûi2M+2b
�bbQ+Bû2b ¨ H� bQ+B�HBiûX LQmb miBHBbQMb H� MQiBQM /2 TQbim`2 BMi2MiBQMM2HH2 /2
.2MM2ii +QKK2 7QM/2K2Mi Kûi?Q/QHQ;B[m2 TQm` ûim/B2` HǶ�;2MiBpBiû BMi2MiBQM@
M2HH2 2i HǶûi2M/`2 ¨ mM2 TQbim`2 bQ+B�H2 [mB T`2M/ 2M +QKTi2 H2b +�`�+iû`BbiB[m2b
bQ+B�H2b /m +QKTQ`i2K2MiX LQmb /Bb+miQMb /2b 2tB;2M+2b /2 #�b2 /2 H� bQ+B�HBiû
2i /2b /Bzû`2Mi2b K�MBĕ`2b /2 H2b +QKT`2M/`2- 2i bm;;û`QMb [m2H[m2b �p�Mi�;2b
TQi2MiB2Hb ¨ H2b +QKT`2M/`2 /2 K�MBĕ`2 BMbi`mK2Mi�H2 /�Mb H2 +QMi2ti2 /2 H�
`Q#QiB[m2 bQ+B�H2X

("2H?�bb2BM kykk) E�i?H22M "2H?�bb2BM- oő+iQ` 62`M�M/2x@*�bi`Q- �K�M/BM2 J�vBK�-
�m`ûHB2 *HQ/B+- 1HBb�#2i? S�+?2`B2- 2i �HXX �//`2bbBM; DQBMi �+iBQM +?�HH2M;2b BM

https://jeannicod.ccsd.cnrs.fr/ijn_03084105/file/Fernandez-Castro-Clodic-Alami-Pacherie-Commitments-in-HRI-AI-HRI%202019.pdf
https://jeannicod.ccsd.cnrs.fr/ijn_03084105/file/Fernandez-Castro-Clodic-Alami-Pacherie-Commitments-in-HRI-AI-HRI%202019.pdf
https://jeannicod.ccsd.cnrs.fr/ijn_03084105/file/Fernandez-Castro-Clodic-Alami-Pacherie-Commitments-in-HRI-AI-HRI%202019.pdf
https://hal.archives-ouvertes.fr/LAAS-IDEA/ijn_03084105v1
https://hal.archives-ouvertes.fr/hal-02963044/document
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*?�TBi`2 eX AK�;BM2` H2 `Q#Qi +QKK2 mM �;2Mi bQ+B�H �m KBHB2m /Ƕ�mi`2b

�;2Mib bQ+B�mt

>_A , AMbB;?ib 7`QK Tbv+?QHQ;v �M/ T?BHQbQT?vX �+i� Sbv+?QHQ;B+�- 1Hb2pB2`- kykk-
kkk- TTXRyj9deX �RyXRyRefDX�+iTbvXkykRXRyj9de�X
?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@yj8y8y9d
ě *2i �`iB+H2 2bi HǶ�#QmiBbb2K2Mi /m i`�p�BH K2Mû HQ`b /m T`QD2i CQBMi�+iBQM9>_AX

�T`ĕb �pQB` 2tTHQ`û H� HBiiû`�im`2 �+im2HH2 bm` HǶ�+iBQM +QMDQBMi2 2M BMi2`�+iBQM
?mK�BM@`Q#Qi- �#QmiBbb�Mi ¨ mM2 /û}MBiBQM THmb T`û+Bb2 /2 +2b 2MD2mt- H2 T`ûb2Mi
�`iB+H2 T`QTQb2 [m2H[m2b T2`bT2+iBp2b 2KT`mMiû2b ¨ H� Tbv+?QHQ;B2 2i ¨ H� T?BHQ@
bQT?B2 KQMi`�Mi H2 `ƬH2 +Hû /2 H� +QKKmMB+�iBQM /�Mb H2b BMi2`�+iBQMb ?mK�BM2bX
.2 H� `2+QMM�Bbb�M+2 Kmim2HH2 2Mi`2 BM/BpB/mb ¨ HǶ2tT`2bbBQM /2 HǶ2M;�;2K2Mi 2i
/2b �ii2Mi2b bQ+B�H2b- MQmb bQmi2MQMb [m2 H2b bB;M�mt /2 +QKKmMB+�iBQM T2mp2Mi
7�+BHBi2` H� +QQ`/BM�iBQM- H� T`û/B+iBQM 2i H� KQiBp�iBQM /�Mb H2 +�/`2 /ǶmM2 �+iBQM
+QMDQBMi2X

https://hal.archives-ouvertes.fr/hal-03505047


*?�TBi`2 d

6�B`2 H2b +?Qb2b #B2M

dXR AMi`Q/m+iBQM
G2 /QK�BM2 /2 H� Tbv+?QHQ;B2 �m[m2H QM p� bǶBMiû`2bb2` K�BMi2M�Mi 2M T�`H�Mi /2b

ûim/2b miBHBb�i2m`b- +Qmp`2 mM bT2+i`2 i`ĕb H�`;2 �HH�Mi /2 HǶ2`;QMQKB2 ¨ H� Tbv+?QHQ;B2 /m
/ûp2HQTT2K2Mi 2M T�bb�Mi T�` H� Tbv+?QHQ;B2 bQ+B�H2X *Ƕ2bi mM2 +?Qb2 [m2 KǶQMi �TT`Bb2
K2b ûim/2b /2 Tbv+?QHQ;B2 2i �mDQm`/Ƕ?mB D2 b�Bb 7�B`2 H� /Bzû`2M+2X J�Bb BH 7�mi #B2M �pQB`
+QMb+B2M+2 [m2 b2HQM H� /Bb+BTHBM2 +Ƕ2bi mM T2m +QKK2 bB pQmb T�`HB2x /ǶmM2 T�`i ¨ mM2 bTû@
+B�HBbi2 /m +QMi`ƬH2 /Ƕ�HiBim/2 +?2x H2b /`QM2b 2i /Ƕ�mi`2 T�`i ¨ mM2 bTû+B�HBbi2 /m +QMi`ƬH2
/2 H� K�`+?2 #BTĕ/2 bm` H2b `Q#Qib ?mK�MQś/2bX *2H� MǶ�- iQmi bBKTH2K2Mi- `B2M ¨ pQB`X

J2b T`2KB2`b bQmp2MB`b /Ƕûim/2b miBHBb�i2m`b /�i2Mi /m T`QD2i *Q;MB`QM U+7 b2+iBQM
kXeVX .�Mb H2 +�/`2 /2b i`�p�mt bm` H� TH�MB}+�iBQM 2i HǶ2tû+miBQM /2 KQmp2K2Mib T`2M�Mi
2M +QKTi2 HǶ?mK�BM U?mK�M@�r�`2 KQiBQMV 2i THmb T�`iB+mHBĕ`2K2Mi H� M�pB;�iBQM- mM2
+QHH�#Q`�iBQM �p�Bi ûiû KBb2 2M TH�+2 �p2+ HǶû[mBT2 /2 E2`biBM .�mi2M?�M TQm` `û�HBb2`
/2b ûim/2b �p2+ /2b miBHBb�i2m`bX *2H� �p�Bi �K2Mû ¨ THmbB2m`b Tm#HB+�iBQMb +QKKmM2b-
2X;X (aBb#Qi kyy8) 2i (.�mi2M?�?M kyye)X C2 MǶûi�Bb T�b /B`2+i2K2Mi BKTHB[mû2- K�Bb +Ƕûi�Bi
H� T`2KBĕ`2 7QBb [m2 /2 i2HH2b ûim/2b ûi�B2Mi `û�HBbû2b T�` HǶû[mBT2 2i +Ƕ2bi T2m /B`2 [m2
H� +QKKmMB+�iBQM � ûiû +QKTHB[mû2 �m /ûT�`iX G2b ûim/2b miBHBb�i2m`b- [m�M/ 2HH2b bQMi
`û�HBbû2b /2 K�MBĕ`2 bû`B2mb2- /2K�M/2Mi H� /û}MBiBQM /ǶmM +�/`2 i`ĕb T`û+Bb- /2b [m2biBQMb-
/2b ?vTQi?ĕb2b- /2b p�`B�#H2b [mB M2 bQmz`2Mi T�b HǶ�TT`QtBK�iBQMX *Ƕ2bi T�`7QBb 7`mbi`�Mi
TQm` MQmb `Q#QiB+B2Mb /Ƕ�pQB` HǶBKT`2bbBQM /2 M2 i2bi2` [mǶmM2 T2iBi2 T�`iB2 /2 +2 [mB MQmb
BMiû`2bb2X

h`ĕb 7`�M+?2K2Mi- D2 K2 `�TT2HH2 K2 /2K�M/2` ¨ HǶûTQ[m2 bB HǶQM M2 K2ii�Bi T�b H�
+?�``m2 �p�Mi H2b #ƾm7bX CǶ�p�Bb mM T2m HǶBKT`2bbBQM [mǶQM +?2`+?�Bi ¨ +?QBbB` H� +QmH2m`
/2b bBĕ;2b T�bb�;2`b �p�Mi /2 b�pQB` 7�B`2 pQH2` HǶ�pBQMXXX *Ƕ2bi D2 /QBb /B`2 mM2 BKT`2bbBQM
[mB K2 TQm`bmBi 2M+Q`2 [m2H[m27QBb /�Mb H2b +QmHQB`b /2b +QM7û`2M+2b /2 KQM /QK�BM2- K�Bb
H¨ MǶ2bi T�b H� [m2biBQMX

*2b ûim/2b- /�i�Mi /QM+ /2 kyy8 2i kyye- bQMi `2bbQ`iB2b /2b �MMû2b THmb i�`/ bQmb KQM
`�/�`X LQmb �pBQMb mM ûim/B�Mi /2 Jk 2M Tbv+?QHQ;B2 ¨ [mB MQmb �pBQMb /2K�M/û /Ƕûim/B2`
H� #B#HBQ;`�T?B2 /2b ûim/2b miBHBb�i2m`b bm` H� M�pB;�iBQM 2i HǶBMi2`�+iBQM ?mK�BM@`Q#QiX 1i
HQ`b /ǶmM TQBMi- BH K2 KQMi`2 mM bHB/2 �p2+ /Ƕ�T`ĕb (.�mi2M?�?M kyye) /ǶmM2 T�`i ǴmM2
;`�M/2 K�DQ`Biû /2 bmD2ib ?mK�BMb- HQ`b[mǶBHb bQMi �bbBb- T`û7ĕ`2Mi [mǶmM `Q#Qi bǶ�TT`Q+?2
/m +Ƭiû ;�m+?2 Qm /`QBiǴ 2i /Ƕ�mi`2 T�`i ǴHǶ�TT`Q+?2 7`QMi�H2 � ûiû +QMbB/û`û2 +QKK2
BM+QM7Q`i�#H2- T2m T`�iB[m2- /�Mb +2`i�BMb +�b KāK2 K2M�Ï�Mi2 Qm +QM~B+im2HH2- 2i /2p`�Bi
/QM+ āi`2 ûpBiû2Ǵ UǴ_2bmHib 7`QK i?2 irQ >_A i`B�Hb BM/B+�i2 i?�i � H�`;2 K�DQ`Biv Q7 ?mK�M
bm#D2+ib- r?2M b2�i2/- T`272``2/ � `Q#Qi iQ �TT`Q�+? 7`QK 2Bi?2` i?2 H27i Q` `B;?i bB/2X h?2
7`QMi�H �TT`Q�+? r�b b22M �b mM+QK7Q`i�#H2- BKT`�+iB+�H- BM bQK2 +�b2b 2p2M i?`2�i2MBM;
Q` +QM7`QMi�iBQM�H- �M/ b?QmH/ i?mb #2 �pQB/2/XǴ(.�mi2M?�?M kyye)VX �HQ`b #B2M bȿ` +Ƕ2bi
MQi`2 i`�p�BH /Ƕ2tTHB[m2` ¨ HǶûim/B�Mi +QKK2Mi BH 7�mi HB`2 2i BMi2`T`ûi2` mM �`iB+H2 U2i +Ƕ2bi
+2 [m2 MQmb �pQMb 7�Bi �p2+ HmB #B2M bȿ`V- K�Bb +Ƕ2bi �mbbB MQi`2 i`�p�BH /2 7�B`2 �ii2MiBQM
¨ M2 T�b `2M/`2 /2b +QM+HmbBQMb i`QT /û}MBiBp2b- i`QT ;ûMû`�H2b [mǶBH b2`� 2MbmBi2 /B{+BH2



3e *?�TBi`2 dX 6�B`2 H2b +?Qb2b #B2M

/2 p2MB` +QMi`2/B`2 UǴ2i #B2M QM b2 /2K�M/2 #B2M TQm`[mQB pQmb �p2x 7�Bi +2ii2 ûim/2- BH
v 2M � /ûD¨ mM2 [mB H2 /Bb�Bi /ûD¨XXǴVX CǶ�B Tm �M�Hvb2` +2H� `�TB/2K2Mi- +�` D2 +QMM�Bbb�Bb
+2b i`�p�mt- 2i H2m`b HBKBi2b MQi�KK2Mi bm` H2 ivT2 /2 TH�i2@7Q`K2 miBHBbû 2i H2 MQK#`2 /2
T�`iB+BT�Mib- K�Bb DǶ�m`�Bb Tm T�bb2` ¨ +Ƭiû bBMQMX

.�Mb +2 +?�TBi`2- D2 p�Bb /�Mb mM T`2KB2` i2KTb- 2tTHB[m2` TQm`[mQB HǶûp�Hm�iBQM �p2+
/2b miBHBb�i2m`b /�Mb H2 /QK�BM2 /2 H� `Q#QiB[m2 2bi +QKTHB[mû2 2M K2 #�b�Mi bm` HǶ�M�Hvb2
/2 C�K2b 1X uQmM; 2i �HX (uQmM; kyRy)X 1MbmBi2- 2M T`2M�Mi �TTmB bm` H2b i`�p�mt /Ƕ�bi`B/
q2Bbb (q2Bbb kyRR)- D2 p�Bb 2tTHB[m2` H2b /Bzû`2Mi2b T2`bT2+iBp2b [mB bQMi 2M +QM+m``2M+2
HQ`b[m2 HǶQM i`�p�BHH2 bm` mM2 ûim/2 miBHBb�i2m` 2i TQm`[mQB BH 2bi BKTQ`i�Mi /Ƕ�pQB` mM /B�@
HQ;m2 BM7Q`Kû �p2+ HǶ2Mb2K#H2 /2b /Bb+BTHBM2b 2M T`ûb2M+2X 1MbmBi2- 2M K2 #�b�Mi bm` mM
i`�p�BH 2z2+imû �p2+ E�i?H22M "2H?�bb2BM 2i :mBH?2K "mBb�M ("2H?�bb2BM kyRN) D2 p�Bb 2tTHB@
[m2` [m2Hb bQMi H2b i`�p2`b ¨ ûpBi2` HQ`b /2 H� `û�HBb�iBQM /Ƕûim/2b miBHBb�i2m`b 2M `Q#QiB[m2
2i H2b TQBMib �mt[m2Hb BH 7�mi āi`2 �ii2MiB7X C2 +QM+Hm`�Bb 2M BMi`Q/mBb�Mi mM2 i�+?2 #2M+?@
K�`F- Mû+2bb�B`2 TQm` T2`K2ii`2 H� `ûTHB+�#BHBiû- H� i�+?2 /m .B`2+i2m` (a�`i?Qm kykR#) 2i
2M 7�Bb�Mi [m2H[m2b `2K�`[m2bX

dXk SQm`[mQB +2 /QK�BM2 /2 HǶBMi2`�+iBQM T2`bQMM2@`Q#Qi 2bi
mMB[m2 \

*Ƕ2bi [m2H[m2 +?Qb2 /QMi MQmb �pQMb iQmb +QMb+B2M+2- K�Bb [mB 2bi i`ĕb #B2M 2tTHB[mû
T�` C�K2b 1X uQmM; 2i �HX (uQmM; kyRy)X G2b ;2Mb QMi M�im`2HH2K2Mi i2M/�M+2 ¨ i`�Bi2`
H2b `Q#Qib /2 H� KāK2 K�MBĕ`2 [mǶBHb T2mp2Mi i`�Bi2` /2b +`û�im`2b pBp�Mi2bX G2b ;2Mb
�ii`B#m2Mi 7�+BH2K2Mi mM2 BMi2MiBQMM�HBiû �mt �+iBQMb /2b `Q#Qib- [m2HH2b [m2 bQB2Mi H2m`b
+�T�+Biûb `û2HH2b Qm H2m`b +QM+2TiBQMb 2tTHB+Bi2bX �BMbB TQm` #2�m+QmT /2 ;2Mb- BMi2`�;B`
�p2+ mM `Q#Qi `2bb2K#H2 THmb ¨ BMi2`�;B` �p2+ mM �MBK�H Qm mM2 �mi`2 T2`bQMM2 [mǶ�p2+
mM2 i2+?MQHQ;B2 @ H2 `Q#Qi 2bi T2`Ïm +QKK2 mM �+i2m` T?vbB[m2 2i bQ+B�H �+iB7 /�Mb MQi`2
KQM/2 [mQiB/B2MX SQm` +2ii2 `�BbQM- H2b ;2Mb bQMi T`āib ¨ T2`+2pQB` H2b `Q#Qib +QKK2
T`2M�Mi /2b /û+BbBQMb �miQMQK2b 2i BMi2HHB;2Mi2bX *2H� +QMi`B#m2 �mbbB �m /ûp2HQTT2K2Mi
/Ƕ�ii2Mi2b UbQmp2Mi B``�iBQMM2HH2bV +QM+2`M�Mi H2b +�T�+Biûb /2b `Q#Qib UMQM HBû ¨ H2m`b
+�T�+Biûb `û2HH2bVX *2ii2 2tTû`B2M+2 [m2 H2b ;2Mb pBp2Mi UQm +`QB2Mi pBp`2V HQ`b[mǶBHb bQMi
+QM7`QMiûb ¨ MQb `Q#Qib 2bi T`Q#HûK�iB[m2 HQ`b[m2 HǶQM +?2`+?2 ¨ ûp�Hm2` mM2 BMi2`�+iBQMX
*2T2M/�Mi- QM /QBi bǶ�ii�+?2` ¨ `û/mB`2 H2 T`Q#HĕK2 2M /QMM�Mi �mt ;2Mb H2b +Hûb TQm`
�TT`û?2M/2` MQb `Q#Qib 2i H2m`b HBKBi2bX

dXj ZmǶ2bi +2 [mǶQM +?2`+?2 ¨ ûp�Hm2` }M�H2K2Mi \
hQmi �`iB+H2 ûiB[m2iû BMi2`�+iBQM ?mK�BM@`Q#Qi Qm T`2b[m2 /QBi �mDQm`/Ƕ?mB bǶ�++QKT�@

;M2` /ǶmM2 ûim/2 miBHBb�i2m` bQmb T2BM2 /2 b2 7�B`2 `2D2i2` bm` +2i mMB[m2 7�BiX § KQM b2Mb-
+2 MǶ2bi T�b û[mBi�#H2- BH v � bQmp2Mi #2�m+QmT /2 i`�p�BH /�Mb H� +QM+2TiBQM 2i HǶBKTHû@
K2Mi�iBQM /ǶmM bvbiĕK2 2M bQB- bm`iQmi bǶBH 2bi �K#BiB2mt 2i /2pQB` v �/DQBM/`2 mM2 ûim/2
miBHBb�i2m`- Qmi`2 [m2 +2H� T`2M/ /m i2KTb U2i /2 H� TH�+2 /�Mb mM �`iB+H2V- MǶ� T�b iQmDQm`b
/2 b2Mb /2 T`BK2 �#Q`/X AM }M2- THmb mM bvbiĕK2 2bi bBKTH2- THmb BH b2`� 7�+BH2 ¨ 2tTHB[m2`
2i ¨ ûp�Hm2`- 2i HǶQM /QMM2 H� T`BK2 ¨ /2b ûim/2b bQmp2Mi i`ĕb KQ`+2Hû2bX �mDQm`/Ƕ?mB- /2b
+QM7û`2M+2b +QKK2 >_A U>mK�M@_Q#Qi AMi2`�+iBQM *QM72`2M+2V K2ii2Mi 2M �p�Mi /Bzû@
`2Mib ivT2b /2 bQmKBbbBQMb TQm` ûpBi2` +2b i`�p2`b U?iiTb,ff?mK�M`Q#QiBMi2`�+iBQMX
Q`;fkykkf;mB/2b@iQ@bm#KBbbBQM@ivT2bf `2MpQv�Mi p2`b ?iiTb,ff+?BkykRX�+KXQ`;f
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dX9X Zm2Hb KQv2Mb TQm` ûp�Hm2` \ 3d

7Q`@�mi?Q`bfT`2b2MiBM;fT�T2`bf;mB/2@iQ@�@bm++2bb7mH@bm#KBbbBQMV- K�Bb BH 2bi ¨
KQM b2Mb iQmDQm`b H�i2MiX PM TQm``�Bi û;�H2K2Mi BK�;BM2` ûp�Hm2` /ǶmM2 T�`i H� [m�HBiû
i2+?MB[m2 /2 H� +QMi`B#miBQM U2bi@+2 [m2 +Ƕ2bi mM2 B/û2 [mB 7�Bi �p�M+2` H2 /QK�BM2V 2i
/Ƕ�mi`2 T�`i bQM ûp�Hm�iBQM T�` H2b miBHBb�i2m`b 2i [m2 +2b /2mt ivT2b /Ƕûp�Hm�iBQM bQBi
7�Bi2b /ǶmM2 T�`i T�` H2b `Q#QiB+B2Mb TQm` H� T�`iB2 i2+?MB[m2 2i /Ƕ�mi`2 T�`i T�` H2b Tbv@
+?QHQ;m2b TQm` H� T�`iB2 ûp�Hm�iBQMX

*2T2M/�Mi- BH 7�mi �mbbB MQmb `2K2ii`2 2M [m2biBQM 2i b2 TQb2` H� [m2biBQM /2 +2 [mǶQM
+?2`+?2 ¨ ûp�Hm2`X AH v � mM2 ;`�M/2 ?ûiû`Q;ûMûBiû /2b TH�i2b@7Q`K2b- T2mi@QM +QKT�`2` /2b
`2+?2`+?2b 2z2+imû2b bm` S2TT2` 2i /2b `2+?2`+?2b 2z2+imû2b bm` S_k \ o2mi@QM ûp�Hm2` H2
bvbiĕK2 `Q#QiB[m2 HmB@KāK2- 2M BMi2`�+iBQM �p2+ /2b miBHBb�i2m`b /�Mb mM +�/`2 /QMMû Qm
2bi@+2 [mǶQM bQm?�Bi2 ûp�Hm2` mM �H;Q`Bi?K2 T�`iB+mHB2` U2X;X /2 +�H+mH /2 i`�D2+iQB`2 TQm`
H� M�pB;�iBQM /ǶmM `Q#Qi /2 K�MBĕ`2 �miQMQK2 2M 2MpB`QMM2K2Mi ?mK�BM c /2 TH�MB}+�iBQM
/2 i�+?2b TQm` b�pQB` bB H2b /û+BbBQMb T`Bb2b T�` H2 `Q#Qi bQMi �/û[m�i2b c /2 ;2biBQM /ǶmM
/B�HQ;m2 HQ`b /ǶmM2 +QHH�#Q`�iBQM ?mK�BM@`Q#Qi c 2i+XXV \

G2 THmb BKTQ`i�Mi +Ƕ2bi �mbbB /2 +QKT`2M/`2 [m2 H2b Tbv+?QHQ;m2b 2i H2b T?BHQbQT?2b
T2mp2Mi �pQB` /2b HB;M2b /2 `2+?2`+?2 /Bzû`2Mi2b [m2 +2HH2b /2b `Q#QiB+B2MbX AHb MǶQMi T�b
7Q`+ûK2Mi H2b KāK2b �ii2Mi2b 2i H2b KāK2b pm2b bm` +2 [mǶBHb bQm?�Bi2Mi ûp�Hm2`X

S2M/�Mi K� i?ĕb2 DǶ�p�Bb ûiû 7`�TTû T�` H2b i`�p�mt [mǶ�bi`B/ q2Bbb MQi�KK2Mi bm` H2
`Q#Qi >_Sk 2i H� /û}MBiBQM /m +�/`2 lala TQm` HǶûp�Hm�iBQM /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi
Uh?2 lala 1p�Hm�iBQM 6`�K2rQ`F 7Q` >mK�M@_Q#Qi(q2Bbb kyRR)VX G2 +�/`2 /Ƕûp�Hm�iBQM
T`QTQbû 2bi #�bû bm` mM 2Mb2K#H2 /ǶBM/B+�i2m`b +B#H�Mi H2b 7�+i2m`b /ǶmiBHBb�#BHBiû- /Ƕ�++2T@
i�iBQM bQ+B�H2- /Ƕ2tTû`B2M+2 miBHBb�i2m` 2i /ǶBKT�+i bQ+Bûi�H +QKK2 Q#D2+iB7b /Ƕûp�Hm�iBQMX
G2b 7�+i2m`b bQMi bûH2+iBQMMûb TQm` B/2MiB}2` /2b b+ûM�`BQb /2 i`�p�BH +QHH�#Q`�iB7 bQ+B�H2@
K2Mi �++2Ti�#H2b Qɍ /2b `Q#Qib ?mK�MQś/2b T2mp2Mi āi`2 /ûTHQvûb /2 K�MBĕ`2 #ûMû}[m2
TQm` +QMp�BM+`2 H� bQ+Bûiû /2 bQmi2MB` TQbBiBp2K2Mi HǶBMiû;`�iBQM /2 `Q#Qib ?mK�MQś/2b
/�Mb mM 2MpB`QMM2K2Mi /2 i`�p�BH ?mK�BMX G� KQiBp�iBQM T`BM+BT�H2 TQm` +?QBbB` +2b 7�+@
i2m`b 2bi /2 bQmi2MB` H2b �TT`Q+?2b /Ƕûp�Hm�iBQM +2Mi`û2b bm` HǶmiBHBb�i2m` 2M >_A- �HH�Mi
�m@/2H¨ /2b ûim/2b /ǶmiBHBb�#BHBiû Tm`2bX �BMbB- +2 +�/`2 +?2`+?�Bi ¨ `ûTQM/`2 ¨ mM2 [m2biBQM
THmb ;ûMû`�H2 [mB ûi�Bi /2 b�pQB` bB H2b ;2Mb bQMi T`āib ¨ �++2Ti2` /2 i2Hb `Q#Qib /�Mb H�
bQ+Bûiû 2i T2`K2ii�Bi �BMbB /2 /QMM2` mM2 pBbBQM ?QHBbiB[m2 /2 HǶûp�Hm�iBQM /2b `Q#Qib ?m@
K�MQś/2b UUi?2 T`QTQb2/ 7`�K2rQ`FV BMi2M/b iQ #2 �TTHB2/ iQ �Mbr2` i?2 ;2M2`�H [m2biBQM
B7 T2QTH2 2tT2`B2M+2 `Q#Qib �b � bmTTQ`i 7Q` +QQT2`�iBp2 rQ`F �M/ �++2Ti i?2K �b T�`i Q7
bQ+B2iv �M/ i?mb ;Bp2 �M ?QHBbiB+ pB2r QM 2p�Hm�iBM; ?mK�MQB/ `Q#Qib (q2Bbb kyRR)VX C2
i`Qmp2 [m2 +2 i`�p�BH KQMi`2 #B2M H2 ǴT�b /2 +ƬiûǴ [m2 HǶQM 7�Bi HQ`b[m2 HǶQM b2 TH�+2 /�Mb
mM2 T2`bT2+iBp2 /Bzû`2Mi2 /2 +2HH2 /ǶmM2 û[mBT2 /2 `Q#QiB+B2Mb /ûp2HQTT�Mi mM2 �TTHB+�iBQM
/2``Bĕ`2 H2m`b +H�pB2`bX *2 bQMi /2b ûHûK2Mib [m2 HǶQM `2i`Qmp2 û;�H2K2Mi /�Mb H2b i`�p�mt
/2 CQ?�MM� a2B#i [mB � /ûp2HQTTû HǶ�TT`Q+?2 _Q#QiB[m2 aQ+B�H2 AMi2;`�iBp2 UAMi2;`�iBp2
aQ+B�H _Q#QiB+b UAa_VV (a2B#i kyRe- a2B#i kyR3- 6Bb+?2` kyky)X

dX9 Zm2Hb KQv2Mb TQm` ûp�Hm2` \
LQmb M2 T�`H2`QMb B+B [m2 /2b [m2biBQMM�B`2bX
§ +Ƭiû /2 [m2biBQMM�B`2b K�BbQMb `û�HBbû2b /2 K�MBĕ`2 �/ ?Q+ TQm` /2b i�+?2b T`û+Bb2b-

BH 2tBbi2 /ûD¨ /2b [m2biBQMM�B`2b T2`K2ii�Mi /Ƕûp�Hm2` mM2 BMi2`�+iBQM ?mK�BM@`Q#QiX
�BMbB- H2 [m2biBQMM�B`2 :Q/bT22/ ("�`iM2+F kyy3) T2`K2i /2 K2bm`2` H� T2`+2TiBQM /m

`Q#Qi T�` HǶ?mK�BM �p2+ /2b [m2biBQMb `2H�iBp2b ¨ HǶ�Mi?`QTQKQ`T?BbK2 Qm ¨ HǶBMi2HHB;2M+2
T2`Ïm2X *2 [m2biBQMM�B`2 2bi +2Mi`û bm` HǶûp�Hm�iBQM /2 H� T2`+2TiBQM /m `Q#Qi 2i M2 i`�Bi2
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T�b /2 HǶûp�Hm�iBQM /2 HǶBMi2`�+iBQM 2i /2 HǶmiBHBb�#BHBiû /m bvbiĕK2X
G2 [m2biBQMM�B`2 _Pa�a UTQm` _P#QiB+ aQ+B�H �ii`B#mi2b a+�H2V (*�`TBM2HH� kyRd)

bǶBMbTB`2 /m [m2biBQMM�B`2 :Q/bT22/ 2i /2 H� HBiiû`�im`2 /2 H� Tbv+?QHQ;B2 bQ+B�H2 2i K2bm`2
H2 Dm;2K2Mi 2i H� T2`+2TiBQM /2b T2`bQMM2b T�` `�TTQ`i �mt �ii`B#mib bQ+B�mt /m `Q#Qi-
+QKK2 H� +?�H2m` Qm H� +QKTûi2M+2X

JāK2 bB +2b [m2biBQMM�B`2b bQMi BMiû`2bb�Mib- BHb bQMi T2m miBH2b HQ`b[m2 HǶQM +?2`+?2 ¨
ûp�Hm2` H2b /û+BbBQMb /2 ?�mi MBp2�m T`Bb2b T�` H2 `Q#QiX S�` 2t2KTH2- bB HǶQM +QMbB/ĕ`2 H2b
/û+BbBQMb TQm` `ûTQM/`2 ¨ +2b [m2biBQMb /�Mb H2 +�/`2 /ǶmM2 +QHH�#Q`�iBQM , [m2HH2 �+iBQM
2z2+im2` TQm` 7�B`2 �p�M+2` H� +QHH�#Q`�iBQM- [mB H� `û�HBb2 2i [m�M/ \ GǶQ#D2+iB7 B+B p�
āi`2 /Ƕûp�Hm2` H� +�T�+Biû /m `Q#Qi ¨ T`2M/`2 H2b #QMM2b /û+BbBQMb �m #QM KQK2Mi U2i QM
HǶ2bTĕ`2 Q#i2MB` �HQ`b mM2 ûp�Hm�iBQM TQbBiBp2 /2 H� T2`bQMM2 �p2+ H�[m2HH2 BH BMi2`�;BiVX *Ƕ2bi
/�Mb +2 +�/`2 [m2 *�KBHH2 o`B;M�m/- a�M/`� .2pBM 2i �HX QMi T`QTQbû /�Mb (.2pBM kyR3) H2
[m2biBQMM�B`2 S2_.Ah� UUS2`iBM2M+2 Q7 _Q#Qi .2+BbBQMb AM DQBMh �+iBQMV pBb�Mi ¨ ûp�Hm2`
H� T2`iBM2M+2 /2b /û+BbBQMb /m `Q#Qi HQ`b /ǶmM2 �+iBQM DQBMi2X PM +?2`+?2 B+B ¨ ûp�Hm2` bB
H2 `Q#Qi T`2M/ H2b #QMM2b /û+BbBQMb- T�b bǶBH 2bi bK�`i- KB;MQM- bvKT�- Qm �mi`2- +Ƕ2bi mM2
/Bzû`2M+2 /2 T2`bT2+iBp2 BKTQ`i�Mi2X

§ +Ƭiû /2 +2b [m2biBQMM�B`2b `2H�iB7b �m /QK�BM2 /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi- H2b
ûim/2b miBHBb�i2m`b M2 b2 T`Bp2Mi T�b /ǶmiBHBb2` /2b [m2biBQMM�B`2b Qm i2bib Tbv+?QHQ;B[m2b
2tBbi�MibX *2H� MǶ2bi T�b b�Mb TQb2` T`Q#HĕK2X

S�` 2t2KTH2- +2H� T2mi T�`�ŗi`2 mM2 #QMM2 B/û2 /ǶmiBHBb2` mM [m2biBQMM�B`2 /2 T2`bQM@
M�HBiû TQm` ûp�Hm2` H2b miBHBb�i2m`b /�Mb mM2 BMi2`�+iBQM ?mK�BM@`Q#Qi- K�Bb BH 7�mi bm`iQmi
v `û~û+?B` ¨ /2mt 7QBbX *?�+mM /2b [m2biBQMM�B`2b 2tBbi�Mib 2i p�HB/ûb 2M Tbv+?QHQ;B2 H2
bQMi /�Mb mM +�/`2 i`ĕb T`û+Bb TQm` mM2 miBHBb�iBQM 2HH2 �mbbB i`ĕb T`û+Bb2 2i TQm` /QMM2`
/2b BM/B+�iBQMb bm` /2b �bT2+ib T�`iB+mHB2`b /�Mb mM +�/`2 /û}MBX G� p�HB/Biû /ǶmM [m2biBQM@
M�B`2 Qm /ǶmM i2bi T2`K2i /2 bǶ�bbm`2` [mǶQM p� K2bm`2` 2z2+iBp2K2Mi +2 [mǶQM 2bi +2Mbû
K2bm`2`- K�Bb BH 7�mi T`2M/`2 2M +QKTi2 H2b /BK2MbBQMb 2i H2b ?vTQi?ĕb2b /�Mb H2b[m2HH2b
+2ii2 p�HB/Biû 2bi �bbm`û2X

AH 2tBbi2 #B2M 2Mi2M/m /2b i2bib 2i /2b [m2biBQMM�B`2b miBHBbûb /�Mb /Ƕ�mi`2b /Bb+BTHBM2b
[m2 HǶQM T2mi miBHBb2`- K�Bb BH 7�mi H2 7�B`2 ¨ #QM 2b+B2MiX *2b i2bib K2bm`2Mi [m2H[m2 +?Qb2
/2 T`û+Bb 2i BH 7�mi H2b miBHBb2` /�Mb +2 +�/`2X

.2 KāK2- bB mM [m2biBQMM�B`2 2bi p�HB/û /�Mb mM2 H�M;m2- +2H� M2 bm{i T�b [m2 [m2H@
[mǶmM `û�HBb2 mM2 i`�/m+iBQM- BH v � iQmi2 mM2 T`Q+û/m`2 ¨ bmBp`2 TQm` p�HB/2` mM [m2b@
iBQMM�B`2 /�Mb mM2 MQmp2HH2 H�M;m2X *Ƕ2bi K�H?2m`2mb2K2Mi HǶmM /2b i`�p2`b /ǶmM /2b i2bib
i`ĕb miBHBbû 2M >_A �mDQm`/Ƕ?mBX G2b i`�/m+iBQMb QMi ûiû `û�HBbû2b T�` /2b +?2`+?2m`b- b�Mb
+QMi`ƬH2- 2i MQmb MQmb i`QmpQMb �mDQm`/Ƕ?mB �p2+ /2b T`Q#HĕK2b /2 i`�/m+iBQM BMbQHm#H2bX

dX8 *QKK2Mi 7�B`2 H2b +?Qb2b #B2M \ UQm TQm` H2 KB2mtV
�p2+ E�i?H22M "2H?�bb2BM 2i :mBH?2K "mBb�M- MQmb �pQMb T`QTQbû mM +2`i�BM MQK#`2

/ǶûHûK2Mib [mǶBH 2bi BKTQ`i�Mi /Ƕ�pQB` 2M iāi2 HQ`b[m2 HǶQM `û�HBb2 mM2 ûim/2 miBHBb�i2m` /�Mb
H2 /QK�BM2 /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi ("2H?�bb2BM kyRN)X

RX SHmb BH v � /ǶmiBHBb�i2m`b- KB2mt +Ƕ2biX *2H� �KûHBQ`2 H� p�HB/Biû bi�iBbiB[m2 2i +2H�
T2mi 2z�+2` +2`i�BMb #B�BbX

kX úH�`;B` H2 `2+`mi2K2MiX oQb +QHHĕ;m2b 2M b�p2Mi HQM; bm` H� i2+?MQHQ;B2 , `2+`mi2x
�m ?�b�`/ /2b T2`bQMM2b /�Mb pQi`2 #QmH�M;2`B2- /�Mb H2 bmT2`K�`+?û- ¨ HǶ�B/2 /2
~v2`bXXX



dX8X *QKK2Mi 7�B`2 H2b +?Qb2b #B2M \ UQm TQm` H2 KB2mtV 3N

jX aQv2x `B;Qm`2mt �p2+ pQi`2 T`QiQ+QH2X AH v � i2HH2K2Mi /2 p�`B�#H2b BM+QMi`ƬHû2b
BM/ûbB`�#H2bX LǶ2M bQv2x T�b mM2 5

9X G�Bbb2` HǶmiBHBb�i2m` bǶ?�#Bim2` �m `Q#Qi 2i ¨ bQM +QKTQ`i2K2Mi �p�Mi /2 +QKK2M+2`
HǶ2tTû`B2M+2X �}M /2 /BKBMm2` HǶ2z2i ǴrQm�rǴ 2i `�TT`Q+?2` H2b K2bm`2b /ǶmM2
miBHBb�iBQM ¨ THmb HQM; i2`K2X

8X �bbm`2x@pQmb [m2 pQi`2 2tTû`B2M+2 2bi T?vbB[m2K2Mi 2i Tbv+?QHQ;B[m2K2Mi bȿ`2X 1M
THmb /2 #H2bb2` mM miBHBb�i2m`- pQmb `Bb[m2x /2 #B�Bb2` pQb K2bm`2b bB HǶ2tTû`BK2Mi�@
i2m` 2bi bi`2bbû ¨ T`QTQb /2 [m2H[m2 +?Qb2 [mB M2 p� T�bX

eX J2bm`2x Q#D2+iBp2K2Mi bB pQi`2 `Q#Qi 2bi miBH2X lM `Q#Qi T2mi āi`2 i`ĕb b�iBb7�Bb�Mi-
K�Bb BH b2`� pBi2 Qm#HBû bǶBH M2 7�Bi `B2MX

dX liBHBb2x H2b #QMb QmiBHb TQm` pQb K2bm`2bX .2b QmiBHb miBHBbûb H�`;2K2Mi 2i bi�M/�`@
/Bbûb /QMM2`QMi /2 H� +`û/B#BHBiû ¨ pQi`2 ûim/2X G2b [m2biBQMM�B`2b M2 bQMi T�b mM2
}M 2M bQBX

3X liBHBb2x UQm `û�HBb2xV /2b QmiBHb 2i p�HB/2x H2b i?ûQ`B[m2K2Mi pBb@¨@pBb /m /QK�BM2
/2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi U2i Tm#HB2x@H2b bǶBHb MǶ2tBbi2Mi T�bVX *2H� T`Q}i2`� ¨
iQmi2 H� +QKKmM�miûX

NX .QMM2x H2 THmb /2 /ûi�BHb TQbbB#H2 bm` pQi`2 ûim/2X .QMM2x H2 +Q/2 bQm`+2- H2b b+?û@
K�b K�iû`B2Hb Qm H2b `û7û`2M+2b 2i H� /2b+`BTiBQM /2 HǶ2MpB`QMM2K2Mi �}M /2 7�B`2 2M
bQ`i2 [m2 /Ƕ�mi`2b T2`bQMM2b TmBbb2Mi `2T`Q/mB`2 pQi`2 2tTû`B2M+2X

RyX GQ`b[m2 pQmb 7�Bi2b mM J�;B+B2M /ǶPx- bQv2x `B;Qm`2mtX úKmH2x mMB[m2K2Mi mM T2iBi
+QKTQb�Mi MQM ûp�Hmû /2 pQi`2 `Q#QiX ú+`Bp2x H2b `ĕ;H2b [m2 pQmb bmBp2x- `2bT2+i2x@
H2b 2i Tm#HB2x@H2b �p2+ pQi`2 ûim/2X

§ +2ii2 HBbi2- BHb �DQmi2Mi THmbB2m`b `2K�`[m2b +QM+2`M�Mi H2b +QM+HmbBQMb [m2 HǶQM T2mi
/QMM2` ¨ mM2 ûim/2 miBHBb�i2m` 2M BM/B[m�Mi [mǶBH 7�mi b�pQB` `2bi2` ?mK#H2 2i ûpBi2` H2b
T?`�b2b +?Q+b TQm` /û+`B`2 mM `ûbmHi�iX lM2 ûim/2 MǶ2bi ;ûMû`�H2K2Mi `û�HBbû2 [m2 /�Mb mM
+�/`2 T`û+Bb- �p2+ mM `Q#Qi T�`iB+mHB2` 2i /2b miBHBb�i2m`b [mB H2 bQMi iQmi �mi�Mi- BH M2 7�Bi
T�b b2Mb /2 iB`2` /2b +QM+HmbBQMb ;ûMû`�H2b /2 +2 ;2M`2 /Ƕûim/2X �BMbB QM ûpBi2`� H2b T?`�b2b
i`QT ;ûMû`�H2b /m bivH2 , ǴHQ`b[mǶmM `Q#Qi M�pB;m2 T�`KB H2b ?mK�BMb BH /QBi 7Q`+ûK2Mi 7�B`2
+2 +QKTQ`i2K2Mi THmiƬi [m2 +2HmB@H¨- +�`XXǴ X .Bi2b THmiƬi- Ǵ�p2+ +2 `Q#Qi T�`iB+mHB2`- /�Mb +2
+QMi2ti2 T�`iB+mHB2`- /�Mb +2ii2 i�+?2 T�`iB+mHBĕ`2- /�Mb +2i 2MpB`QMM2K2Mi T�`iB+mHB2`- �HQ`b
MQmb �pQMb Q#b2`pû [m2XXǴX .QMM2` /2b +QM+HmbBQMb ;ûMû`�H2b T2mi �pQB` /2b +QMbû[m2M+2b
/ûb�bi`2mb2b T�`+2 [m2 bB pQi`2 �`iB+H2 2bi Tm#HBû- BH TQm``� āi`2 T`Bb +QKK2 `û7û`2M+2 2i
QTTQbû ¨ /Ƕ�mi`2b +?2`+?2m`bX *Ƕ2bi �BMbB [m2 T�`7QBb /2b +QM+HmbBQMb ;ûMû`�H2b Bbbm2b /ǶmM2
ûim/2 `û�HBbû2 /�Mb mM +QMi2ti2 i`ĕb `2bi`2BMi /2pB2MM2Mi /2b ;ûMû`�HBiûb 2i 2KTā+?2Mi
2MbmBi2 +2`i�BM2b `2+?2`+?2b /2 b2 /ûp2HQTT2` UTQm`[mQB +QMiBMm2` ¨ 7�B`2 /2b `2+?2`+?2b bm`
H2 bmD2i TmBb[m2 i2H �`iB+H2 ûi�#HBi [m2XXXVX CǶ�DQmi2 [mǶ2M i�Mi [m2 `2pB2r2` /2 +QM7û`2M+2b
Qm /2 DQm`M�mt MQmb �pQMb H� `2bTQMb�#BHBiû /2 M2 T�b H�Bbb2` T�bb2` +2H�X

AH 2tBbi2 �mDQm`/Ƕ?mB /2b Tm#HB+�iBQMb +QKK2 H2 HBp`2 û/Biû T�` *ûHBM2 CQbi- >mK�M@
_Q#Qi AMi2`�+iBQM 1p�Hm�iBQM J2i?Q/b �M/ h?2B` ai�M/�`/Bx�iBQM (CQbi kyky) Qm /2b
bBi2b r2#- 2X; , ?iiTb,ffiB�MH2BKBMX;Bi?m#XBQf>_A@J2i?Q/QHQ;v@:mB/2HBM2bfK�BM 2i
b� p2`bBQM BMi2`�+iBp2 ?iiTb,ffiB�MH2BKBMX;Bi?m#XBQf>_A@J2i?Q/QHQ;v@:mB/2HBM2bf
TQm` �TT`û?2M/2` H2 bmD2i 2i /û+Qmp`B` H2b #QMM2b T`�iB[m2bX

https://tianleimin.github.io/HRI-Methodology-Guidelines/main
https://tianleimin.github.io/HRI-Methodology-Guidelines/


Ny *?�TBi`2 dX 6�B`2 H2b +?Qb2b #B2M

dXe 1i �HQ`b \
GǶmM /2b T`Q#HĕK2b TQbûb T�` HǶûp�Hm�iBQM 2bi H� `ûTHB+�#BHBiûX LQmb �pQMb mM bT2+i`2 /2

TH�i2b@7Q`K2b 2i /2 HQ;B+B2Hb �bbQ+Bûb i`ĕb H�`;2b 2i +?�+mM MQmb /û}MBbbQMb 2i `2/û}MBbbQMb
/2b b+ûM�`BQb 2i /2b /ûKQb �m }H /2 MQb T`QD2ibX �p2+ :mBHH�mK2 a�`i?Qm- �K�M/BM2
J�vBK�- :mBH?2K "mBb�M 2i E�i?H22M "2H?�bb2BM- MQmb �pQMb T`QTQbû /�Mb h?2 .B`2+iQ`
h�bF , � Sbv+?QHQ;v@AMbTB`2/ h�bF iQ �bb2bb *Q;MBiBp2 �M/ AMi2`�+iBp2 _Q#Qi �`+?Bi2+im`2b
(a�`i?Qm kykR#) /ǶmiBHBb2` H� i�+?2 /m .B`2+i2m` +QKK2 mM2 i�+?2 /2 #2M+?K�`F TQm`
HǶûim/2 /2 HǶBMi2`�+iBQM ?mK�BM@`Q#QiX .�Mb +2i �`iB+H2- MQmb T`QTQbQMb mM2 /2b+`BTiBQM
/ûi�BHHû2 /2 H� i�+?2 KBb2 2M TH�+2- mM2 BKTHûK2Mi�iBQM 2i /2b B/û2b /2 `2+?2`+?2b [mB
TQm``�B2Mi āi`2 K2Mû2b ;`�+2 ¨ +2ii2 i�+?2X

C2 pQm/`�Bb Dmbi2 }MB` 2M /Bb�Mi [m2 D2 +QMbB/ĕ`2 [m2 D2 M2 b�Bb iQmDQm`b T�b 7�B`2 mM2
ûim/2 miBHBb�i2m`X C2 +QMM�Bb H2b #�b2b- D2 b�Bb HB`2 mM T`QiQ+QH2- K�Bb D2 M2 bmBb T�b ¨ HǶ�Bb2
�p2+ HǶ�M�Hvb2 /2b /QMMû2b 2i HǶBMi2`T`ûi�iBQMX C2 `2bi2 T2`bm�/û2 [mǶQM /QBi `2bi2` ?mK#H2
2i b�pQB` +QMbB/û`2` H¨ Qɍ MQi`2 2tT2`iBb2 bǶ�``āi2X �m DQm` /Ƕ�mDQm`/Ƕ?mB- bB D2 p2mt 7�B`2
mM2 ûim/2 miBHBb�i2m`- D2 KǶ�bbm`2 /Ƕ�pQB` H2b bQmiB2Mb TQm` H� 7�B`2X

dXd *QMi`B#miBQMb �bbQ+Bû2b
(:?�`#B kyR8) J�KQmM :?�`#B- SB2``2@oBM+2Mi S�m#2H- �m`ûHB2 *HQ/B+- PT?ûHB2 *�`@

`2`�b- _�+?B/ �H�KB- �M/ C2�M@J�`B2 *2HHB2`X hQr�`/ � #2ii2` mM/2`bi�M@
/BM; Q7 i?2+QKKmMB+�iBQM +m2b BMpQHp2/ BM � ?mK�M@`Q#Qi Q#D2+i i`�Mb72`X
AM k9i? AMi2`@M�iBQM�H avKTQbBmK QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKm@
MB+�iBQM- A111_P@J�L- T�;2b jRNĜjk9- EQ#2- C�T�M- �m;mbi kyR8X .PA ,
RyXRRyNf_PJ�LXkyR8Xdjjjeke l_G , ?iiTb,ff?�H@H��bX�`+?Bp2b@Qmp2`i2bX
7`f?�H@yRek3k9Nf
ě *2i �`iB+H2 2bi H2 `ûbmHi�i /2 H� T`2KBĕ`2 ûim/2 miBHBb�i2m` ¨ H�[m2HH2 DǶ�B T�`iB+BTû

2i [mB � �#QmiBiX *Ƕ2bi mM i`�p�BH +QHH�#Q`�iB7 [mB � ûiû K2Mû ¨ #B2M T�` J�KQmM
:?�`#B �p2+ /2b K2K#`2b /2 HǶû[mBT2 *GG1 /2 HǶmMBp2`bBiû C2�M C�m`ĕb- SB2``2@
oBM+2Mi S�m#2H- PT?ûHB2 *�``2`�b 2i C2�M@J�`B2 *2HHB2`X AH T`ûb2Mi2 mM2 ûim/2
T`ûHBKBM�B`2 bm` H2 +QKTQ`i2K2Mi /2 H� iāi2 /ǶmM `Q#Qi HQ`b /ǶmM ;2bi2 /2 /QMX
LQmb �pBQMb KBb 2M ûpB/2M+2 mM T�ii2`M i2`KBM�Mi T�` P#D2i @ hāi2 /m `2+2p2m`-
H�Bbb�Mi T2Mb2` [m2 HQ`b[m2 H2 `Q#Qi /QMM2 mM Q#D2i ¨ [m2H[mǶmM UB+B ¨ i`�p2`b
mM /ûTQi bm` mM2 i�#H2V BH b2`�Bi T`û7û`�#H2 ¨ H� }M /m ;2bi2 /m #`�b /2 `2;�`/2`
HǶQ#D2i TmBb H2 pBb�;2 /2 H� T2`bQMM2 ¨ [mB HǶQM /QMM2 HǶQ#D2iX

("2H?�bb2BM kyRd) E�i?H22M "2H?�bb2BM- �m`ûHB2 *HQ/B+- >ûHĕM2 *Q+?2i- J�`F2ii� LB2@
K2H - S BpB >2BFFBH - >�MM� G�KKB- �M/ �MiiB h�KK2H�X >mK�M@>mK�M :mB/�M+2
aim/v- .2+2K#2` kyRd l_G , ?iiTb,ff?�HXH��bX7`f?�H@yRdRNdjyf
ě .�Mb +2 `�TTQ`i 2bi T`ûb2Miû H2 i`�p�BH T`ûHBKBM�B`2 K2Mû bm` H2b ûim/2b ?mK�BM@

?mK�BM HQ`b /2 HǶ�M�Hvb2 /2 H� i�+?2 /2 ;mB/�;2 �p2+ H2b pû`Bi�#H2b ;mB/2b i`�@
p�BHH�Mi ¨ A/2�T�`FX

(.2pBM kyR3) a�M/`� .2pBM- *�KBHH2 o`B;M�m/- E�i?H22M "2H?�bb2BM- �m`ûHB2 *HQ/B+-
PT?ûHB2 *�``2`�b- �M/ _�+?B/ �H�KBX 1p�Hm�iBM; i?2 S2`iBM2M+2 Q7 _Q#Qi .2+B@
bBQMb BM � >mK�M@_Q#Qi CQBMi �+iBQM *QMi2ti , h?2 S2_.Ah� Zm2biBQMM�B`2X
AM kdi? A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QK@
KmMB+�iBQM U_P@J�L kyR3V- L�MDBM;- *?BM�- �m;mbi kyR3 .PA , RyXRRyNf_P@
J�LXkyR3X38k8d38 l_G , ?iiTb,ff?�HXH��bX7`f?�H@yRNyeRyR

https://hal-laas.archives-ouvertes.fr/hal-01628249/
https://hal-laas.archives-ouvertes.fr/hal-01628249/
https://hal.laas.fr/hal-01719730/
https://hal.laas.fr/hal-01906101


dXdX *QMi`B#miBQMb �bbQ+Bû2b NR

ě *2i �`iB+H2 2bi H2 `ûbmHi�i /m i`�p�BH /m K�bi2` /2 Sbv+?QHQ;B2 UT�`+Qm`b 1`;Q@
MQKB2 *Q;MBiBp2- AMMQp�iBQM h2+?MQHQ;B[m2 2i 6�+i2m` >mK�BM U1*Ah@6>VV /2
*�KBHH2 o`B;M�m/ 2M +QHH�#Q`�iBQM �p2+ a�M/`� .2pBM U�HQ`b 2M i?ĕb2VX *�KBHH2
� T`QTQbû mM [m2biBQMM�B`2 Q`B;BM�H 2i �p2+ a�M/`� 2HH2b QMi KQMiû 2i `û�HBbû mM2
ûim/2 miBHBb�i2m` TQm` T2`K2ii`2 HǶûp�Hm�iBQM /ǶmM2 T�`iB2 /m i`�p�BH /2 i?ĕb2 /2
a�M/`�X

("2H?�bb2BM kyRN) E�i?H22M "2H?�bb2BM- :mBH?2K "mBb�M- �m`ûHB2 *HQ/B+- �M/ _�+?B/
�H�KBX hQr�`/b K2i?Q/QHQ;B+�H T`BM+BTH2b 7Q` mb2` bim/B2b BM >mK�M@_Q#Qi AMi2`@
�+iBQMX AM h2bi J2i?Q/b �M/ J2i`B+b 7Q` 1z2+iBp2 >_A BM *QHH�#Q`�iBp2 >mK�M@
_Q#Qi h2�Kb qQ`Fb?QT- �*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M@_Q#Qi
AMi2`�+iBQM- .�2;m- aQmi? EQ`2�- J�`+? kyRNX l_G , ?iiTb,ff?�HXH��bX7`f
?�H@ykk3keyy
ě .�Mb +2i �`iB+H2 ¨ /2mt pQBt- E�i?H22M 2i :mBH?2K QMi KBb 2M Q`/`2 HǶ2Mb2K#H2

/2b ûHûK2Mib /2 /Bb+mbbBQM [mB bQMi �TT�`mb HQ`b[m2 MQmb /Bb+miBQMb �miQm` /2b
ûim/2b miBHBb�i2m`b 2MpBb�;ûb Qm 2M +Qm`bX PM v i`Qmp2 H2b i`�p2`b- +2 ¨ [mQB BH
7�mi 7�B`2 �ii2MiBQM 2i [m2HH2b bQMi H2b #�b2b ¨ +QMM�ŗi`2 TQm` `û�HBb2` mM2 ûim/2
miBHBb�i2m` +Q``2+i2K2MiX

(a�`i?Qm kykR#) :mBHH�mK2 a�`i?Qm- �K�M/BM2 J�vBK�- :mBH?2K "mBb�M- E�i?H22M
"2H?�bb2BM- �M/ �m`ûHB2 *HQ/B+X h?2 .B`2+iQ` h�bF , � Sbv+?QHQ;v@AMbTB`2/ h�bF
iQ �bb2bb *Q;MBiBp2 �M/ AMi2`�+iBp2 _Q#Qi �`+?Bi2+im`2bX AM jyi? A111 AM@
i2`M�iBQM�H*QM72`2M+2 QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U_P@
J�L kykRV- o�M+Qmp2` UoB`im�HV- *�M�/�- �m;mbi kykR .PA , RyXRRyNf_P@
J�L8yd38XkykRXN8R889j l_G , ?iiTb,ff?�HXb+B2M+2f?�H@yjjkdkkkf
ě .�Mb +2i �`iB+H2 2bi T`ûb2Miû H2 i`�p�BH �miQm` /2 H� i�+?2 /m .B`2+i2m` +QKK2

T`QTQbBiBQM /2 i�+?2 "2M+?K�`F TQm` HǶûim/2 /2 HǶBMi2`�+iBQM ?mK�BM@`Q#QiX .2
K�MBĕ`2 BMiû`2bb�Mi2- QM i`Qmp2`� �mbbB mM +?�TBi`2 bm` +2ii2 i�+?2 /�Mb +?�+mM2
/2b i?ĕb2b /2b �mi2m`bX lM i`ĕb DQHB i`�p�BH /Ƕû[mBT2X

(>2BFFBH  kyRN) S BpB >2BFFBH - >�MM� G�KKB- J�`F2ii� LB2K2H - E�i?H22M "2H?�b@
b2BM- :mBHH�mK2 a�`i?Qm- �MiiB h�KK2H�- �m`ûHB2 *HQ/B+- �M/ _�+?B/ �H�KBX a?QmH/
� `Q#Qi ;mB/2 HBF2 � ?mK�M \ � [m�HBi�iBp2 7Qm`@T?�b2 bim/v Q7 � b?QTTBM; K�HH `Q@
#QiX AM h?2 1H2p2Mi? AMi2`M�iBQM�H *QM72`2M+2 QM aQ+B�H _Q#QiB+b UA*a_kyRNV-
J�/`B/- aT�BM- LQp2K#2` kyRNX l_G , ?iiTb,ff?�HXH��bX7`f?�H@ykk38yj8
ě 6�Bb�Mi bmBi2 ¨ ("2H?�bb2BM kyRd)- +2i �`iB+H2 T`ûb2Mi2 H2b `ûbmHi�ib /2b ûim/2b T`û@

HBKBM�B`2b `û�HBbûb �p2+ MQb +QHHĕ;m2b /2 ohh- S BpB >2BFFBH - >�MM� G�KKB-
J�`F2ii� LB2K2H  2i �MiiB h�KK2H�X GǶû+`Bim`2 � ûiû +QKTHB[mû2 +�` MQmb
MǶûiBQMb T�b iQmDQm`b 2M �++Q`/ bm` H� `B;m2m` /2b Kûi?Q/2b miBHBbû2b 2i bm`
H2b +QM+HmbBQMb [mB ûi�B2Mi 7�Bi2bX AH 7�mi b�pQB` 7�B`2 /2b +QKT`QKBb T�`7QBb +�`
QM M2 K�ŗi`Bb2 T�b iQmiX *2H� /QMM2 [m�M/ KāK2 mM2 T2`bT2+iBp2 BMiû`2bb�Mi2
bm` H2b i`�p�mt `û�HBbûbX

https://hal.laas.fr/hal-02282600
https://hal.laas.fr/hal-02282600
https://hal.science/hal-03327222/
https://hal.laas.fr/hal-02285035




*?�TBi`2 3

S2Mb2` �mt +QMbû[m2M+2b

3XR AMi`Q/m+iBQM

AH 2bi Mû+2bb�B`2 /2 T2Mb2` �mt +QMbû[m2M+2b /2 HǶBMi`Q/m+iBQM /�Mb MQb bQ+Bûiûb /2b bvb@
iĕK2b [m2 MQmb /ûp2HQTTQMb 2i BM }M2 BH b2`�Bi KāK2 KB2mt /2 H2b �MiB+BT2`X *2T2M/�Mi-
+2 MǶ2bi T�b 7Q`+ûK2Mi TQbbB#H2X a2HQM CQ?�MM� a2B#i- H� `Q#QiB[m2 bQ+B�H2 2bi +QM7`QMiû2 ¨
+2 [mǶ2HH2 �TT2HH2 H� Ŀ i`BTH2 BKT�bb2 /2 /2b+`BTiBQM- /Ƕûp�Hm�iBQM 2i /2 `û;H2K2Mi�iBQM ŀ
(a2B#i kyR3)X *2ii2 i`BTH2 BKT�bb2- [mǶ2HH2 T`ûb2Mi2 +QKK2 #�bû2 bm` H2 /BH2KK2 /2 *QHHBM@
;`B/;2- b2 T`ûb2Mi2 +QKK2 bmBi ,

UBV �+im2HH2K2Mi- MQmb K�M[mQMb /ǶmM2 +QKT`û?2MbBQM i?ûQ`B[m2 +QKTHĕi2- bvbiûK�iB@
[m2K2Mi BMiû;`û2 2i /ûi�BHHû2 /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi @ mM2 /2b+`BTiBQM i?ûQ@
`B[m2 /2b ĿKû+�MBbK2bŀ +Q;MBiB7b- /2b 2tTû`B2M+2b ?mK�BM2b 2i /2b T`Q+2bbmb /2
Ŀ+`û�iBQM /2 b2Mbŀ T`�iB[m2b 2i +QM+2Tim2Hb /�Mb HǶBMi2`�+iBQM ?mK�BM@`Q#QiX

UBBV a�Mb mM2 i2HH2 i?ûQ`B2 /2b+`BTiBp2- MQmb M2 TQmpQMb KāK2 T�b +QKK2M+2` ¨ ûp�Hm2`
H2b �TTHB+�iBQMb /2 H� `Q#QiB[m2 bQ+B�H2 2M +2 [mB +QM+2`M2 H2m`b BKT�+ib bm` H2 #B2M@
āi`2 BM/BpB/m2H 2i bQ+B�HX

UBBBV a�Mb ûp�Hm�iBQMb 7QM/û2b bm` H� `2+?2`+?2- mM2 `û;H2K2Mi�iBQM `2bTQMb�#H2 /m K�`@
+?û /2 H� `Q#QiB[m2 2i mM2 ûH�#Q`�iBQM `2bTQMb�#H2 /2b TQHBiB[m2b M2 T2mp2Mi T�b
/ûK�``2`X úi�Mi /QMMû [m2 H2b `û;H2K2Mi�iBQMb 2tBbi�Mi2b BMi2`/Bb2Mi H2b ûim/2b ¨
HQM; i2`K2 Mû+2bb�B`2b ¨ mM2 i?ûQ`B2 /2b+`BTiBp2 TH2BM2K2Mi T2`iBM2Mi2 /2 HǶBMi2`�+@
iBQM ?QKK2@`Q#Qi- H� i`BTH2 BKT�bb2 2bi +QKTHĕi2X

SQm` `ûTQM/`2 ¨ +2 /BH2KK2- HǶ�TT`Q+?2 _Q#QiB[m2 aQ+B�H2 AMi2;`�iBp2 UAMi2;`�iBp2 aQ@
+B�H _Q#QiB+b UAa_VV � ûiû /ûp2HQTTû2 T�` CQ?�MM� a2B#i 2i �HX U(a2B#i kyRe- a2B#i kyR3-
6Bb+?2` kyky)VX GǶ�TT`Q+?2 Aa_ T`QTQb2 [m2 H2b �TTHB+�iBQMb /2 `Q#QiB[m2 bQ+B�H2 bQB2Mi
/ûp2HQTTû2b HQ`b /ǶmM T`Q+2bbmb /2 +QHH�#Q`�iBQM +QMiBMm2 2Mi`2 /2b û[mBT2b BMi2`/Bb+BTHB@
M�B`2b 2i TQb2 +BM[ T`BM+BT2b ,

ě H2 T`BM+BT2 /2 T`Q+2bbmb Ui?2 T`Q+2bb T`BM+BTH2V , +2 bQMi H2b BMi2`�+iBQMb 2i T�b H2b
`Q#Qib [mB bQMi H� +B#H2 /m T`Q+2bbmb /2 +QM+2TiBQM UAMi2`�+iBQMb- MQi `Q#Qib �b i?2
i�`;2i Q7 i?2 /2bB;M T`Q+2bbV

ě H2 T`BM+BT2 /2 [m�HBiû U[m�HBiv T`BM+BTH2V , �pQB` mM H�`;2 +?�KT BMi2`/Bb+BTHBM�B`2X AH
2bi BKTQ`i�Mi /ǶBM+Hm`2 /2b /Bb+BTHBM2b [mB T2mp2Mi �TT`Q7QM/B` MQi`2 +QKT`û?2MbBQM
2i MQi`2 +QM+2TiBQM /2b BMi2`�+iBQMb bQ+B�H2b 2i bQ+BQ+mHim`2HH2b �BMbB [m2 H2 +QMi2ti2
/2 +QMM�Bbb�M+2b bTû+B}[m2bX

ě H2 T`BM+BT2 /2 +QKTH2tBiû Ui?2 +QKTH2tBiv T`BM+BTH2V , b2 K2ii`2 2M T2`bT2+iBp2 ¨
/Bzû`2Mib MBp2�mt U6B`bi- a2+QM/ �M/ h?B`/ T2`bQM T2`bT2+iBp2VX *2H� bB;MB}2 T�`
2t2KTH2 b2 TQb2` H2b [m2biBQMb bmBp�Mi2b , ¨ [mB 2bi /2biBMû2 HǶ�TTHB+�iBQM pBbû2 \
Zm2HH2b T2`+2TiBQMb H2b miBHBb�i2m`b QMi@BHb /m `Q#Qi \ *QKK2Mi b2 T2`+2p`QMi@BHb
/�Mb H2m`b BMi2`�+iBQMb �p2+ H2 `Q#Qi UMQi�KK2Mi T�` `�TTQ`i �mt �mi`2b T2`@
bQMM2bV \ *QKK2Mi H� bQ+Bûiû /�Mb bQM 2Mb2K#H2 BMi2`T`ûi2`�@i@2HH2 +2ii2 BMi2`�+iBQM
T�` `�TTQ`i �mt MQ`K2b bQ+BQ+mHim`2HH2b 2i ûi?B[m2b \



N9 *?�TBi`2 3X S2Mb2` �mt +QMbû[m2M+2b

ě H2 T`BM+BT2 /2 +QMi2ti2 Ui?2 +QMi2ti T`BM+BTH2V , [m2HH2b bQMi H2b +�`�+iû`BbiB[m2b
+QMi2tim2HH2b T2`iBM2Mi2b \

ě H2 T`BM+BT2 [m2 H2b Ǵp�H2m`b T`BK2MiǴ Ui?2 Ǵp�Hm2b }`biǴ T`BM+BTH2V , b2 TQb2Mi B+B
H2b [m2biBQMb /2b p�H2m`b ¨ +QMbB/û`2` 2i /2 H� `2+?2`+?2 /ǶmM2 THmb@p�Hm2 ¨ HǶmiB@
HBb�iBQM /ǶmM `Q#QiX 1bi /û}MB2 B+B û;�H2K2Mi mM2 K�tBK2 /2 MQM@`2KTH�+2K2Mi
UMQM@`2KTH�+2K2Mi K�tBKV BM/B[m�Mi [mǶBH b2`�Bi T`û7û`�#H2 [m2 H2b �+iBQMb [mǶQM
T`ûpQBi TQm` H2 `Q#Qi bQB2Mi /2b �+iBQMb [mB M2 TmBbb2Mi T�b āi`2 `û�HBbû2b T�` mM
?mK�BMX

C2 MǶ�B T�b T2`bQMM2HH2K2Mi T`Bb T�`i ¨ H� /ûK�`+?2- K�Bb D2 i`Qmp2 [m2 +Ƕ2bi mM2 TBbi2
BMiû`2bb�Mi2X *2 [mǶQM T2mi 2M `2i2MB` /�Mb iQmb H2b +�b- +Ƕ2bi [m2 +Ƕ2bi mM2 [m2biBQM ¨
H�[m2HH2 MQmb /2pQMb āi`2 b2MbB#H2b /ĕb �mDQm`/Ƕ?mBX PM M2 T2mi T�b �ii2M/`2 [m2 H2b bvb@
iĕK2b �``Bp2Mi bm` H2 K�`+?û TQm` b2 TQb2` H2b [m2biBQMbX AH 7�mi �B/2` H2 `û;mH�i2m` /ĕb
�mDQm`/Ƕ?mBX lM2 KBb2 2M T`�iB[m2 BMiû`2bb�Mi2 /2 H� Kûi?Q/2 T2mi āi`2 i`Qmpû2 /�Mb E2`b@
iBM 6Bb+?2` 2i �HX (6Bb+?2` kyky)X AHb Q#b2`p2Mi MQi�KK2Mi [mǶBH v � bQmp2Mi mM û+�`i 2Mi`2
+2 [m2 H2b `Q#QiB+B2Mb p2mH2Mi BKTHûK2Mi2` 2i +2 /QMi H2b ;2Mb QMi `û2HH2K2Mi #2bQBMX *Ƕ2bi
[m2H[m2 +?Qb2 [m2 DǶ�p�Bb /ûD¨ `2M+QMi`û HQ`b /2 KQM 2tTû`B2M+2 2M 2Mi`2T`Bb2 UH2b û[mBT2b
i2+?MB[m2b �p�B2Mi 7�Bi [m2H[m2 +?Qb2 /2 i`ĕb T2`7Q`K�Mi 2i BMMQp�Mi- K�Bb +2H� MǶ�p�Bi T�b
b�iBb7�Bi H2b û[mBT2b miBHBb�i`B+2b [mB �ii2M/�B2Mi mM QmiBH +Qmp`�Mi KB2mt H2m`b #2bQBMb 2i
bm`iQmi /ǶmM2 K�MBĕ`2 bBKTH2 TQm` 2mtVX 1M +2H� HǶ�TT`Q+?2 Aa_ 2bi BMiû`2bb�Mi2- +�` 2HH2
K2i H2b miBHBb�i2m`b }M�mt /�Mb H� #Qm+H2 /ĕb H2 /û#mi /m /ûp2HQTT2K2MiX *2T2M/�Mi- BH
7�mi #B2M pQB` �mbbB [m2 H2b Q#D2+iB7b 2i H2b ?Q`BxQMb /�Mb mM2 T2`bT2+iBp2 /2 `2+?2`+?2 2i
/�Mb mM2 T2`bT2+iBp2 �TTHB+�iBp2 T2mp2Mi āi`2 /Bzû`2MibX

.�Mb +2 +?�TBi`2- D2 p�Bb `2p2MB` bm` i`QBb +QMi`B#miBQMb �mt[m2HH2b DǶ�B T�`iB+BTû bm` H2
bmD2iX G� T`2KBĕ`2 2bi HBû2 ¨ .2bB;M 7Q` p�Hm2b- HǶB/û2 [mǶBH 7�mi BMiû;`2` /�Mb MQb bvbiĕK2b
H� +�T�+Biû /2 TQmpQB` 2tTHB[m2` bQM +QKTQ`i2K2Mi 2i MQi�KK2Mi pBb@¨@pBb /ǶmM bvbiĕK2
/2 p�H2m`b ûi?B[m2b- H� b2+QM/2 2bi HBû2 ¨ K� T�`iB+BT�iBQM �m rQ`Fb?QT _Q#QiB[m2- A� 2i
?mK�MBiû , b+B2M+2- ûi?B[m2 2i TQHBiB[m2 2i `2T`2M/ /2b ûHûK2Mib /2 b� /û+H�`�iBQM }M�H2
2i H� i`QBbBĕK2 2bi Bbbm2 /ǶmM i`�p�BH �p2+ /2b Dm`Bbi2b bm` H2b TQbbB#H2b `û;H2K2Mi�iBQMb ¨
K2ii`2 2M TH�+2 �m pm /2b T`Q#HĕK2b TQi2MiB2Hb �K2Mûb T�` HǶBMi`Q/m+iBQM /2b `Q#QibX

3Xk lM2 `2bTQMb�#BHBiû ûi?B[m2 2M i�Mi [m2 /ûp2HQTT2m` /2
bvbiĕK2b

C2 p�Bb B+B /û+`B`2 H2b ;`�M/2b HB;M2b /ǶmM �`iB+H2 [mB 2bi H2 7`mBi /ǶmM i`�p�BH /Ƕû[mBT2
U�p2+ oB`;BMB� .B;MmK- 6`�MF .B;MmK- C�pB2` o�x[m2x@a�H+2/�- J�Mm2H :2MiBH2- a�Km2H
J�b+�`2M?�b- 2i �;M2b2 �m;2HHQV HQ`b /m KQMi�;2 /ǶmM T`QD2i 2i /2b B/û2b T`ûHBKBM�B`2b
/2 oB`;BMB� .B;MmK U[mB HǶ�KĕM2`QMi mM T2m THmb i�`/ ¨ Tm#HB2` bQM HBp`2 _2bTQMb�#H2
�A (.B;MmK kyRN)VX GǶ�`iB+H2 bǶBMiBimH2 .2bB;M 7Q` o�Hm2b 7Q` aQ+B�H _Q#Qi �`+?Bi2+im`2b
(.B;MmK kyR3)X

.�Mb bQM `�TTQ`i U(7Q` 1i?B+�H *QMbB/2`�iBQMb BM �`iB}+B�H AMi2HHB;2M+2 kyRd)- A111
:HQ#�H AMBiB�iBp2 QM 1i?B+b 2tTHB[m2 [m2 ǴbB H2b K�+?BM2b bǶ2M;�;2Mi /�Mb H2b +QKKm@
M�miûb ?mK�BM2b 2M i�Mi [mǶ�;2Mib �miQMQK2b- �HQ`b +2b �;2Mib /2p`QMi bmBp`2 H2b MQ`K2b
bQ+B�H2b 2i KQ`�H2b /2 H� +QKKmM�miûX lM2 ûi�T2 Mû+2bb�B`2 TQm` T2`K2ii`2 �mt K�+?BM2b
/2 H2 7�B`2- +Ƕ2bi /ǶB/2MiB}2` +2b MQ`K2bǴX GǶBMiû;`�iBQM /2b `Q#Qib bQ+B�mt /�Mb MQb bQ+Bû@
iûb Mû+2bbBi2 [mǶBHb bQB2Mi +�T�#H2b /2 T`2M/`2 /2b /û+BbBQMb bmb+2TiB#H2b /Ƕ�z2+i2` H� pB2
/2b T2`bQMM2b [mB H2b 2MiQm`2MiX �}M /2 bǶ�bbm`2` [m2 +2b `Q#Qib b2 +QKTQ`i2`QMi b2HQM
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/2b T`BM+BT2b ûi?B[m2b T�`i�;ûb- mM +?�M;2K2Mi BKTQ`i�Mi /�Mb H� +QM+2TiBQM 2i H2 /ûp2@
HQTT2K2Mi /2b `Q#Qib bQ+B�mt 2bi Mû+2bb�B`2- mM +?�M;2K2Mi /QMi HǶQ#D2+iB7 T`BM+BT�H 2bi
/Ƕ�KûHBQ`2` H� i`�MbT�`2M+2 ûi?B[m2 THmiƬi [m2 H� T2`7Q`K�M+2 i2+?MB[m2- 2i /2 TH�+2` H2b
p�H2m`b ?mK�BM2b �m +ƾm` /2 H� +QM+2TiBQM /2 `Q#QibX

�}M /2 `2M/`2 H2b `Q#Qib /B;M2b /2 +QM}�M+2- /2 T`2M/`2 +QMb+B2M+2 /2b 2MD2mt ûi?B[m2b
[mǶBKTHB[m2Mi H2b BMi2`�+iBQMb ?mK�BM@`Q#Qi- 2i /2 ;�`�MiB` [m2 H2b BMi2`�+iBQMb bQB2Mi bȿ`2b-
ûi?B[m2b 2i �++2Ti�#H2b TQm` H2b ?mK�BMb- MQmb /2pQMb /û}MB` /2b T`Q+2bbmb /2 +QM+2TiBQM
TQm` BM+Hm`2 H2 `�BbQMM2K2Mi 2i H� p�HB/�iBQM ûi?B[m2b /�Mb H� +QM+2TiBQM /ǶBMi2`�+iBQMb
bQ+B�H2bX

SQm` +2H� MQmb T`QTQbQMb /2 bmBp`2 H2b T`BM+BT2b bmBp�Mib R ,
ě �++QmMi�#BHBiv , GǶ�++QmMi�#BHBiv 2bi Mû+2bb�B`2 TQm` mM2 BMi2`�+iBQM /2 +QM}�M+2 2i

7�Bi `û7û`2M+2 ¨ H� Mû+2bbBiû /2 TQmpQB` 2tTHB[m2` 2i /2 DmbiB}2` b2b /û+BbBQMb 2i b2b
�+iBQMb ¨ b2b miBHBb�i2m`b 2i �mt �mi`2b T2`bQMM2b �p2+ H2b[m2HH2b H2 bvbiĕK2 BMi2`@
�;BiX SQm` ;�`�MiB` HǶ�++QmMi�#BHBiv- H2b /û+BbBQMb /QBp2Mi TQmpQB` āi`2 /û/mBi2b 2i
2tTHB[mû2b T�` H2b �H;Q`Bi?K2b /û+BbBQMM2Hb miBHBbûbX *2H� BM+Hmi H2 #2bQBM /2 `2T`û@
b2Mi�iBQM /2b p�H2m`b KQ`�H2b 2i /2b MQ`K2b bQ+Bûi�H2b 2M pB;m2m` /�Mb H2 +QMi2ti2 /2
HǶQTû`�iBQM- [m2 HǶ�;2Mi miBHBb2 TQm` H� /ûHB#û`�iBQMX GǶ�++QmMi�#BHBiv 2M A� `2[mB2`i
¨ H� 7QBb H� 7QM+iBQM /2 ;mB/2` HǶ�+iBQM U2M 7Q`K�Mi /2b +`Qv�M+2b 2i 2M T`2M�Mi /2b
/û+BbBQMbV 2i H� 7QM+iBQM /Ƕ2tTHB+�iBQM U2M TH�Ï�Mi H2b /û+BbBQMb /�Mb mM +QMi2ti2
THmb H�`;2 2i 2M H2b +H�bb�Mi b2HQM H2b p�H2m`b KQ`�H2bVX

ě _2bTQMbB#BHBiv , G� `2bTQMbB#BHBiv 2bi `2[mBb2 TQm` HǶ�miQMQKB2X 1M BK�;BM�Mi HǶ�miQ@
MQKB2 +QKK2 mM2 p�`B�#H2 b+�H�B`2- �HH�Mi /2 HǶ�#b2M+2 /Ƕ�miQMQKB2 ¨ HǶ�miQMQKB2
+QKTHĕi2- 2i +QKT`2M�Mi /Bzû`2Mib MBp2�mt /Ƕ�miQMQKB2 /Ƕ�+iBQM- /2 TH�M- /ǶQ#@
D2+iB7 2i /2 KQiBp�iBQM- �HQ`b H� `2bTQMbB#BHBiv BM/B[m2 H2 TQBMi /2 +2ii2 û+?2HH2 Qɍ
mM �+i2m` ?mK�BM 2bi 2M +?�`;2 /2 H� /û+BbBQMX AMp2`b2K2Mi- /m TQBMi /2 pm2 /m
`Q#Qi- H� `2bTQMbB#BHBiv +Q``2bTQM/ �mt +�T�+Biûb `2[mBb2b TQm` ûp�Hm2` b2b /û+BbBQMb
2i B/2MiB}2` H2b 2``2m`b Qm H2b `ûbmHi�ib BM�ii2M/mb- 2i �BMbB i`�MbK2ii`2 H2 ǴD2iQMǴ
/2 `2bTQMbB#BHBiv ¨ bQM miBHBb�i2m`- 7Qm`MBbb�Mi bm{b�KK2Mi /ǶBM7Q`K�iBQMb bm` H2b
`�BbQMb TQm` H2b[m2HH2b BH M2 T2mi THmb T`2M/`2 /2 /û+BbBQM T�` HmB@KāK2X 1M `ĕ;H2
;ûMû`�H2- /2 MQK#`2mt �+i2m`b bQMi BKTHB[mûb /�Mb H2 T`Q+2bbmb [mB KĕM2 ¨ mM2
/û+BbBQM /m `Q#Qi , H2b /ûp2HQTT2m`b- H2b 7�#`B+�Mib- H2b miBHBb�i2m`b- H2b /û+B/2m`b
TQHBiB[m2b- 2i+X �m 7m` 2i ¨ K2bm`2 [m2 H� +?�ŗM2 /2 `2bTQMb�#BHBiû b2 /ûp2HQTT2- /2b
KQv2Mb bQMi Mû+2bb�B`2b TQm` HB2` H2b /û+BbBQMb /m `Q#Qi ¨ H� Dmbi2 miBHBb�iBQM /2b
/QMMû2b 2i �mt �+iBQMb /2b �+i2m`b BKTHB[mûb /�Mb H� /û+BbBQM /m `Q#QiX

ě h`�MbT�`2M+v , G� i`�MbT�`2M+v 2bi �bbQ+Bû2 ¨ HǶ�/�Ti�#BHBiû 2i 7�Bi `û7û`2M+2 ¨ H�
Mû+2bbBiû /2 /û+`B`2- /ǶBMbT2+i2` 2i /2 `2T`Q/mB`2 H2b Kû+�MBbK2b T�` H2b[m2Hb H2b bvb@
iĕK2b /ǶA� T`2MM2Mi /2b /û+BbBQMb 2i �TT`2MM2Mi ¨ bǶ�/�Ti2` ¨ H2m` 2MpB`QMM2K2Mi-
�BMbB [mǶ¨ H� ;Qmp2`M�M+2 /2 HǶmiBHBb�iBQM /2b /QMMû2b +`ûû2bX GǶmM /2b T`BM+BT�mt
T`Q#HĕK2b /2b �TT`Q+?2b /Ƕ�TT`2MiBbb�;2 �miQK�iB[m2 2bi [m2- K�H;`û H2m`b T2`@
7Q`K�M+2b ûH2pû2b- 2HH2b K�M[m2Mi /2 i`�MbT�`2M+2- +2 [mB 2bi bQmp2Mi �TT2Hû mM2
Ǵ#Qŗi2 MQB`2ǴX JāK2 bB HǶ�ii2MiBQM TQ`iû2 ¨ +2 T`Q#HĕK2 2bi +`QBbb�Mi2- H� THmT�`i
/2b �H;Q`Bi?K2b �+im2Hb U/Ƕ�TT`2MiBbb�;2 2M T`Q7QM/2m`V bQMi BM+�T�#H2b /2 HB2` H2b
/û+BbBQMb �mt 2Mi`û2b- 2i M2 T2mp2Mi /QM+ T�b 2tTHB[m2` H2m`b �+i2bX

�v�Mi 2M iāi2 +2b T`BM+BT2b- HǶ�`iB+H2 T`QTQb2 H2b #�b2b /ǶmM2 Kûi?Q/2 /2 +QM+2TiBQM
TQm` T`2M/`2 2M +QKTi2 /2b p�H2m`b U.2bB;M 7Q` o�Hm2bV HQ`b /m /ûp2HQTT2K2Mi /2b `Q@

RX MQmb ;�`/QMb H2b MQKb 2M �M;H�Bb +�` 2M 7`�MÏ�Bb �++QmMi�#BHBiv 2i `2bTQMb�#BHBiv b2 i`�/mBb2Mi iQmb
H2b /2mt T�` `2bTQMb�#BHBiû



Ne *?�TBi`2 3X S2Mb2` �mt +QMbû[m2M+2b

#Qib bQ+B�mtX G� T`2KBĕ`2 ûi�T2 +QMbBbi2 ¨ B/2MiB}2` H2b p�H2m`b KQ`�H2b [m2 H2 `Q#Qi /QBi
`2bT2+i2`X JāK2 bB- ¨ mM MBp2�m �#bi`�Bi- H2b p�H2m`b bQMi mMBp2`b2HH2K2Mi T�`i�;û2b- H2b
;2Mb 2i H2b bQ+Bûiûb /Bzĕ`2Mi /�Mb H� K�MBĕ`2 /QMi +2b p�H2m`b mMBp2`b2HH2b �#bi`�Bi2b bQMi
BMi2`T`ûiû2bX úi�Mi /QMMû [m2 H2b `Q#Qib bQ+B�mt BMi2`�;B`QMi /B`2+i2K2Mi �p2+ H2b T2`@
bQMM2b /�Mb /2b +QMi2ti2b bQ+B�mt- H2b p�H2m`b T`Bb2b 2M +QKTi2 /�Mb H� +QM+2TiBQM /m
`Q#Qi /QBp2Mi āi`2 �HB;Mû2b bm` H2m`b BMi2`T`ûi�iBQMb +QMi2tim2HH2bX G� b2+QM/2 ûi�T2 pBb2
¨ �HB;M2` H2 +QKTQ`i2K2Mi bm` H2b p�H2m`bX G� `2bTQMb�#BHBiû KQ`�H2 2bi �bbQ+Bû2 ¨ H� +�@
T�+Biû /2 /ûHB#û`�iBQM KQ`�H2X 1M bmTTQb�Mi [mǶmM 2Mb2K#H2 �TT`QT`Bû /2 p�H2m`b TQm` H2
`Q#Qi � ûiû B/2MiB}û- BH 2bi �HQ`b Mû+2bb�B`2 /2 /ûi2`KBM2` +QKK2Mi H2 `Q#Qi /QBi b2 +QK@
TQ`i2` T�` `�TTQ`i ¨ +2b p�H2m`bX 1M T�`iB+mHB2`- BH 2bi Mû+2bb�B`2 /2 /ûi2`KBM2` +QKK2Mi
+2b p�H2m`b /QBp2Mi āi`2 ?Bû`�`+?Bbû2b 2i +QKK2Mi i`�Bi2` H2b /BH2KK2b KQ`�mt- +Ƕ2bi@¨@/B`2
H2b bBim�iBQMb /�Mb H2b[m2HH2b +?�[m2 �+iBQM TQbbB#H2 pBQH2`� mM2 Qm THmbB2m`b p�H2m`bX G2b
�TT`Q+?2b /2 H� /ûHB#û`�iBQM KQ`�H2 `2~ĕi2Mi /2b i?ûQ`B2b ûi?B[m2b /2 HQM;m2 /�i2- i2HH2b
[m2 HǶmiBHBi�`BbK2 U7�B`2 /2 bQM KB2mt TQm` H2 THmbV Qm /ûQMiQHQ;B[m2fF�MiB2M UBKTû`�iB7
+�iû;Q`B[m2VX

3Xj lM2 `2bTQMb�#BHBiû 2M i�Mi [m2 b+B2MiB}[m2 +BiQv2M
1M kyRN- DǶ�p�Bb ûiû BMpBiû2 ¨ T�`iB+BT2` 2i T`ûb2Mi2` MQb i`�p�mt �m rQ`Fb?QT _Q#Q@

iB[m2- A� 2i ?mK�MBiû , b+B2M+2- ûi?B[m2 2i TQHBiB[m2 U_Q#QiB+b- �A- �M/ >mK�MBiv , a+B2M+2-
1i?B+b- �M/ SQHB+vV Q`;�MBbû +QMDQBMi2K2Mi T�` HǶ�+�/ûKB2 /2b b+B2M+2b 2i T�` HǶ�+�/ûKB2
/2b b+B2M+2b bQ+B�H2b /m o�iB+�M ?iiTb,ffrrrXT�bXp�f2Mf2p2MibfkyRNf`Q#QiB+bX?iKHX
*2 rQ`Fb?QT /ûT�bb�Bi H2 +�/`2 /2 KQM /QK�BM2 K�Bb +2H� �p�Bi ûiû i`ĕb `B+?2 /2 /Bb+mi2`
�p2+ /2b û+QMQKBbi2b- /2b TQHBiB+B2Mb- /2b Tbv+?QHQ;m2b- /2b BM7Q`K�iB+B2Mb- /2b `Q#QiB+B2Mb-
#`27 mM T�M2H /2 b+B2MiB}[m2b /Bp2`b 2i Ui`ĕbV p�`BûbX

amBi2 ¨ +2 rQ`Fb?QT �p�Bi ûiû `û/B;û mM2 Ǵ.û+H�`�iBQM }M�H2 bm` H� `Q#QiB[m2- HǶA�
2i HǶ?mK�MBiû , b+B2M+2- ûi?B[m2 2i TQHBiB[m2Ǵ /QMi QM T2mi i`Qmp2` HǶBMiû;`�HBiû 2M HB;M2
?iiTb,ffrrrXT�bXp�f2Mf2p2MibfkyRNf`Q#QiB+bf7BM�Hnbi�i2K2MiX?iKHX C2 `2T`2M/b
B+B mM2 T�`iB2 /2 H� /û+H�`�iBQMX

URRXV �m b2BM /2 H� `2+?2`+?2 bm` HǶ�TT`2MiBbb�;2 �miQK�iB[m2- BH 2tBbi2 mM2 HB;M2 /2
/ûp2HQTT2K2Mi [mB pBb2 ¨ B/2MiB}2` H2b DmbiB}+�iBQMb 7QM/�K2Mi�H2b /2 H� +QM+2TiBQM
/Ƕ�;2Mib +Q;MBiB7b c /2 i2HH2b DmbiB}+�iBQMb T2`K2ii`�B2Mi /2 /û`Bp2` /2b i?ûQ`ĕK2b
+�`�+iû`Bb�Mi H2b TQbbB#BHBiûb 2i H2b HBKBi2b /2b �;2Mib BMi2HHB;2MibX G2b �;2Mib +Q;MB@
iB7b �;Bbb2Mi /�Mb mM 2MpB`QMM2K2Mi Qmp2`i- T�`iB2HH2K2Mi Qm +QKTHĕi2K2Mi BM+QMMm
�}M /Ƕ�ii2BM/`2 /2b Q#D2+iB7bX G2b +QM+2Tib +Hûb /ǶmM +�/`2 7QM/�K2Mi�H TQm` HǶA�
+QKT`2MM2Mi , H2b �;2Mib- H2b 2MpB`QMM2K2Mib- H2b `û+QKT2Mb2b- H2b b+Q`2b HQ+�mt- H2b
b+Q`2b ;HQ#�mt- H2 KQ/ĕH2 2t�+i /ǶBMi2`�+iBQM 2Mi`2 H2b �;2Mib 2i H2b 2MpB`QMM2K2Mib-
2i mM2 bTû+B}+�iBQM /2b `2bbQm`+2b /2 +�H+mH /BbTQMB#H2b /2b �;2Mib 2i /2b 2MpB`QM@
M2K2MibX lM Ǵ�;2Mi BMi2HHB;2MiǴ T2mi āi`2 /û}MB +QKK2 mM �;2Mi [mB T2mi �ii2BM/`2
/2b Q#D2+iB7b /�Mb mM H�`;2 ûp2Mi�BH /Ƕ2MpB`QMM2K2MibX G2 bmD2i /2 H� +Q;MBiBQM �p2+
/2b `2bbQm`+2b HBKBiû2b Kû`Bi2 mM2 2tTHQ`�iBQM THmb �TT`Q7QM/B2 �}M /Ƕ�ii2BM/`2 mM
+�/`2 7QM/�K2Mi�H bB;MB}+�iB7 2i H�`;2K2Mi BMiû;`û TQm` HǶBMi2HHB;2M+2 �`iB}+B2HH2X

URkXV lM �bT2+i +2Mi`�H /2 HǶ�TT`2MiBbb�;2 T�` HǶ2tTû`B2M+2 2bi H� `2T`ûb2Mi�iBQM 2i H2
i`�Bi2K2Mi /2 +QMM�Bbb�M+2b BM+2`i�BM2bX 1M HǶ�#b2M+2 /Ƕ?vTQi?ĕb2b /ûi2`KBMBbi2b
bm` H2 KQM/2- BH MǶv � T�b /2 +QM+HmbBQM HQ;B[m2 MQM i`BpB�H2 [mB TmBbb2 āi`2 iB`û2
/m T�bbû TQm` iQmi ûpûM2K2Mi 7mim`X 1M +QMbû[m2M+2- BH 2bi /ǶmM BMiû`āi 7QM/�K2M@
i�H /Ƕ�M�Hvb2` H� bi`m+im`2 /2 HǶBM+2`iBim/2 +QKK2 mM2 [m2biBQM ¨ T�`i 2MiBĕ`2X .2
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3XjX lM2 `2bTQMb�#BHBiû 2M i�Mi [m2 b+B2MiB}[m2 +BiQv2M Nd

MQK#`2mb2b `2+?2`+?2b `2bi2Mi ¨ K2M2` �}M /2 i`�/mB`2 /2b T`QTQbBiBQMb T`ûHBKB@
M�B`2b 2i /2b Kûi?Q/2b 7Q`K2HH2b /m /QK�BM2 i?ûQ`B[m2 ¨ HǶBM;ûMB2`B2 /2 bQHmiBQMb
�H;Q`Bi?KB[m2b 2{+�+2bX

UR9XV Cmb[mǶ¨ `û+2KK2Mi- H2b K�i?ûK�iB[m2b 7QM/�K2Mi�H2b �p�B2Mi T2m UpQB`2 T�b
/m iQmiV /2 [m2biBQMb ûi?B[m2b ¨ HǶQ`/`2 /m DQm`X *2T2M/�Mi- ûi�Mi /QMMû [m2 H2b
K�i?ûK�iB+B2Mb 2i H2b +QM+2Ti2m`b /2 HQ;B+B2Hb bQMi �m +ƾm` /m /ûp2HQTT2K2Mi
/2 HǶA�- BH 2bi 2bb2MiB2H [mǶBHb iB2MM2Mi +QKTi2 /2b BKTHB+�iBQMb ûi?B[m2b /2 H2m`
i`�p�BHX § H� HmKBĕ`2 /2b [m2biBQMb [mB b2 TQb2Mi /2 THmb 2M THmb bm` H� }�#BHBiû
/2b bvbiĕK2b �miQMQK2b- H2b /ûp2HQTT2m`b /ǶA� QMi H� `2bTQMb�#BHBiû @ [mB /2p`�Bi
B/û�H2K2Mi /2p2MB` mM2 Q#HB;�iBQM Hû;�H2 @ /2 +`û2` /2b bvbiĕK2b `Q#QiB[m2b }�#H2b
2i +QMi`ƬH�#H2bX

UR8XV .2b `2+?2`+?2b K�D2m`2b bQMi 2M +Qm`b /�Mb /2b /QK�BM2b [mB MQmb /û}MBbb2Mi
2M i�Mi [mǶāi`2b ?mK�BMb- i2Hb [m2 H2 H�M;�;2- H2 i`�Bi2K2Mi /2b bvK#QH2b- HǶ�T@
T`2MiBbb�;2- HǶ�miQ@ûp�Hm�iBQM- H2 Dm;2K2Mi- UXXXVX G2b �;2Mib BM7Q`K�iB[m2b 7Q`Kûb
T�` HǶ�TT`2MiBbb�;2 T�` `2M7Q`+2K2Mi 2i H2b +�/`2b /Ƕ�TT`2MiBbb�;2 2M T`Q7QM/2m`
/ûKQMi`2Mi /2b T2`7Q`K�M+2b 2t+2TiBQMM2HH2b /�Mb /2b i�+?2b Dmb[mǶB+B +QMbB/û`û2b
+QKK2 BMbQHm#H2bX "B2M [mǶBH K�M[m2 2M+Q`2 mM2 #�b2 bQHB/2 TQm` mM2 i?ûQ`B2 ;û@
Mû`�H2 /2b �;2Mib +Q;MBiB7b +QKTmi�iBQMM2Hb- HǶ�p�M+û2 +QM+2Tim2HH2 2i T`�iB[m2 /2
HǶBMi2HHB;2M+2 �`iB}+B2HH2 � �ii2BMi mM ûi�i /�Mb H2[m2H H2b [m2biBQMb /Ƕûi?B[m2 2i /2
bû+m`Biû 2i HǶBKT�+i bm` H� bQ+Bûiû 2M ;ûMû`�H /2pB2MM2Mi /2b T`Q#HĕK2b m`;2MibX S�`
2t2KTH2- H2b BM7û`2M+2b #�bû2b bm` HǶA� /2b b2MiBK2Mib /2b T2`bQMM2b /û`Bpû2b /2b
/QMMû2b /2 `2+QMM�Bbb�M+2 7�+B�H2 bQMi mM i2H T`Q#HĕK2X

UReXV G� /BzmbBQM /2 H� `Q#QiB[m2 KQ/B}2 T`Q7QM/ûK2Mi H2b `�TTQ`ib ?mK�BMb 2i bQ@
+B�mt /�Mb iQmi2b H2b bT?ĕ`2b /2 H� bQ+Bûiû- /�Mb H� 7�KBHH2 +QKK2 /�Mb H2 i`�p�BH
2i /�Mb H� bT?ĕ`2 Tm#HB[m2X *2b KQ/B}+�iBQMb T`2MM2Mi H2 +�`�+iĕ`2 /2 T`Q+2bbmb
/Ƕ?v#`B/�iBQM 2Mi`2 H2b +�`�+iû`BbiB[m2b T`QT`2K2Mi ?mK�BM2b /2b `2H�iBQMb 2i +2HH2b
�`iB}+B2HH2b- /QM+ 2Mi`2 `û�HBiû �M�HQ;B[m2 2i `û�HBiû pB`im2HH2X S�` +QMbû[m2Mi- BH 2bi
Mû+2bb�B`2 /Ƕ�++`Qŗi`2 H� `2+?2`+?2 b+B2MiB}[m2 bm` H2b [m2biBQMb +QM+2`M�Mi H2b 2z2ib
bQ+B�mt [mB /û+QmH2Mi /2 H� /ûHû;�iBQM /Ƕ�bT2+ib T2`iBM2Mib /2 HǶQ`;�MBb�iBQM bQ+B�H2
¨ HǶA� 2i �mt `Q#QibX lM Q#D2+iB7 /2 +2ii2 `2+?2`+?2 /2p`�Bi āi`2 /2 +QKT`2M/`2
+QKK2Mi BH 2bi TQbbB#H2 /2 ;Qmp2`M2` H2b T`Q+2bbmb /2 +?�M;2K2Mi T2`iBM2Mib 2i /2
T`Q/mB`2 +2b #B2Mb `2H�iBQMM2Hb [mB `û�HBb2Mi mM ûT�MQmBbb2K2Mi ?mK�BM p2`im2mt
/�Mb H2 +�/`2 /ǶmM /ûp2HQTT2K2Mi bQ+Bûi�H /m`�#H2 2i û[mBi�#H2X

UkyXV GǶA� T2mi b2`pB` H� #QMM2 ;Qmp2`M�M+2- v +QKT`Bb HǶB/2MiB}+�iBQM 2i H� T`ûp2MiBQM
/2b i`�Mb�+iBQMb BHHû;�H2b- T�` 2t2KTH2 HǶ�`;2Mi T`Qp2M�Mi /Ƕ�+iBpBiûb +`BKBM2HH2b
i2HH2b [m2 H2 i`�}+ /2 /`Q;m2- H� i`�Bi2 /2b āi`2b ?mK�BMb Qm H2b ;`2z2b BHHû;�H2bX
*2T2M/�Mi- HQ`b[m2 HǶA� 2bi 2Mi`2 H2b b2mH2b K�BMb /2b 2Mi`2T`Bb2b- H2b `2p2Mmb /2
HǶA� T2mp2Mi M2 T�b āi`2 `2/Bbi`B#mûb û[mBi�#H2K2MiX *2b MQmp2HH2b i2+?MQHQ;B2b M2
/QBp2Mi T�b /2p2MB` /2b BMbi`mK2Mib TQm` �bb2`pB` H2b ;2Mb Qm K�`;BM�HBb2` /�p�M@
i�;2 H2b T�mp`2bX

UkRXV LQmb �pQMb 2t�KBMû H2b �TTHB+�iBQMb /2 HǶA� U2i /2b i2+?MQHQ;B2b ûK2`;2Mi2b
+QMM2t2bV /�Mb H2b /QK�BM2b /2 H� Kû/2+BM2 2i /2b bQBMb /2 b�Miû- /2 H� KQ#BHBiû
2i /2b i`�MbTQ`ib- /2 H� 7�#`B+�iBQM 2i /2 HǶ�;`B+mHim`2X .2b QTTQ`imMBiûb K�D2m`2b
QMi ûiû `2H2pû2b 2i mM2 �ii2MiBQM +QMbB/û`�#H2 � ûiû �++Q`/û2 �mt �TTHB+�iBQMb `Q@
#QiB[m2bfA� /�Mb +?�+mM /2 +2b /QK�BM2b +QMbB/û`ûb bûT�`ûK2MiX *2T2M/�Mi- mM2
T2`bT2+iBp2 b2+iQ`B2HH2 bm` HǶA� 2i H� `Q#QiB[m2 � b2b HBKBi2bX AH b2K#H2 Mû+2bb�B`2
/Ƕ�pQB` mM2 BK�;2 THmb +QKTHĕi2 /2b HB2Mb 2Mi`2 H2b �TTHB+�iBQMb 2i /2 b2 +QM+2Mi`2`



N3 *?�TBi`2 3X S2Mb2` �mt +QMbû[m2M+2b

bm` H2b TQHBiB[m2b Tm#HB[m2b [mB 7�+BHBi2Mi H� DmbiB+2 2i HǶû[mBiû ;HQ#�H2b +Qmp`�Mi iQmb
H2b �bT2+ib /2 HǶA� 2i /2 H� `Q#QiB[m2X

UkkXV § KQBMb [mǶ2HH2 M2 bQBi +�M�HBbû2 /�Mb HǶBMiû`āi /m Tm#HB+- HǶA� T2mi bmb+Bi2` /2b
BM[mBûim/2b BKTQ`i�Mi2b TQm` HǶû+QMQKB2 2i H� bi�#BHBiû /2 H� bQ+BûiûX .2b 2KTHQBb
TQm``�B2Mi āi`2 T2`/mb �m T`Q}i /2b �TT�`2BHb BM7Q`K�iBbûb- +2 [mB 2Mi`�ŗM2`�Bi mM2
�m;K2Mi�iBQM /2 H� /BbT�`Biû /2b `2p2Mmb 2i /2b H�+mM2b /�Mb H2b +QMM�Bbb�M+2bX G2b
T`Q;`ĕb /2 HǶ�miQK�iBb�iBQM 2i HǶ�m;K2Mi�iBQM /2 HǶQz`2 /2 K�BM@/Ƕƾmp`2 �`iB}+B2HH2-
2M T�`iB+mHB2` /�Mb H2b b2+i2m`b �;`B+QH2 2i BM/mbi`B2H- T2mp2Mi `û/mB`2 +QMbB/û`�#H2@
K2Mi HǶ2KTHQB /�Mb H2b û+QMQKB2b ûK2`;2Mi2bX :`�+2 �mt HB2Mb �m b2BM /2b +?�ŗM2b
/2 p�H2m` KQM/B�H2b- H2b i`�p�BHH2m`b /2b T�vb ¨ 7�B#H2 `2p2Mm T2mp2Mi û;�H2K2Mi
āi`2 �z2+iûb T�` H2b `Q#Qib /�Mb H2b T�vb ¨ `2p2Mm ûH2pû- +2 [mB TQm``�Bi `û/mB`2
H2 #2bQBM /Ƕ2ti2`M�HBb2` H2b 2KTHQBb /2 `QmiBM2 p2`b H2b �M+B2MM2b `û;BQMb ¨ #�b b�@
H�B`2bX *2T2M/�Mi- HǶmiBHBb�iBQM /2 `Q#Qib TQm``�Bi û;�H2K2Mi �m;K2Mi2` H� /2K�M/2
/2 K�BM@/Ƕƾmp`2 2M `û/mBb�Mi H2 +Qȿi /2 T`Q/m+iBQM- +2 [mB +QM/mBi ¨ HǶ2tT�MbBQM
BM/mbi`B2HH2X .2b 2biBK�iBQMb }�#H2b /2b MQmp2�mt 2KTHQBb +`ûûb /�Mb H2b BM/mbi`B2b
/2 +QM+2TiBQM 2i /2 7�#`B+�iBQM /2 `Q#Qib 7QMi /û7�mi- K�Bb bQMi Mû+2bb�B`2bX

Uk3XV G� +`�BMi2 /2 T`2M/`2 /m `2i�`/ /�Mb H� +Qm`b2 �m /ûp2HQTT2K2Mi /2 MQmp2HH2b
�TTHB+�iBQMb KBHBi�B`2b M2 /QBi T�b /2p2MB` mM2 2t+mb2 TQm` +Qm`i@+B`+mBi2` H� `2@
+?2`+?2- H2b 2bb�Bb 2i mM2 7Q`K�iBQM �/û[m�i2 2M K�iBĕ`2 /2 bû+m`BiûX úi�Mi /QMMû
[m2 H� +QM+2TiBQM /2b �`K2b i2M/ ¨ bǶûHQB;M2` /2b BM7`�bi`m+im`2b ¨ ;`�M/2 û+?2HH2
p2`b /2b bvbiĕK2b �miQMQK2b- /û+2Mi`�HBbûb 2i KBMB�im`Bbûb- H2b `Bb[m2b /Ƕ2z2ib /2b@
i`m+i2m`b /mb ¨ H� +QM+2TiBQM /2b bvbiĕK2b 2i �mt /û7�BHH�M+2b TQi2MiB2HH2b b2`QMi
+QMbB/û`�#H2K2Mi �KTHB}ûb T�` `�TTQ`i ¨ H� THmT�`i /2b bvbiĕK2b QTû`�iBQMM2Hb �m@
DQm`/Ƕ?mBX *2 TQi2MiB2H �++`m /Ƕ2ti2`M�HBiûb Mû;�iBp2b /QBi āi`2 +QKT2Mbû T�` /2b
BMp2biBbb2K2Mib T`QTQ`iBQMMûb /�Mb H� bû+m`Biû 2i H� 7Q`K�iBQMX G2b QmiBHb /ǶA� /2@
p`�B2Mi �KûHBQ`2`- K�Bb MQM MmB`2- ¨ HǶ2t2`+B+2 /ǶmM Dm;2K2Mi b�BM 2i KQ`�H T�` H2
T2`bQMM2H KBHBi�B`2X

UkNXV lM 2zQ`i BMi2`M�iBQM�H +QM+2`iû /QBi pBb2` ¨ B/2MiB}2` H2b �TTHB+�iBQMb bTû+B}[m2b
/2 HǶA� [mB T`ûb2Mi2Mi /2b `Bb[m2b /Ƕ2b+�H�/2X G2b úi�ib /2p`�B2Mi +QMp2MB` /2 K2@
bm`2b +QM+`ĕi2b TQm` `û/mB`2 H2 `Bb[m2 /2 ;m2``2b 7�+BHBiû2b T�` HǶA� 2i ûp2Mim2HH2K2Mi
BMi2MbB}û2bX GǶ�ii2MiBQM M2 /QBi T�b b2mH2K2Mi āi`2 TQ`iû2 bm` H2b /�M;2`b [m2 H�
i2+?MQHQ;B2 `2KTH�+2 H2b T2`bQMM2b /�Mb H2b bT?ĕ`2b KBHBi�B`2b- K�Bb �mbbB bm` H2
/�M;2` [m2 HǶA� T2mi `2T`ûb2Mi2` TQm` HǶ2t2`+B+2 /2 H� Ǵ`û~2tBQM bi`�iû;B[m2Ǵ /�Mb
H2b bBim�iBQMb /2 +QM~BiX

UjyXV 1M +2 [mB +QM+2`M2 H2b bvbiĕK2b /Ƕ�`K2b Hûi�H2b �miQMQK2b- +QKTi2 i2Mm /2 HǶûi�i
�+im2H /2b +QKTûi2M+2b i2+?MB[m2b U2i /�Mb mM �p2MB` T`ûpBbB#H2V- �m+mM bvbiĕK2 M2
/2p`�Bi āi`2 /ûTHQvû [mB 7QM+iBQMM2 2M KQ/2 MQM bmT2`pBbûX G2b HB;M2b /2 `2bTQM@
b�#BHBiû ?mK�BM2 /QBp2Mi āi`2 K�BMi2Mm2b �}M [m2 H2 `2bT2+i /2b HQBb /2 H� ;m2``2
BMi2`M�iBQM�H2K2Mi `2+QMMm2b TmBbb2 āi`2 �bbm`û 2i H2b pBQH�iBQMb b�M+iBQMMû2b

UjRXV G2b 2zQ`ib /2 /ûp2HQTT2K2Mi bQmi2Mmb T�` H2b úi�ib /2 K�+?BM2b BMi2HHB;2Mi2b
/2p`�B2Mi pBb2` H2 #B2M +QKKmMX GǶBKT�+i bm` H2b #B2Mb 2i b2`pB+2b Tm#HB+b- �BMbB
[m2 bm` H� b�Miû- HǶû/m+�iBQM- H2 #QM?2m` 2i H� /m`�#BHBiû- /QBi āi`2 T`BKQ`/B�HX GǶA�
T2mi �pQB` /2b T`ûDm;ûb BM�ii2M/mb Qm /2b +QMbû[m2M+2b BM?mK�BM2b- MQi�KK2Mi H�
b2;K2Mi�iBQM /2 H� bQ+Bûiû 2i H2b T`ûDm;ûb `�+B�mt 2i b2tBbi2b- 2i +2mt@+B /QBp2Mi āi`2
i`�Biûb �p�Mi [mǶBHb M2 b2 T`Q/mBb2MiX AH bǶ�;Bi /2 T`Q#HĕK2b M�iBQM�mt 2i KQM/B�mt-
2i +2b /2`MB2`b Mû+2bbBi2Mi mM2 THmb ;`�M/2 �ii2MiBQM /2 H� T�`i /2b L�iBQMb lMB2bX

Uj8XV G2b `Bb[m2b /Ƕ�TTHB+�iBQMb K�MBTmH�i`B+2b /2 HǶA� TQm` 7�ÏQMM2` HǶQTBMBQM Tm#HB[m2
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2i HǶBM;û`2M+2 ûH2+iQ`�H2 /QBp2Mi āi`2 T`Bb 2M +QKTi2 2i /2b +QMi`ƬH2b M�iBQM�mt 2i
BMi2`M�iBQM�mt bQMi Mû+2bb�B`2bX

UjeXV GǶA� 2i H� `Q#QiB[m2 Qz`2Mi /2 ;`�M/2b QTTQ`imMBiûb 2i +QKTQ`i2Mi /2b `Bb[m2b c
T�` +QMbû[m2Mi- H2b `û;H2K2Mi�iBQMb /QBp2Mi āi`2 +QMÏm2b /2 K�MBĕ`2 �TT`QT`Bû2
T�` /2b BMbiBimiBQMb Tm#HB[m2b Hû;BiBK2b- M2 T�b 2Mi`�p2` H2b QTTQ`imMBiûb 2i M2 T�b
biBKmH2` H� T`Bb2 /2 `Bb[m2b 2t+2bbB7b 2i H2b T`ûDm;ûbX *2H� Mû+2bbBi2 mM +�/`2 /�Mb
H2[m2H H2 /Bb+Qm`b bQ+Bûi�H Tm#HB+ BM+HmbB7 2bi BM7Q`Kû T�` H2b b+B2M+2b /2 /Bzû`2Mi2b
/Bb+BTHBM2b- 2i iQmb H2b b2;K2Mib /2 H� bQ+Bûiû bQMi 2M K2bm`2 /2 T�`iB+BT2`X

Uj3XV G2b 2Mi`2T`Bb2b /2p`�B2Mi +`û2` /2b +QMb2BHb /Ƕûi?B[m2 2i /2 bû+m`Biû 2i b2 DQBM/`2
¨ /2b Q`;�MBb�iBQMb ¨ #mi MQM Hm+`�iB7 [mB pBb2Mi ¨ ûi�#HB` H2b K2BHH2m`2b T`�iB[m2b
2i MQ`K2b TQm` H2 /ûTHQB2K2Mi #ûMû}[m2 /2 HǶA� 2i /2 H� `Q#QiB[m2X .2b T`QiQ+QH2b
�TT`QT`Bûb TQm` H� bû+m`Biû /2b `Q#Qib 2i /2b bvbiĕK2b ¨ #�b2 /ǶA� /QBp2Mi āi`2
/ûp2HQTTûb- i2Hb [m2 H� pû`B}+�iBQM /mTHB[mû2 T�` /2b û[mBT2b /2 +QM+2TiBQM BM/û@
T2M/�Mi2bX G� `ûmbbBi2 /2 i2bib /Ƕûi?B[m2 2i /2 bû+m`Biû- ûp�Hm�Mi T�` 2t2KTH2 HǶBK@
T�+i bQ+B�H Qm H2b T`ûDm;ûb `�+B�mt +�+?ûb- /2p`�Bi /2p2MB` mM2 +QM/BiBQM T`û�H�#H2
¨ H� bQ`iB2 /2 MQmp2�mt HQ;B+B2Hb /ǶA�X .2b +QKKBbbBQMb +BpBH2b 2ti2`M2b T`Q+û/�Mi
¨ mM2 ûp�Hm�iBQM `û+m``2Mi2 2i i`�MbT�`2Mi2 /2 iQmi2b H2b i2+?MQHQ;B2b- v +QKT`Bb
KBHBi�B`2b- /2p`�B2Mi āi`2 2MpBb�;û2bX

UjNXV G2b b+B2MiB}[m2b 2i H2b BM;ûMB2m`b- 2M i�Mi [m2 +QM+2Ti2m`b /2 /BbTQbBiB7b /ǶA� 2i
/2 `Q#Qib- QMi H� `2bTQMb�#BHBiû /Ƕ2bb�v2` �+iBp2K2Mi /2 ;�`�MiB` [m2 H2m`b BMp2MiBQMb
2i BMMQp�iBQMb bQMi bȿ`2b 2i T2mp2Mi āi`2 miBHBbû2b ¨ /2 #QMM2b }MbX

3X9 lM2 `2bTQMb�#BHBiû pBb@¨@pBb /2b +QMbQKK�i2m`b }M�mt
1M kyky- /�Mb H2 +�/`2 /2 HǶBMbiBimi /ǶAMi2HHB;2M+2 �`iB}+B2HH2 /2 hQmHQmb2 U�LAhA

?iiTb,ff�MBiBXmMBp@iQmHQmb2X7`fV- MQmb �pQMb 2m HǶQ++�bBQM /2 `û�HBb2` mM i`�p�BH �p2+
H2b Dm`Bbi2b *H�B`2 "QBM2 2i *ûHBM2 *�bi2ib@_2M�`/ /�Mb mM �`iB+H2 BMiBimHû AM GQp2 rBi?
� *Q`TQ`�iBQM rBi?Qmi EMQrBM; Ai , �M �bvK2i`B+�H _2H�iBQMb?BT ("QBM2 kyky)X C2 p�Bb
`2T`2M/`2 B+B H2b ;`�M/2b HB;M2b 2i H2b T`QTQbBiBQMb [m2 MQmb �pBQMb /û}MB /�Mb +2i �`iB+H2X

3X9XR AMi`Q/m+iBQM

G� THmT�`i /2b /QK�BM2b /m /`QBi `2TQb2Mi bm` HǶ?vTQi?ĕb2 /m HB#`2 �`#Bi`2X 1M /`QBi
TûM�H- H2b T2BM2b bQMi H2 THmb bQmp2Mi DmbiB}û2b T�` H� DmbiB+2 `ûi`B#miBp2- HǶB/û2 [m2 H2b
+`BKBM2Hb /QBp2Mi T`QTQ`iBQMM2HH2K2Mi bQmz`B` 2M `2iQm`- 2i T�` H� i?ûQ`B2 /2 H� /Bbbm�bBQM-
[mB biBTmH2 [m2 H� T2`bT2+iBp2 /Ƕāi`2 TmMB /Bbbm�/2 H2b BM/BpB/mb /2 +QKK2ii`2 /2b +`BK2b
2M T`2KB2` HB2mX G2b /2mt i?ûQ`B2b bmTTQb2Mi [m2 H2b +`BKBM2Hb �m`�B2Mi Tm +?QBbB` /2 M2 T�b
+QKK2ii`2 H2m` +`BK2 K�Bb M2 HǶQMi T�b 7�BiX a�Mb HB#`2 �`#Bi`2- H� DmbiB+2 TmMBiBp2 b2`�Bi
iQmi bBKTH2K2Mi +`m2HH2 2i H� /Bbbm�bBQM BM2{+�+2X 1M /`QBi /2b +QMi`�ib- H2b +QMi`�ib bQMi
p�H�#H2b bǶBHb M2 bQMi T�b bB;Mûb bQmb H� +QMi`�BMi2X 1M /2?Q`b /2 H� T`Qi2+iBQM /2b T2`@
bQMM2b pmHMû`�#H2b- H� HQB bmTTQb2 [m2 H2b BM/BpB/mb T`2MM2Mi H2m`b /û+BbBQMb HB#`2K2Mi �m
[mQiB/B2MX G2 HB#û`�HBbK2 û+QMQKB[m2 `2TQb2 û;�H2K2Mi bm` H2 HB#`2 �`#Bi`2- +�` HǶ�HHQ+�iBQM
/m K�`+?û `2TQb2 bm` H2 7�Bi [m2 H2b �;2Mib bQMi BMi`BMbĕ[m2K2Mi `�iBQMM2Hb 2i �ii`B#m2Mi
/2 H� p�H2m` �mt #B2Mb 2M 7QM+iBQM /2 +2 [mǶBHb bQMi T`āib ¨ T�v2`X Lû�MKQBMb- H2b Hû;BbH�@
i2m`b QMi û;�H2K2Mi `2+QMMm [mǶBH 2tBbi2 mM /Bzû`2MiB2H /2 TQmpQB` 2Mi`2 H2b BM/BpB/mb 2i H2b
2Mi`2T`Bb2b- 2i [m2 H2b +QMbQKK�i2m`b M2 T2mp2Mi 2t2`+2` H2m` HB#`2 �`#Bi`2 bǶBHb MǶQMi T�b
�++ĕb ¨ /2b BM7Q`K�iBQMb +QKTHĕi2b 2i HQv�H2b bm` H2b T`Q/mBibX G2 /`QBi /2 H� +QMbQKK�@
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Ryy *?�TBi`2 3X S2Mb2` �mt +QMbû[m2M+2b

iBQM i2Mi2 /2 +QKT2Mb2` +2 /ûbû[mBHB#`2X S�` 2t2KTH2- H2b 7�#`B+�Mib /2 +B;�`2ii2b /QBp2Mi
ûiB[m2i2` H2b 2K#�HH�;2b �p2+ /2b �p2`iBbb2K2Mib b�MBi�B`2b TQm` bǶ�bbm`2` [m2 H2b +QMbQK@
K�i2m`b bQMi +QMb+B2Mib /2b `Bb[m2b Mû7�bi2b /m T`Q/mBi TQm` H2m` b�MiûX *2T2M/�Mi- mM2
MQmp2HH2 i2+?MQHQ;B2 `û+2KK2Mi BMi`Q/mBi2 bm` H2 K�`+?û +`û2 mM2 �bvKûi`B2 /2 TQmpQB`
b�Mb T`û+û/2Mi 2Mi`2 H2b 2Mi`2T`Bb2b 2i H2b BM/BpB/mb , H2b `Q#Qib bQ+B�mtX

3X9Xk Zm2biBQMb ûi?B[m2b 2i Dm`B/B[m2b

.�Mb mM T`2KB2` i2KTb QM bǶBMiû`2bb2 �mt [m2biBQMb ûi?B[m2b 2i Dm`B/B[m2b TQbû2b T�`
HǶ�``Bpû2 /2b `Q#Qib bQ+B�mtX 1M T�`iB+mHB2`- H2b Dm`Bbi2b bǶBMiû`2bb2Mi �mt T`ûDm/B+2b TQi2M@
iB2Hb /û+QmH�Mi /2 HǶmiBHBb�iBQM /ǶmM `Q#Qi bQ+B�H 2i �mt K�MBĕ`2b /2 H2b �iiûMm2`X

G� T`2KBĕ`2 T`ûQ++mT�iBQM +QM+2`M2 H� pB2 T`Bpû2X S2M/�Mi HQM;i2KTb- H� +QHH2+i2 /2b
/QMMû2b � ûiû +HQBbQMMû2 2Mi`2 /Bzû`2Mib /QK�BM2b- H� THmT�`i /2b miBHBb�i2m`b /2 i2+?MQ@
HQ;B2b M2 +QKT`2MM2Mi T�b H2b +QMbû[m2M+2b /2 H� +QHH2+i2 /2 /QMMû2b bm` AMi2`M2i bm` H2m`
pB2 T`Bpû2 (QM 1i?B+b Q7 �miQMQKQmb kyRd)X _v�M *�HQ (*�HQ kyRR) B/2MiB}2 i`QBb 7�ÏQMb
/QMi H2b `Q#Qib T2mp2Mi TQ`i2` �ii2BMi2 ¨ H� pB2 T`Bpû2 /2b +BiQv2Mb , H� bm`p2BHH�M+2 /B`2+i2-
HǶBMi`Q/m+iBQM /2 MQmp2�mt TQBMib /Ƕ�++ĕb /�Mb /2b 2bT�+2b ?BbiQ`B[m2K2Mi T`Qiû;ûb UT�`
2t2KTH2- H2 ;Qmp2`M2K2Mi Qm mM BM/BpB/m T2mi TB`�i2` mM `Q#Qi bQ+B�H 2i pQB` HǶBMiû`B2m`
/m HB2m Qɍ BH b2 i`Qmp2V- 2i H� bB;MB}+�iBQM bQ+B�H2 UT�` 2t2KTH2- H2 `Q#Qi +QHH2+i2 /2b BM@
7Q`K�iBQMb bm` H� 7�ÏQM /QMi HǶmiBHBb�i2m` BMi2`�;Bi �p2+ HmB- +2 [mB 2bi mM MQmp2�m ivT2
/2 /QMMû2bVX .2 THmb- H2b `Q#Qib T2mp2Mi 7�+BH2K2Mi K�MBTmH2` H2b ?mK�BMb 2i H2b TQmbb2`
¨ H2m` /QMM2` /2b BM7Q`K�iBQMb �m +Qm`b /2b +QMp2`b�iBQMb- bm`iQmi bB H2b ?mK�BMb /ûp2@
HQTT2Mi /2b b2MiBK2Mib TQm` 2mtX G2 `Bb[m2 /2 K�MBTmH�iBQM bǶûi2M/ �m@/2H¨ /2 H� +QHH2+i2
/2 /QMMû2bX Zm2 b2 T�bb2@i@BH bB pQi`2 �bbBbi�Mi `Q#Qi- [mB 7�Bi H2b +Qm`b2b TQm` pQmb- bû@
H2+iBQMM2 /2b K�`[m2b bTû+B}[m2b /�Mb H2b[m2HH2b bQM 2Mi`2T`Bb2 /ûiB2Mi /2b �+iBQMb \ Zm2
7�B`2 bB pQi`2 +QKT�;MQM `Q#Qi pQmb /Bi [mǶBH 2bi i`Bbi2 /2 M2 T�b �pQB` H� /2`MBĕ`2 KBb2 ¨
DQm`- [mB � mM +Qȿi bmTTHûK2Mi�B`2 \ 1i bB pQi`2 `Q#Qi bQ+B�H +QKK2MÏ�Bi ¨ pQmb /QMM2`
bQM �pBb TQHBiB[m2 \

G� b2+QM/2 T`ûQ++mT�iBQM +QM+2`M2 HǶ2t2`+B+2 /m +QMb2Mi2K2Mi 2i /m HB#`2 �`#Bi`2X 1M
/`QBi /2b +QMi`�ib- H2 +QMb2Mi2K2Mi /QBi āi`2 HB#`2 2i pû`Bi�#H2 TQm` [m2 H2 +QMi`�i bQBi
p�H�#H2X aB H2 +QMb2Mi2K2Mi � ûiû /QMMû bm` H� #�b2 /ǶmM2 7�mbb2 /û+H�`�iBQM- H2 +QMi`�i
2bi MmHX 1M /`QBi /2 H� +QMbQKK�iBQM- H2b 2Mi`2T`Bb2b bQMi Hû;�H2K2Mi i2Mm2b /2 7Qm`MB`
/2b BM7Q`K�iBQMb bm` H2b T`Q/mBib [mǶBHb p2M/2MiX GǶBM7Q`K�iBQM /QBi āi`2 T`û+Bb2X AH 2bi
BHHû;�H TQm` H2b 2Mi`2T`Bb2b /Ƕ�/QTi2` /2b +QKTQ`i2K2Mib bmb+2TiB#H2b /ǶBM/mB`2 2M 2``2m`
Qm /2 i`QKT2` H2b +QMbQKK�i2m`b (/B` )X GQ`b[mǶmM `Q#Qi /Bi ¨ mM miBHBb�i2m` [mǶBH HǶ�BK2-
HǶ2Mi`2T`Bb2 [mB T`Q;`�KK2 H2 `Q#Qi BM/mBi 2z2+iBp2K2Mi H2 +QMbQKK�i2m` 2M 2``2m` 2M HmB
7�Bb�Mi +`QB`2 ¨ H� 7QBb [m2 H2 `Q#Qi 2bi +�T�#H2 /ǶûT`Qmp2` /2b b2MiBK2Mib 2i [mǶBH HǶ�BK2X
AH bǶ�;Bi +H�B`2K2Mi /ǶmM +�b /2 i`QKT2`B2 /m +QMbQKK�i2m`X

GǶmiBHBb�iBQM /2b `Q#Qib bQ+B�mt TQb2 H� [m2biBQM /m +QMb2Mi2K2Mi ¨ i`QBb MBp2�mt /B7@
7û`2MibX S`2KBĕ`2K2Mi- 2HH2 bm`pB2Mi HQ`b[m2 H2b +QMbQKK�i2m`b �+?ĕi2Mi HǶ�TT�`2BHX G2b
2Mi`2T`Bb2b /QBp2Mi /QMM2` /2b BM7Q`K�iBQMb i`�MbT�`2Mi2b- /2b BM7Q`K�iBQMb T`û+Bb2b 2i
2t?�mbiBp2b bm` H2b `Q#Qib 2i H2 7�Bi [m2- K�H;`û H2b �TT�`2M+2b- BHb MǶQMi T�b /ǶûKQiBQMb
Qm /2 b2MbB#BHBiûX .2mtBĕK2K2Mi- H� [m2biBQM /m +QMb2Mi2K2Mi 2i /m HB#`2 �`#Bi`2 `2pB2Mi
mM2 7QBb [m2 H2b +QMbQKK�i2m`b QMi ;`�M/B 2M /ûp2HQTT�Mi mM �ii�+?2K2Mi TQm` H2b `Q#Qib
bQ+B�mtX JāK2 bB- ¨ HǶ�+?�i /2 H2m`b `Q#Qib- H2b +QMbQKK�i2m`b QMi `2Ïm /2b BM7Q`K�@
iBQMb BM/B[m�Mi [m2 H2m`b �TT�`2BHb M2 T2mp2Mi T�b 7�B`2 HǶ2tTû`B2M+2 /2 p`�B2b ûKQiBQMb-
TQmpQMb@MQmb p`�BK2Mi MQmb �ii2M/`2 ¨ +2 [mǶBHb bǶ2M bQmpB2MM2Mi /2b KQBb THmb i�`/-



3X9X lM2 `2bTQMb�#BHBiû pBb@¨@pBb /2b +QMbQKK�i2m`b }M�mt RyR

�T`ĕb [m2 H2m` �bbBbi�Mi pB`im2H H2m` � `û;mHBĕ`2K2Mi 2MpQvû /2b aJa TQm` H2m` /B`2 [mǶBHb
HmB �p�B2Mi K�M[mû Qm H2m` � KQMi`û /2 HǶ�z2+iBQM \ .2 THmb- mM2 7QBb [m2 H2 +QMbQKK�@
i2m` 2bi ûKQiBQMM2HH2K2Mi �ii�+?û- BH MǶ2bi T�b ûpB/2Mi [mǶBH TQm``�Bi b2 bûT�`2` /m `Q#Qi
KāK2 bB +Ƕûi�Bi /�Mb bQM BMiû`āiX 1M +QMbû[m2M+2- mM bBKTH2 +QMi`�i /2 p2Mi2 +QKT`2M�Mi
/2b BM7Q`K�iBQMb bm` H2 `Q#Qi 2i b2b /QKK�;2b TQi2MiB2Hb M2 T2mi āi`2 bm{b�Mi TQm` v
`2Kû/B2` ûi�Mi /QMMû [m2 H2b `Q#Qib QMi /2b 2z2ib ¨ HQM; i2`K2 [mB p�`B2Mi /�Mb H2 i2KTbX
h`QBbBĕK2K2Mi- H2 HB#`2 �`#Bi`2 2bi û;�H2K2Mi T2`iBM2Mi TQm` H� `2bTQMb�#BHBiûX aB mM `Q#Qi
bQ+B�H BM~m2M+2 [m2H[mǶmM TQm` 2M7`2BM/`2 H� HQB- HǶBM/BpB/m 2bi@BH 2MiBĕ`2K2Mi `2bTQMb�#H2 \
S2mi@QM BMpQ[m2` BM/ȿK2Mi +2ii2 BM~m2M+2 \ aB QmB- +QKK2Mi H2 T`Qmp2`�Bi@QM \ Zm2H /2;`û
/ǶBKTHB+�iBQM b2`�Bi Mû+2bb�B`2 TQm` TH�B/2` H� +�mb2 \

3X9Xj S`QTQbBiBQMb

6�+2 ¨ +2b [m2biBQMb- *H�B`2 "QBM2 7�Bi THmbB2m`b T`QTQbBiBQMbX

G2b T`2KBĕ`2b +QM+2`M2Mi H2b T2`bQMM2b pmHMû`�#H2b *QKK2Mi TQmpQMb@MQmb T`Q@
iû;2` H2b T2`bQMM2b T�`iB+mHBĕ`2K2Mi pmHMû`�#H2b +QKK2 H2b 2M7�Mib Qm H2b T2`bQMM2b �;û2b
/2b `Bb[m2b HBûb ¨ HǶmiBHBb�iBQM /2b `Q#Qib bQ+B�mt \

.�Mb H2 +�b /2b T2`bQMM2b pmHMû`�#H2b- MQmb T`QTQbQMb [m2 H2b `Q#Qib M2 /2p`�B2Mi
D�K�Bb TQmpQB` T�`H2` /Ƕ2mt@KāK2bX S�`H2` /2 bQB BKTHB[m2 mM2 +QMb+B2M+2X GǶmiBHBb�iBQM
/m ǴD2Ǵ K�`[m2 H2 T�bb�;2 /2 HǶQ#D2i �m bmD2iX G2b `Q#Qib M2 /2p`�B2Mi T�b 7�B`2 b2K#H�Mi
/Ƕ�pQB` /2b ûKQiBQMb Qm /2b QTBMBQMbX .2b `Q#Qib [mB T�`H2`�B2Mi T�` 2t2KTH2 /2 H2m`b
bQB@/Bb�Mi b2MiBK2Mib Qm [mB 72`�B2Mi b2K#H�Mi /2 b2 `�TT2H2` /2b bQmp2MB`b /Ƕ�p�Mi [m2
H2m` T`QT`Bûi�B`2 M2 H2b �+?ĕi2 b2`�B2Mi i`QKT2m`bX AH 2bi BKTQ`i�Mi [m2 H2b 2Mi`2T`Bb2b
/ûp2HQTT�Mi +2b `Q#Qib 7�bb2Mi H2 K�tBKmK TQm` ûpBi2` H� +QM7mbBQM- +2H� M2 /QBi T�b
BM+QK#2` �mt 2M7�Mib Qm �mt T2`bQMM2b bûMBH2b [mB TQm``�B2Mi iQmi T`2M/`2 TQm` �`;2Mi
+QKTi�MiX G2b `Q#Qib MǶQMi T�b #2bQBM /2 7�B`2 b2K#H�Mi /Ƕ�pQB` mM2 +QMb+B2M+2 Qm 7�B`2
T`2mp2 /ǶûKQiBQMb �}M /Ƕ�++QKTHB` H2m`b 7QM+iBQMbX lM `Q#Qi bQ+B�H [mB DQm2 �mt +�`i2b
�p2+ mM2 T2`bQMM2 2M 1>S�. M2 /QBi T�b T�`H2` +QKK2 bB 2HH2 �p�Bi /2b T`û7û`2M+2b- /2b
ûKQiBQMb- /2b p�H2m`b 2i /2b QTBMBQMbX *Ƕ2bi +2 [m2 MQmb �TT2HQMb H2 T`BM+BT2 /2 MQM@
i`QKT2`B2X

.2mtBĕK2K2Mi- MQmb T`QTQbQMb [m2 H2b T2`bQMM2b pmHMû`�#H2b M2 bQB2Mi D�K�Bb H�Bbbû2b
b2mH2b �p2+ /2b `Q#Qib bQ+B�mtX lM `Q#Qi +QKT�;MQM /�Mb mM2 K�BbQM /2 `2i`�Bi2 T2mi
āi`2 H�Bbbû /�Mb H� b�HH2 +QKKmM2 TQm` 7�pQ`Bb2` H2b û+?�M;2b 2Mi`2 H2b `ûbB/2Mib- bQmb H�
bm`p2BHH�M+2 /ǶmM bQB;M�MiX lM `Q#Qi +QKK2 _Q#2�`- [mB T2mi bQmH2p2` /2b T2`bQMM2b ?Q`b
/ǶmM HBi- T2mi āi`2 miBHBbû TQm` �B/2` mM pû`Bi�#H2 bQB;M�MiX �m+mM /Ƕ2Mi`2 2mt M2 /2p`�Bi
`2KTH�+2` H2b bQBMb ?mK�BMb Qm HǶBMi2`�+iBQM ?mK�BM2X *2 T`BM+BT2 /2 MQM@`2KTH�+2K2Mi �
ûiû KBb 2M �p�Mi T�` a2B#i 2i �HX +QKK2 H2 ǴT`BM+BT2 /2b p�H2m`b /Ƕ�#Q`/Ǵ , ǴH2b �TTHB+�iBQMb
/2 H� `Q#QiB[m2 bQ+B�H2 /QBp2Mi `2bT2+i2` H� K�tBK2 /2 MQM@`2KTH�+2K2Mi , H2b `Q#Qib M2
T2mp2Mi 7�B`2 [m2 +2 [m2 H2b ?mK�BMb /2p`�B2Mi- K�Bb M2 T2mp2Mi T�b 7�B`2Ǵ (a2B#i kyR3)X
G� T`ûb2M+2 /ǶmM2 T2`bQMM2 MQM pmHMû`�#H2 T2mi �iiûMm2` H2 `Bb[m2 /ǶBM~m2M+2 BM/m2 2i
HǶ�bvKûi`B2 /2 TQmpQB` 2Mi`2 mM T�`iB+mHB2` 2i mM2 2Mi`2T`Bb2X .2 H� KāK2 K�MBĕ`2- H2b
`Q#Qib bQ+B�mt Qz`2Mi mM2 TH�i2@7Q`K2 bmTTHûK2Mi�B`2 TQm` [m2 H2b 2M7�Mib DQm2Mi Qm
�TT`2MM2Mi- 2M BMi2`�+iBQM �p2+ H2m`b T�`2Mib Qm ;�`/B2MbX *Ƕ2bi +2 [m2 MQmb �TT2HQMb H2
T`BM+BT2 /2 MQM@bm#biBimiBQMX



Ryk *?�TBi`2 3X S2Mb2` �mt +QMbû[m2M+2b

G2b b2+QM/2b +QM+2`M2Mi HǶ2Mb2K#H2 /2b miBHBb�i2m`b G� T`2KBĕ`2 T`QTQbBiBQM 2bi
/2 HBKBi2` +?�[m2 `Q#Qi ¨ mM b2mH Q#D2+iB7X G2 bvbiĕK2 /2 bû+m`Biû /QK2biB[m2 M2 /2p`�Bi
T�b HB`2 /Ƕ?BbiQB`2b �mt 2M7�MibX GǶ�bbBbi�Mi pB`im2H [mB T2mi �++û/2` �mt BM7Q`K�iBQMb /2
pQi`2 +�`i2 /2 +`û/Bi TQm` pQmb +QKK�M/2` /2b `2T�b M2 /2p`�Bi T�b pQmb 2MpQv2` /2b
K2bb�;2b TQm` pQmb /B`2 [mǶBH pQmb K�M[m2X 1M /Ƕ�mi`2b i2`K2b- MQmb TH�B/QMb TQm` [m2
+?�[m2 �TTHB+�iBQM `Q#QiB[m2 �Bi mM2 TQ`iû2 ûi`QBi2X *2H� T2mi HBKBi2` ¨ H� 7QBb H2 `Bb[m2
/Ƕ�ii�+?2K2Mi ûKQiBQMM2H 2i H2 TQmpQB` /2b 2Mi`2T`Bb2b 2M +�b /2 7�mi2 T`Q72bbBQMM2HH2X S�`
2t2KTH2- +2H� HBKBi2 H� [m�MiBiû /2 /QMMû2b TQmp�Mi āi`2 +QHH2+iû2bX *2H� HBKBi2 û;�H2K2Mi
H2 i2KTb T�bbû �p2+ 2i H2 /2;`û /2 /ûT2M/�M+2 ¨ +?�[m2 �TT�`2BHX 1M +QKTHûK2Mi /2 +2ii2
T`2KBĕ`2 T`QTQbBiBQM- MQmb T`QTQbQMb /2 HBKBi2` H2b +QMM�Bbb�M+2b [m2 H2b `Q#Qib T2mp2Mi
�+[mû`B`X LQmb T�`iQMb /m T`BM+BT2 [m2 H2 `Q#Qi MǶ� #2bQBM /2 +QMM�ŗi`2 [m2 H2b BM7Q`K�iBQMb
/B`2+i2K2Mi T2`iBM2Mi2b TQm` bQM Q#D2+iB7X S�` 2t2KTH2- mM `Q#Qi +QKT�;MQM M2 /QBi T�b
+QHH2+i2` /2 /QMMû2b bm` H2b T2`bQMM2b [mB pQmb `2M/2Mi pBbBi2X

G� b2+QM/2 T`QTQbBiBQM 2bi [m2 H� `û;H2K2Mi�iBQM /2b `Q#Qib bQ+B�mt /2p`�Bi āi`2 #�bû2
bm` /2mt +�iû;Q`B2b Kmim2HH2K2Mi 2t+HmbBp2b , RV H2b `Q#Qib /QMi H� }M MǶ2bi T�b HBû2 ¨
HǶ�ii�+?2K2Mi ûKQiBQMM2H K�Bb [mB T2mp2Mi H2 ;ûMû`2` /2 K�MBĕ`2 �++2bbQB`2 c 2i kV H2b
`Q#Qib /QMi H� }M Mû+2bbBi2 mM +2`i�BM �ii�+?2K2Mi ûKQiBQMM2H +QKK2 KQv2M Qm /QMi H�
}M 2bi mM �ii�+?2K2Mi ûKQiBQMM2HX SQm` H2b `Q#Qib /2 H� T`2KBĕ`2 +�iû;Q`B2- +2mt /QMi
H2 #mi M2 Mû+2bbBi2 T�b /Ƕ�ii�+?2K2Mi ûKQiBQMM2H- MQmb T`QTQbQMb /ǶûpBi2` H� +QM+2TiBQM
�Mi?`QTQKQ`T?B[m2X GǶ�Mi?`QTQKQ`T?BbK2 +QKT`2M/ ¨ H� 7QBb HǶ�TT�`2M+2 ?mK�BM2 2i H2b
+�`�+iû`BbiB[m2b ?mK�BM2b U?BbiQB`2b /2 7QM/- 7�mbb2b ûKQiBQMb- QTBMBQMbĘVX G� +QM+2TiBQM
/m `Q#Qi /2p`�Bi āi`2 #�bû2 bm` bQM Q#D2+iB7X �}M /2 T�HHB2` HǶ�ii�+?2K2Mi TQi2MiB2H �mt
`Q#Qib bQ+B�mt /2 H� b2+QM/2 +�iû;Q`B2- MQmb T`QTQbQMb /2mt ivT2b /2 bQHmiBQMbX G2 T`2KB2`
ivT2 2bi #�bû bm` H� +QM+2TiBQMX �}M /2 HBKBi2` H2 `Bb[m2 /2 +QM7mbBQM [m�Mi ¨ b�pQB` bB
H2b `Q#Qib QMi mM2 BM/BpB/m�HBiû- H2b `Q#Qib TQm``�B2Mi `û;mHBĕ`2K2Mi +?�M;2` /Ƕ�TT�`2M+2
HQ`b[m2 +2H� 2bi TQbbB#H2X AHb TQm``�B2Mi û;�H2K2Mi +?�M;2` /2 pQBt `û;mHBĕ`2K2MiX G2 b2+QM/
ivT2 /2 bQHmiBQM +QMbBbi2 ¨ BMi`Q/mB`2 /2b HBKBi�iBQMb bT�iB�H2b 2i i2KTQ`2HH2bX lM2 7�ÏQM
/ǶBMi`Q/mB`2 /2b HBKBi2b /2 i2KTb 2i /Ƕ2bT�+2 b2`�Bi /Ƕ�pQB` mM2 `2H�iBQM +QMi`�+im2HH2 2Mi`2
H2b +QMbQKK�i2m`b 2i H2b 2Mi`2T`Bb2b /2 `Q#QiB[m2- [mB BM/B[m2 H� /m`û2 /Ƕ2K#�m+?2 /ǶmM
`Q#Qi- �p2+ mM2 HBbi2 2t?�mbiBp2 /2b i�+?2b [mǶBHb TQm``�B2Mi 2i /2p`�B2Mi 2Mi`2T`2M/`2X

1M THmb /2 K2ii`2 2M ƾmp`2 /2b HQBb TQm` HBKBi2` HǶ�ii�+?2K2Mi ?mK�BM �mt `Q#Qib-
MQmb bm;;û`QMb /Ƕ�DQmi2` /2 MQmp2HH2b HQBb bm` H� T`Qi2+iBQM /2b +QMbQKK�i2m`b TQm` bǶ�b@
bm`2` [m2 H2b BM/BpB/mb +QKT`2MM2Mi �p2+ T`û+BbBQM H� M�im`2 /m T`Q/mBiX *QKTi2 i2Mm /2
HǶ2z2i /Bzû`2MiB2H /�Mb H2 i2KTb- MQmb T`QTQbQMb [m2 H2b +QMbQKK�i2m`b bQB2Mi BM7Q`Kûb
`û;mHBĕ`2K2Mi- KāK2 �T`ĕb �pQB` �+?2iû mM �TT�`2BHX *QKK2 mM 7mK2m` b2 pQBi `�TT2H2`
H2b /�M;2`b /2 H� /ûT2M/�M+2 +?�[m2 7QBb [mǶBH �+?ĕi2 mM MQmp2�m T�[m2i- H2b miBHBb�i2m`b
/2 `Q#Qib TQm``�B2Mi `2+2pQB` /2b BM7Q`K�iBQMb `û;mHBĕ`2b [mB QMi ûiû KBb2b ¨ DQm` �p2+
/2 MQmp2HH2b +QMM�Bbb�M+2b b+B2MiB}[m2b BKT�`iB�H2b [mB MǶQMi T�b ûiû T�``�BMû2b T�` /2b
bQ+Bûiûb /2 `Q#QiB[m2X G2b BM7Q`K�iBQMb /2p`�B2Mi āi`2 +QKTBHû2b T�` /2b �;2M+2b Tm#HB[m2b
i2HH2b [m2 H� 62/2`�H .`m; �/KBMBbi`�iBQM Qm H� 62/2`�H h`�/2 *QKKBbbBQMX

3X8 *QM+HmbBQM
.�Mb b2b GB;M2b /B`2+i`B+2b 2M K�iBĕ`2 /Ƕûi?B[m2 TQm` mM2 A� /B;M2 /2 +QM}�M+2

(*QKKBbbBQM kyRN)- H� *QKKBbbBQM 2m`QTû2MM2 �{`K2 [m2 ǴH2b bvbiĕK2b /ǶA� /QBp2Mi
āi`2 +2Mi`ûb bm` HǶ?mK�BM- 2M bǶ�TTmv�Mi bm` HǶ2M;�;2K2Mi /2 K2ii`2 H2m` miBHBb�iBQM �m
b2`pB+2 /2 HǶ?mK�MBiû 2i /m #B2M +QKKmM- �p2+ TQm` Q#D2+iB7 /Ƕ�KûHBQ`2` H2 #B2M@āi`2 2i H�



3XeX *QMi`B#miBQMb �bbQ+Bû2b Ryj

HB#2`iû /2b āi`2b ?mK�BMbX aǶBHb Qz`2Mi /2 #`BHH�Mi2b TQbbB#BHBiûb- H2b bvbiĕK2b /ǶA� bQmHĕp2Mi
û;�H2K2Mi +2`i�BMb `Bb[m2b [mB /QBp2Mi āi`2 i`�Biûb /2 K�MBĕ`2 �TT`QT`Bû2 2i T`QTQ`iBQMMû2X
LQmb bQKK2b ¨ T`ûb2Mi 7�+2 ¨ mM2 Q++�bBQM mMB[m2 /2 7�ÏQMM2` H2m` ûH�#Q`�iBQMX LQmb pQm@
HQMb TQmpQB` MQmb }2` �mt 2MpB`QMM2K2Mib bQ+BQi2+?MB[m2b �mt[m2Hb BHb bQMi BMiû;`ûb- 2i
MQmb pQmHQMb [m2 H2b +QM+2Ti2m`b /2 bvbiĕK2b /ǶA� Q#iB2MM2Mi mM �p�Mi�;2 +QM+m``2MiB2H
2M BMiû;`�Mi mM2 A� /B;M2 /2 +QM}�M+2 ¨ H2m`b T`Q/mBib 2i b2`pB+2bX *2i Q#D2+iB7 Mû+2b@
bBi2 /2 +?2`+?2` ¨ QTiBKBb2` H2b �p�Mi�;2b Qz2`ib T�` H2b bvbiĕK2b /ǶA� iQmi 2M p2BHH�Mi ¨
T`ûp2MB` 2i `û/mB`2 H2 THmb TQbbB#H2 H2b `Bb[m2b [mǶBHb T`ûb2Mi2MiXǴ .�Mb +2 KāK2 /Q+mK2Mi
(*QKKBbbBQM kyRN) 2bi T`û+Bbû +2 [m2 HǶQM 2Mi2M/ T�` A� /B;M2 /2 +QM}�M+2- ǴlM2 A� /B;M2
/2 +QM}�M+2 +QKTQ`i2 i`QBb ûHûK2Mib , RV 2HH2 /QBi āi`2 HB+Bi2- 2M �bbm`�Mi H2 `2bT2+i /2b
Hû;BbH�iBQMb 2i `û;H2K2Mi�iBQMb �TTHB+�#H2b- kV 2HH2 /QBi āi`2 ûi?B[m2- 2M �bbm`�Mi HǶ�/?ûbBQM
¨ /2b T`BM+BT2b 2i p�H2m`b ûi?B[m2b- 2i jV 2HH2 /QBi āi`2 `Q#mbi2- bm` H2 TH�M i�Mi i2+?MB[m2
[m2 bQ+B�H- TQm` 7�B`2 2M bQ`i2 [m2- KāK2 �p2+ /2 #QMM2b BMi2MiBQMb- H2b bvbiĕK2b /ǶA�
M2 +�mb2Mi T�b /2 T`ûDm/B+2b BMpQHQMi�B`2bX *?�[m2 ûHûK2Mi 2bi Mû+2bb�B`2 K�Bb M2 bm{i
T�b TQm` T�`p2MB` ¨ mM2 A� /B;M2 /2 +QM}�M+2X GǶB/û�H b2`�Bi [m2 +2b i`QBb ûHûK2Mib 7QM+@
iBQMM2Mi 2M ?�`KQMB2 2i b2 +?2p�m+?2MiX GQ`b[m2 /2b i2MbBQMb �TT�`�Bbb2Mi- MQmb /2p`BQMb
MQmb 2zQ`+2` /2 H2b �HB;M2`XǴ

LQmb T2MbQMb [mǶBH 2bi BKTQ`i�Mi /ǶBMiû;`2` +2ii2 T`ûQ++mT�iBQM /�Mb MQi`2 `û~2tBQM
b+B2MiB}[m2X .�Mb +2 +?�TBi`2 MQmb �pQMb T`ûb2Miû /Bzû`2Mib �bT2+ib [mB /QBp2Mi āi`2 2M@
pBb�;ûb TQm` T2`K2ii`2 +2ii2 T`Bb2 2M +QKTi2X

3Xe *QMi`B#miBQMb �bbQ+Bû2b
ě (.B;MmK kyR3) oB`;BMB� .B;MmK- 6`�MF .B;MmK- C�pB2` o�x[m2x@a�H+2/�- �m`ûHB2

*HQ/B+- J�Mm2H :2MiBH2- a�Km2H J�b+�`2M?�b- �M/ �;M2b2 �m;2HHQX .2bB;M 7Q` o�@
Hm2b 7Q` aQ+B�H _Q#Qi �`+?Bi2+im`2bX AM 1MpBbBQMBM; _Q#Qib BM aQ+B2iv Ĝ SQr2`-
SQHBiB+b-�M/ Sm#HB+ aT�+2- T�;2b 9jĜ8kX kyR3
?iiTb,ff?�HXH��bX7`f?�H@yRN9j3jR
ě *2i �`iB+H2 2bi H2 7`mBi /ǶmM i`�p�BH /Ƕû[mBT2 HQ`b /m KQMi�;2 /ǶmM T`QD2i 2i

/2b B/û2b T`ûHBKBM�B`2b /2 oB`;BMB� .B;MmK U[mB HǶ�KĕM2`QMi mM T2m THmb i�`/
¨ Tm#HB2` bQM HBp`2 _2bTQMb�#H2 �A (.B;MmK kyRN)VX GǶBMiû;`�iBQM /2b `Q#Qib
bQ+B�mt /�Mb H2b bQ+Bûiûb ?mK�BM2b Mû+2bbBi2 [mǶBHb bQB2Mi +�T�#H2b /2 T`2M/`2 /2b
/û+BbBQMb bmb+2TiB#H2b /Ƕ�z2+i2` H� pB2 /2b T2`bQMM2b [mB H2b 2MiQm`2MiX �}M /2
bǶ�bbm`2` [m2 +2b `Q#Qib b2 +QKTQ`i2`QMi b2HQM /2b T`BM+BT2b ûi?B[m2b T�`i�;ûb-
mM +?�M;2K2Mi BKTQ`i�Mi /�Mb H� +QM+2TiBQM 2i H2 /ûp2HQTT2K2Mi /2b `Q#Qib
bQ+B�mt 2bi Mû+2bb�B`2- mM +?�M;2K2Mi /QMi HǶQ#D2+iB7 T`BM+BT�H 2bi /Ƕ�KûHBQ`2`
H� i`�MbT�`2M+2 ûi?B[m2 THmiƬi [m2 H� T2`7Q`K�M+2 i2+?MB[m2- 2i /2 TH�+2` H2b
p�H2m`b ?mK�BM2b �m +ƾm` /2 H� +QM+2TiBQM /2b `Q#QibX .�Mb +2 `ûbmKû- MQmb
/Bb+miQMb /m +QM+2Ti /2 T`Bb2 /2 /û+BbBQM ûi?B[m2 2i /2 H� K�MBĕ`2 /ǶBMbi�m`2` H�
+QM}�M+2 b2HQM H2b T`BM+BT2b /Ƕ�miQMQKB2- /2 `2bTQMb�#BHBiû 2i /2 i`�MbT�`2M+2
U�_hVX

ě ("QBM2 kyky) *H�B`2 "QBM2- *ûHBM2 *�bi2ib@_2M�`/- �m`ûHB2 *HQ/B+- �M/ _�+?B/
�H�KBX AM GQp2 rBi? � *Q`TQ`�iBQM rBi?Qmi EMQrBM; Ai , �M �bvK2i`B+�H _2H�iBQM@
b?BTX AM LǠ`bFQp- JX- a2B#i CX- �M/ ZmB+F PX kykyX- 2/BiQ`b- *mHim`�HHv ambi�BM�#H2
aQ+B�H _Q#QiB+b@ S`Q+22/BM;b Q7 _Q#QT?BHQbQT?v kykyX- 6`QMiB2`b Q7 �A �M/ Aib �T@
THB+�iBQMb-X APa S`2bb- �m;mbi kykyX
?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@ykNejydy

https://hal.laas.fr/hal-01943831
https://hal.archives-ouvertes.fr/hal-02963070


Ry9 *?�TBi`2 3X S2Mb2` �mt +QMbû[m2M+2b

ě .�Mb +2 T�TB2`- H2b Dm`Bbi2b *H�B`2 "QBM2 2i *ûHBM2 *�bi2ib@_2M�`/ QMi /B�HQ;mû
�p2+ MQmb `Q#QiB+B2MbX G� THmT�`i /2b /QK�BM2b /m /`QBi `2TQb2Mi bm` HǶ?vTQ@
i?ĕb2 /m HB#`2 �`#Bi`2- [mB b2 K�MB72bi2 /�Mb HǶ2tT`2bbBQM /m +QMb2Mi2K2MiX LQmb
2t�KBMQMb H� M�im`2 /2b ûKQiBQMb ?mK�BM2b 2Mp2`b H2b T2`bQMM�;2b }+iB7b 2i H2b
`Q#Qib bQ+B�mt- 2i [m2biBQMMQMb H2 +QM+2Ti /2 +QMb2Mi2K2Mi /�Mb H2 +QMi2ti2 /2
+2b `2H�iBQMb }+iBp2b MQM `û+BT`Q[m2bX LQmb +QM+HmQMb [m2 H2b TQHBiB[m2b /QBp2Mi
`û;H2K2Mi2` HǶmiBHBb�iBQM /2b `Q#Qib bQ+B�mt �}M /2 T`Qiû;2` H2b +QMbQKK�i2m`b-
2i 2M T�`iB+mHB2` H2b THmb pmHMû`�#H2b- /ǶmM2 �bvKûi`B2 /2 TQmpQB` 2Mi`2 2mt 2i
H2b 2Mi`2T`Bb2b `Q#QiB[m2bX LQmb T`QTQbQMb /Bzû`2Mi2b bQHmiBQMb `û;H2K2Mi�B`2b
2i /2 +QM+2TiBQM 2M 7QM+iBQM /2 HǶQ#D2+iB7 /2b `Q#Qib 2i /m ivT2 /ǶmiBHBb�i2m`bX



*?�TBi`2 N

a2 +QM7`QMi2` �m KQM/2 `û2H

.�Mb +2 +?�TBi`2- D2 p�Bb T�`H2` /m T`QD2i JmJJ1_ UJmHiBJQ/�H J�HH 1Mi2`i�BMK2Mi
_Q#QiV- mM T`QD2i 2m`QTû2M [mB � +QKK2M+û 2M K�`b kyRe TQm` b2 }MB` 2M K�`b kykyX

*2 +�/`2 /m T`QD2i JmJJ1_ p� MQmb T2`K2ii`2 /Ƕ�#Q`/2` mM TQBMi BKTQ`i�Mi HQ`b[mǶBH
bǶ�;Bi /2 `Q#QiB[m2 2i THmb T`û+BbûK2Mi /ǶBMi2`�+iBQM ?mK�BM@`Q#Qi , HǶBMiû;`�iBQMX PM M2
T2mi T�b p`�BK2Mi i2bi2` MQb bvbiĕK2b bǶBH MǶv � T�b /2b T2`bQMM2b /�Mb H� #Qm+H2 2i H2
i2``�BM /Ƕ2tTû`BK2Mi�iBQM mHiBK2 +Ƕ2bi #B2M 2Mi2M/m H� Ǵp`�B2Ǵ pB2X

CǶ�BK2`�Bb /�Mb +2 +?�TBi`2 2tTHB[m2` HǶBMiû`āi /m i`�p�BH 2M û[mBT2 HQ`b[m2 HǶQM p2mi `û�@
HBb2` mM2 /ûKQMbi`�iBQM BMiû;`û2 Qɍ HǶQM bQm?�Bi2 [m2 H2 `Q#Qi bQBi Ǵ�miQMQK2Ǵ- K�Bb �mbbB
H2b /B{+mHiûb [m2 HǶQM T2mi `2M+QMi`2` 2i HǶû[mBHB#`2 [mǶBH 7�mi i`Qmp2` 2Mi`2 H2b +QMi`�BMi2b
i2+?MB[m2b 2i H2b KQiBp�iBQMb b+B2MiB}[m2bX

C2 i2`KBM2`�B T�` KQM �M�Hvb2 bm` THmbB2m`b �bT2+ib [mB K2 b2K#H2Mi BKTQ`i�MibX hQmi
/Ƕ�#Q`/ 2M T`2M�Mi K� +�b[m2ii2 /2 `2bTQMb�#H2 i2+?MB[m2 TQm` BM/B[m2` H2b #QMM2b T`�@
iB[m2b [mB D2 T2Mb2 bQMi ¨ +QMbB/û`2` HQ`b[m2 HǶQM 7�Bi T�`iB2 /ǶmM Ǵ;`QbǴ T`QD2i +QKK2
+2HmB@+BX 1MbmBi2 2M T`2M�Mi K� +�b[m2ii2 /2 +Q@/B`2+i`B+2 /2 i?ĕb2 TQm` 2tTHB[m2` H2b TQm`
2i H2b +QMi`2 [mǶBKTHB[m2 HǶ2M;�;2K2Mi /ǶmM /Q+iQ`�Mi /�Mb +2 ivT2 /2 T`QD2i �p2+ mM T2m
/Ƕ�miQ+`BiB[m2 /2/�MbX

G2 i`�p�BH bm` H2 T`QD2i JmJJ1_ � ûiû `û�HBbû T�` H2b /Q+iQ`�Mib /m G��a E�i?H22M
"2H?�bb2BM- :mBH?2K "mBb�M- >�`KBb? E?�K#?�Bi�- �K�M/BM2 J�vBK�- uQ�M a�HH�KB-
:mBHH�mK2 a�`i?Qm- S?�MB@h2D� aBM;�K�M2MB- CmH2b q�H/?�`i 2M+�/`ûb T�` _�+?B/ �H�KB
2i KQB@KāK2 �p2+ HǶ�B/2 /2b BM;ûMB2m`b /2 H� TH�i2@7Q`K2 `Q#Qib *?`Bbi2HH2 1+`2TQMi 2i
J�ii?B2m >2``#X *2 i`�p�BH � #ûMû}+Bû �mbbB /2 H� +QHH�#Q`�iBQM /2 HǶ2Mb2K#H2 /2b T�`@
i2M�B`2b /m T`QD2i UlMBp2`bBiv Q7 :H�b;Qr Ul:�V- >2`BQi@q�ii lMBp2`bBiv U>qlV- A/B�T
_2b2�`+? AMbiBimi2 UA.A�SV- aQ7i#�MF _Q#QiB+b 1m`QT2 Ua"_V- ohh h2+?MB+�H _2b2�`+?
*2Mi`2 Q7 6BMH�M/ UohhV- A/2�T�`FVX

NXR G2 TBi+? /2 /ûT�`i
G2 T`QD2i JmJJ1_ JmHiBJQ/�H J�HH 1Mi2`i�BMK2Mi _Q#Qi U?iiTb,ff+Q`/BbX

2m`QT�X2mfT`QD2+ifB/fe33R9df7`V T`QTQb�Bi /2 7�B`2 T`Q;`2bb2` H2b i2+?MQHQ;B2b Mû+2b@
b�B`2b TQm` /ûp2HQTT2` /2b �TTHB+�iBQMb /2 `Q#QiB[m2 /2 /Bp2`iBbb2K2Mi TQm` H2 ;`�M/ Tm@
#HB+X SHmb T`û+BbûK2Mi- H2 T`QD2i pBb�Bi �m /ûp2HQTT2K2Mi /ǶmM `Q#Qi ?mK�MQś/2 U#�bû bm`
H� TH�i2@7Q`K2 S2TT2`- +7 };m`2 NXRV +�T�#H2 /2 bǶ2M;�;2` 2i /ǶBMi2`�;B` /2 K�MBĕ`2 �miQ@
MQK2 2i M�im`2HH2 /�Mb HǶ2MpB`QMM2K2Mi /vM�KB[m2 /ǶmM +2Mi`2 +QKK2`+B�H 2M Qz`�Mi mM2
2tTû`B2M+2 2M;�;2�Mi2 2i /Bp2`iBbb�Mi2X 1M miBHBb�Mi /2b Kûi?Q/2b /2 +Q@+QM+2TiBQM- HǶB/û2
ûi�Bi /2 i`�p�BHH2` /ĕb H2 /ûT�`i �p2+ H2b T�`iB2b T`2M�Mi2b U2X;X H2b +HB2Mib- H2b 2KTHQvûb- H2b
+QKK2`Ï�MibV TQm` /ûp2HQTT2` /2b +QKTQ`i2K2Mib `Q#QiB[m2b p`�BK2Mi 2M;�;2�Mib U2X;X
`�+QMi2` /2b #H�;m2b- DQm2` ¨ /2b D2mt- K�Bb �mbbB 7Qm`MB` /2b +QMb2BHb- /2b BM7Q`K�iBQMb 2i
+QHH2+i2` /2b +QKK2Mi�B`2b /2b +HB2MibVX G2 #mi ûi�Bi [m2 H2 `Q#Qi �{+?2 mM +QKTQ`i2K2Mi
bQ+B�H2K2Mi �TT`QT`Bû- +QK#BM�Mi mM2 BMi2`�+iBQM #�bû2 bm` H� T�`QH2 �p2+ /2 H� +QKKm@

https://cordis.europa.eu/project/id/688147/fr
https://cordis.europa.eu/project/id/688147/fr


Rye *?�TBi`2 NX a2 +QM7`QMi2` �m KQM/2 `û2H

6B;m`2 NXR Ĝ G2 `Q#Qi S2TT2` /2 aQ7i"�MF_Q#QiB+b

MB+�iBQM MQM p2`#�H2 2i /2 H� M�pB;�iBQM T`2M�Mi 2M +QKTi2 HǶ?mK�BMX G2 HB2m /2 /ûTHQB2@
K2Mi /m `Q#Qi ûi�Bi mM ;`�M/ +2Mi`2 +QKK2`+B�H Tm#HB+ 2M 6BMH�M/2- A/2�`T�F G2KT��H�
U?iiTb,ffH2KT��H�XA/2�T�`FX7BfV /QMi QM T2mi `2i`Qmp2` H2 TH�M 2i mM pBbm2H };m`2
NXkX GǶmM2 /2b Q`B;BM�HBiûb /m T`QD2i ûi�Bi HǶmiBHBb�iBQM /2 HǶ�TT`Q+?2 /2 +Q@+QM+2TiBQM TQm`
ûim/B2` 2i 7�pQ`Bb2` HǶ�++2Ti�iBQM /2b `Q#Qib ;`�M/ Tm#HB+ U2i �BMbB BM~m2M+2` TQbBiBp2K2Mi
H2 K�`+?û /2 H� `Q#QiB[m2 /2 b2`pB+2VX

*QKK2 QM T2mi H2 pQB`- H2 T`QD2i ûi�Bi i`ĕb �K#BiB2mtX a�Mb /BpmH;�+?2` H� bmBi2 /2 +2
+?�TBi`2- MQM- MQmb MǶ�pQMb T�b- D2 T2Mb2 BM~m2M+û H2b K�`+?ûb /2 H� `Q#QiB[m2 /2 b2`pB+2-
K�Bb D2 T2Mb2 [mǶBH 2bi BKTQ`i�Mi /Ƕ2tTHB[m2` H2 +?2KBM T�`+Qm`m HQ`b /ǶmM T`QD2i +QKK2
+2HmB@+B- +�` BH b2 `2i`Qmp2 TQm` #2�m+QmT /2 T`QD2ib 2i MQmb �m`BQMb iQ`i /2 M2 T�b 2bb�v2`
/Ƕ�TT`2M/`2 2M +Qm`b /2 `Qmi2X

NXk GǶQ`;�MBb�iBQM /m T`QD2i 2i MQi`2 BKTHB+�iBQM
G2 +QMbQ`iBmK /m T`QD2i JmJJ1_ +QKT`2M�Bi b2Ti T�`i2M�B`2b , lMBp2`bBiv Q7 :H�b@

;Qr Ul:�V- >2`BQi@q�ii lMBp2`bBiv U>qlV- A/B�T _2b2�`+? AMbiBimi2 UA.A�SV- G��a@
*L_a UG��aV- aQ7i#�MF _Q#QiB+b 1m`QT2 Ua"_V- ohh h2+?MB+�H _2b2�`+? *2Mi`2 Q7
6BMH�M/ UohhV- A/2�T�`FX

G2 T`QD2i ûi�Bi /BpBbû 2M N rQ`FT�+F�;2b- +QKK2 BHHmbi`û };m`2 NXjX G2 G��a ûi�Bi
`2bTQMb�#H2 /m U2i K�DQ`Bi�B`2K2Mi BKTHB[mû /�MbV H2 rQ`FT�+F�;2 8 UqS8V , h�+?2b
BMi2`�+iBp2b 2i +QMi`ƬH2 /m KQmp2K2Mi 2M T`2M�Mi 2M +QKTi2 HǶ?mK�BM U>mK�M@�r�`2
BMi2`�+iBp2 i�bFb �M/ KQiBQM +QMi`QHVX *2 rQ`FT�+F�;2 �p�Bi TQm` #mi /2 /ûp2HQTT2` H2b
+�T�+Biûb Mû+2bb�B`2b ¨ H� TH�MB}+�iBQM /2b KQmp2K2Mib 2i /2b i�+?2b /m `Q#Qi �BMbB [m2
H2m`b 2tû+miBQMb 2M BMi2`�+iBQM Qm ¨ T`QtBKBiû /2b ?mK�BMbX

https://lempaala.Ideapark.fi/


NXkX GǶQ`;�MBb�iBQM /m T`QD2i 2i MQi`2 BKTHB+�iBQM Ryd
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Ideaparkin 
infopiste

Ideaparkin Infopiste 
Keskuspuiston laidalla

• Opastus ja asiakaspalvelu
• Postimerkit
• Löytötavarat
• Kokoustilat ja promootiot
• Lippupiste, Ticketmaster, 
   Tiketti

Infopiste

WC (maksuton)

Inva-WC (maksuton)

Lastenhoitohuone (maksuton)

Pullonpalautus

Rappuset

Taksitolppa

Hissi

Bensa

Pankkiautomaatti

Juoma-automaatti

Pyöräpaikat

Ostoskärryt

Vaatesäilytys (maksuton)

Tavaransäilytys (maksuton)

Koiraparkki (maksuton)

Digitaalinen infototeemi

Ideaparkissa on esteetöntä kulkea.
Infopisteeltä sekä A- ja D-sisään-
käynneiltä voi lainata pyörätuolin  
tai sähkömopon.

Ideaparkin infopisteestä 
ja Prisman neuvonnasta 
löytyy puoliautomaattinen  
defibrillaattori.

Ideoita ja elämyksiä!

ALATASO

YLÄTASO

Kokoustila Tilhi

Masku

Eurokangas

EasyFit Ideapark & FysioCenter

Netrauta

Kokoustila 
Kotka

Kokoustila 
Tikka Ideaparkin toimisto

Coyote bar & grill
Sticky Wingers

Ravintola
Pancho Villa

Finnlandia

Finnlandia

Foodpark:

Bella Roma

Beefking 
Steakhouse

Daddy’s Diner

Netrauta

Zones by 
Särkänniemi

(avaa keväällä 2018)

Oma Säästöpankki

Lähitapiola

Zones by 
Särkänniemi

(avaa keväällä 2018)

Nordea
(avaa helmi-

kuussa 2018)

Kulttuurikeskus
PiiPoo

Cafe Delisa
Liisan 

Leipomo

Suomen Kultapörssi

Aurifaber

Hovi-
Kebab

Café Linkosuo

Lumo-
puoti

Aitoleipä

Subway

Swamp

Ballot

Mummola Lahjapuoti

Idea-
kappeli

Marc O’Polo

Avain- ja
suutari-
palvelu

Rolls 
Express

Kotipizza

E
K

O
 

M
u

m
m

o
la

SunWok

VANHA 
KAUPUNKI

Veikkauspalvelut 
Ideaparkissa:
• Minimani
• Prisma
• PELAAMO

KalastusSuomi 

• Suomen suurin  
kalastuksen erikoisliike

• Huikea perhonheitto- 
allas, pituutta 27 m

• Lisäksi vaappujen  
ja jigien/pilkkien  
uittoallas sekä perhon-
sidontapöytiä

Ideaparkissa on kuluttajille 
maksuton WLAN (Ideapark), joka 
toimii ilman tunnuksia Ideaparkin 
käytävillä ja Keskusaukiolla.

6B;m`2 NXk Ĝ *�`i2 2i T?QiQ /2 HǶ2MpB`QMM2K2Mi /ǶA/2�T�`F



Ry3 *?�TBi`2 NX a2 +QM7`QMi2` �m KQM/2 `û2H

Onboard sensors

Auditory Scene
Analysis

Non-Verbal
Cue Extraction

Localisation
& Pose Tracking

Person
Management

WP2: Active multimodal sensing and perception

WP5: Human-aware interactive tasks
and motion control

Motion
Planning

Perspective
Taking

Interactive
Motion

Flexible
Navigation

Action
Selection

Trained
Policies

WP4: Socially appropriate and 
entertaining dialogue planning 

and action selection

WP6: Robot and 
system integration

WP1: Use scenarios,
acceptance, and
success metrics 

WP8: Dissemination, 
innovation, and 
technology transfer

WP9: Project 
coordination and 
management

WP7: Deployment 
and evaluation 

Multimodal Fusion for
Social State Estimation

Synthesis of
Social Signals

WP3: Social Signal Processing

6B;m`2 NXj Ĝ _2H�iBQM 2Mi`2 H2b /Bzû`2Mib rQ`FT�+F�;2b /m T`QD2i JmJJ1_



NXjX lM T2m /2 HQ;BbiB[m2 TQm` +QKK2M+2` RyN

6B;m`2 NX9 Ĝ wQM2 /2 /ûTHQB2K2Mi /m `Q#Qi ¨ A/2�T�`F

NXj lM T2m /2 HQ;BbiB[m2 TQm` +QKK2M+2`
NXjXR *?QBt /ǶmM b+ûM�`BQ

AH 2bi pBi2 �TT�`m [m2 H2 `Q#Qi �p�Bi /2b +�T�+Biûb /2 M�pB;�iBQM HBKBiû2b- +2 [mB 2bi
mM bQm+B HQ`b[m2 pQi`2 `ƬH2 /�Mb H2 T`QD2i 2bi Dmbi2K2Mi /2 /ûp2HQTT2` /2b +�T�+Biûb /2
M�pB;�iBQMXXX �T`ĕb /Bb+mbbBQM �p2+ H2b T2`bQMM2Hb /ǶA/2�T�`F 2i MQb +QHHĕ;m2b /2 ohh-
MQmb �pQMb +?QBbB /2 MQmb +QM+2Mi`2` bm` mM b+ûM�`BQ Qɍ H2 `Q#Qi BMi2`�;Bi �p2+ H2b ?mK�BMb
2i b2 /ûTH�+2 mMB[m2K2Mi HQ+�H2K2Mi , mM2 i�+?2 /Bi2 /2 /2b+`BTiBQM /ǶBiBMû`�B`2 Qɍ H2 `Q#Qi-
b�Mb i`QT #Qm;2`- 2bi +�T�#H2 /Ƕ2tTHB[m2` ¨ mM pBbBi2m` +QKK2Mi �ii2BM/`2 mM2 /2biBM�iBQM
/QMMû2 ¨ T�`iB` /2 b� TQbBiBQM �+im2HH2X § +Ƭiû /2 +2ii2 i�+?2 /2 /2b+`BTiBQM /ǶBiBMû`�B`2-
/Ƕ�mi`2b b+ûM�`BQb QMi ûiû /ûp2HQTTûb T�` H2b �mi`2b T�`i2M�B`2b /m T`QD2i- K�Bb D2 MǶ2M
T�`H2`�B T�b B+BX

lM2 7QBb H� /û+BbBQM T`Bb2 /2 M2 T�b 7�B`2 /2 M�pB;�iBQM Ƕ�m HQM; +Qm`bǶ- BH � ûiû /û+B/û [m2
H2 `Q#Qi b2`�Bi /ûTHQvû /�Mb mM 2MpB`QMM2K2Mi /Ƕ2MpB`QM 9Kt9K MQM HQBM /2 HǶ�+im2H TQBMi
/Ƕ�++m2BH /m +2Mi`2 +QKK2`+B�HX G� p2`bBQM }M�H2 /2 H� xQM2 /2 /ûTHQB2K2Mi 2bi pBbB#H2 bm`
H� };m`2 NX9X G� /û}MBiBQM /2 +2i 2MpB`QMM2K2Mi � /2K�M/û /m i`�p�BHX AH � 7�HHm û[mBT2` H2
bQH �p2+ mM HBMQ K�i TQm` ûpBi2` H2b T`Q#HĕK2b �p2+ +2`i�BMb +�Ti2m`b /2 S2TT2` b2MbB#H2b
�mt `û~2tBQMb bB H2 bQH 2bi i`QT #`BHH�MiX AH � 7�HHm û[mBT2` H2 ǴiQBiǴ /2 H� xQM2 �p2+ /2b
T�MM2�mt TQm` ûpBi2` [mǶBH v �Bi i`QT /2 `ûp2`#û`�iBQMb TQm` H2 bQM UHǶ2MpB`QMM2K2Mi /�Mb
mM +2Mi`2 +QKK2`+B�H +QKK2 +2HmB@+B 2bi i`ĕb #`mv�Mi- BH v � /2b KmbB[m2b /Ƕ�K#B�M+2-
/2b Tm#HB+Biûb- 2i+XVX *2b T�MM2�mt QMi �mbbB �B/û TQm` H2b �H;Q`Bi?K2b /2 pBbBQM- /�Mb
mM 2MpB`QMM2K2Mi Qmp2`i +QKK2 +2HmB@+B UMQmb ûiBQMb bQmb mM iQBi 2M p2``2V- H� HmKBĕ`2
T2mi #2�m+QmT +?�M;2` 2Mi`2 mM DQm` Qɍ BH 7�Bi bQH2BH UH2b `�vQMb /m bQH2BH T2mp2Mi ;āM2`
H� T2`+2TiBQMV- mM DQm` Qɍ BH TH2mi Qm mM DQm` Qɍ BH M2B;2X AH � 7�HHm T`ûpQB` mM 2M/`QBi
Qɍ �``Bp2`�Bi H2 `ûb2�m U�BMbB [m2 H2 +�#H2 2i?2`M2i [mB b2`�Bi #`�M+?û �m `Q#Qi T2M/�Mi
H2 /ûTHQB2K2Mi- H2b S*b /m `Q#Qi HmB@KāK2 MǶûi�Mi T�b �bb2x TmBbb�Mib TQm` 7�B`2 iQm`M2`
H2b HQ;B+B2HbVX *2i 2M/`QBi �++m2BHH�Bi �mbbB H2 TQ`i�#H2 bm` H2[m2H ûi�Bi H�M+û HǶ2Mb2K#H2 /2b
HQ;B+B2HbX AH � 7�HHm T`ûpQB` mM2 �``Bpû2 /ǶûH2+i`B+Biû TQm` T2`K2ii`2 H2 `2+?�`;2K2Mi /m `Q#Qi
[m�M/ +Ƕûi�Bi Mû+2bb�B`2X

*2H� T2mi T�`�ŗi`2 �M2+/QiB[m2- K�Bb +2H� M2 HǶ2bi T�b- BH 2bi i`ĕb 7�+BH2 /2 7�B`2 û+?Qm2`
mM /ûTHQB2K2Mi bB HǶQM MǶ� T�b T2Mbû �mt /ûi�BHbX aB pQmb T`ûpQv2x [m2 H� T2`bQMM2 TmBbb2
T�`H2` �m `Q#Qi- K�Bb [mǶBM }M2 HǶ2MpB`QMM2K2Mi +B#H2 2bi i`QT #`mv�Mi TQm` [m2 H� `2@
+QMM�Bbb�M+2 /2 H� T�`QH2 7QM+iBQMM2- +2H� K2i 2M /û7�mi iQmi H2 `2bi2X *Ƕ2bi /Ƕ�mi�Mi THmb
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6B;m`2 NX8 Ĝ G� K�[m2ii2 /2 HǶ2MpB`QMM2K2Mi �p2+ H2b bB;M2b �DQmiûb TQm` BM/B[m2` H2b
K�;�bBMb

BKTQ`i�Mi [m�M/ pQi`2 2MpB`QMM2K2Mi +B#H2- +QKK2 B+B H2 +2Mi`2 +QKK2`+B�H- MǶ2bi T�b
�++2bbB#H2 7�+BH2K2MiX

NXjXk *`û�iBQM /ǶmM 2MpB`QMM2K2Mi /2 i2bi �++2bbB#H2

GǶ�mi`2 bQm+B ûi�Bi [m2 H2 HB2m /ǶBMiû;`�iBQM ûi�Bi /B{+BH2K2Mi �++2bbB#H2X P` H2 /ûp2HQT@
T2K2Mi /ǶmM2 i�+?2 TQm` mM `Q#Qi �miQMQK2 /2K�M/2 /2 TQmpQB` `û�HBb2` mM 2Mb2K#H2 /2
i2bib TQm` TQmpQB` /ǶmM2 T�`i �bbm`2` HǶBMiû;`�iBQM /2b /Bzû`2Mib HQ;B+B2Hb [mB pQMi āi`2 miB@
HBbûb 2i 2MbmBi2 TQm` i2bi2` H� Qm H2b i�+?2b /�Mb H2m` 2Mb2K#H2X *Ƕ2bi TQm`[mQB MQmb �pQMb
+QMbi`mBi �m G��a mM 2MpB`QMM2K2Mi +QKTH2i [mB ûKmH�Bi +2HmB /ǶA/2�T�`FX SQm` +2 7�B`2-
MQmb �pQMb +?QBbB THmbB2m`b K�;�bBMb T`ûb2Mib ¨ A/2�T�`F �p2+ mM K�tBKmK /2 p�`Bûiû ,
`2bi�m`�Mib U#m`;2`- TBxx2`B�- i?�ś- 2i+XV- K�;�bBMb /2 pāi2K2Mib U?QKK2- 72KK2- H2b /2mt-
bTQ`ibr2�`V Qm /Bbi`B#mi2m`b �miQK�iB[m2b /2 #BHH2ibX *2 MǶ2bi T�b b2mH2K2Mi H2 ivT2 /2
K�;�bBM [mB � ûiû ûKmHû- K�Bb �mbbB H2m`b TQbBiBQMb /�Mb HǶ2MpB`QMM2K2Mi UT�` 2t2KTH2-
HǶmiBHBb�iBQM /m T`2KB2` ûi�;2- H2b TQ`i2b /2b #�iBK2Mib 2i H2b ;`�M/2b bm`7�+2b +QKK2 QM
T2mi H2 i`Qmp2` ¨ A/2�T�`FVX LQmb �pQMb û;�H2K2Mi +?QBbB mM2 TH�+2 TQm` H2 `Q#Qi /�Mb
+2i 2MpB`QMM2K2Mi- [mB T2`K2i /Ƕ2MpBb�;2` H� THmT�`i /2b +�b [mB TQm``�B2Mi b2 T`Q/mB`2 ¨
A/2�T�`F- T�` 2tX MQmb ûKmHQMb 6mMT�`F �m T`2KB2` ûi�;2 [mB 2bi pBbB#H2 /2TmBb H� TQbBiBQM
/m `Q#Qi 2i MQmb �pQMb THmbB2m`b 7�ÏQMb /Ƕv �++û/2`X .2 H� KāK2 K�MBĕ`2- KāK2 H2b TQ`i2b
/Ƕ�++ĕb �m T�`FBM; QMi ûiû BMiû;`û2bX

�p2+ +2i 2MpB`QMM2K2Mi- MQmb �pBQMb �m G��a mM2 K�[m2ii2 `û�HBbi2 2i �++2bbB#H2 /2
HǶ2MpB`QMM2K2Mi A/2�T�`F �m G��a U+7X };m`2 NX8VX *2ii2 K�[m2ii2 � ûiû miBHBbû2 T�` H2
T`QD2i TQm` /2b b2K�BM2b /ǶBMiû;`�iBQM �p�Mi H2 /ûTHQB2K2Mi bm` bBi2 2i T�` H2 G��a- 2M
+QHH�#Q`�iBQM �p2+ H2b �mi`2b T�`i2M�B`2b- TQm` /ûp2HQTT2`- �Dmbi2` 2i i2bi2` H� i�+?2 /2
;mB/�;2 iQmi �m HQM; /m T`QD2iX

NX9 .ûp2HQTT2K2Mib
lM T`QD2i 2m`QTû2M +QKK2 +2HmB@+B 2bi �p�Mi iQmi mM T`QD2i +QHH�#Q`�iB7X A+B- D2 p�Bb

2tTHB[m2` H2b /ûp2HQTT2K2Mib [m2 MQmb �pQMb `û�HBbûb �m G��a K�Bb �mbbB H2b /Bzû`2Mi2b
+QHH�#Q`�iBQMb [m2 MQmb �pQMb K2Mû2b �p2+ H2b �mi`2b qS U2i /QM+ T�`i2M�B`2bV TQm` K2M2`
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+2 T`QD2i ¨ #B2MX

NX9XR .û}MBiBQM /m b+ûM�`BQ 2i +QM+2TiBQM /2b 7QM+iBQMb Mû+2bb�B`2b Ui`�@
p�mt +QKKmMb qSRfqS8 2i +QHH�#Q`�iBQM �p2+ H2 T`QD2i CQBMi�+iBQM9>_AV

�}M /Ƕ�bbm`2` H� +QM+2TiBQM 2i H� KBb2 2M ƾmp`2 /2b 7QM+iBQMb T2`iBM2Mi2b 2i H2m` �`iB+m@
H�iBQM- H2 G��a � K2Mû �p2+ ohh mM2 T`2KBĕ`2 ûim/2 2tTHQ`�iQB`2 #�bû2 bm` HǶBMi2`�+iBQM
?mK�BM@?mK�BM HQ`b[mǶmM ;mB/2 7Qm`MBi /2b BM7Q`K�iBQMb 2i /2b +QMb2BHb /ǶBiBMû`�B`2 ¨ mM
pBbBi2m` /m +2Mi`2 +QKK2`+B�H A/2�T�`FX GǶûim/2 � ûiû `û�HBbû2 �m THmb T`ĕb /2 H� xQM2 Qɍ
�HH�Bi āi`2 /ûTHQvû H2 `Q#QiX

am` H� #�b2 /Ƕ2Mi`2iB2Mb T`ûHBKBM�B`2b �p2+ /2b ;mB/2b i`�p�BHH�Mi ¨ A/2�T�`F- mM2 HBbi2
/2 K�;�bBMb bQmp2Mi /2K�M/ûb T�` H2b +HB2Mib � ûiû bûH2+iBQMMû2X S�` H� bmBi2- /2b 2M`2;Bb@
i`2K2Mib pB/ûQb /2b ;mB/2b /QMM�Mi /2b BM/B+�iBQMb TQm` �ii2BM/`2 +2b K�;�bBMb QMi ûiû
`û�HBbûbX �T`ĕb H� i`�/m+iBQM }MMQBb@�M;H�Bb /2b /B�HQ;m2b T�` ohh- H2b pB/ûQb QMi ûiû �M�@
Hvbû2b �m G��aX LQmb MQmb bQKK2b +QM+2Mi`ûb bm` H� +QKKmMB+�iBQM MQM p2`#�H2- 2i 2M
T�`iB+mHB2` H2b /Bzû`2Mib ivT2b /2 ;2bi2b miBHBbûb TQm` ;mB/2`- H2b TQbBiBQMb /2b /2mt T`Qi�;Q@
MBbi2b T�` `�TTQ`i �m K�;�bBM +B#H2 2i ¨ H2m` BMi2`HQ+mi2m`- 2i HǶ�Hi2`M�M+2 /2b `2;�`/bX lM
`�TTQ`i ("2H?�bb2BM kyRd)- /QMM�Mi H2b T`2KBĕ`2b BM/B+�iBQMb ¨ T`2M/`2 2M +QKTi2 TQm`
[m2 H2 ;mB/�;2 /m `Q#Qi bQBi 2{+�+2 2i +QKT`Bb T�` H2b +HB2Mib- 2bi Bbbm /2 +2ii2 ûim/2
2tTHQ`�iQB`2X § iBi`2 /Ƕ2t2KTH2- +2ii2 ûim/2 MQmb � T2`KBb /2 +QMbi�i2` mM2 miBHBb�iBQM
T`û7û`2MiB2HH2 /2 H� K�BM BTbBH�iû`�H2 UBX2X /m KāK2 +ƬiûV �m +?�KT pBbm2H /2 H� +B#H2X .�Mb
H� HB;Mû2 /2 H� HBiiû`�im`2 2tBbi�Mi2 bm` H2b ûim/2b ;2bim2HH2b- MQmb �pQMb û;�H2K2Mi `2K�`@
[mû [m2 H� K�BM miBHBbû2 TQm` TQBMi2` mM ûHûK2Mi /2 `û7û`2M+2 2bi Q`B2Miû2 p2`iB+�H2K2Mi
/�Mb H2 +�b /2b K�;�bBMb U`û7û`2Mib p2`iB+�mtV Qm /2b �+iBQMb /B`B;û2b U+QKK2 H2 +?2KBM ¨
T`2M/`2 Qm H2b pB`�;2bV- �HQ`b [m2 /�Mb H2 +�b /2b `û7û`2Mib ?Q`BxQMi�mt UT�` 2t2KTH2 H2b
2b+�H�iQ`bV- H� K�BM 2bi Q`B2Miû2 ?Q`BxQMi�H2K2Mi UT�mK2 p2`b H2 bQHVX

6B;m`2 NXe Ĝ AHHmbi`�iBQM /2b TH�+2K2Mib /2b T`Qi�;QMBbi2b 2i /2b ;2bi2b miBHBbûb T2M/�Mi
HǶûim/2 2tTHQ`�iQB`2

lM2 /2mtBĕK2 ûim/2 2tTHQ`�iQB`2 � 2MbmBi2 ûiû K2Mû2- iQmDQm`b 2M +QHH�#Q`�iBQM �p2+
ohh- �DQmi�Mi /2b bBim�iBQMb +QKTH2t2b TQmp�Mi �TTQ`i2` mM2 +2`i�BM2 +QM7mbBQM �mt
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T�`iB+BT�MibX 1M+Q`2 mM2 7QBb- H2b bB;M�mt bQ+B�mt QMi ûiû �M�HvbûbX G2 T`QiQ+QH2 miBHBbû 2i
H2b `ûbmHi�ib UTm#HBû /�Mb (>2BFFBH  kyRN)V QMi 7Qm`MB /2b ûHûK2Mib /2 +QKT`û?2MbBQM /2b
+QKTQ`i2K2Mib ivTB[m2b /2 ;mB/�;2X 1Mi`2 �mi`2b `ûbmHi�ib- +2ii2 ûim/2 � KBb 2M ûpB/2M+2
HǶ2M+?�ŗM2K2Mi /2 H� /2b+`BTiBQM /ǶBiBMû`�B`2X �BMbB- mM T`2KB2` ;2bi2 /ûB+iB[m2 U[mB /ûbB;M2
mM Q#D2i UHQ+mi2m`- HB2m- /�i2ĘV /QMi H2 `û7û`2Mi /ûT2M/ /2 H� bBim�iBQM /ǶûMQM+B�iBQMV bm`
mM T�bb�;2 pBbB#H2 U+QmHQB`- Qm bB H� #QmiB[m2 /2K�M/û2 2bi �m /2mtBĕK2 ûi�;2- HǶ2b+�H�iQ`V
T`û+ĕ/2 H2b 2tTHB+�iBQMb bm` H2b /B`2+iBQMb ¨ T`2M/`2X G2b `ûbmHi�ib H2b THmb BMiû`2bb�Mib
+QM+2`M�B2Mi H2b bBim�iBQMb TQmp�Mi T`āi2` ¨ +QM7mbBQM Qm �#QmiB` ¨ mM2 BM+QKT`û?2MbBQM
/m +HB2MiX S�` 2t2KTH2- HǶmiBHBb�iBQM /ǶmM b2mH +�M�H /2 i`�MbKBbbBQM U2tX , H2 ;2bi2 b�Mb
H� T�`QH2V- H2 +?QBt /2 TQBMib /2 `2Tĕ`2 [mB M2 bQMi T�b iQmDQm`b �/�Tiûb- bǶBH v � THm@
bB2m`b /2b+`BTiBQMb /ǶBiBMû`�B`2b /�Mb mM2 KāK2 2tTHB+�iBQM Qm HQ`b[m2 H� /Bbi�M+2 MǶ2bi
T�b T`û+Bbû2X

*QMi`B#miBQMb �bbQ+Bû2b ,
("2H?�bb2BM kyRd) >mK�M@?mK�M ;mB/�M+2 bim/v

"2H?�bb2BM E�i?H22M- *HQ/B+ �m`ûHB2- *Q+?2i >ûHĕM2- LB2K2H� J�`F2ii - >2BFFBH� S BpB-
G�KKB >�MM�- �M/ h�KK2H� �MiiB UkyRdVX h2+?B+�H _2TQ`i ?�H@yRdRNdjy- G��a@*L_a-
*GG1- ohhX
?iiTb,ff?�HXH��bX7`f?�H@yRdRNdjyf/Q+mK2Mi

(>2BFFBH  kyRN) a?QmH/ � `Q#Qi ;mB/2 HBF2 � ?mK�M \ � [m�HBi�iBp2 7Qm`@T?�b2 bim/v
Q7 � b?QTTBM; K�HH `Q#Qi
S BpB >2BFFBH - >�MM� G�KKB- J�`F2ii� LB2K2H - E�i?H22M "2H?�bb2BM- :mBHH�mK2 a�`i?Qm-
�MiiB h�KK2H�- �m`ûHB2 *HQ/B+- _�+?B/ �H�KB h?2 1H2p2Mi? AMi2`M�iBQM�H *QM72`2M+2 QM
aQ+B�H _Q#QiB+b UA*a_ kyRNV- LQp kyRN- J�/`B/- aT�BM
?iiTb,ff?�HXH��bX7`f?�H@ykk38yj8f7BH2fohhnG��anA*a_nkyRNXT/7

NX9Xk SH�MB}+�i2m` /2 T2`bT2+iBp2 pBbm2HH2 T�`i�;û2 UaoS SH�MM2`V
UqS8XRV

SQm` �bbm`2` �m KB2mt H� i�+?2 /2 /2b+`BTiBQM /ǶBiBMû`�B`2b- MQmb �pQMb /ûp2HQTTû mM
TH�MB}+�i2m` /2 T2`bT2+iBp2 pBbm2HH2 T�`i�;û2 Ub?�`2/ pBbm�H T2`bT2+iBp2 UaoSV TH�MM2`VX
*2 +QKTQb�Mi +�H+mH�Bi TQm` mM2 /B`2+iBQM /QMMû2- H2 K2BHH2m` +QmTH2 TQm` H� TQbBiBQM /m
`Q#Qi U;mB/2V /ǶmM2 T�`i 2i H� TQbBiBQM /2 HǶ?mK�BM UpBbBi2m`V /Ƕ�mi`2 T�`i TQm` T2`K2ii`2
mM2 #QMM2 pBbB#BHBiû /2 H� /2biBM�iBQM +QKK2 BHHmbi`û };m`2 NXdX

*QMi`B#miBQMb �bbQ+Bû2b ,
(q�H/?�`i kyRN) _2�bQMBM; QM a?�`2/ oBbm�H S2`bT2+iBp2 iQ AKT`Qp2 _Qmi2 .B`2+@

iBQMb
CmH2b q�H/?�`i- �m`ûHB2 *HQ/B+- _�+?B/ �H�KB kyRN k3i? A111 AMi2`M�iBQM�H *QM72`2M+2
QM _Q#Qi � >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- P+i kyRN- L2r .2H?B- AM/B�
?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@ykk3jNy9f7BH2f_PJ�LRNnyRdjn6AXT/7

(q�H/?�`i kyR3) SH�MMBM; >mK�M �M/ _Q#Qi SH�+2K2Mib 7Q` a?�`2/ oBbm�H S2`b@
T2+iBp2
CmH2b q�H/?�`i- �m`ûHB2 *HQ/B+- _�+?B/ �H�KB qQ`Fb?QT QM _Q#QiB+ *Q@rQ`F2`b 9Xy , >m@
K�M a�72iv �M/ *QK7Q`i BM >mK�M@_Q#Qi AMi2`�+iBp2 aQ+B�H 1MpB`QMK2Mib kyR3 A111f_aC
AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/ avbi2Kb- P+i kyR3- J�/`B/- aT�BM
?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@yRNdkyNef/Q+mK2Mi

https://hal.laas.fr/hal-01719730/document
https://hal.laas.fr/hal-02285035/file/VTT_LAAS_ICSR_2019.pdf
https://hal.archives-ouvertes.fr/hal-02283904/file/ROMAN19_0173_FI.pdf
https://hal.archives-ouvertes.fr/hal-01972096/document
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U�V SQbBiBQMb BMBiB�H2b /2 HǶ?mK�BM 2i /m `Q#QiX GǶ?mK�BM /2K�M/2 �m `Q#Qi mM2 /B`2+iBQM [mB 2bi
/2``Bĕ`2 H2 `Q#QiX

U#V G2 `Q#Qi 2i HǶ?mK�BM bQMi ¨ H2m`b TQbBiBQMb }M�H2bX G2b bT?ĕ`2b #H2m2b bQMi H2b TQbBiBQMb +�H+mHû2b
TQm` HǶ?mK�BM T�` H2 `Q#QiX G2 `Q#Qi TQBMi2 H2 T�bb�;2 U`2T`ûb2Miû T�` H2 +�/`2 #H2mVX PM T2mi
Q#b2`p2`- 2M `Qm;2- H2 i`B�M;H2 7Q`Kû 2Mi`2 HǶ?mK�BM- H2 `Q#Qi 2i H2 T�bb�;2X

6B;m`2 NXd Ĝ SQbBiBQMb BMBiB�H2b 2i }M�H2b +�H+mHû2b T�` H2 TH�MB}+�i2m` /2 T2`bT2+iBp2
pBbm2HH2 T�`i�;û2X § ;�m+?2 H2b BK�;2b- ¨ /`QBi2 /2b +�Tim`2b /Ƕû+`�M /2 H� pBbm�HBb�iBQM
j. _pBxX

NX9Xj S`Bb2 /2 T2`bT2+iBp2 2i `�BbQMM2K2Mi ;ûQKûi`B[m2 , lM/2`qQ`H/b
U�p2+ qS8Xk �p2+ qSkV

SQm` TQmpQB` �HBK2Mi2` H2 TH�MB}+�i2m` T`û+û/2Mi- BH 7�mi �pQB` �++ĕb MQM b2mH2K2Mi ¨
H� T2`bT2+iBp2 /m `Q#Qi- K�Bb û;�H2K2Mi ¨ H� UbBKmH�iBQM /2V H� T2`bT2+iBp2 /2 HǶ?mK�BMX
SQm` +2H�- MQmb �pQMb /ûp2HQTTû mM +QKTQb�Mi /Ƕûp�Hm�iBQM /2 H� bBim�iBQM , lM/2`rQ`H/bX
lM/2`rQ`H/b T2`K2i /2 `2T`ûb2Mi2` HǶ2MpB`QMM2K2Mi /m `Q#Qi bQmb 7Q`K2 /2 bi`m+im`2b
/2 /QMMû2b /Bbi`B#mû2b 2M i2KTb `û2H- +QMi2M�Mi ¨ H� 7QBb /2b ;`�T?B[m2b /2 b+ĕM2 UTQm`
H� `2T`ûb2Mi�iBQM /2 ;ûQKûi`B2b j.V 2i /2b +?`QMQHQ;B2b UTQm` H� `2T`ûb2Mi�iBQM /ǶûpûM2@
K2Mib i2KTQ`2HbVX .�Mb lM/2`rQ`H/b- HǶ2MpB`QMM2K2Mi 2bi +QMbB/û`û +QKK2 mM 2Mb2K#H2
/2 KQM/2b [mB T2mp2Mi +?�+mM �pQB` /2b ;`�MmH�`Biûb bT�iB�H2b 2i i2KTQ`2HH2b /Bzû`2Mi2b-
2i T2mp2Mi ?û`Bi2` H2b mMb /2b �mi`2bX AH 7Qm`MBi û;�H2K2Mi mM 2Mb2K#H2 /2 #B#HBQi?ĕ[m2b
+HB2Mi2b 2i /ǶQmiBHb /2 ?�mi MBp2�m TQm` BMi`QbT2+i2` 2i K�MBTmH2` H2b KQ/ĕH2b /Ƕ2MpB`QMM2@



RR9 *?�TBi`2 NX a2 +QM7`QMi2` �m KQM/2 `û2H

K2MiX G� };m`2 NX3 KQMi`2 /2b 2t2KTH2b /2 +�H+mH /2 T2`bT2+iBp2 /�Mb H2 +�/`2 /2 H� i�+?2
[mB MQmb BMiû`2bb2X *Ƕ2bi �mbbB +2 +QKTQb�Mi [mB �bbm`2 H2 +�H+mH /2 pBbB#BHBiû /2b TQBMib /2
`2Tĕ`2 2i /2 +?�+mM /2b �;2MibX

U�V GǶBMi2`�+iBQM +QKK2M+2- H� T2`bQMM2 /2K�M/2 /Ƕ�HH2` �m K�;�bBM AHHQTBH2`B

U#V G2 `Q#Qi b2 /ûTH�+2 ¨ H� TQbBiBQM /QMMû2 T�` aoS TH�MM2` TQm` TQmpQB`
TQBMi2` p2`b H2 T`2KB2` TQBMi /2 `2Tĕ`2 bm` H� `Qmi2X

U+V 1MbmBi2- H2 `Q#Qi pû`B}2 [m2 H� T2`bQMM2 � `2;�`/û H2 TQBMi /2 `2Tĕ`2 U2M
`Qm;2V 2M miBHBb�Mi mM2 2biBK�iBQM /2 b� T2`bT2+iBp2X

6B;m`2 NX3 Ĝ 1t2KTH2b /Ƕ2biBK�iBQM 2i /2 bmBpB /2 H� T2`bT2+iBp2 /2 HǶ?mK�BM T2M/�Mi H�
i�+?2 /2 ;mB/2X G2b BK�;2b ¨ ;�m+?2 bQMi +2HH2b /2 H� +�Kû`� /m `Q#Qi- ¨ /`QBi2 QM T2mi
pQB` mM2 2biBK�iBQM /2 H� T2`bT2+iBp2 /2 H� T2`bQMM2 �p2+ H�[m2HH2 H2 `Q#Qi BMi2`�;BiX

*QMi`B#miBQMb �bbQ+Bû2b ,
(G2K�B;M�M kyR3) lL.1_qP_G.a , *�b+�/BM; aBim�iBQM �bb2bbK2Mi 7Q` _Q#Qib

aûp2`BM G2K�B;M�M- uQ�M a�HH�KB- *?`BbiQT?2` q�HH#`B/;2- �m`ûHB2 *HQ/B+- hQMv "2HT�2K2-
_�+?B/ �H�KB A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/ avbi2Kb



NX9X .ûp2HQTT2K2Mib RR8

UA_Pa kyR3V- P+i kyR3- J�/`B/- aT�BMX
?iiTb,ff?�HXH��bX7`f?�H@yRN9jNRdf7BH2fH2K�B;M�MkyR3mM/2`rQ`H/bXT/7

(a�HH�KB kyR3) AKTH2K2MiBM; �M BKTHB+Bi 7�Hb2 #2HB27 i�bF #v +�b+�/BM; bBim�iBQM
�bb2bbK2Mi rBi? lM/2`rQ`H/b
a�HH�KB uQ�M- G2K�B;M�M aûp2`BM- *HQ/B+ �m`ûHB2- �M/ �H�KB _�+?B/ UkyR3VX qQ`Fb?QT
ǴhQr�`/ � 7`�K2rQ`F 7Q` DQBMi �+iBQM ,r?�i �#Qmi i?2Q`v Q7 KBM/ \Ǵ �i _Q#QiB+b a+B2M+2
�M/ avbi2K +QM72`2M+2 U_aaǶR3V- SBiib#m`;?-la�

NX9X9 :ûMû`�iBQM /2 `Qmi2b 2i bvbiĕK2 /2 ;2biBQM /ǶQMiQHQ;B2b i`�p�BH
+QMDQBMi qS8fqS9

.�Mb H� i�+?2 /2 /2b+`BTiBQM /ǶBiBMû`�B`2- H2 `Q#Qi MǶ�++QKT�;M2 T�b H2 +HB2Mi Dmb[mǶ¨
b� /2biBM�iBQM- K�Bb /QBi 2tTHB[m2` H2 +?2KBM ¨ 2KT`mMi2`X *2ii2 i�+?2- [mB MQmb T�`�ŗi bB
M�im`2HH2 /�Mb mM +QMi2ti2 ?mK�BM@?mK�BM- Mû+2bbBi2 2M 7�Bi mM 2Mb2K#H2 /2 +QMM�Bbb�M+2b
UT�` 2t2KTH2 bm` H2 HB2m- bm` H2b `2Tĕ`2b TQbbB#H2b /�Mb +2 KBHB2m T�`iB+mHB2`V 2i /2 Ŀ #QMM2b
T`�iB[m2b ŀ UT�` 2t2KTH2 TQm` /QMM2` mM +?2KBM 7�+BH2 ¨ bmBp`2 bB TQbbB#H2V [mǶBH 7�mi KQ@
/ûHBb2` bB HǶQM p2mi HǶBKTHûK2Mi2` bm` mM `Q#QiX 1M +QHH�#Q`�iBQM �p2+ >ql- H2b i`�p�mt /m
G��a /�Mb +2ii2 i�+?2 QMi T`Q/mBi mM2 `2T`ûb2Mi�iBQM bT�iB�H2 bûK�MiB[m2- mM +QKTQb�Mi
/2 ;ûMû`�iBQM /2 `Qmi2 �BMbB [mǶmM bvbiĕK2 /2 ;2biBQM /ǶQMiQHQ;B2 , ǴPMiQHQ;2MBmbǴX

SQm` /ûi2`KBM2` H2b Ŀ #QMM2b T`�iB[m2b ŀ 2i B/2MiB}2` H2b `û7û`2M+2b miBHBbû2b /�Mb H2
+�/`2 /ǶmM +2Mi`2 +QKK2`+B�H- mM2 ûim/2 2M [m�i`2 T?�b2b � ûiû K2Mû2 /�Mb H2 +2Mi`2 +QK@
K2`+B�H A/2�T�`F (>2BFFBH  kyRN)X G2b `ûbmHi�ib /2 +2ii2 ûim/2 bQMi +QM7Q`K2b �mt i`QBb T`�@
iB[m2b /2 #�b2 B/2MiB}û2b T�` �HH2M (�HH2M kyyj) TQm` H� +QKKmMB+�iBQM /2b +QMM�Bbb�M+2b
bm` H2b BiBMû`�B`2bX 1HH2b T2mp2Mi b2 `ûbmK2` �BMbB , �V `2bT2+i2` HǶQ`/`2 bT�iBQ@i2KTQ`2H-
#V b2 7Q+�HBb2` bm` HǶBM7Q`K�iBQM bm` H2b TQBMib /ǶBMiû`āi 2i +V miBHBb2` /2b `2Tĕ`2b 7�+BH2@
K2Mi B/2MiB}�#H2b T�` HǶ�m/Bi2m`X GǶûim/2 MQmb � û;�H2K2Mi T2`KBb /ǶB/2MiB}2` H2 ivT2 /2
[m2biBQMb [m2 H2 `Q#Qi /2p`�Bi ;û`2`X LQmb �pQMb `2K�`[mû [m2 H2b +HB2Mib M2 /2K�M/�B2Mi
bQmp2Mi T�b mM K�;�bBM 2M T�`iB+mHB2`- K�Bb mM ivT2 /2 K�;�bBM UT�` 2t2KTH2 mM `2bi�m@
`�MiV Qm /2b HB2mt Qɍ +2`i�BMb �`iB+H2b bQMi p2M/mb UT�` 2t2KTH2 mM K�;�bBM Qɍ i`Qmp2` /2b
+?�mbbm`2bVX .2 THmb- MQmb �pQMb `2K�`[mû [mǶmM K�;�bBM T2mi āi`2 MQKKû /2 /Bzû`2Mi2b
K�MBĕ`2b- +2 [mB bB;MB}2 [m2 H2 `Q#Qi /QBi +QMM�ŗi`2 iQmi2b +2b p�`B�Mi2b UQm /m KQBMb H2b
THmb +Qm`�Mi2bVX

�}M /2 K2ii`2 2M ƾmp`2 H2b T`�iB[m2b B/2MiB}û2b 2i /2 /Qi2` H2 `Q#Qi /2 iQmi2b H2b
+QMM�Bbb�M+2b Mû+2bb�B`2b bm` H2 +2Mi`2 +QKK2`+B�H- H2 G��a � KBb 2M TH�+2 mM2 T`2@
KBĕ`2 +QMi`B#miBQM bm` H� `2T`ûb2Mi�iBQM bT�iB�H2X G� `2T`ûb2Mi�iBQM bT�iB�H2 bûK�MiB[m2
(a�`i?Qm kyRN�) Ua2K�MiB+ aT�iB�H _2T`2b2Mi�iBQM aa_V pBb2 ¨ 7mbBQMM2` mM2 `2T`ûb2M@
i�iBQM iQTQHQ;B[m2 2i mM2 `2T`ûb2Mi�iBQM bûK�MiB[m2X 1HH2 MQmb � T2`KBb /2 /ûp2HQTT2`
H2b /2mt 7QM+iBQMM�HBiûb T`ûb2Miû2b /�Mb J�HHQi 2i "�bi2M (J�HHQi kyyN) TQm` H� i�+?2 /2
/2b+`BTiBQM /ǶBiBMû`�B`2X 1HH2b +QMbBbi2Mi /ǶmM2 T�`i- ¨ bûH2+iBQMM2` mM2 bû[m2M+2 /2 HB2mt
K2M�Mi ¨ HǶQ#D2+iB7 2i /Ƕ�mi`2 T�`i- ¨ ;û`2` H2b +QMM�Bbb�M+2b /û+H�`�iBp2b TQm` +?QBbB` H�
#QMM2 �+iBQM ¨ 2tTHB[m2` ¨ +?�[m2 TQBMi /2 H� bû[m2M+2X �p2+ H2 aa_- MQmb `2T`ûb2MiQMb
HǶ2Mb2K#H2 /2b +QMM�Bbb�M+2b /�Mb mM2 QMiQHQ;B2 �p2+ �m KQBMb H2b i`QBb +H�bb2b B/2MiB}û2b
T�` EmBT2`b (EmBT2`b kyyy) /�Mb b� ?Bû`�`+?B2 bûK�MiB[m2 bT�iB�H2 , `û;BQM- +?2KBM 2i HB2mX
.2 THmb- MQmb ûi2M/QMb H� MQiBQM /2 HB2m �p2+ H2b +QM+2Tib /ǶBMi2`b2+iBQM 2i /ǶBMi2`7�+2 /2
+?2KBM 2i H� MQiBQM /2 +?2KBM �p2+ H2b +QM+2Tib /2 +QmHQB` 2i /Ƕ2bT�+2 Qmp2`iX 1M THmb /2
+2b +H�bb2b- MQmb �pQMb /û}MB /Qmx2 T`QT`Bûiûb TQm` /û+`B`2 H� iQTQHQ;B2 /�Mb H� `2T`ûb2M@
i�iBQM bûK�MiB[m2X 1M THmb /m aa_- MQmb �pQMb /ûp2HQTTû i`QBb �H;Q`Bi?K2b TQm` +�H+mH2`

https://hal.laas.fr/hal-01943917/file/lemaignan2018underworlds.pdf


RRe *?�TBi`2 NX a2 +QM7`QMi2` �m KQM/2 `û2H

/2b BiBMû`�B`2b /ǶmM TQBMi ¨ mM �mi`2- bûH2+iBQMM2` H2 ǴK2BHH2m`Ǵ BiBMû`�B`2 2M i2M�Mi +QKTi2
/2b T`û7û`2M+2b /m +HB2Mi 2i ;ûMû`2` mM2 2tTHB+�iBQMX

SmBb[m2 H� `2T`ûb2Mi�iBQM bT�iB�H2 bûK�MiB[m2 2bi /û+`Bi2 /�Mb mM2 QMiQHQ;B2 2i [m2
iQmb H2b �H;Q`Bi?K2b [mB pQMi /ûi2`KBM2` H2 +?2KBM ¨ bmBp`2 TQm` b� p2`#�HBb�iBQM bQMi
#�bûb bm` H2b +QMM�Bbb�M+2b `2T`ûb2Miû2b /�Mb +2ii2 QMiQHQ;B2- MQmb �pQMb #2bQBM /ǶmM HQ;B@
+B2H 2{+�+2 TQm` H� ;û`2`X PMiQHQ;2MBmb (a�`i?Qm kyRN#) 2bi mM HQ;B+B2H QT2M bQm`+2- Hû;2`-
+QKT�iB#H2 _Pa [mB T2`K2i /2 biQ+F2` /2b +QMM�Bbb�M+2b bûK�MiB[m2b- /2 H2b 2tTHQ`2` 27@
}+�+2K2Mi 2i /Ƕ2z2+im2` /2b `�BbQMM2K2Mib bm` +2b +QMM�Bbb�M+2bX PMiQHQ;2MBmb T2`K2i
/2 T�`i�;2` +2ii2 +QMM�Bbb�M+2 bûK�MiB[m2 2Mi`2 iQmb H2b +QKTQb�Mib /ǶmM2 �`+?Bi2+im`2
`Q#QiB[m2 T2`K2ii�Mi �BMbB /Ƕ�pQB` mM `û7û`2MiB2H mMB[m2 /2 +QMM�Bbb�M+2bX .2 THmb- PMiQ@
HQ;2MBmb T2`K2i /2 i`�Bi2` THmbB2m`b #�b2b /2 +QMM�Bbb�M+2b /BbiBM+i2b- +Q``2bTQM/�Mi �mt
+QMM�Bbb�M+2b /m `Q#Qi 2i �mt +QMM�Bbb�M+2b 2biBKû2b /2 b2b T�`i2M�B`2b ?mK�BMb- iQmi
2M T`2M�Mi 2M +QKTi2 H� MQiBQM /2 +QMM�Bbb�M+2b +QKKmM2b /2 #�b2X AH 2bi û;�H2K2Mi BK@
TQ`i�Mi /ǶQ#b2`p2` [m2- ;`�+2 ¨ +2 HQ;B+B2H- MQmb bQKK2b 2M K2bm`2 /2 biQ+F2` H2b MQKb
/2 +QM+2Tib /�Mb /Bzû`2Mi2b H�M;m2b 2i /2 /û}MB` /2b bvMQMvK2b TQm` +2b MQKbX .2 THmb-
+2 HQ;B+B2H T`2M/ 2M +?�`;2 H2b �K#B;mśiûb T`Qp2M�Mi /2 H� `2+QMM�Bbb�M+2 /2 H� T�`QH2X
S�` 2t2KTH2- /2 +2ii2 K�MBĕ`2- bB H2 bvbiĕK2 /2 `2+QMM�Bbb�M+2 /2 H� T�`QH2 �{+?2 (/BM
bFQ)- H2 HQ;B+B2H 2bi +�T�#H2 /2 H2 +Q``B;2` /�Mb (.BMbFQ)- /Ƕ�mi`2b 2t2KTH2b /m /ûTHQB2@
K2Mi , (iB iB M�HH2 f hB@iB L�HH2M EQiB)- (D2r2HbTQ`i f Cmp2bTQ`i)- (K�M;� f
J�M;Q)- (KBKB f JBMBK�MB)- (HQ`/ f LQ`/2�)X

*QMi`B#miBQMb �bbQ+Bû2b ,
(a�`i?Qm kyRN#) PMiQHQ;2MBmb , � HQM;@i2`K b2K�MiB+ K2KQ`v 7Q` `Q#QiB+ �;2Mib

:mBHH�mK2 a�`i?Qm- �m`ûHB2 *HQ/B+- _�+?B/ �H�KB A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#Qi
� >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM UA111 _Q@J�L kyRNV- P+i kyRN- L2r .2H?B- AM/B�
?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@ykk3jj9kf7BH2fQMiQHQ;2MBmbn7BM�HXT/7

(a�`i?Qm kyRN�) a2K�MiB+ aT�iB�H _2T`2b2Mi�iBQM , � mMB[m2 `2T`2b2Mi�iBQM Q7 �M
2MpB`QMK2Mi #�b2/ QM �M QMiQHQ;v 7Q` `Q#QiB+ �TTHB+�iBQMb
:mBHH�mK2 a�`i?Qm- _�+?B/ �H�KB- �m`ûHB2 *HQ/B+ *QK#BM2/ qQ`Fb?QT QM aT�iB�H G�M@
;m�;2 lM/2`bi�M/BM; UaTGlV �M/ :`QmM/2/ *QKKmMB+�iBQM 7Q` _Q#QiB+b U_Q#QLGSV-
CmM kyRN- JBMM2�TQHBb- lMBi2/ ai�i2b
?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@ykRddR9yf7BH2fb2K�MiB+nbT�iB�Hn
`2T`2b2Mi�iBQMXT/7

NX9X8 amT2`pBbBQM /ǶmM2 i�+?2 BMi2`�+iBp2 >mK�BM@_Q#Qi UqS8Xj �p2+
qSk 2i qS9V

*2ii2 i�+?2 � +QM/mBi �m /ûp2HQTT2K2Mi /ǶmM +QKTQb�Mi /2 bmT2`pBbBQM T�` H2 G��a
[mB 2bi bTû+B�H2K2Mi /û/Bû ¨ H� KBb2 2M ƾmp`2 /2 HǶ�+iBpBiû /2 `Q#Qi /2 ;mB/2X *2 +QKTQb�Mi
;ĕ`2 H2b /û+BbBQMb /m `Q#Qi +QM+2`M�Mi H2 KQK2Mi /Ƕ�;B`- +2 [mǶBH 7�mi /B`2 2i +2 [mǶBH 7�mi
7�B`2 T2M/�Mi H� i�+?2X AH +QKKmMB[m2 pB� _Pa �p2+ THmbB2m`b +QKTQb�Mib /m bvbiĕK2 , H�
T2`+2TiBQM- H2 `�BbQMM2K2Mi ;ûQKûi`B[m2- HǶQMiQHQ;B2- H2 TH�MB}+�i2m` aoS- H� M�pB;�iBQM
2i H2 /B�HQ;m2X G2 G��a � i`�p�BHHû 2M ûi`QBi2 +QHH�#Q`�iBQM �p2+ qSk UA/B�TV 2i qS9
U>qlV TQm` H2b i2bib 2i HǶBMiû;`�iBQMX G� };m`2 NXN KQMi`2 H2 ~mt /2 i�+?2b /2 ;mB/�;2-
bQM T`Q+2bbmb 2i b2b BMi2`�+iBQMb �p2+ /Ƕ�mi`2b +QKTQb�MibX

*2 +QKTQb�Mi � ûiû BMBiB�H2K2Mi +Q/û +QKK2 mM2 K�+?BM2 ¨ ûi�ib #�bû2 bm` H� #B#HBQ@
i?ĕ[m2 aK�+? U?iiT,ffrBFBX`QbXQ`;fbK�+?VX *2T2M/�Mi- ¨ K2bm`2 [m2 H� i�+?2 /2p2M�Bi
THmb bQT?BbiB[mû2- H2b K�+?BM2b ¨ ûi�ib ûi�B2Mi /2 KQBMb 2M KQBMb �TT`QT`Bû2bX AH MǶûi�Bi
T�b TQbbB#H2 /2 +QM+2pQB` +2`i�BMb +QKTQ`i2K2Mib bQm?�Biûb 2M `�BbQM /2b HBKBi�iBQMb /2 H�

https://hal.archives-ouvertes.fr/hal-02283342/file/ontologenius_final.pdf
https://hal.archives-ouvertes.fr/hal-02177140/file/semantic_spatial_representation.pdf
https://hal.archives-ouvertes.fr/hal-02177140/file/semantic_spatial_representation.pdf
http://wiki.ros.org/smach


NX9X .ûp2HQTT2K2Mib RRd

6B;m`2 NXN Ĝ qS8Xj amT2`pBbBQM , _2T`ûb2Mi�iBQM /2 H� i�+?2 /2 ;mB/�;2

6B;m`2 NXRy Ĝ qS8Xj amT2`pBbBQM , �m;K2Mi�iBQM /2 H� +QKTH2tBiû /2 H� K�+?BM2 ¨ ûi�ib
�m 7m` 2i ¨ K2bm`2 /m /ûp2HQTT2K2Mi /2 H� i�+?2



RR3 *?�TBi`2 NX a2 +QM7`QMi2` �m KQM/2 `û2H

#B#HBQi?ĕ[m2 2i H2 ;`�T?2 /2p2M�Bi +QKTH2t2 2i /B{+BH2 ¨ �TT`û?2M/2` 2i ¨ KQ/B}2` +QKK2
QM T2mi H2 pQB` bm` H� };m`2 NXRyX *2 +QKTQb�Mi � 2MbmBi2 ûiû 2MiBĕ`2K2Mi `ûBKTHûK2Miû
¨ HǶ�B/2 /2 C�bQM- mM bvbiĕK2 #�bû bm` H2 T�`�/B;K2 "2HB27 .2bB`2 AMi2MiBQM 2i +QKT�@
iB#H2 _Pa U?iiT,ffD�bQMXbQm`+27Q`;2XM2ifrTfV T2`K2ii�Mi THmb /2 ~2tB#BHBiû 2i mM2
+QM+2TiBQM KQ/mH�B`2X .�Mb +2ii2 /2`MBĕ`2 p2`bBQM- mM +QKTQb�Mi TQm` ;û`2` H2b b2bbBQMb
/ǶBMi2`�+iBQM � ûiû �DQmiûX AH +?QBbBi [m�M/ +QKK2M+2` HǶBMi2`�+iBQM HQ`b[mǶmM2 T2`bQMM2
b2K#H2 pQmHQB` BMi2`�;B` �p2+ H2 `Q#QiX 1MbmBi2- BH K�BMiB2Mi HǶ�ii2MiBQM /m `Q#Qi bm` +2ii2
T2`bQMM2 Dmb[mǶ¨ H� }M /2 HǶBMi2`�+iBQM- +Ƕ2bi@¨@/B`2 HQ`b[m2 H� T2`bQMM2 T�`i Qm /Bi �m
`2pQB`X lM2 b2bbBQM /ǶBMi2`�+iBQM +QKT`2M/ /2b i�+?2b /2 +?�i#Qi 2i /2b i�+?2b /2 ;mB/�;2
�p2+ mM2 b2mH2 T2`bQMM2X 1M}M- mM i`�p�BH bm` H� K2bm`2 /2 H� [m�HBiû /2 HǶBMi2`�+iBQM �
ûiû BMBiBû 2i KBb 2M ƾmp`2X GǶB/û2 2bi /2 i`Qmp2` [m2HH2b K2bm`2b TQm``�B2Mi āi`2 miBHBbû2b
TQm` /ûi2`KBM2` bB HǶBMi2`�+iBQM b2 T�bb2 #B2M UQm T�bVX *2b K2bm`2b QMi ûiû miBHBbû2b HQ`b
/2 HǶûim/2 miBHBb�i2m` }M�H2X

*QMi`B#miBQMb �bbQ+Bû2b ,
(J�vBK� kyRN) 1p�Hm�iBQM Q7 i?2 Zm�HBiv Q7 AMi2`�+iBQM 7`QK i?2 `Q#Qi TQBMi Q7 pB2r

BM >mK�M@_Q#Qi AMi2`�+iBQMb
�K�M/BM2 J�vBK�- �m`ûHB2 *HQ/B+- _�+?B/ �H�KB Rbi 1/BiBQM Q7 Zm�HBiv Q7 AMi2`�+iBQM BM
aQ+B�HHv �bbBbiBp2 _Q#Qib UZAa�_V qQ`Fb?QT- LQp kyRN- J�/`B/- aT�BM
?iiTb,ff?�HXH��bX7`f?�H@yk9yjy3Rf7BH2fZQAnT�T2`XT/7

NX9Xe SH�MB}+�iBQM /2b KQmp2K2Mib- /2b TH�+2K2Mib 2i /2b TQbim`2b
UqS8XRV

*QKK2 BM/B[mû T`û+û/2KK2Mi- H2 TH�MB}+�i2m` /2 T2`bT2+iBp2 T�`i�;û2 UaoS SH�MM2`V
7Qm`MBi /2b TQbBiBQMb TQm` H2 `Q#Qi �BMbB [m2 H� T2`bQMM2 �p2+ H�[m2HH2 BH BMi2`�;Bi TQm`
T2`K2ii`2 mM TQBMi�;2 2{+�+2X �BMbB- H2 `Q#Qi /QBi TQmpQB` M�pB;m2` /2 b� TQbBiBQM �+im2HH2
¨ H� TQbBiBQM /2 TQBMi�;2 T`QTQbû2 T�` H2 TH�MB}+�i2m` aoS iQmi 2M URV `2bT2+i�Mi b2b
+QMi`�BMi2b +BMûK�iB[m2b UkV 2M ûpBi�Mi H2b Q#bi�+H2b bi�iB[m2b 2i KQ#BH2b 2i UjV 2M 2b[mBp�Mi
H2b ?mK�BMb 2i 2M �bbm`�Mi H2m` bû+m`Biû T?vbB[m2 2i Tbv+?QHQ;B[m2 UT�` 2t2KTH2- M2 T�b
H2b bm`T`2M/`2 Qm H2b 2z`�v2`VX SQm` ;û`2` H2b /ûTH�+2K2Mib /2 H� #�b2 /m `Q#Qi- mM HQ;B+B2H
/2 TH�MB}+�iBQM /2 i`�D2+iQB`2 #�bû bm` mM2 >mK�M �r�`2 hBK2 1H�biB+ "�M/ U>�h1"V �
ûiû KBb 2M TH�+2 (E?�K#?�Bi� kyRd#)X *2i �H;Q`Bi?K2 2bi +�T�#H2 /2 TH�MB}2` 2i /Ƕ2tû+mi2`
/2b i`�D2+iQB`2b iQmi 2M �bbm`�Mi H� b�iBb7�+iBQM /2b +QMi`�BMi2b +BMûK�iB[m2b /m `Q#Qi- 2M
ûpBi�Mi H2b Q#bi�+H2b MQM ?mK�BMb bi�iB[m2b 2i KQ#BH2b 2i 2M TH�MB}�Mi /2b bQHmiBQMb /2
+Q@M�pB;�iBQM `2bT2+i�Mi H2b +QMi`�BMi2b bQ+B�H2b �p2+ H2b ?mK�BMbX 1M 2z2i- 2M 2tû+mi�Mi
HǶQTiBKBb�iBQM bm` H2b i`�D2+iQB`2b TH�MB}û2b /m `Q#Qi 2i /2 HǶ?mK�BM- MQmb bQKK2b 2M
K2bm`2 /2 i`Qmp2` mM2 bQHmiBQM /2 +Q@M�pB;�iBQM TQm` H2 `Q#Qi 2i HǶ?mK�BM 2i /Ƕ�Dmbi2` +2ii2
bQHmiBQM 2M 7QM+iBQM /2 MQK#`2mb2b +QMi`�BMi2b UT�` 2t2KTH2- H2 `Q#Qi Qm HǶ?mK�BM /QBi@BH
7Qm`MB` H2 THmb /Ƕ2zQ`ib �m +�b Qɍ bm`pB2Mi mM +QM~Bi /2 i`�D2+iQB`2bVX *2T2M/�Mi- >�h1" �
#2bQBM /ǶmM +�H+mH T`û+Bb 2i 2M i2KTb `û2H /2b TQbBiBQMb 2i /2b KQmp2K2Mib ?mK�BMbX *Ƕ2bi
[m2H[m2 +?Qb2 [m2 MQmb MǶ�pQMb T�b Tm Q#i2MB` �p2+ T`û+BbBQM ¨ A/2�T�`F UT�` 2t2KTH2-
HQ`b[m2 H2 `Q#Qi #Qm;2- BH T2`/ H� TQbBiBQM /2 H� T2`bQMM2 +�` H2 b2mH +�Ti2m` miBHBb�#H2 2bi
H� pBbBQMVX SQm` +2ii2 `�BbQM- +2 TH�MB}+�i2m` � ûiû �/�Tiû (aBM;�K�M2MB kyky�)X

http://jason.sourceforge.net/wp/
https://hal.laas.fr/hal-02403081/file/QoI_paper.pdf


NX8X _ûbmHi�ib RRN

NX8 _ûbmHi�ib
NX8XR AMiû;`�iBQM 2i /ûTHQB2K2Mi UqSd �p2+ qS8V

SHmbB2m`b b2K�BM2b /ǶBMiû;`�iBQM QMi 2m HB2m ¨ A/2�T�`F UTQm` H2 G��a , R b2K�BM2
2M b2Ti2K#`2 kyR3- DmBM kyRN 2i b2Ti2K#`2 kyRNV TQm` T2`K2ii`2 H2 /ûTHQB2K2Mi }M�HX
S2M/�Mi +2b b2K�BM2b /2 i`�p�BH BMi2MbB7- BH bǶ�;Bi �p2+ H2b �mi`2b T�`i2M�B`2b /m T`QD2i- /2
pû`B}2` [m2 iQmi +2 [mB � ûiû i2biû 7QM+iBQMM2 Ǵbm` H2 i2``�BMǴ- 2X;X

ǴC2 bmBb �HHû ¨ H� b2K�BM2 /2 /ûTHQB2K2Mi 2M DmBM kyRN TQm` �{M2` HǶBMiû;`�iBQM �p2+
H2b T�`i2M�B`2b 2i 2bb�v2` /ǶûHBKBM2` H2 THmb /2 #m;b TQbbB#H2- 2M T�bb�Mi 88 ?2m`2b
/�Mb H2 +2Mi`2 +QKK2`+B�H 2i DǶ�B `27�Bi H� KāK2 +?Qb2 TQm` H2 /ûTHQB2K2Mi }M�H
/2 b2Ti2K#`2 kyRNX SQm` +2 /2`MB2` /ûTHQB2K2Mi 2M û[mBT2- MQmb /2pBQMb }M�HBb2`
H2b BMbi�HH�iBQMb /2b HQ;B+B2Hb bm` HǶQ`/BM�i2m` [mB 7QM+iBQMM2`� iQmi b2mH T2M/�Mi
H2b j KQBb /2 /ûTHQB2K2Mi 2M KQM/2 `û2HX LQmb �pQMb û;�H2K2Mi +QMiBMmû ¨ i2bi2`
MQb HQ;B+B2Hb 2i ¨ H2b `2M/`2 �miQMQK2b- +Ƕ2bi@¨@/B`2 7�+BH2b ¨ H�M+2` 2i 7�+BH2b ¨
`2/ûK�``2` 2M +�b /2 T`Q#HĕK2X LQmb �pQMb 2m /2b /B{+mHiûb �p2+ HǶBMbi�HH�iBQM
2i HǶmiBHBb�iBQM /2 H� HQ+�HBb�iBQMX LQmb v bQKK2b T�`p2Mmb }M�H2K2Mi K�Bb �p2+ H�
+QMi`�BMi2 [m2 H2 `Q#Qi M2 TmBbb2 T�b BMi2`�;B` �p2+ H2b ;2Mb T2M/�Mi mM2 KBMmi2 ¨ H�
}M /ǶmM2 b2bbBQM /ǶBMi2`�+iBQM TQm` [mǶBH TmBbb2 +?2`+?2` mM K�`[m2m` ¨ `2HQ+�HBb2`X
1M 2z2i- �T`ĕb [m2H[m2b i�+?2b /2 M�pB;�iBQM- H2 `Q#Qi /û`Bp2`�Bi 2i b2 T2`/`�Bi TmBb
TQBMi2`�Bi /�Mb H� K�mp�Bb2 /B`2+iBQMXǴ �K�M/BM2

G2 /ûTHQB2K2Mi ¨ HQM; i2`K2 � 2m HB2m /2 b2Ti2K#`2 kyRN ¨ /û+2K#`2 kyRN TQm` mM iQi�H /2
9k DQm`bX .m`�Mi +2ii2 Tû`BQ/2- �m KQBMb mM2 T2`bQMM2 /2 HǶû[mBT2 i2+?MB[m2 � ûiû BKTHB[mû2
/�Mb H2 H�M+2K2Mi 2i H2 bmBpB ¨ /Bbi�M+2 /2 H� /ûKQX *2H� bB;MB}2 [m2 iQmi � ûiû T`ûT�`û
T�` iQmb H2b T�`i2M�B`2b /m T`QD2i �p�Mi /2 T2`K2ii`2 mM H�M+2K2Mi /2 /ûKQMbi`�iBQM ¨
/Bbi�M+2 2i Ǵ�mbbB bBKTH2 [m2 TQbbB#H2ǴX GǶû[mBT2 /ǶA/2�T�`F � �TTQ`iû bQM bQmiB2M �p2+ H�
T`ûb2M+2 /2 HǶmM /Ƕ2Mi`2 2mt T2M/�Mi H2 i2KTb /2 i`�p�BH /m `Q#QiX *Ƕûi�Bi TQm` /2b `�BbQMb
/2 bû+m`BiûX SQm` /2b `�BbQMb /2 bû+m`Biû û;�H2K2Mi- H2 /ûTH�+2K2Mi /m `Q#Qi MǶ� T�b ûiû
miBHBbû HQ`b /2 +2ii2 T?�b2 /2 /ûTHQB2K2MiX

NX8Xk 1p�Hm�iBQM UqSd 2i qS8V

�T`ĕb H2 /ûTHQB2K2Mi }M�H /m bvbiĕK2 `Q#QiB[m2- 2M +QQTû`�iBQM �p2+ ohh 2i H2 T2`@
bQMM2H /ǶA/2�T�`F- H2 G��a � K2Mû mM2 ûim/2 miBHBb�i2m` �mT`ĕb /2b +HB2Mib /ǶA/2�T�`F
�}M /Ƕûp�Hm2` +QKK2Mi H2 +QKTQ`i2K2Mi /m `Q#Qi BM~m2M+2 HǶ2{+�+Biû /2 H� /2b+`BTiBQM
/2 HǶBiBMû`�B`2 2i H� [m�HBiû T2`Ïm2 /2 HǶBMi2`�+iBQM T�` H2b +HB2MibX SHmb T`û+BbûK2Mi- MQmb
�pQMb +QKT�`û i`QBb p2`bBQMb /m bvbiĕK2 ,

ě *QM/BiBQM R , /B�HQ;m2 , H2 `Q#Qi 2tTHB[m2 b2mH2K2Mi H2 T�`+Qm`b
ě *QM/BiBQM k , /B�HQ;m2 Y TQBMi�;2 , H2 `Q#Qi 2tTHB[m2 H2 T�`+Qm`b 2i TQBMi2 bm` H2

T`2KB2` ûHûK2Mi /m T�`+Qm`b
ě *QM/BiBQM j , /B�HQ;m2 Y TQBMi�;2 Y T`Bb2 /2 T2`bT2+iBp2 UbvbiĕK2 +QKTH2iV , H2 `Q@

#Qi 2tTHB[m2 HǶBiBMû`�B`2 2i b2 /ûTH�+2 TQm` TQBMi2` H2 T`2KB2` ûHûK2Mi /2 HǶBiBMû`�B`2
/2 K�MBĕ`2 ¨ +2 [m2 H2 +HB2Mi pQB2 HǶûHûK2Mi TQBMiû

LQmb �pQMb +?QBbB i`QBb #QmiB[m2b �p2+ /2b +`Biĕ`2b /Bzû`2Mib b2HQM H2m` pBbB#BHBiû 2i
H2m` ûHQB;M2K2Mi /2 H� xQM2 +2Mi`�H2 Qɍ H2 `Q#Qi � ûiû /ûTHQvûX *?�[m2 T�`iB+BT�Mi ûi�Bi
+QM7`QMiû �mt i`QBb +QM/BiBQMbX G2b K�;�bBMb QMi ûiû +QMi`2#�H�M+ûb /�Mb H2b +QM/BiBQMb
2tTû`BK2Mi�H2bX GǶQ`/`2 /2b +QM/BiBQMb ûi�Bi û;�H2K2Mi +QMi`2#�H�M+û TQm` +?�[m2 T�`iB@
+BT�MiX G2b BMi2`�+iBQMb 2Mi`2 H2b T�`iB+BT�Mib 2i H2 `Q#Qi ûi�B2Mi 2M`2;Bbi`û2b bm` pB/ûQ- 2i



Rky *?�TBi`2 NX a2 +QM7`QMi2` �m KQM/2 `û2H

6B;m`2 NXRR Ĝ AHHmbi`�iBQM /ǶmM T�`iB+BT�Mi 2M BMi2`�+iBQM �p2+ H2 `Q#QiX am` H� b2+QM/2
BK�;2- H2 T�`iB+BT�Mi `2;�`/2 H� /B`2+iBQM TQBMiû2 T�` H2 `Q#QiX

H2b T�`iB+BT�Mib �p�B2Mi- 2Mi`2 +?�[m2 +QM/BiBQM- /2mt [m2biBQMM�B`2b U[m2biBQMM�B`2 S2_@
.Ah� (.2pBM kyR3) Y mM bmTTHûK2Mi�B`2 bm` H� [m�HBiû /2 HǶBMi2`�+iBQMV ¨ `2KTHB` 2i mM
i2bi BM7Q`K�iB[m2 UHQ;B+B2H Sbv+?QSvV /�Mb H2[m2H H2 T�`iB+BT�Mi /2p�Bi i`Qmp2` bQM +?2@
KBM b2HQM H2b BM/B+�iBQMb /QMMû2b T`û+û/2KK2Mi T�` S2TT2`- ;`�+2 �mt T?QiQb /m +2Mi`2
+QKK2`+B�HX lM 2Mi`2iB2M ¨ H� }M /2 HǶ2tTû`B2M+2 � T2`KBb �mt +?2`+?2m`b /2 `2+m2BHHB` H2b
BKT`2bbBQMb /2b T�`iB+BT�MibX jy T�`iB+BT�Mib QMi T`Bb T�`i ¨ HǶûim/2X G� };m`2 NXRR KQMi`2
mM 2t2KTH2 /ǶBMi2`�+iBQMX G2b `ûbmHi�ib bQMi 2M +Qm`b /Ƕ�M�Hvb2X

G2 `2+`mi2K2Mi /2b T�`iB+BT�Mib ûi�Mi iQmDQm`b /B{+BH2- bm`iQmi B+B ¨ HǶûi`�M;2`-
MQmb �pBQMb +QMbi`mBi mM bBi2 BMi2`M2i U?iiTb,ffbBi2bX;QQ;H2X+QKfpB2rfT2TT2`@2t�Kf
?QK2V �bbQ+Bû ¨ mM [m2biBQMM�B`2 /2 `2+`mi2K2Mi U?iiTb,ff/Q+bX;QQ;H2X+QKf7Q`Kbf/f
2fR6�ATZGa+jL>B77sT+yqGC@`u."m@At`"xoMtM9w>BxF68x�:;+vGuqrfpB2r7Q`KVX hQmi
+2H� MQmb � T2`KBb /Ƕ�pQB` bm{b�KK2Mi /2 T�`iB+BT�Mib TQm` MQi`2 ûim/2 Ujy �m }M�HVX
*Ƕûi�Bi �bb2x /B{+BH2- +�` iQmi /�Mb HǶûim/2 /2b miBHBb�i2m`b ûi�Bi 2M }MMQBb- +Ƕ2bi TQm`[mQB
MQmb �pQMb ûiû �B/ûb T�` MQb +QHHĕ;m2b /2 ohh 2i H2 T2`bQMM2H /ǶA/2�T�`FX

NXe *QM+HmbBQMb
LQi`2 i`�p�BH /�Mb +2 T`QD2i pBb�Bi ¨ /ûp2HQTT2` H2b +�T�+Biûb Mû+2bb�B`2b /�Mb H� TH�MB}@

+�iBQM /2b KQmp2K2Mib- H2b i�+?2b 2i H� +QQ`/BM�iBQM /2b KQmp2K2Mib 2i 2M}M HǶ2tû+miBQM-
TQm` T2`K2ii`2 ¨ mM `Q#Qi �miQMQK2 /Ƕ�;B` 2i /ǶBMi2`�;B` �p2+ H2b ?mK�BMb 2i ¨ T`QtB@
KBiû T?vbB[m2 /2b ?mK�BMbX LQb Q#D2+iB7b QMi ûiû �ii2BMibX G� i�+?2 /2 ;mB/�;2- Qm THmb
T`û+BbûK2Mi /2 /2b+`BTiBQM /2 `Qmi2- 2bi mM2 T�`iB2 /2 H� /ûKQMbi`�iBQM ;HQ#�H2 /m T`QD2i

https://sites.google.com/view/pepper-exam/home
https://sites.google.com/view/pepper-exam/home
https://docs.google.com/forms%20/d/e/1FAIpQLSc3NHiffXpc0WLJ-rYDBu-IxrBzVnxn4ZHizkF5zaGgcyLYWw/viewform
https://docs.google.com/forms%20/d/e/1FAIpQLSc3NHiffXpc0WLJ-rYDBu-IxrBzVnxn4ZHizkF5zaGgcyLYWw/viewform


NXeX *QM+HmbBQMb RkR

U�V G2 +HB2Mi û+Qmi2 S2TT2` �m /û#mi /2 H� i�+?2X U#V G2 +HB2Mi `2;�`/2 /�Mb H� /B`2+iBQM TQBMiû2
T�` S2TT2`X

U+V G2 +HB2Mi û+Qmi2 S2TT2` �m /û#mi /2 H� i�+?2X U/V G2 +HB2Mi û+Qmi2 S2TT2` i�M/Bb [mǶBH BM/B[m2
H� /B`2+iBQM ¨ bmBp`2

U2V G2 +HB2Mi û+Qmi2 S2TT2` �m /û#mi /2 H� i�+?2X U7V G2 +HB2Mi `2;�`/2 /�Mb H� /B`2+iBQM TQBMiû2 T�`
S2TT2`X

6B;m`2 NXRk Ĝ .2b 2t2KTH2b /2 /û`QmH2K2Mi /2 i�+?2b /2 /2b+`BTiBQM `û�HBbûb HQ`b /m
/ûTHQB2K2Mi ¨ A/2�T�`FX



Rkk *?�TBi`2 NX a2 +QM7`QMi2` �m KQM/2 `û2H

6B;m`2 NXRj Ĝ AHHmbi`�iBQM /�Mb H2 +QMi2ti2 /2 H� K�[m2ii2 /m G��a

JmJJ1_ [mB � ûiû BHHmbi`û2 /�Mb H2 +2Mi`2 +QKK2`+B�HX lM2 pB/ûQ /m b+ûM�`BQ- BHHmbi`û2
¨ H� };m`2 NXRj- 2bi /BbTQMB#H2 (aBM;�K�M2MB kyky#) , ?iiTb,ffvQmimX#2fE7Pbkjr6xAZX
LQmb �pQMb `2H2pû H2 /û} /2 /ûTHQv2` H2 `Q#Qi /�Mb H2 +2Mi`2 +QKK2`+B�H- /�Mb mM 2MpB@
`QMM2K2Mi `û2H- �p2+ /2 Ǵp`�B2bǴ T2`bQMM2bX LQmb TQmpQMb āi`2 �bb2x b�iBb7�Bib /m `ûbmHi�i
TmBb[m2 H2 bvbiĕK2 � 7QM+iBQMMû T2M/�Mi i`QBb KQBb ¨ A/2�T�`FX *2T2M/�Mi- +2H� MQmb �
�K2Mûb ¨ TQb2` /2b [m2biBQMb +QM+2`M�Mi H� bû+m`BiûX 1M 2z2i- TQm` TQmpQB` 7�B`2 7QM+iBQM@
M2` H� M�pB;�iBQM �p2+ S2TT2`- MQmb �pQMb /ȿ /ûb�+iBp2` mM2 bû+m`BiûX LQmb �pQMb /QM+
7�Bi H2 +?QBt [m2 H2 `Q#Qi M2 #Qm;2`�Bi T�b bB mM2 T2`bQMM2 /2 HǶû[mBT2 /m T`QD2i MǶûi�Bi T�b
T`ûb2Mi2X .2 THmb- mM2 T2`bQMM2 /m T2`bQMM2H /ǶA/2�T�`F ûi�Bi iQmDQm`b T`ûb2Mi2 �mT`ĕb /m
`Q#Qi T2M/�Mi H2 /ûTHQB2K2MiX PmB- H2 `Q#Qi M2 b2K#H2 T�b āi`2 Ǵ/�M;2`2mtǴ K�Bb /�Mb +2
;2M`2 /Ƕ2MpB`QMM2K2Mi- Qɍ pQmb �p2x /2b 2M7�Mib T�` 2t2KTH2- pQmb M2 TQmp2x T�b H�Bbb2`
TH�+2 �m /Qmi2 2M i2`K2b /2 bû+m`BiûX § HǶ�p2MB`- MQmb /2p`QMb `û~û+?B` ¨ H� K�MBĕ`2 /2
;û`2` mM i2H /û}X

NXd AMi`QbT2+iBQM
CǶ�BK2`�Bb `2p2MB` B+B bm` +2ii2 2tTû`B2M+2 /m T`QD2i JmJJ1_- /2 HǶ2tTû`B2M+2 /m

i`�p�BH �m b2BM /ǶmM Ǵ;`QbǴ T`QD2i 2m`QTû2M 2i /m i`�p�BH /ǶBMiû;`�iBQM /ǶmM2 /ûKQMbi`�iBQM
2M 2MpB`QMM2K2Mi `û2HX hQmi +2 [m2 D2 p�Bb /B`2 B+B- QM H2 b�Bi iQmb /ûD¨ 2i +2 bQMi /2b
ûpB/2M+2b- K�Bb Ï¨ MǶ2KTā+?2 [mǶBH 2bi #QM /2 H2 `�TT2H2`X

NXdXR �p2+ K� +�b[m2ii2 /2 `2bTQMb�#H2 i2+?MB[m2
.�Mb mM T`QD2i 2m`QTû2M- BH v � #2�m+QmT /2 T�`i2M�B`2b- BH 7�mi bǶ�bbm`2` /ĕb H2 /ûT�`i

/Ƕ�pQB` mM +QMbQ`iBmK �p2+ /2b ;2Mb [m2 pQmb +QMM�Bbb2x Qm �p2+ [mB pQmb �p2x 2MpB2 /2
i`�p�BHH2`X 1MbmBi2- pQmb M2 i`�p�BHH2`2x T2mi@āi`2 T�b �p2+ iQmi H2 KQM/2- +2 MǶ2bi T�b ;`�p2X
GǶBKTQ`i�Mi +Ƕ2bi /2 i`Qmp2` /2b TQBMib /Ƕ�++`Q+?2 �p2+ H2b T�`i2M�B`2b [mB pQmb BMiû`2bb2Mi
2M T`BQ`BiûX AH v � /2b +?Qb2b TQm` H2b[m2HH2b pQmb �``Bp2`2x �m #Qmi 2i /Ƕ�mi`2b [m2 pQmb

https://youtu.be/KfOs23wFzIQ


NXdX AMi`QbT2+iBQM Rkj

�#�M/QMM2`2x 2M +Qm`b /2 `Qmi2X
�m }H /m T`QD2i- pQMi b2 7Q`K2` THmbB2m`b HB;M2b /B`2+i`B+2bX LQ`K�H2K2Mi- +Ƕ2bi �m

+QQ`/BM�i2m` /2 bmBp`2 2i /Ƕ�bbm`2` H� +Q?û`2M+2 /2 HǶ2Mb2K#H2X aB +2 MǶ2bi T�b H2 +�b-
�bbmK2x +2 [m2 pQmb pQmH2x 7�B`2 2i �bbm`2x@pQmb /m bQmiB2M /2b T�`i2M�B`2b �p2+ [mB pQmb
bQm?�Bi2x i`�p�BHH2`X

GQ`b[mǶBH v � /�Mb H2 T`QD2i mM2 /ûKQMbi`�iBQM BMiû;`û2 �p2+ /2b HQ;B+B2Hb T`Qp2M�Mi
/2 /Bp2`b T�`i2M�B`2b- BH 7�mi �bbm`2` �bb2x iƬi /�Mb H2 T`QD2i [m2 +?�+mM /2b T�`i2M�B`2b
T�`i�;2 H� KāK2 pBbBQMX AH 7�mi `û�HBb2` mM2 +QM+2TiBQM Qɍ +?�+mM i`Qmp2 b� TH�+2X AH 7�mi
T2Mb2` H2 THmb iƬi TQbbB#H2 �mt BMi2`7�+2b 2i �m KQK2Mi Qɍ BH b2`� TQbbB#H2 /2 7�B`2 HǶBMiû@
;`�iBQMX S`ûpQv2x .1a b2K�BM2b /ǶBMiû;`�iBQM Qɍ iQmi H2 KQM/2 p� i`�p�BHH2` /2 +QM+2`i
T2M/�Mi THmbB2m`b DQm`bX S`ûpQv2x /2b p2`bBQMb y /2 +?�+mM /2b HQ;B+B2Hb KāK2 �p2+ /2b
p2`bBQMb mHi`�@bBKTHB}û2b- K�Bb [mB T2`K2ii`QMi �mt �mi`2b +QKTQb�Mib miBHBb�Mi pQb `ûbmH@
i�ib /2 +QKK2M+2` ¨ i`�p�BHH2` U#B2M bȿ`- �bbm`2x@pQmb [m2 +2ii2 p2`bBQM y bBKTHB}û2 MǶ2bi
T�b #m;;û2VX .2 THmb mM HQ;B+B2H [mB 7QM+iBQMM2- +2 MǶ2bi T�b mM HQ;B+B2H [mB K�`+?2 mM2
7QBb /�Mb mM +�b T�`iB+mHB2` UK�Bb 2M+Q`2 7�mi@BH [m2 HǶQM MǶ�Bi T�b T`ûb2Miû +2 +�b T�`iB+m@
HB2` +QKK2 HǶQ#D2+iB7XXXVX .�Mb iQmb H2b +�b- [m�M/ BH 2bi [m2biBQM /2 /ûTHQB2K2Mi- BH p�mi
KB2mt mM2 p2`bBQM bBKTHB}û2 [mB 7QM+iBQMM2- [mǶmM2 p2`bBQM THmb �p�M+û2- K�Bb T�b 2M+Q`2
K�im`2X oQi`2 p2`bBQM THmb �p�M+û2 TQm``� āi`2 /ûKQMi`û2 �BHH2m`b UQm THmb i�`/V- T`BpBHû@
;B2x H� bBKTHB+Biû 2i H� `Q#mbi2bb2 [m�M/ BH bǶ�;Bi /ǶBMiû;`�iBQMX GǶBMiû;`�iBQM +2 MǶ2bi T�b
/û#m;;2` lL HQ;B+B2H- +Ƕ2bi /û#m;;2` H2 7QM+iBQMM2K2Mi /2 THmbB2m`b HQ;B+B2Hb 1La1J"G1X
"`27- T2Mb2x ¨ H� bmT2`pBbBQM [mB p� �pQB` #2bQBM /ǶmiBHBb2` iQmb H2b HQ;B+B2HbX

AH M2 7�mi T�b Mû;HB;2` H2b /ûi�BHb /m i2``�BM /Ƕ2tTû`BK2Mi�iBQM 2i H2b 2MpBb�;2` /ĕb [m2
TQbbB#H2X .2 THmb- bB pQmb bQm?�Bi2x ûp�Hm2` pQi`2 bvbiĕK2- `û~û+?Bbb2x v /ĕb [m2 TQbbB#H2X
LQ`K�H2K2Mi +2H� /2p`� āi`2 2M HB;M2 �p2+ +2 [m2 pQmb /ûp2HQTT2`2xX

�m MBp2�m /2 pQi`2 T`QT`2 û[mBT2 �mbbB- BH 7�mi [m2 [m2H[mǶmM �Bi H� ǴpBbBQMǴ T`QD2i /2
HǶ2Mb2K#H2 /2b /ûp2HQTT2K2Mib [mB /QBp2Mi āi`2 `û�HBbûb U;ûMû`�H2K2Mi +Ƕ2bi H� T2`bQMM2 [mB
� T�`iB+BTû �m KQMi�;2 /m T`QD2iV K�Bb THmb BKTQ`i�Mi BH 7�mi [m2 +2ii2 pBbBQM bQBi T�`i�;û2
�p2+ iQmi2b H2b T2`bQMM2b [mB i`�p�BHH2`QMi bm` H2 T`QD2i /�Mb H2 H�#Q`�iQB`2 2i bm`iQmi #B2M
KQMi`2` +QKK2Mi HǶ2Mb2K#H2 /2b +QMi`B#miBQMb pQMi p2MB` b2 MQm``B` H2b mM2b /2b �mi`2bX
Zm2Hb bQMi H2b /û}b b+B2MiB}[m2b /2b mMb 2i /2b �mi`2b U2i- bǶBH v � HB2m- H2 /û} b+B2MiB}[m2
[m2 `2T`ûb2Mi2 HǶBMiû;`�iBQM /2 HǶ2Mb2K#H2VX aB pQmb �p2x mM 2M;�;2K2Mi BKTQ`i�Mi /�Mb mM
T`QD2i 2m`QTû2M UD2 M2 T�`H2 KāK2 T�b /ǶmM2 +QQ`/BM�iBQMV- 2K#�m+?2x mM TQbi@/Q+iQ`�Mi
TQm` H� ;2biBQM BMi2`M2 /m T`QD2i- H� ;2biBQM /2b /Q+iQ`�Mib 2i /2b `2+?2`+?2b �bbQ+Bû2bX
*Ƕ2bi mM i`�p�BH i`ĕb BKTQ`i�Mi 2i BH 7�mi [m2 [m2H[mǶmM TmBbb2 v +QMb�+`2` bQM i2KTb 2i
bQM ûM2`;B2 ¨ TH2BM i2KTbX "B2M 2Mi2M/m- BH 7�mi �B/2` 2i �++QKT�;M2` bQM i`�p�BH- T2m /2
T2`bQMM2b ¨ T�`i H2b T2`K�M2Mib b2`QMi H¨ /m /û#mi ¨ H� }M /m T`QD2i- 2i 2M+Q`2 KQBMb bB
HǶQM +QKTi2 H� Tû`BQ/2 /2 KQMi�;2 /m T`QD2iX

NXdXk �p2+ K� +�b[m2ii2 /2 +Q@/B`2+i`B+2 /2 i?ĕb2

AH T2mi āi`2 i`ĕb BMiû`2bb�Mi TQm` mM /Q+iQ`�Mi /Ƕāi`2 T�`iB2 T`2M�Mi2 /ǶmM T`QD2i /2 +2
ivT2X .ûD¨- +�` +2H� T2mi H2b }M�M+2`- QM 2bi �HQ`b /�Mb mM +�b T�`iB+mHB2` Qɍ MQ`K�H2K2Mi
+2 [m2 /QBi 7�B`2 H2 /Q+iQ`�Mi T2M/�Mi b� i?ĕb2 7�Bi T�`iB2 /2b �ii2M/mb /m T`QD2iX *2H�
T2mi āi`2 �mbbB BMiû`2bb�Mi /2 K�MBĕ`2 THmb ;ûMû`�H2- +�` +2H� T2mi /QMM2` /2 H� pBbB#BHBiû
¨ bQM i`�p�BH 2i HmB /QMM2` HǶQTTQ`imMBiû /2 i`�p�BHH2` �p2+ /2b H�#Q`�iQB`2b 2M TQBMi2 bm`
i2H Qm i2H �bT2+i [mB MǶ2bi T�b ûim/Bû /�Mb bQM H�#QX *2T2M/�Mi- mM T`QD2i 2m`QTû2M +2
bQMi �mbbB /2b HBp`�#H2b 2i /2b û+?û�M+2b TQm` H2b[m2Hb BH 7�mi �bbm`2` mM i`�p�BH bQmp2Mi



Rk9 *?�TBi`2 NX a2 +QM7`QMi2` �m KQM/2 `û2H

+QMbû[m2MiX AH 2bi /QM+ BKTQ`i�Mi /2 /û}MB` +H�B`2K2Mi H2b #mib 2i H2b Q#D2+iB7b /2 +?�+mM
/ǶmM2 T�`i TQm` b� i?ĕb2 2i /Ƕ�mi`2 T�`i TQm` bQM i`�p�BH TQm` H2 T`QD2i bǶBH /QBi 2M 7�B`2
T�`iB2X PmB- mM i`�p�BH /2 i?ĕb2 b2 +QMbi`mBi 2i ûpQHm2 �m +Qm`b /m i2KTb- K�Bb HQ`b[mǶQM
T�`H2 /ǶBMiû;`�iBQM QM T�`H2 �mbbB /2 #2bQBM /2 bvM+?`QMBb�iBQM ¨ +2`i�BMb KQK2Mib 2i TQm`
+2H� BH 7�mi mM KBMBKmK /2 bi�#BHBiûX *Ƕ2bi /Ƕ�mi�Mi THmb BKTQ`i�Mi [mǶmM2 i?ĕb2 /m`2 i`QBb
�Mb �HQ`b [mǶmM T`QD2i T2mi /m`2` T�`7QBb THmb HQM;i2KTbX



.2mtBĕK2 T�`iB2

*QKK2Mi QM p� 2bb�v2` /2
+QMiBMm2`





*?�TBi`2 R

S2`bT2+iBp2b /2 `2+?2`+?2

RXR AMi`Q/m+iBQM
.�Mb H2b Kû/B�b- +2`i�BM2b T2`bQMM2b 2tT`BK2Mi H2m` +`�BMi2 [m2 H2b `Q#Qib M2 T`2MM2Mi

H2 /2bbmb bm` H2b ?mK�BMb �p�Mi H� }M /m bBĕ+H2X *2T2M/�Mi- H2b T2`bQMM2b [mB QMi i`�p�BHHû
�p2+ /2 p`�Bb `Q#Qib b�p2Mi KB2mt [m2Hb T�b /2 ;û�Mi /QBp2Mi 2M+Q`2 āi`2 7`�M+?Bb- KāK2
TQm` [m2 H2b `Q#Qib bQB2Mi `Q#mbi2b /�Mb H2b BMi2`�+iBQMb [mQiB/B2MM2b �p2+ H2b ?mK�BMbX
G� THmT�`i /2b `2bbQm`+2b /m `Q#Qi bQMi miBHBbû2b TQm` /2b 7QM+iBQMM�HBiûb /2 #�b2 i2HH2b
[m2 H� M�pB;�iBQM /�Mb /2b 2MpB`QMM2K2Mib T�`iB2HH2K2Mi +QMMmb- H� `2+QMM�Bbb�M+2 /ǶQ#@
D2ib- /ǶQ#bi�+H2b 2i /2 T2`bQMM2bX �p2+ iQmb H2b /ûp2HQTT2K2Mib K�iû`B2Hb 2i HQ;B+B2Hb- +2b
7QM+iBQMM�HBiûb bǶ�KûHBQ`2Mi 2i- 2M Qmi`2- /2pB2MM2Mi THmb `Q#mbi2bX § K2bm`2 [m2 H� i2+?@
MQHQ;B2 ûpQHm2- mM MQK#`2 +`QBbb�Mi /2 +?2`+?2m`b b2 bQMi +QM+2Mi`ûb bm` H2 /ûp2HQTT2K2Mi
/2 `Q#Qib +�T�#H2b /ǶBKTHB[m2` 2i /Ƕ�bbBbi2` H2b miBHBb�i2m`b /�Mb /Bzû`2Mib /QK�BM2bX

.ǶQ#bi�+H2b ¨ ûpBi2` /�Mb HǶ2MpB`QMM2K2Mi TQm` H2b T`2KB2`b `Q#Qib �miQMQK2b- QM
bQm?�Bi2 �mDQm`/Ƕ?mB [m2 H2b T2`bQMM2b TmBbb2Mi /2p2MB` /2b T�`i2M�B`2b [m2 H2 `Q#Qi T2mi
MQM b2mH2K2Mi �B/2`- K�Bb �p2+ H2b[m2Hb BH T2mi +QQTû`2`X

SQm` �ii2BM/`2 +2i Q#D2+iB7- H2b `Q#QiB+B2Mb QMi /ûp2HQTTû mM +2`i�BM MQK#`2 /2 +QK@
TQb�Mib TQm` T2`K2ii`2 H� T`Bb2 2M +QKTi2 /2 HǶ?mK�BM- T�` 2t2KTH2 �m G��a ,

ě HQ`b /2 HǶûp�Hm�iBQM /2 H� bBim�iBQM- 2X;X 2M ûp�Hm�Mi H� bBim�iBQM MQM b2mH2K2Mi
/m TQBMi /2 pm2 /m `Q#Qi- K�Bb û;�H2K2Mi /m TQBMi /2 pm2 /2 H� T2`bQMM2 �p2+
H�[m2HH2 BH BMi2`�;Bi- 2i �mbbB 2i bm`iQmi 2M `2M/�Mi +2ii2 ûp�Hm�iBQM �++2bbB#H2 U2X;X
+�H+mH /2 BbPM pB� /m `�BbQMM2K2Mi ;ûQKûi`B[m2V (JBHHB2x kyR9) (G2K�B;M�M kyR3)
(a�HH�KB kyRN)

ě HQ`b /2 H� TH�MB}+�iBQM /2 i�+?2b- 2X;X 2M +�H+mH�Mi mM TH�M T`2M�Mi 2M +QKTi2 H2b
+QMi`B#miBQMb TQbbB#H2b /2 HǶ2Mb2K#H2 /2b �;2Mib U2i T�b b2mH2K2Mi /m `Q#Qi HmB
KāK2V (JQMi`2mBH kyyd) (�H�KB kyye) (JBHHB2x kyRe#) (aBHp� kyR8) (G�HH2K2Mi kyR9)
("mBb�M kykR)

ě HQ`b /2 HǶ2tû+miBQM /2 i�+?2b- 2X;X 2M �bbm`�Mi HǶ2tû+miBQM /2b �+iBQMb T�` H2 `Q#Qi
K�Bb û;�H2K2Mi H2 KQMBiQ`BM; /2b �+iBQMb /2 H� T2`bQMM2 �p2+ H�[m2HH2 BH BMi2`�;Bi
(6BQ`2 kyR9) (.2pBM kyRd#) (J�vBK� kykR#)

ě HQ`b /2 HǶ2tû+miBQM /2 7QM+iBQMb i2H [m2 H� M�pB;�iBQM c 2X;X 2M �bbm`�Mi H� T`Bb2 2M
+QKTi2 /2 iQmb H2b �;2Mib T`ûb2Mib U2X;X ?mK�M@�r�`2 M�pB;�iBQM 2i K�MBTmH�iBQMV
(aBb#Qi kyRk) (E`mb2 kyR9) (E?�K#?�Bi� kyRd#) (E?�K#?�Bi� kyRd�)

.2b `2+?2`+?2b QMi ûiû `û�HBbû2b bm` H� 7�ÏQM /QMi H2b `Q#Qib /2p`�B2Mi b2 +QK@
TQ`i2` /�Mb mM2 BMi2`�+iBQM bQ+B�H2 �p2+ /2b �;2Mib ?mK�BMb- +QKK2 T�` 2t2KTH2
("`2�x2�H kyyj)-(:Q+FH2v kyyd)- (a�i�F2 kyyN)- (G2Bi2 kyRj)- (/2 :`22z kyR8)X *2T2M/�Mi-
KāK2 bB +2b T`2KB2`b 2t2KTH2b bQMi /2b ûi�T2b BKTQ`i�Mi2b bm` H2 i2``�BM- BH `2bi2 p`�B [m2
H� THmT�`i /2b �bT2+ib bQ+B�mt K�MBTmHûb T�` +2b `Q#Qib bQMi 2M+Q/ûb /�Mb H� i�+?2 2HH2@
KāK2 2i BHb M2 T`ûb2Mi2Mi T�b /2 +�/`2 ;ûMû`B[m2f;ûMû`�H TQm` ;û`2` mM2 /Bp2`bBiû /2 i�+?2b
/�Mb mM2 /Bp2`bBiû /2 +QMi2ti2b UbQ+B�mtVX aB MQmb pQmHQMb [m2 H2b `Q#Qib 7QM+iBQMM2Mi /�Mb
MQi`2 2MpB`QMM2K2Mi [mQiB/B2M- BHb /QBp2Mi û;�H2K2Mi bǶBMiû;`2` /�Mb H2 KQM/2 bQ+B�HX



Rk3 *?�TBi`2 RX S2`bT2+iBp2b /2 `2+?2`+?2

.�Mb H2m`b 2tTû`B2M+2b- JX o2HQbQ 2i �HX KQMi`2Mi +QKK2Mi H2b ;2Mb bQMi T`āib ¨ �B/2`
mM `Q#Qi bB BH H2m` /2K�M/2 UT�` 2t2KTH2- /Ƕ�TTmv2` bm` /2b #QmiQMb /�Mb mM �b+2Mb2m`
TQm` H2b �K2M2` �m #QM ûi�;2V 2i BMi`Q/mBb2Mi H2 +QM+2Ti /Ƕ�miQMQKB2 bvK#BQiB[m2- /�Mb
H�[m2HH2 H2b `Q#Qib BM+Hm2Mi 2tTHB+Bi2K2Mi /2b �+iBQMb TQm` /2K�M/2` /2 HǶ�B/2 �mt ?mK�BMb
/�Mb H2m`b TQHBiB[m2b /2 +QKTQ`i2K2Mi (o2HQbQ kyR3)X *2T2M/�Mi- BH MǶ2bi T�b +H�B` [m2HH2b
+?Qb2b T2mp2Mi āi`2 /2K�M/û2b 2i H2b[m2HH2b M2 /2p`�B2Mi T�b āi`2 /2K�M/û2b Qm [mQB 7�B`2 bB
H2b ;2Mb M2 b2 +QM7Q`K2Mi T�b ¨ H� /2K�M/2X AH 2bi +H�B` [m2 H2b `Q#Qib /QBp2Mi +QKK2M+2` ¨
/ûHB#û`2` bm` H2m` +QMi2ti2 bQ+B�H HQ`b[mǶBHb BMi2`�;Bbb2Mi �p2+ H2b ;2MbX *2H� TQb2 /Ƕ2K#Hû2 H�
[m2biBQM /2 H� +QKTH2tBiûX AH 2bi Mû+2bb�B`2 /2 /QMM2` �mt `Q#Qib /2b +QMM�Bbb�M+2b bQ+B�H2b
2i /2b +�T�+Biûb /2 `�BbQMM2K2Mi /ǶmM2 K�MBĕ`2 [mB HBKBi2 H2 MQK#`2 /2 /ûHB#û`�iBQMb
Mû+2bb�B`2b /�Mb +?�[m2 bBim�iBQM iQmi 2M T2`K2ii�Mi mM2 ~2tB#BHBiû bm{b�Mi2 TQm` `û�;B`
/2 K�MBĕ`2 `Q#mbi2 ¨ iQmi2 +B`+QMbi�M+2 BM�ii2M/m2X

lM i`�p�BH `û+2Mi 2i BMiû`2bb�Mi �HH�Mi /�Mb +2 b2Mb 2bi H2 i`�p�BH /2 (a?B? kykR)X AHb
+QMbB/ĕ`2Mi [m2 /�Mb H2 +QMi2ti2 /ǶmM2 +QHH�#Q`�iBQM KmHiB�;2Mi Qm ?mK�BM2@A�- H2b �;2Mib
/ǶA� /2p`�B2Mi āi`2 +�T�#H2b /2 bǶ�/�Ti2` `�TB/2K2Mi �mt MQmp2�mt T�`i2M�B`2b 2M ûi�Mi
~2tB#H2b TQm` �Dmbi2` H2m` +QKTQ`i2K2Mi /ûT2M/�Mi /2 H� +QMp2MiBQM bTû+B}[m2 �m T�`@
i2M�B`2 iQmi 2M `ûmiBHBb�Mi H2 KāK2 +QKTQ`i2K2Mi /ûT2M/�Mi /2b `ĕ;H2bX AHb T`QTQb2Mi
mM +�/`2 [mB bûT�`2 2tTHB+Bi2K2Mi H2b `2T`ûb2Mi�iBQMb /ûT2M/�Mi2b /2b +QMp2MiBQMb 2i H2b
`2T`ûb2Mi�iBQMb /ûT2M/�Mi2b /2b `ĕ;H2b ¨ i`�p2`b /2b BMi2`�+iBQMb `ûTûiû2b �p2+ /2 KmH@
iBTH2b T�`i2M�B`2bX aB MQmb T`QTQbQMb /2 7QM/2` MQi`2 i`�p�BH bm` H2 +�/`2 THmb ;ûMû`�H /2b
T`�iB[m2b bQ+B�H2b UTHmiƬi [m2 bm` H2b +QMp2MiBQMbV- MQmb �HHQMb /�Mb H2 KāK2 b2MbX

RXk G� `Q#QiB[m2 bQ+B�H2
G� `Q#QiB[m2 bQ+B�H2 pBb2 ¨ +QMbi`mB`2 /2b �;2Mib bQ+B�mt �`iB}+B2Hb BM+�`Mûb [mB T2mp2Mi

�bbmK2` /2b `ƬH2b bQ+B�mt TQm` /2b i�+?2b BM/BpB/m2HH2b 2i +QHH�#Q`�iBp2b- 2i �;B` /2 K�@
MBĕ`2 �miQMQK2 /�Mb H2b 2bT�+2b T?vbB[m2b 2i bQ+B�mt /2b BMi2`�+iBQMb bQ+B�H2b ?mK�BM2bX
G2b `Q#Qib bQ+B�mt bQMi i2biûb 2M i�Mi [mǶ2Mb2B;M�Mib- `û+2TiBQMMBbi2b- ;mB/2b /Ƕ�û`QTQ`i
Qm �bbBbi�Mib /QK2biB[m2bX .2b 2tT2`ib BM/ûT2M/�Mib QMi Dm;û [m2 H� `Q#QiB[m2 bQ+B�H2
ûi�Bi H� /2mtBĕK2 THmb BKTQ`i�Mi2 T�`KB H2b /Bt T`2KBĕ`2b i2+?MQHQ;B2b ûK2`;2Mi2b U6Q@
`mK û+QMQKB[m2 KQM/B�HV 2i HǶ�bbQ+B�iBQM 2m`QTû2MM2 /2 `Q#QiB[m2 T`û/Bi /�Mb bQM T`Q@
;`�KK2 /2 `2+?2`+?2 bi`�iû;B[m2 [m2 /ǶB+B kyk8 ǴH� `Q#QiB[m2 BM~m2M+2`� MQb pB2b ¨ iQmb
û;�`/b �mbbB #B2M �m i`�p�BH 2i [mǶ¨ H� K�BbQMǴX *2T2M/�Mi- +QKK2 HǶQMi bQmHB;Mû H2b
+?2`+?2m`b 2M b+B2M+2b bQ+B�H2b- MQmb M2 /2pQMb T�b bQmb@2biBK2` H2b +QKTH2tBiûb [mB bm`@
pB2MM2Mi HQ`b[m2 /2 MQmp2�mt �;2Mib bQ+B�mt bQMi BMi`Q/mBib /�Mb mM2 bQ+BûiûX aB MQmb
bQm?�BiQMb `ûmbbB` ¨ �K2M2` /2b �;2Mib �miQMQK2b �`iB}+B2Hb /�Mb H2b 2bT�+2b Tm#HB+b
2i /QK2biB[m2b- MQmb /2pQMb H2b /Qi2` /ǶmM KQ/ĕH2 bQT?BbiB[mû /m KQM/2 bQ+B�H [mB `2@
~ĕi2 H2b MQ`K2b 2i p�H2m`b bQ+BQ+mHim`2HH2b /2 H� +QKKmM�miû /�Mb H�[m2HH2 H2 `Q#Qi /QBi
āi`2 TH�+û- v +QKT`Bb /2b +QMbB/û`�iBQMb ;ûMû`�H2b bm` HǶûi?B[m2 /�Mb H2b bvbiĕK2b �m@
iQMQK2b U(7Q` 1i?B+�H *QMbB/2`�iBQMb BM �`iB}+B�H AMi2HHB;2M+2 kyRd)- ("`vbQM kyRd)VX J�Bb
2bi@+2 KāK2 TQbbB#H2 \

SQm` BHHmbi`2` H2b /û}b �mt[m2Hb H2b `Q#QiB+B2Mb bQMi +QM7`QMiûb- MQmb �HHQMb BK�;BM2`
[m2H[m2b b+ûM�`BQbX

S`2KBĕ`2K2Mi- BK�;BM2x [m2 pQmb �v2x mM `Q#Qi /Ƕ�++m2BH 2i /Ƕ�bbBbi�M+2 /�Mb mM2
2Mi`2T`Bb2X G2 `Q#Qi �++m2BHH2 H2b pBbBi2m`b 2i T2mi H2b ;mB/2` Dmb[mǶ¨ H2m` BMi2`HQ+mi2m`-
+QHH2+i2 2i /Bbi`B#m2 H2 +Qm``B2` 2i H2b +QHBb- �``Qb2 H2b TH�Mi2b- �TTQ`i2 H2 +�7û /�Mb H2b b�HH2b
/2 `ûmMBQM- T2mi �B/2` H2b i`�p�BHH2m`b bm` /2b i�+?2b bTû+B}[m2b- 2i+X SQm` �++QKTHB` +2b



RXkX G� `Q#QiB[m2 bQ+B�H2 RkN

/Bzû`2Mi2b i�+?2b- H2 `Q#Qi /QBi āi`2 û[mBTû /2 +�Kû`�b 2i /2 KB+`QT?QM2b- K�Bb BH M2 b2`�Bi
bȿ`2K2Mi T�b bQm?�Bi�#H2 [m2 H2 `Q#Qi 2M`2;Bbi`2 iQmi2b H2b +QMp2`b�iBQMb �m b2BM /2 H�
bQ+Bûiû 2i }HK2 2M +QMiBMmX .ǶmM �mi`2 +Ƭiû- BH M2 b2`�Bi T�b MQM THmb 2{+�+2 bB mM ?mK�BM
ûi�Bi Mû+2bb�B`2 TQm` bm`p2BHH2` H2b �+iBQMb /m `Q#Qi ¨ iQmi KQK2MiX �m +QMi`�B`2- H2 `Q#Qi
/2p`�Bi āi`2 mM �;2Mi bQ+B�H �miQMQK2 �/�Tiû �mt MQ`K2b 2i p�H2m`b bQ+BQ+mHim`2HH2b /2 H�
+QKKmM�miû 2i /2 H� bQ+Bûiû [mB HǶBMiĕ;`2MiX G2 `Q#Qi /QBi āi`2 +�T�#H2 /2 +QKT`2M/`2 H2b
`ƬH2b `2bT2+iB7b U/`QBib- Q#HB;�iBQMb- bi�imib- ?�#Bim/2b- 2i+XV [m2 /ûiB2Mi +?�[m2 T2`bQMM2-
2i [m2Hb ivT2b /2 +QKTQ`i2K2Mi bQMi �TT`QT`Bûb 2M BMi2`�+iBQM �p2+ +?�+mM /Ƕ2mt @ T�`
2t2KTH2- [mǶmM pBbBi2m` M2 /QBi T�b āi`2 H�Bbbû b2mH c [mǶmM pBbBi2m` M2 T2mi T�b /2K�M/2`
/2b BM7Q`K�iBQMb T`Bpû2b bm` HǶ2Mi`2T`Bb2 UQm BMp2`b2K2Mi- H2 `Q#Qi /QBi āi`2 b2MbB#H2 �m
7�Bi [mǶ�m+mM2 BM7Q`K�iBQM +QM}/2MiB2HH2 M2 /QBi āi`2 /ûHBp`û2 /2p�Mi mM pBbBi2m`V c [mǶmM2
+QKK�M/2 /m T�i`QM bQBi +H�bbû2 �p2+ H� T`BQ`Biû H� THmb ûH2pû2 bB QM H2 HmB /2K�M/2-
2i �BMbB /2 bmBi2X .2 THmb- H2 `Q#Qi /QBi āi`2 +�T�#H2 /2 `2+QMM�ŗi`2 [mǶBH 2bi /�Mb mM2
bBim�iBQM /ǶBM+2`iBim/2 /û+BbBQMM2HH2 Qɍ /Bzû`2Mi2b HB;M2b /2 TQm`bmBi2b TQbbB#H2b /QBp2Mi
āi`2 ûp�Hmû2bX G2b `ƬH2b 2i H2b `û;H2K2Mi�iBQMb �p2+ H2b[m2Hb H2 `Q#Qi i`�p�BHH2 /QBp2Mi āi`2
�Dmbi�#H2b TQm` /2b Q++�bBQMb bTû+B�H2b UT�` 2t2KTH2- K�H�/B2- p�+�M+2b- Q++�bBQMb bTû+B�H2b
/Ƕ2Mi`2T`Bb2V 2i M2 bǶ�TTHB[m2` [m2 /�Mb +2`i�BMb +QMi2ti2b @ bB H2 `Q#Qi �TTQ`i2 /m +�7û
/�Mb H� b�HH2 /2 `ûmMBQM 2i [m2 H2 +QMi2Mm /2 H� `ûmMBQM 2bi +QM}/2MiB2H- BH M2 /QBi T�b
}HK2` Qm 2M`2;Bbi`2` TQm` T`Qiû;2` H� +QM}/2MiB�HBiûX

SQm` H2 b2+QM/ 2t2KTH2- BK�;BM2x [m2 pQmb TQbbû/B2x mM `Q#Qi T2`bQMM2H +?2x pQmbX AH
M2iiQB2 H� K�BbQM- T`ûT�`2 H2b `2T�b- �B/2 H2b 2M7�Mib ¨ 7�B`2 H2m`b /2pQB`b- �B/2 H� ;`�M/@
Kĕ`2 ¨ HQ+�HBb2` H2b Q#D2ib K�M[m�Mib- �``Qb2 H2b TH�Mi2b- 2i+X SQm` �++QKTHB` +2b /Bzû`2Mi2b
i�+?2b- H2 `Q#Qi /QBi āi`2 û[mBTû /2 +�Kû`�b 2i /2 KB+`QT?QM2b- K�Bb BH MǶ2bi T�b bQm?�Bi�#H2
MQM THmb [m2 H2 `Q#Qi 2M`2;Bbi`2 iQmi2b H2b +QMp2`b�iBQMb /�Mb H� K�BbQM 2i }HK2 2M +QMiBMmX
.ǶmM �mi`2 +Ƭiû- BH M2 b2`�Bi T�b MQM THmb 2{+�+2 bB mM ?mK�BM ûi�Bi Mû+2bb�B`2 TQm`
bm`p2BHH2` H2b �+iBQMb /m `Q#Qi ¨ iQmi KQK2MiX �m +QMi`�B`2- H2 `Q#Qi /2p`�Bi āi`2 mM �;2Mi
bQ+B�H �miQMQK2 �/�Tiû �mt MQ`K2b 2i p�H2m`b bQ+BQ+mHim`2HH2b /2 H� +QKKmM�miû 2i /2
H� bQ+Bûiû [mB HǶBMiĕ;`2MiX G2 `Q#Qi /QBi āi`2 +�T�#H2 /2 +QKT`2M/`2 H2b `ƬH2b `2bT2+iB7b
U/`QBib- Q#HB;�iBQMb- bi�imib- ?�#Bim/2b- 2i+XV [m2 /ûiB2MM2Mi +?�[m2 K2K#`2 /ǶmM2 7�KBHH2-
2i [m2Hb ivT2b /2 +QKTQ`i2K2Mi bQMi �TT`QT`Bûb 2M BMi2`�+iBQM �p2+ +?�+mM /Ƕ2mt @ T�`
2t2KTH2- [m2 H2b 2M7�Mib- K�Bb T�b H2b T�`2Mib /QBp2Mi āi`2 2MpQvûb �m HBi ¨ kR ?2m`2b c [m2
H2 +QMb2BH /2 H� ;`�M/@Kĕ`2 TQm` H2b 2M7�Mib MǶ2bi T`BQ`Bi�B`2 [m2 bB H2b T�`2Mib M2 bQMi T�b
H¨- 2i �BMbB /2 bmBi2X .2 THmb- H2 `Q#Qi /QBi āi`2 +�T�#H2 /2 `2+QMM�ŗi`2 [mǶBH 2bi /�Mb mM2
bBim�iBQM /ǶBM+2`iBim/2 /û+BbBQMM2HH2 Qɍ /Bzû`2Mi2b HB;M2b /2 TQm`bmBi2b TQbbB#H2b /QBp2Mi
āi`2 ûp�Hmû2bX G2b `ƬH2b 2i H2b `û;H2K2Mi�iBQMb �p2+ H2b[m2Hb H2 `Q#Qi i`�p�BHH2 /QBp2Mi āi`2
�Dmbi�#H2b TQm` /2b Q++�bBQMb bTû+B�H2b UT�` 2t2KTH2- �MMBp2`b�B`2b- K�H�/B2- p�+�M+2bV 2i
bǶ�TTHB[m2` mMB[m2K2Mi /�Mb +2`i�BMb +QMi2ti2b @ bB pQi`2 `Q#Qi pQmb �++QKT�;M2 HQ`b[m2
pQmb 7�Bi2b pQb +Qm`b2b- BH M2 /QBi T�b }HK2` Qm 2M`2;Bbi`2` /Ƕ�mi`2b T2`bQMM2b �}M [m2 H2m`
pB2 T`Bpû2 `2bi2 T`Qiû;û2X

�}M /Ƕ�MiB+BT2` H2b /B{+mHiûb TQi2MiB2HH2b HBû2b ¨ HǶBMi`Q/m+iBQM /2b `Q#Qib bQ+B�mt-
MQmb /2pQMb �;B` /2 K�MBĕ`2 T`Q�+iBp2 2i /ûp2HQTT2` /2b QmiBHb i?ûQ`B[m2b 2i /2b KQ/ĕH2b
HQ;B+B2Hb TQm` HǶ�+[mBbBiBQM /2 +QKTûi2M+2b bQ+B�H2b 2i HǶ�TT`2MiBbb�;2 ûi?B[m2- /2 K�MBĕ`2
�miQMQK2 Qm BMi2`�+iBp2- +?2x H2b `Q#QibX .�Mb +2 +�/`2- H2b Q#D2+iB7b ;HQ#�mt �bbQ+Bûb �mt
T`QD2ib /2 `2+?2`+?2 [mB bQMi T`ûb2Miûb /�Mb H� b2+iBQM bmBp�Mi2 2i bm` H2b[m2Hb D2 bQm?�Bi2
i`�p�BHH2` bQMi H2b bmBp�Mib ,
P#D2+iB7 R , S`QTQb2` mM KQ/ĕH2 TQm` /û}MB` 2i ;û`2` H2 +QMi2ti2 bQ+B�H /2b `Q#QibX *2
KQ/ĕH2 /2p`� āi`2 +�T�#H2 /2 ;û`2` THmbB2m`b MBp2�mt /2 +QMi2ti2 Uûp2Mim2HH2K2Mi 2Mi`2@



Rjy *?�TBi`2 RX S2`bT2+iBp2b /2 `2+?2`+?2

H�+ûbVX AH /QBi āi`2 +�T�#H2 /2 +QMbB/û`2` [m2 [m2H[m2 +?Qb2 � mM2 bB;MB}+�iBQM T�`iB+mHBĕ`2
/�Mb mM +QMi2ti2 /QMMû U2t , /�Mb mM D2m �p2+ /2b 2M7�Mib- mM2 72mBHH2 /2 T�TB2` T2mi i2MB`
HB2m /2 #BHH2i /2 #�M[m2- K�Bb T�b ¨ HǶûTB+2`B2ĘVX AH /2p`� TQmpQB` BM+Hm`2 HǶ�TT`2MiBbb�;2
/2 HǶBMi2`�+iBQM [mQiB/B2MM2 2i ûpQHm2`X AH /2p`� āi`2 +�T�#H2 /2 /û/mB`2 [m2 [m2H[m2 +?Qb2
2bi BM+QMMm Qm [mǶmM2 +QMM�Bbb�M+2 +QM+2`M�Mi H� bBim�iBQM 2bi BM+Q``2+i2X
P#D2+iB7 k , *QM+2pQB` 2i BKTHûK2Mi2` mM2 �`+?Bi2+im`2 /2 +QMi`ƬH2 TQm` 2tû+mi2` +2
KQ/ĕH2 bm` mM2 p�`Bûiû /2 b+ûM�`BQbX *2ii2 �`+?Bi2+im`2 /2 +QMi`ƬH2 /2p`� TQmpQB` iB`2`
T�`iB /m KQ/ĕH2 bQ+B�H TQm` `2M/`2 H2 `Q#Qi 2MiBĕ`2K2Mi b2MbB#H2 �m +QMi2ti2X *2H� bB;MB}2-
+QMb+B2Mib /m Qm /2b `ƬH2b DQmûb T�` H2 `Q#Qi 2i H2b �mi`2b �;2Mib- +�T�#H2b /2 `2+QMM�ŗi`2
H2b T`QiQ+QH2b UbQ+B�mtV 2i /2 H2b miBHBb2` /2 K�MBĕ`2 �TT`QT`Bû2X .2 THmb- HǶ�`+?Bi2+im`2
/2 +QMi`ƬH2 b2`� +QMÏm2 TQm` T`2M/`2 2M +QKTi2 H2b p�H2m`b 2i 7Qm`MB` /2b 2tTHB+�iBQMb /2
+QKTQ`i2K2Mi #�bû2b bm` H2 +QMi2ti2 bQ+B�HX
P#D2+iB7 j , �M�Hvb2` /2b b+ûM�`BQb 2i /2b HQ;B+B2Hb 2tBbi�Mi �m `2;�`/ /m KQ/ĕH2 �BMbB /û@
}MBX GǶB/û2 2bi /2 `ûi`Q@+QM+2pQB` +2 [mB 2tBbi2 /ûD¨ TQm` i`Qmp2` +?�[m2 T�`�Kĕi`2 [mB T2mi
āi`2 `û;Hû UT�` 2t2KTH2- �pQB` H� TQbbB#BHBiû /2 `û;H2` HǶ�H;Q`Bi?K2 /2 pBbBQM TQm` bmBp`2 mM
b2mH pBb�;2 ¨ H� 7QBb U+2HmB /m T`QT`Bûi�B`2 /m `Q#QiV 2i T�b H2b �mi`2b TQm` `2bT2+i2` H� pB2
T`Bpû2VX .�Mb +2 i`�p�BH- MQmb MQmb BMiû`2bb2`QMb û;�H2K2Mi ¨ i`Qmp2` /2b #B�Bb TQi2MiB2Hb
2tBbi�Mib /�Mb +2b �H;Q`Bi?K2b UT�` 2t2KTH2 mM �H;Q`Bi?K2 /2 pBbBQM [mB M2 7QM+iBQMM2 T�b
TQm` H2b T2`bQMM2b TQ`i�Mi /2b HmM2ii2bVX

RXj G� MQiBQM /2 T`�iB[m2b bQ+B�H2b
G2b T`�iB[m2b bQ+B�H2b UbQ+B�H T`�+iB+2b UaSVV bQMi /2b 7�ÏQMb �++2Tiû2b /2 7�B`2 H2b

+?Qb2b- +QMi2tim2HH2K2Mi 2i K�iû`B2HH2K2Mi Kû/B�iBbû2b- [mB bQMi T�`i�;û2b 2Mi`2 H2b �+i2m`b
2i `QmiBMBbû2b �m }H /m i2KTb (_2+FrBix kyyk) (a+?�ixFB RNNe)X LQi`2 T`QTQbBiBQM 2bi [m2
H2b T`�iB[m2b bQ+B�H2b TQm``�B2Mi b2`pB` /2 #�b2 ¨ H� KQ/ûHBb�iBQM /2 HǶBMi2`�+iBQM bQ+B�H2
(*HQ/B+ kyR3�)X "B2M 2Mi2M/m- KāK2 bB MQmb T`QTQbQMb /2 +QKK2M+2` T�` HǶmiBHBb�iBQM /m
KQ/ĕH2 /2b T`�iB[m2b bQ+B�H2b- /Ƕ�mi`2b TQbbB#BHBiûb /QBp2Mi āi`2 2tTHQ`û2bX S�` 2t2KTH2-
H2b �TTQ`ib /2 H� KB+`Q bQ+BQHQ;B2 U2X;X HǶBM�ii2MiBQM +BpBH2 +BpBH BM�ii2MiBQM Qm H2b `ĕ;H2b /2
+QM/mBi2 (:QzK�M RNej)V Qm /2 H� Tbv+?QHQ;B2 +Q;MBiBp2 U2X;X H2b HBbb2m`b /2 +QQ`/BM�iBQM
+QQ`/BM�iBQM bKQQi?2`b (o2bT2` kyRd)VX

1M b+B2M+2b bQ+B�H2b- H2b T`�iB[m2b bQ+B�H2b UaSV bQMi /û}MB2b ¨ T�`iB` /2b MQiBQMb bmB@
p�Mi2b (>QHix kyR9)X

ě J�iû`B2H , +Qmp`2 iQmb H2b �bT2+ib T?vbB[m2b /2 HǶ2tû+miBQM /ǶmM2 T`�iB[m2- v +QK@
T`Bb H2 +Q`Tb ?mK�BM U+QM+2`M2 H2b �bT2+ib T?vbB[m2b /ǶmM2 bBim�iBQMVX

ě aB;MB}+�iBQM , 7�Bi `û7û`2M+2 �mt T`Q#HĕK2b [mB bQMi +QMbB/û`ûb +QKK2 T2`iBM2Mib
T�` `�TTQ`i ¨ +2 K�iû`B2H- +Ƕ2bi@¨@/B`2 H2b +QKT`û?2MbBQMb- H2b +`Qv�M+2b 2i H2b ûKQ@
iBQMb U`2H�iB7 �mt �bT2+ib bQ+B�mt /ǶmM2 bBim�iBQMV

ě *QKTûi2M+2 , /ûbB;M2 H2b +QKTûi2M+2b 2i H2b +QMM�Bbb�M+2b [mB bQMi `2[mBb2b TQm`
2z2+im2` H� T`�iB[m2 U`2H�iBp2 ¨ H� MQiBQM /2 /ûHB#û`�iBQM bm` mM2 bBim�iBQMVX

G2b BM/BpB/mb 2i H2b bQ+Bûiûb /ûp2HQTT2Mi ;ûMû`�H2K2Mi mM 2Mb2K#H2 /2 T`�iB[m2b �m
}H /m i2KTb [mB T2mp2Mi āi`2 �TTHB[mû2b /�Mb /Bzû`2Mi2b bBim�iBQMbX .2 THmb- b2HQM H�
bBim�iBQM- H� T2`bQMM�HBiû 2i H2b +QKTûi2M+2b /ǶmM BM/BpB/m- H� `û�HBb�iBQM /ǶmM2 T`�iB[m2
b2`� mM T`Q+2bbmb THmb Qm KQBMb �miQK�iB[m2 Qm /ûHB#û`ûX S�` 2t2KTH2- mM2 b�Hmi�iBQM T2mi
āi`2 mM2 bBKTH2 TQB;Mû2 /2 K�BM `�TB/2 2i �miQK�iB[m2 /�Mb mM 2MpB`QMM2K2Mi 7�KBHB2`-
i�M/Bb [m2 H� b�Hmi�iBQM /QBi āi`2 THmb ûH�#Q`û2 �m /û#mi /ǶmM2 `ûmMBQM /2 Mû;Q+B�iBQM
BMi2`M�iBQM�H2X § +?�[m2 miBHBb�iBQM- /2b ûHûK2Mib /2 H� T`�iB[m2- MQi�KK2Mi /2b b�pQB`@



RX9X *QKTûi2M+2b bQ+B�H2b 2i ûi?B[m2b TQm` mM `Q#Qi �miQMQK2 RjR

7�B`2- /2b bB;MB}+�iBQMb 2i /2b }M�HBiûb- bQMi `2+QM};m`ûb 2i �/�Tiûb (a?Qp2 kyRk)X S�`
+QMbû[m2Mi- HǶmiBHBb�iBQM /2 T`�iB[m2b bQ+B�H2b +QKT`2M/ mM �TT`2MiBbb�;2 +QMbi�Mi /2b
BM/BpB/mb miBHBb�Mi H� T`�iB[m2 bQ+B�H2 /�Mb /2b +QMi2ti2b 2M +QMbi�Mi2 ûpQHmiBQMX .2 +2ii2
7�ÏQM- H2b T`�iB[m2b bQ+B�H2b ;mB/2Mi H2 T`Q+2bbmb /Ƕ�TT`2MiBbb�;2 /2b �;2Mib /2 K�MBĕ`2
M�im`2HH2X

LQmb T2MbQMb [m2 +2 +QM+2Ti /2 T`�iB[m2b bQ+B�H2b UaSV i2H [mǶBH � ûiû ûim/Bû 2M b+B2M+2b
bQ+B�H2b T2mi T2`K2ii`2 /2 ;û`2` H� +QKTH2tBiû /2b BMi2`�+iBQMb +Q;MBiBp2b- bQ+B�H2b 2i T?v@
bB[m2b /2 K�MBĕ`2 ¨ +2 [m2 H2b `Q#Qib TmBbb2Mi �;B` /2 K�MBĕ`2 `Q#mbi2- ~2tB#H2 2i 2{+�+2
/�Mb H2 +�/`2 /ǶmM2 BMi2`�+iBQM ?mK�BM@`Q#QiX LQmb T`QTQbQMb /ǶmiBHBb2` +2 +QM+2Ti /2
T`�iB[m2b bQ+B�H2b TQm` ;û`2` H2b BMi2`�+iBQMb +�` H2b ?mK�BMb 2mt@KāK2b miBHBb2Mi H2b T`�@
iB[m2b bQ+B�H2b 2t�+i2K2Mi /�Mb H2 KāK2 #mi- +Ƕ2bi@¨@/B`2 bBKTHB}2` H2b BMi2`�+iBQMb bQ+B�H2b
2i H2b bi�M/�`/Bb2` �mi�Mi [m2 TQbbB#H2X LQmb M2 pQvQMb T�b H2b T`�iB[m2b bQ+B�H2b +QKK2
/2b b+`BTib Qm /2b T`QiQ+QH2b `B;B/2b TQm` HǶBMi2`�+iBQM- K�Bb THmiƬi +QKK2 mM 2Mb2K#H2
/2 T`Q+û/m`2b ;ûMû`�HBb�#H2bX

RX9 *QKTûi2M+2b bQ+B�H2b 2i ûi?B[m2b TQm` mM `Q#Qi �miQ@
MQK2

LQi`2 Q#D2+iB7 2bi /ǶBMiû;`2` H� MQiBQM 2i H2b KQ/ĕH2b T`QTQbûb /2 T`�iB[m2b bQ+B�H2b
/�Mb mM2 �`+?Bi2+im`2 `Q#QiB[m2X G2 #mi 2bi /2 T2`K2ii`2 �mt `Q#Qib /Ƕ�pQB` mM KQ/ĕH2 /m
+QMi2ti2 bQ+B�H /�Mb H2[m2H BHb ûpQHm2Mi- /2 `2+QMM�ŗi`2 H2 Qm H2b `ƬH2b [mǶv iB2MM2Mi +?�+mM
/2b �+i2m`b 2i �BMbB `2+QMM�ŗi`2 H2b T`QiQ+QH2b bQ+B�mt 2i H2b miBHBb2` /2 K�MBĕ`2 �TT`QT`Bû2X
SQm` +2H�- MQmb T`QTQbQMb /2 +`û2` mM KQ/ĕH2 QTû`�iBQMM2H /2b T`�iB[m2b bQ+B�H2b [mB
T2`K2ii`� /Ƕ2M+�/`2` H2b BMi2`�+iBQMb bQ+B�H2b �mt[m2HH2b H2 `Q#Qi T�`iB+BT2X AH bǶ�;Bi TQm`
HǶBMbi�Mi /ǶmM2 �`+?Bi2+im`2 +QM+2Tim2HH2 [mB MǶ� T�b 2M+Q`2 ûiû BKTHûK2Miû2X

RX9XR S`�iB[m2b bQ+B�H2b �TTHB[mû2b

LQmb �HHQMb miBHBb2` /�Mb +2 [mB bmBi H� /2b+`BTiBQM `û�HBbû2 T�` 6`�MF .B;MmK TQm`
/û+`B`2 mM KQ/ĕH2 /2b T`�iB[m2b bQ+B�H2b ¨ /2biBM�iBQM /2b BM7Q`K�iB+B2Mb (.B;MmK kyR8)
2i [m2 MQmb �pBQMb �mbbB miBHBbû /�Mb (*HQ/B+ kyR3�)X

*QMi2ti2 U*QMi2tiV G� T�`iB2 *QMi2ti2 /û+`Bi H2b Q#D2ib T?vbB[m2b [mB bQMi miBHBbûb
Qm Mû+2bb�B`2b /�Mb H� T`�iB[m2- H2b `ƬH2b 2i H2b �+i2m`b BKTHB[mûb �BMbB [m2 H2 HB2m 2i
H2 KQK2Mi /2 H� T`�iB[m2X *2H� M2 /û+`Bi T�b mM +QMi2ti2 +QKTH2i- K�Bb b2mH2K2Mi
H2b T�`iB2b Mû+2bb�B`2b ¨ H� T`�iB[m2X
S�` 2t2KTH2 , /�Mb mM +QMi2ti2 `Q#QiB[m2- BH 7Qm`MB`� /2b BM7Q`K�iBQMb T2`K2ii�Mi
mM2 /ûi2+iBQM �+iBp2 TQm` i`Qmp2` H2b Q#D2ib 2i H2b T2`bQMM2b /�Mb HǶ2MpB`QMM2K2MiX

�+iBpBiûb U�+iBpBiB2bV G� T�`iB2 �+iBpBiûb /û+`Bi mM2 bQ`i2 /ǶQMiQHQ;B2 /Ƕ�+iBQMb 2i /2
+�T�+Biûb [mB bQMi +Qm`�KK2Mi miBHBbû2b Qm �bbmKû2b /�Mb H� T`�iB[m2X
S�` 2t2KTH2 , /�Mb mM +QMi2ti2 `Q#QiB[m2- +2ii2 T�`iB2 /2 H� T`�iB[m2 bQ+B�H2 T2mi
�B/2` ¨ H� TH�MB}+�iBQM /2b i�+?2b +�` 2HH2 /QMM2 H2b �+iBQMb 2i H2b 2tB;2M+2b Mû+2b@
b�B`2b TQm` H2b 2tû+mi2` 2i �BMbB H2 `Q#Qi T2mi /ûK�``2` ¨ T�`iB` /2 +2i 2Mb2K#H2
HBKBiû /Ƕ�+iBQMbX

aB;MB}+�iBQMb UJ2�MBM;bV G� T�`iB2 aB;MB}+�iBQMb 7�+BHBi2 HǶBMi2`T`ûi�iBQM /2 H� bBim�@
iBQM 2M i2`K2b /2 bBim�iBQM bQ+B�H2 �#bi`�Bi2 2i +QM/mBi ¨ /2b K�MBĕ`2b �Hi2`M�iBp2b
/2 TH�MB}2` TQm` �ii2BM/`2 mM Q#D2+iB7X G2b p�H2m`b BM/B[m2Mi [m2H ivT2 /ǶQ#D2+iB7b
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;ûMû`�mt bQMi b2`pBb T�` H2b �+iBQMbX G2b p�H2m`b T2mp2Mi āi`2 miBHBbû2b TQm` ûp�Hm2`
H2b +QMbB/û`�iBQMb KQ`�H2b 2i ûi?B[m2b [mB DQm2Mi mM `ƬH2 /�Mb H� T`�iB[m2 bQ+B�H2X

�ii2Mi2b U1tT2+i�iBQMbV G� T�`iB2 �ii2Mi2b �m b2BM /2 H� T`�iB[m2 /û}MBi HǶQ`/`2 /2b
�+iBQMb- H2b T�B`2b /û+H2M+?2m`@�+iBQM- H2b MQ`K2b [m2 HǶQM bǶ�ii2M/ ¨ bmBp`2X
S�` 2t2KTH2- /�Mb mM +QMi2ti2 `Q#QiB[m2- +2ii2 T�`iB2 b2`� miBHBbû2 T�` H� TH�MB}@
+�iBQM /m `Q#Qi UH2b �ii2Mi2b +QM/mBb2Mi ¨ mM2 +QM+2Mi`�iBQM /2 TH�Mb 2i /Ƕ�+iBQMb
TQbbB#H2bV 2i H� T2`+2TiBQM UH2 `Q#Qi `2+?2`+?2`� �+iBp2K2Mi H2b ûpûM2K2Mib �mt[m2Hb
BH bǶ�ii2M/ ¨ +2 KQK2Mi /�Mb H� T`�iB[m2 bQ+B�H2VX

RX9Xk G2 aQ+B�H S`�+iB+2 E2`M2H

Context
Actors
Roles
Ressoucres
Positions

Activities
Basic Actions
Capabilities
General 
Preconditions

Meanings
Purpose
Promote
Count-as

Expectations
Plan Patterns
Norms
Triggers
Start 
Conditions
Duration

SP MODEL

SP KERNEL

From/To the Functional Level

SP 
RUNNING 
ELEMENTS

Understand the situation 
within the SP Context

Monitor SP Activities and
SP Expectations

SP Situation 
Assessment and 

Monitoring

SP Meaning 
Management

Infer an explanation based 
on SP Meanings

SP Planning
Plan using SP Expectations and
SP Activities given the SP 
Context

SP Supervision

SP STATUS

Execute the plan: Launch and 
parameter SP Activities given 
the SP Context

6B;m`2 RXR Ĝ 1b[mBbb2 /m MQv�m /2 T`�iB[m2 bQ+B�H2 UaS@E2`M2HV

LQmb T`QTQbQMb /2 KQ/ûHBb2` mM2 T`�iB[m2 bQ+B�H2 bQmb H� 7Q`K2 /ǶmM F2`M2H [mǶQM
MQKK2`� aQ+B�H S`�+iB+2 E2`M2HX *2 F2`M2H +QMiB2M/`� MQM b2mH2K2Mi H� KQ/ûHBb�iBQM-
K�Bb �mbbB H2b ûHûK2Mib Mû+2bb�B`2b ¨ H� T`�iB[m2 bQ+B�H2- +2H� +QM+2`M2 MQi�KK2Mi H� +QK@
T`û?2MbBQM /2 HǶ2MpB`QMM2K2Mi- H� TH�MB}+�iBQM- HǶBMbi�M+B�iBQM 2i H� `û�HBb�iBQM /2b �+iBQMbX
lM aQ+B�H S`�+iB+2 E2`M2H `2T`ûb2Mi2 mM2 BMbi�M+B�iBQM /ǶmM2 T`�iB[m2 bQ+B�H2X LQmb T`Q@
TQbQMb mM2 T`2KBĕ`2 2b[mBbb2 �p2+ H� };m`2 RXRX 1M THmb /2 +2 aQ+B�H S`�+iB+2 E2`M2H-
MQmb /û}MBbbQMb mM 2Mb2K#H2 /ǶûHûK2Mib /2 7QM+iBQMM2K2Mi TQm` ;û`2` H� `û�HBb�iBQM /2 H�
T`�iB[m2 bQ+B�H2 ,

ě aS aBim�iBQM �bb2bbK2Mi �M/ JQMBiQ`BM; /QMi H2 `ƬH2 b2`� /2 7Q+�HBb2` HǶ�ii2MiBQM
bm` H2b �bT2+ib T2`iBM2Mib /2 H� T`�iB[m2 bQ+B�H2 +QMbB/û`û2 2i /2 7Qm`MB` mM2 +QK@
T`û?2MbBQM /2 H� bBim�iBQM �/�Tiû2 ¨ H� T`�iB[m2 bQ+B�H2X

ě aS SH�MMBM; [mB 7Qm`MB`� mM TH�M TQm` H� `û�HBb�iBQM /2 H� T`�iB[m2 bQ+B�H2 U/�Mb
b� K�MBĕ`2 H� THmb bBKTH2- +2H� TQm``�Bi āi`2 mM +QKTQ`i2K2MiV [mB b2`� ;û`û T�` H2
+QKTQb�Mi aS amT2`pBbBQMX

ě aS J2�MBM; J�M�;2K2Mi /2p`� TQmpQB` 7Qm`MB` mM2 2tTHB+�iBQM +QM+2`M�Mi H2 +QK@
TQ`i2K2Mi /m `Q#Qi /�Mb H� T`�iB[m2 bQ+B�H2X
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RX9Xj GǶ�`+?Bi2+im`2

METADELIBERATION LEVEL

SP KERNEL SP KERNEL SP KERNEL 

SP KERNEL SP KERNEL SP KERNEL 

SP KERNEL 

SP KERNEL RUNNING

SUSPEND

OFF

SP Status

SP KERNEL 
SP KERNEL 

Real
Simulation
V.R

FUNCTIONAL LEVEL

PERCEPTIONACTION COMMUNICATION

Social Practices MANAGEMENT LEVEL

Navigation

Manipulation

VisionSignal Speech

SESARO
ARCHITECTURE

...

6B;m`2 RXk Ĝ 1b[mBbb2 /2 HǶ�`+?Bi2+im`2 T`QTQbû2

§ T�`iB` /2 +2i ûHûK2Mi +Hû /2 aQ+B�H S`�+iB+2 E2`M2H- H� };m`2 RXk `2T`ûb2Mi2 mM2
2b[mBbb2 T`ûHBKBM�B`2 /2 HǶ�`+?Bi2+im`2 [m2 MQmb bQm?�BiQMb /ûp2HQTT2`X 1HH2 2bi MQKKû2
a1a�_P TQm` aQ+B�H �M/ 1i?B+�H aFBHHb 7Q` �miQMQKQmb _P#QiX 1HH2 +QKTQ`i2 i`QBb MB@
p2�mt , mM K2i�/2HB#2`�iBQM H2p2H- mM bQ+B�H T`�+iB+2b K�M�;2K2Mi H2p2H- mM 7mM+iBQM�H H2p2H
[m2 MQmb �HHQMb +?�+mM /û+`B`2 THmb 2M /ûi�BHX

RX9X9 G2 K2i�/2HB#2`�iBQM H2p2H
G2 K2i�/2HB#2`�iBQM H2p2H `2T`ûb2Mi2 H2 KQ/ĕH2 bQ+B�H +Q;MBiB7 /m bvbiĕK2X AH 2bi `2T`û@

b2Miû };m`2 RXjX LQi`2 Q#D2+iB7 2bi /2 `2+?2`+?2` mM2 bQHmiBQM ;ûMû`�H2 �}M /Ƕāi`2 Ǵ�;MQb@
iB[m2Ǵ /m ivT2 /2 `Q#Qi Qm /2 H� i�+?2X

AH b2`� û[mBTû /ǶmM SH�MM2` [mB /û+B/2`�- ¨ mM `vi?K2 H2Mi- [m2HUbV Q#D2+iB7UbV TQm`@
bmBp`2 +QKTi2 i2Mm /2 HǶûi�i /m KQM/2 2i /ǶmM �;2M/�X LQmb T�`HQMb /2 `vi?K2 H2Mi T�`+2
[m2- +QKK2 pQmb H2 7�Bi2b �p2+ pQi`2 T`QT`2 �;2M/�- BH MǶ2bi T�b T`ûpm [m2 H2 `Q#Qi +?�M;2
bQmp2Mi bQM Qm b2b Q#D2+iB7b ;ûMû`�mtX

S�` �BHH2m`b- mM 2Mb2K#H2 /2 KQ/ĕH2b- /ǶQMiQHQ;B2b 2i /2 KûKQB`2b b2`QMi /û}MBb- i2Hb
[m2 ,

aQ+B�H ai�i2b >BbiQ`v TQm` `�bb2K#H2` H2b /QMMû2b /ǶmM2 BMi2`�+iBQM T`û+û/2Mi2 c
�;2Mif�+iQ`b .�i�#�b2 bB MQmb 2MpBb�;2QMb mM2 BMi2`�+iBQM [mQiB/B2MM2 �p2+ H� KāK2

T2`bQMM2- MQmb �m`QMb #2bQBM /2 `2+m2BHHB` /2b BM7Q`K�iBQMb ¨ H2m` bmD2i R c
aQ+B�H S`�+iB+2b PMiQHQ;v +QMM�Bbb�M+2b biQ+Fû2b bm` H2b T`�iB[m2b bQ+B�H2b /BbTQMB#H2b c
EMQrH2/;2 "�b2 PMiQHQ;v +QMM�Bbb�M+2b +QKKmM2b bm` H2 KQM/2X
GQ`b[mǶmM Q#D2+iB7 UQm mM 2Mb2K#H2 /ǶQ#D2+iB7bV /2pB2Mi �+iB7- mM :Q�HUbV SH�MM2` +�H@

+mH2`� mM TH�M TQm` `û�HBb2` H2 Qm H2b Q#D2+iB7bX § T�`iB` /2 +2 TH�M- [mB b2`� `2T`ûb2Miû
RX LQmb MQmb Q++mT2`QMb /2b T`Q#HĕK2b /2 +QM}/2MiB�HBiû [m2 +2 ivT2 /2 #�b2b /2 /QMMû2b TQm``�Bi

2Mi`�ŗM2` 2i �Dmbi2` H2b +QMM�Bbb�M+2b [m2 H2 `Q#Qi 2bi +�T�#H2 /2 ;û`2` 2M +QMbû[m2M+2
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KB
ONTOLOGY

M
E
T
A
D
E
L
I
B
E
R
A
T
I
O
N

L
E
V
E
L

AGENDA

PLANNER

GOAL(s) 
PLANNER

ACTIVE 
GOAL(S)

SP1 SP2 SP3

SP5

SP4

SOCIAL 
STATES

HISTORY

AGENT/
ACTORS 

DB

SP
ONTOLOGY

HIGH LEVEL CONTEXT 
MANAGEMENT

HIGH-LEVEL SUPERVISION

Agenda and dedicated planner 

to choose the goal(s) to pursue at a 
given moment

Goal(s) planner (kind of high level task planning)

Will plan how to achieve a particular goal 

(or a combination of goals) and 

compute which practices will be relevant 

and which actors would be part of them

The output will represent a network of SP

Will manage the execution of the "plan" 

through SP kernels execution

Will get information and manage 

information from the SP kernel(s)
Will decide what to do regarding the SP 

kernel(s) status ? (stop/launch...)

Will decide who will get the resources 

and when (or is it at planning level? Or 

both?) ?

Gather data from SP kernel(s) to 

infer:
Which SP is possible/relevant at 

this moment?
Which SP can be switch on or 

should be switch off?

SLOW 
PACE Which Social Practices (SP) are 

currently running?

In which states are these SP?

Will accumulate information from 

the past

For each agent,

•Abilities (or opposite)

•Knowledge... (or opposite)

•State Belief base ?

Give an overview of the knowledge 

of the overall SP

Each new SP will bring new 

knowledge (an overall one not only 

a particular one)

How do we store General 

Knowledge? (e.g. Object 

affordances) - Do we need an 

overall ontology-based knowledge 

base? 

6B;m`2 RXj Ĝ G2 K2i�/2HB#2`�iBQM H2p2H

+QKK2 mM `ûb2�m /2 S`�iB[m2b aQ+B�H2b UaSV- BH b2`� TQbbB#H2 /2 , /û+B/2` [m2HUbV MQv�mUbV
aS /QBi āi`2 �+iBpû 2i [m�M/- /û+B/2` [m2HUbV MQv�mUbV aS /QBi �pQB` H2 D2iQM /2 `2bbQm`+2b
UbB T�` 2t2KTH2 /2mt aS QMi #2bQBM /2 7�B`2 #Qm;2` H2 `Q#Qi ¨ mM KāK2 KQK2MiV- +QMi`ƬH2`
HǶûi�i /2 +?�[m2 MQv�m aS 2i bmT2`pBb2` H2m` 2tû+miBQMX *2H� b2`� 7�Bi T�` mM +QKTQb�Mi
>B;?@G2p2H amT2`pBbBQM 2i mM +QKTQb�Mi >B;?@G2p2H *QMi2ti J�M�;2K2MiX

RX9X8 G2 bQ+B�H T`�+iB+2b K�M�;2K2Mi H2p2H
GǶûHûK2Mi +Hû /2 +2 MBp2�m 2bi H2 aQ+B�H S`�+iB+2 E2`M2HX G2 bQ+B�H T`�+iB+2b K�M�;2K2Mi

H2p2H b2`� TBHQiû T�` H2 K2i�/2HB#2`�iBQM H2p2HX G2 bvbiĕK2 /û}MB /QBi āi`2 +�T�#H2 /2 T`2M/`2
2M +QKTi2 ,

ě /2b aS 7QM+iBQMM�Mi 2M T�`�HHĕH2 UT�` 2t2KTH2- aS Ǵ�TTQ`i2` H2 +Qm``B2` �mt +QH@
H�#Q`�i2m`bǴ TQm``�Bi 7QM+iBQMM2` 2M T�`�HHĕH2 �p2+ aS Ǵ.B`2 #QMDQm` HQ`b[m2 pQmb
`2M+QMi`2x mM +QHH�#Q`�i2m`ǴV

ě /2b aS BK#`B[mû2b UT�` 2t2KTH2 aS Ǵa2 +QKTQ`i2` /�Mb mM2 b�HH2 /2 `ûmMBQMǴ
BK#`B[mû2 /�Mb aS Ǵa2 +QKTQ`i2` 2M 2Mi`2T`Bb2ǴV

RX9Xe G2 7mM+iBQM�H H2p2H
AH 2tBbi2 �mDQm`/Ƕ?mB mM +2`i�BMb MQK#`2b /2 7QM+iBQMb /BbTQMB#H2b TQm` H2b `Q#Qib U[mǶBH

bQBi ?�`/r�`2- 2M bBKmH�iBQM Qm 2M o_VX *?�[m2 `Q#Qi- û[mBTû /ǶmM 2Mb2K#H2 /2 +�Ti2m`b
2i /Ƕ�+iBQMM2m`b 2i /2 HQ;B+B2Hb �bbQ+Bûb- /BbTQb2 /ǶmM 2Mb2K#H2 /2 +QKTûi2M+2bX .2b +QKTû@
i2M+2b /2 #�b2 i2H [m2 , ;QiQ- TB+F- TH�+2- b�v- HQQFn�i- 7�+2 /2i2+iBQMf`2+Q;MBiBQM c 2i /2b
+QKTûi2M+2b THmb BMi2`�+iBp2b , `2;�`/2`fB/2MiB}2`f`2+QMM�ŗi`2 [m2H[mǶmM /�Mb H� b+ĕM2-
T�`H2` ¨ [m2H[mǶmM- M�pB;m2` p2`b [m2H[mǶmM- `2+QMM�ŗi`2 2i bmBp`2 H2b Q`/`2b /2 #�b2- `2@
K2ii`2 mM Q#D2iĘ aB MQmb pQmHQMb #ûMû}+B2` /2b KQ/ĕH2b /2 T`�iB[m2b bQ+B�H2b- MQmb /2pQMb
`û~û+?B` ¨ H� K�MBĕ`2 /2 `2/û}MB` +2`i�BM2b /2 +2b 7QM+iBQMb TQm` 2M 2ti`�B`2 mM ûp2Mim2H
`û;H�;2 UpB� /2b T�`�Kĕi`2b Qm /2b +QȿibVX S�` 2t2KTH2 ,
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ě �m MBp2�m /2 H� T2`+2TiBQM- MQmb /2p`BQMb TQmpQB` `û;H2` HǶ�H;Q`Bi?K2 /2 `2+QMM�Bb@
b�M+2 7�+B�H2 TQm` M2 `2;�`/2` [m2 +2HmB BKTHB[mû /�Mb H� Qm H2b T`�iB[m2b bQ+B�H2bX
.2 THmb- �m MBp2�m 7QM+iBQMM2H- BH /2p`�Bi āi`2 TQbbB#H2 /2 `2+QMM�ŗi`2 /2b bB;M�mt
UT�` 2t2KTH2- �;Bi2` H2b K�BMbV K�Bb HǶBMi2`T`ûi�iBQM UT�` 2t2KTH2- "QMDQm` Qm
oB2MbV b2 72`�Bi �m MBp2�m /2 HǶûp�Hm�iBQM /2 H� bBim�iBQM +QM+2`M�Mi H2b T`�iB[m2b
bQ+B�H2b 2M +Qm`bX

ě �m MBp2�m /2 HǶ�+iBQM- MQmb /2p`BQMb āi`2 2M K2bm`2 /Ƕ�Dmbi2` H2 pQHmK2 2i H� pBi2bb2
/2 H� T�`QH2 /m `Q#Qi �m KQK2Mi T`û+Bb /2 H� T`�iB[m2 bQ+B�H2 [m2 MQmb 2MpBb�;2QMb-
T�` 2tX /�Mb H2 b+ûM�`BQ #m`2�m- 2Mi`�Mi /�Mb mM2 b�HH2 /2 `ûmMBQM- H2 `Q#Qi �/�Ti2`�
bQM pQHmK2 bB H� `ûmMBQM 2bi /ûD¨ 2M +Qm`b Qm bB H2b T�`iB+BT�Mib bQMi 2M T�mb2X

LQmb T2MbQMb [mǶBH b2`� Mû+2bb�B`2 /Ƕ�M�Hvb2` H2b +QKTQb�Mib 2tBbi�Mib 2i T2mi āi`2 /2 H2b
KQ/B}2` TQm` T2`K2ii`2 �m `Q#Qi /2 T`2M/`2 2M +QKTi2 H2 +QMi2ti2 bQ+B�H 2i H2b 2tB;2M+2b
ûi?B[m2bX

AH 2bi 2M+Q`2 i`QT +Qm`�Mi �mDQm`/Ƕ?mB [m2 +2b T�`�Kĕi`2b M2 bQB2Mi T�b `2M/mb /BbTQ@
MB#H2b Qm TB`2 [m2 /2b /û+BbBQMb bQB2Mi T`Bb2b �m MBp2�m 7QM+iBQMM2H �HQ`b [mǶ2HH2b /2p`�B2Mi
TQmpQB` āi`2 TBHQiû2b T�` H2b �bT2+ib /û+BbBQMM2HbX �BMbB mM �H;Q`Bi?K2 /2 TH�MB}+�iBQM 2i
/Ƕ2tû+miBQM /2 i`�D2+iQB`2b [mB bǶQ++mT2`�Bi /2 T`2M/`2 iQmi2b H2b /û+BbBQMb ¨ bQM MBp2�m
2KTā+?2Mi iQmi2 T`Bb2 2M +QKTi2 /m +QMi2ti2 �m MBp2�m /û+BbBQMM2H 2i +Ƕ2bi #B2M /QKK�;2X
AH 2bi T2mi@āi`2 Mû+2bb�B`2 [m2 H2 `Q#Qi `QmH2 H2Mi2K2Mi KāK2 bB HǶ2MpB`QMM2K2Mi b2K#H2
/û;�;û T�`+2 [mǶBH v � /2b T2`bQMM2b �;û2b Qm /2b 2M7�MibX *2H� H2 +QMi2ti2 bQ+B�H T2mi
MQmb H2 /B`2- K�Bb BH 7�mi TQmpQB` 2MbmBi2 H2 T�`�Kûi`2` �m MBp2�m /2 H� M�pB;�iBQMX

RX9Xd :2biBQM /2b +QMM�Bbb�M+2b 2i /2b /QMMû2b

.�Mb HǶ�`+?Bi2+im`2 [m2 MQmb �pQMb `2T`ûb2Miû2 /�Mb H� };m`2 RXk- �m K2i�/2HB#2`�iBQM
H2p2H 2i TQm` +?�[m2 bQ+B�H T`�+iBp2 F2`M2H- BH 2tBbi2 mM +2`i�BM MQK#`2 /Ƕ2M/`QBib Qɍ H2b
+QMM�Bbb�M+2b 2i H2b BM7Q`K�iBQMb /QBp2Mi āi`2 biQ+Fû2b- KBb2b ¨ DQm` 2i `û+mTû`û2bX

LQmb MǶ�pQMb T�b 2M+Q`2 mM2 B/û2 /û}MBiBp2 /2 iQmi2b H2b +QMM�Bbb�M+2b [mǶBH 7�m/`�Bi
biQ+F2` MB [m2HH2b b2`�B2Mi H2b bi`m+im`2b Mû+2bb�B`2bX *2T2M/�Mi- MQmb �pQMb /ûD¨ KBb 2M
TH�+2 /2b �`+?Bi2+im`2b U2X;X (G2K�B;M�M kyRd)(a�`i?Qm kykR#)(a�`i?Qm kykR�)V [mB QMi #û@
Mû}+Bû /ǶmM2 ;2biBQM /2b +QMM�Bbb�M+2b +Q?û`2Mi2 2i ¨ T�`iB` /2b[m2HH2b MQmb TQmpQMb /û}MB`
THmbB2m`b 2tB;2M+2b ,

ě biQ+F�;2 /2b +QMM�Bbb�M+2b /2 /Bzû`2Mib TQBMib /2 pm2 U2; biQ+F�;2 /2 H� +QMM�Bb@
b�M+2 /m `Q#Qi +QM+2`M�Mi H� aS K�Bb �mbbB +2HH2 /2 H� T2`bQMM2 �p2+ [mB BH p�
BMi2`�;B` U2; mM pBbBi2m` MǶ�m`� T�b H� KāK2 +QMM�Bbb�M+2 /2 H� aS /2 HǶ2Mi`2T`Bb2
[mǶmM +QHH�#Q`�i2m`VV (�H�KB kyRR- *HQ/B+ kyyd#) c

ě miBHBb�iBQM �mi�Mi [m2 TQbbB#H2 /ǶmM bvbiĕK2 /2 ;2biBQM /2b +QMM�Bbb�M+2b #�bû
bm` mM2 Qm /2b QMiQHQ;B2b TQm` #ûMû}+B2` /2b +�T�+Biûb /2 `�BbQMM2K2Mi �bbQ+Bû2b
(G2K�B;M�M kyRy- a�`i?Qm kyRN#) c

ě āi`2 +�T�#H2 /2 biQ+F2` /2b +QMM�Bbb�M+2b /�Mb H2 i2KTb 2i /2 ;û`2` mM2 KûKQB`2
TQm` H2 bvbiĕK2 (a�`i?Qm kyRN#)- KûKQ`Bb2` /2b ûpûM2K2Mib 2i 2M iB`2` T�`iB U2t ,
DǶ�B ûiû BM7Q`Kû [mǶmM /2b +QHH�#Q`�i2m`b 2bi �#b2Mi mM2 b2K�BM2 /QM+ D2 KǶQ++mT2`�B
/Bzû`2KK2Mi /2 bQM +Qm``B2` T2M/�Mi +2ii2 Tû`BQ/2V c

ě āi`2 +�T�#H2 /2 ;û`2` H� ;ûMû`�iBQM /Ƕ2tT`2bbBQMb /2 `û7û`2M+2b U("mBb�M kyky#)V
TQm` T�`i�;2` +2ii2 +QMM�Bbb�M+2 bQBi �p2+ HǶ?mK�BM �p2+ H2[m2H H2 `Q#Qi BMi2`�;Bi-
bQBi �p2+ /Ƕ�mi`2b +QKTQb�Mib /m bvbiĕK2 ("mBb�M kyky�)X



Rje *?�TBi`2 RX S2`bT2+iBp2b /2 `2+?2`+?2

RX9X3 úp�Hm�iBQM /2 H� bBim�iBQM- ûp�Hm�iBQM /m +QMi2ti2 2i BMi2`T`ûi�iBQM
1M `Q#QiB[m2- HǶûp�Hm�iBQM /2 H� bBim�iBQM 2bi Mû+2bb�B`2 TQm` BMi2`T`ûi2` H2b `2H�iBQMb

2Mi`2 H2b `Q#Qib- H2b T2`bQMM2b 2i HǶ2MpB`QMM2K2Mi- 2i 7Qm`MBi /2b /QMMû2b TQm` T`û/B`2
H2b +�T�+Biûb- H2b +QMM�Bbb�M+2b 2i H2b +QKTQ`i2K2Mib /2b ?mK�BMb [mB BMi2`�;Bbb2Mi �p2+
H2 `Q#QiX .�Mb HǶ�`+?Bi2+im`2 [m2 MQmb T`QTQbQMb- +2H� 2bi Mû+2bb�B`2 ¨ /2mt MBp2�mtX �m
K2i�/2HB#2`�iBQM H2p2H- H2 >B;?@G2p2H *QMi2ti J�M�;2K2Mi 7Qm`MB`� mM2 +QKT`û?2MbBQM /m
+QMi2ti2 T�` `�TTQ`i �mUtV Q#D2+iB7UbV /m `Q#QiX �m bQ+B�H T`�+iB+2b K�M�;2K2Mi H2p2H- /�Mb
+?�[m2 bQ+B�H T`�+iB+2b F2`M2H- mM +QKTQb�Mi aS aBim�iBQM �bb2bbK2Mi �M/ JQMBiQ`BM;
7Qm`MB`� mM2 +QKT`û?2MbBQM /m +QMi2ti2 +QM+2`M�Mi H� Qm H2b T`�iB[m2b bQ+B�H2bX

RX9XN SH�MB}+�iBQM 2i KQMBiQ`BM;
.�Mb HǶ�`+?Bi2+im`2- MQmb +QMbB/û`QMb /2mt MBp2�mt /2 TH�MB}+�iBQMX �m K2i�/2HB#2@

`�iBQM H2p2H b2`�Bi /û+B/û [m2Hb bQMi H2b �+iBp2 :Q�HUbV 2i +QKK2Mi +2H� b2 i`�/mBi /�Mb
mM `ûb2�m /2 T`�iB[m2b bQ+B�H2b �p2+ H2 :Q�HUbV SH�MM2`X �m bQ+B�H T`�+iB+2 K�M�;2K2Mi
H2p2H- TQm` +?�[m2 bQ+B�H T`�+iB+2 F2`M2H Uûp2Mim2HH2K2Mi BMi`B[mû Qm BK#`B[mûV- aS SH�M@
MBM; TH�MB}2`� 2M miBHBb�Mi aS JQ/2H UaS 1tT2+i�iBQMb 2i aS �+iBpBiB2b ûi�Mi /QMMû H2 aS
*QMi2tiVX

J�H;`û mM Q#D2+iB7 /2 i�+?2 T�`i�;û 2i +QMMm- mM ?mK�BM 2i mM `Q#Qi T2mp2Mi �pQB`
THmbB2m`b 7�ÏQMb /Ƕ�ii2BM/`2 H2m`b Q#D2+iB7b ;`�+2 ¨ HǶBMi2`�+iBQMX LQmb +QMbB/û`QMb [m2
THmbB2m`b aS TQm``�B2Mi āi`2 2M +QKTûiBiBQM 2i /QM+ THmbB2m`b TH�MbX LQmb /ûp2HQTT2`QMb mM
+QKTQb�Mi /2 ;2biBQM 2i /2 bm`p2BHH�M+2 /2b �ii2Mi2b [mB T2`K2ii`� �m `Q#Qi /2 +QKT`2M/`2
b� bBim�iBQM T�` `�TTQ`i ¨ +2b TH�Mb Qm TH�Mb /Ƕ�+iBQM TQbbB#H2bX

RX9XRy amT2`pBbBQM
*QKK2 bm;;û`û T�` HǶ�`+?Bi2+im`2- HǶ2tû+miBQM 2i H� bmT2`pBbBQM b2`QMi Mû+2bb�B`2b ¨

/Bzû`2Mib MBp2�mtX
�m K2i�/2HB#2`�iBQM H2p2H `2T`ûb2Miû };m`2 RXj- mM +QKTQb�Mi >B;?@G2p2H amT2`pB@

bBQM b2`� +QMb�+`û ¨ H� ;2biBQM /2b Q#D2+iB7b /2 ?�mi MBp2�m /m `Q#QiX AH /2p`� H�M@
+2`fbmbT2M/`2f�``āi2`fXXX H2UbV bQ+B�H T`�+iB+2 F2`M2H T2`iBM2MiUbV ¨ T�`iB` /m bQ+B�H T`�+iB+2
K�M�;2K2Mi H2p2H +?�[m2 7QBb [m2 Mû+2bb�B`2 2i bm`p2BHH2`� H2m` 2tû+miBQMX

1MbmBi2- TQm` +?�[m2 bQ+B�H T`�+iB+2 F2`M2H- MQmb �pQMb û;�H2K2Mi `2T`ûb2Miû mM +QK@
TQb�Mi aQ+B�H S`�+iB+2 amT2`pBbBQM U+7X };m`2 RXRVX *2 +QKTQb�Mi aS amT2`pBbBQM 2tû+mi2`�
H2UbV TH�MUbVf�+iBQMUbV /QMMûUbV T�` H2 +QKTQb�Mi aS SH�MMBM;X G2 TH�M /QMMû /QBi āi`2
�/�Tiû TQm` HǶ2tû+miBQM 2M 7QM+iBQM /2b +QMi`�BMi2b /2 H�f/2b T`�iB[m2UbV bQ+B�H2UbV 2M
+Qm`b- T�` 2t2KTH2 D2 M2 /QBb T�b BMi2``QKT`2 [m2H[mǶmM- D2 M2 T�`H2 T�b i`QT 7Q`i /�Mb
H2 +QmHQB`- D2 MǶBMi2``QKTb T�b mM2 /Bb+mbbBQM 2M +Qm`bX G2 +QKTQb�Mi aS amT2`pBbBQM /2@
p`�Bi āi`2 +�T�#H2 /Ƕ�Dmbi2` H2b �+iBQMb Qm H2b +QKTûi2M+2b 2M 7QM+iBQM /ǶmM2 Qm THmbB2m`b
T`�iB[m2b bQ+B�H2b T�`iB+mHBĕ`2b- T�` 2tX TQm` `2K2ii`2 mM +Qm``B2` ¨ mM b�H�`Bû- D2 T`2M/`�B
bQBM /2 H2 TH�+2` ¨ mM 2M/`QBi pBbB#H2 bm` bQM #m`2�m U+2 [mB TQm``�Bi āi`2 H� bTû+B�HBb�iBQM
/m ǴTmiǴVX G� +QKTQb�Mi2 aS amT2`pBbBQM b2`� û;�H2K2Mi 2M +?�`;2 /m bmBpB /2 H� i�+?2
U2t , 2bi@+2 [m2 HǶ�mi`2 �;2Mi bmBi H2 TH�MV 2i T�` +QMbû[m2Mi TQm``� `2Mb2B;M2` bB H� Qm H2b
T`�iB[m2b bQ+B�H2b +?QBbB2b bQMi #B2M �/�Tiû2b UQm MQMV �m +QMi2ti2 �+im2HX

SQm` +QM+2pQB` 2i BKTHûK2Mi2` +2b +QKTQb�Mib- MQmb TQm``QMb T`Q}i2` /2 MQb i`�p�mt
T`û+û/2Mib (.2pBM kyRd#)- (.2pBM kyRe#)- (6BQ`2 kyR9)- (*HQ/B+ kyyN)X

GǶmM /2b �bT2+ib BMiû`2bb�Mib �TTQ`iûb T�` H� T`�iB[m2 bQ+B�H2 2bi [mǶ2HH2 MQmb T2`K2ii`�
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/Ƕ�pQB` mM �++ĕb /B`2+i ¨ mM 2Mb2K#H2 /Ƕ�ii2Mi2b 2i /2 bB;M�mt +Q``2bTQM/�Mib U[m2H[m2
+?Qb2 [m2 MQmb �pQMb 2b[mBbbû (*�bi`Q kyRN)VX S�` 2t2KTH2- H� b2+`ûi�B`2 �ii2M/ /m `Q#Qi
[mǶBH HBp`2 mM +QHBb ¨ mM 2KTHQvû /�Mb mM /ûH�B /QMMûX aǶBH �``Bp2 [m2 H2 `Q#Qi bQBi 2M `2i�`/
TQm` mM2 `�BbQM Qm mM2 �mi`2- BH /QBi 2MpQv2` mM bB;M�H ¨ H� b2+`ûi�B`2 TQm` HǶ�p2`iB`- MQM T�b
T�`+2 [m2 H� i�+?2 � û+?Qmû- K�Bb T�`+2 [m2 HǶ�ii2Mi2 /2 H� b2+`ûi�B`2 [m�Mi ¨ b� `û�HBb�iBQM
TQbbB#H2 /QBi āi`2 +QM7Q`iû2X lM2 �mi`2 +?Qb2 BMiû`2bb�Mi2 [mB 2bi bQmp2Mi H�Bbbû2 /2 +Ƭiû 2bi
H2 7�Bi [mǶBH 2tBbi2 mM2 ?Bû`�`+?B2- +2 [m2 MQmb �TT2HQMb /2b T`�iB[m2b BK#`B[mû2b- 2i ;�`/2`
+2ii2 ?Bû`�`+?B2 �TTQ`i2 /2b TQbbB#BHBiûb BMiû`2bb�Mi2b TQm` 2MpBb�;2` H� `û�HBb�iBQM /2 H�
i�+?2 ¨ /Bzû`2Mib MBp2�mt UmM T2m +QKK2 MQmb HǶ�pQMb 7�Bi (*HQ/B+ kyyN)VX S�` 2t2KTH2-
+QMbB/û`QMb [m2 H� b2+`ûi�B`2 /2K�M/2 �m `Q#Qi /2 HBp`2` mM +QHBb ¨ mM 2KTHQvû @ H2 `Q#Qi
/QBi āi`2 +�T�#H2 /2 ;û`2` H� i�+?2 �m MBp2�m /2 H� b2+`ûi�B`2 UT�` 2t2KTH2 āi`2 +�T�#H2 /2
`2+QMM�ŗi`2 [m2 H2 i`�p�BH � ûiû 7�Bi Qm 2bi BKTQbbB#H2 TQm` [m2HH2 [mǶ2M bQBi H� `�BbQMV 2i
�m MBp2�m /2 HǶ2KTHQvû UT�` 2t2KTH2- āi`2 2M K2bm`2 /2 HBp`2` H2 +QHBb +QKK2 T`ûpmVX aB
H2 `Q#Qi `2M+QMi`2 H� b2+`ûi�B`2 �p�Mi /2 HBp`2` H2 +QHBb- BH /QBi TQmpQB` 2tTHB[m2` TQm`[mQB
+2H� MǶ� T�b 2M+Q`2 ûiû 7�Bi 2i [m2H 2bi H2 TH�MX SQm` +2 7�B`2- MQmb TQm``QMb T`Q}i2` /m
+QKTQb�Mi aS J2�MBM; �M/ J�M�;2K2MiX

RX9XRR �TT`2M/`2 /2b T`�iB[m2b �m }H /2b �+iBQMb

G� TH�MB}+�iBQM /2 HǶBMi2`�+iBQM �p2+ H2b T`�iB[m2b bQ+B�H2b Mû+2bbBi2 [mǶmM +QM+2Ti2m`
bTû+B}2 HǶ2Mb2K#H2 /2b T`�iB[m2b bQ+B�H2b �p�Mi mM2 BMi2`�+iBQMX J�Bb H2 +QM+2Ti2m` MǶ�m`�
T`Q#�#H2K2Mi [mǶmM2 +QMM�Bbb�M+2 BM+QKTHĕi2 /2b `ƬH2b- /2b MQ`K2b- /2b +QMp2MiBQMb 2i
/2b T`�iB[m2b bQ+B�H2b [m2 MQmb- 2M i�Mi [mǶāi`2b ?mK�BMb- /û}MBbbQMb 2tTHB+Bi2K2Mi Qm
BKTHB+Bi2K2Mi TQm` ;û`2` MQi`2 pB2 [mQiB/B2MM2 2Mb2K#H2X .ǶmM �mi`2 +Ƭiû- mM2 �TT`Q+?2
[mB pBb2 ¨ �TT`2M/`2 /2b KQ/ĕH2b 2i /2b `2T`ûb2Mi�iBQMb /2b ûi�ib H�i2Mib ?mK�BMb- i2Hb
[m2 H2b T`�iB[m2b bQ+B�H2b- ¨ T�`iB` /2b b2mH2b Q#b2`p�iBQMb /m +QKTQ`i2K2Mi ?mK�BM T2mi
û+?Qm2` ¨ `û+mTû`2` H2 p`�B KQ/ĕH2- TmBb[m2 THmbB2m`b KQ/ĕH2b T2mp2Mi 2tTHB[m2` H2 +QKTQ`@
i2K2Mi Q#b2`pûX �m HB2m /2 +2H�- MQmb bQm?�BiQMb /ûp2HQTT2` H� +�T�+Biû /ǶmM +QM+2Ti2m` ¨
bTû+B}2` /2b KQ/ĕH2b T�`iB2Hb /2 aS- TmBb T2`K2ii`2 �m +QM+2Ti2m`- �BMbB [mǶ�mt Q#b2`p�@
i2m`b 2i +QHH�#Q`�i2m`b ?mK�BMb- /Ƕ�{M2` /2 K�MBĕ`2 BMi2`�+iBp2 H2b KQ/ĕH2b /2 T`�iB[m2
bQ+B�H2 /m `Q#Qi 2i /Ƕ�KûHBQ`2` �BMbB H2b BMi2`�+iBQMb bQ+B�H2b �m }H /m i2KTbX LQmb TQm`@
`QMb T�` 2t2KTH2 2MpBb�;2` /Ƕûi2M/`2 H2 i`�p�BH +QKK2M+û TQm` HB2` HǶ�TT`2MiBbb�;2 2i H�
TH�MB}+�iBQM (_2M�m/Q kyR8)X

GǶQ#D2+iB7 b2`� T�` 2t2KTH2 /Ƕ�{M2` H2b KQ/ĕH2b /2 aS- pB� H2b 2Mi`û2b /2b Q#b2`p�i2m`b
?mK�BMb [m�Mi ¨ HǶ�++2Ti�#BHBiû UQm HǶBM�++2Ti�#BHBiûV /2b BMi2`�+iBQMb- T�` 2t2KTH2 H2 `Q#Qi
� 2z2+imû i2HH2 �+iBQM /�Mb mM +QMi2ti2 /QMMû 2i QM HmB /Bi [m2 /�Mb +2 +QMi2ti2 T�`iB+mHB2`
BH �m`�Bi 7�HHm 7�B`2 �mi`2K2MiX

RX8 1M i`�p�mtXXX
CǶ�B T`QTQbû B+B H� /û}MBiBQM /ǶmM2 �`+?Bi2+im`2 `Q#QiB[m2 #�bû2 bm` H2b T`�iB[m2b bQ@

+B�H2bX *2b T`�iB[m2b bQ+B�H2b b2`QMi miBHBbû2b +QKK2 +QMM�Bbb�M+2 ¨ T`BQ`B +QM+2`M�Mi H2b
�ii2M/m2b 2i H2b TQbbB#BHBiûb Qz2`i2b T�` mM +QMi2ti2 bQ+B�H T�`iB+mHB2`X *2b +QMM�Bbb�M+2b
T2`K2ii`QMi /ǶQ`B2Mi2` H2b bvbiĕK2b /2 T2`+2TiBQM /m `Q#Qi p2`b /2b `û;BQMb /ǶBMiû`āibX
C2 T2Mb2 [m2 +2H� /QMM2`� �mt `Q#Qib H� +�T�+Biû /2 KB2mt BMi2`T`ûi2` H2b BMi2MiBQMb /2b
?mK�BMb 2i /2b �mi`2b `Q#Qib- /Ƕ�MiB+BT2` H2b +?�M;2K2Mib /�Mb HǶ2MpB`QMM2K2Mi- /Ƕ�;B`
+QM7Q`KûK2Mi �mt �ii2Mi2b /2b �mi`2b �;2Mib U?mK�BM Qm MQMV- 2i /2 `�BbQMM2` bm` H2 TH�M



Rj3 *?�TBi`2 RX S2`bT2+iBp2b /2 `2+?2`+?2

/Ƕ�+iBQM �TT`QT`Bû TQm` `ûTQM/`2 �mt 2tB;2M+2b /2 KmHiBTH2b i�+?2b Uûp2Mim2HH2K2Mi BK@
#`B[mû2b 2ifQm BMi`B[mû2bVX G� KQ/ûHBb�iBQM /2b T`�iB[m2b bQ+B�H2b T2`K2ii`� /2 +�Tim`2`
H2b �ii2Mi2b /2 HǶBMi2`�+iBQM 2Mi`2 H2 `Q#Qi 2i H2b �mi`2b �;2Mib U/QMMû2b T�` H2b `ƬH2b /2b
�;2Mib /û}MBb T�` H2 +QMi2ti2 bQ+B�HV +2 [mB T2`K2ii`� /2 ;mB/2` H� T`Bb2 /2 /û+BbBQMX

G2b T`QD2ib 2M +Qm`b pQMi K2 T2`K2ii`2 /2 i`�p�BHH2` �m /ûp2HQTT2K2Mi /2 +2ii2 �`+?B@
i2+im`2 2i /2b ûHûK2Mib [mB H� +QKTQb2MiX

GǶmM /2b T`2KB2`b �bT2+ib [mB /QBi āi`2 ûim/Bû 2i i`�p�BHHû b2HQM KQB 2bi H� MQiBQM /2
bQ+B�H T`�+iB+2 F2`M2H [mB 7Q`K2`� HǶûHûK2Mi /2 #�b2 /2 HǶ�`+?Bi2+im`2 [m2 D2 bQm?�Bi2 /ûp2@
HQTT2`X �m MBp2�m /ǶmM2 bQ+B�H T`�+iB+2 bǶ2z2+im2 mM2 7Q+�HBb�iBQM bm` +2`i�BMb ûHûK2Mib /2
+QMM�Bbb�M+2b- mM2 TQH�`Bb�iBQM bm` +2`i�BMb KQv2Mb /2 7�B`2 Qm /Ƕ�TT`û?2M/2` H� bBim�iBQMX
G� pm2 ;HQ#�H2 2bi 2MbmBi2 �K2Mû2 T�` H2 K2i�/2HB#2`�iBQM H2p2HX AH T2`K2ii`� /Ƕ2M+?�ŗM2`
THmbB2m`b bQ+B�H T`�+iB+2b K�Bb �mbbB /2 ;û`2` H2m` TQbbB#H2 BK#`B+�iBQM Qm BMi`B+�iBQMX *Ƕ2bi
¨ +2 MBp2�m �mbbB [m2 b2`QMi ;û`û2b H2b +QMM�Bbb�M+2b 2i H2b TQbbB#H2b KûKQB`2b [mǶBH 7�m@
/`� K2ii`2 2M ƾmp`2X G� +QKT`û?2MbBQM /2 H� bBim�iBQM T`2M/`� û;�H2K2Mi 2M +QKTi2 H2
+QMi2ti2 ;HQ#�H TQm` ;û`2` H2 TBHQi�;2 /2 HǶ2Mb2K#H2X G2 MBp2�m 7QM+iBQMM2H MǶ2bi T�b ¨
Mû;HB;2`X AH 7�mi D2 T2Mb2 bǶû[mBT2` /ǶmM 2Mb2K#H2 /Ƕ�+iBQMb /2 #�b2 TQm` +QKK2M+2` K�Bb
2MbmBi2 p`�BK2Mi `ûT�M/`2 HǶB/û2 [mǶBH 7�mi /QMM2` /2b KQv2Mb �mt bvbiĕK2b /û+BbBQMM2Hb
TQm` TQmpQB` �/�Ti2` H2 +QKTQ`i2K2Mi /ǶmM2 7QM+iBQM �m +QMi2ti2 +Qm`�Mi UBX2X THmb }M
[m2 b2mH2K2Mi /ûK�``2`f�``āi2` mM2 7QM+iBQMM�HBiûVX

G2 T`QD2i �B9?`B T2`K2i /2 i`�p�BHH2` bm` H2b �bT2+ib TH�MB}+�iBQM 2i bmT2`pBbBQM /�Mb
mM +QMi2ti2 bQ+B�H 2M T`2M�Mi 2M +QKTi2 THmbB2m`b T`�iB[m2b U2X;X āi`2 /�Mb mM K�;�bBM-
BMi2`�;B` �p2+ mM +HB2Mi- BMi2`�;B` �p2+ mM 2KTHQvû- 2i+V 2i mM2 TQbbB#H2 BMi2`�+iBQM KmHiB@
T�`iBi2b �p2+ /2b ?Q`BxQMb /Bzû`2Mib Ub2HQM [m2 HǶQM BMi2`�;Bbb2 �p2+ mM 2KTHQvû UTHmbB2m`b
7QBb T�` DQm` Qm KāK2 bm` THmb HQM; i2`K2V Qm mM +HB2Mi Ubm` /m +Qm`i i2`K2VVX G2 T`QD2i
.Aa*lh1_ T2`K2ii`� /Ƕ�M�Hvb2` +QKK2Mi H� +QKKmMB+�iBQM T2mi āi`2 BMiû;`û �m KQ@
/ĕH2 /ǶBMi2`�+iBQM bQ+B�H2 2i /QM+ �m KQ/ĕH2 /2 bQ+B�H T`�+iB+2 F2`M2H 2i +QKK2Mi H2 7�B`2
ûpQHm2` �BMbB [m2 H� +QMM�Bbb�M+2 �bbQ+Bû2X G2 T`QD2i 1Ga� T2`K2ii`� /Ƕ�M�Hvb2` +QKK2Mi
T`2M/`2 2M +QKTi2 H2b �zQ`/�M+2b bQ+B�H2b 2i H2m` �TT`2MiBbb�;2X G2 T`QD2i 1SAA* T2`K2i@
i`� /Ƕ�TTQ`i2` /2b KQv2Mb /Ƕûp�Hm�iBQM /2 HǶBMi2`�+iBQM 2i T2mi āi`2 /2b KQv2Mb /Ƕ�M�Hvb2
bm` H2b KQv2Mb /ǶBMi2`�+iBQM H2b THmb T2`iBM2MibX

am`iQmi +?�+mM /2 +2b T`QD2ib T`QTQb2 H� KBb2 2M TH�+2 /2 b+ûM�`BQb /ǶBMi2`�+iBQM [mB
MQmb T2`K2ii`QMi /2 i`�p�BHH2` �m MBp2�m �`+?Bi2+im`2 2M miBHBb�Mi /2b ûHûK2Mib [m2 MQmb
�m`QMb /ûp2HQTTû K�Bb �mbbB /2b ûHûK2Mib /ûp2HQTTûb /�Mb /Ƕ�mi`2b H�#Q`�iQB`2bX

SQm` }MB`- D2 pQm/`�Bb /B`2 [m2 DǶ�B HQM;i2KTb pQmHm �ii2M/`2 TQm` û+`B`2 +2ii2 >._
/Ƕ�pQB` K� +QMi`B#miBQM +H�B`2 M2ii2 2i T`û+Bb2 ¨ T`ûb2Mi2`X GQ`b[m2 DǶû+`Bb +2b [m2H[m2b
HB;M2b DǶ�B iQmDQm`b +2ii2 BKT`2bbBQM [m2 DǶ�B bm`iQmi /QMMû /2b TBbi2b 2i /2b QTTQ`imMBiûb-
BMbm|û /2b B/û2b- 2tTHB[mû /2b +QM+2Tib- 7�pQ`Bbû /2b `2M+QMi`2b 2i [mǶ�mDQm`/Ƕ?mB 2i #B2MXXX
H2 +?2KBM M2 7�Bi [m2 +QKK2M+2`XXX v � THmb [mǶ¨ 5



*?�TBi`2 k

S`QD2ib 2M +Qm`b

C2 bmBb �+im2HH2K2Mi BKTHB[mû2 /�Mb [m�i`2 T`QD2ib �L_ ,
ě H2 T`QD2i �L_ i`B@H�iû`�H 7`�M+Q@;2`K�MQ@D�TQM�Bb �B9?`B- �`iB}+B�H AMi2HHB;2M+2

7Q` >mK�M@_Q#Qi AMi2`�+iBQM U�B9?`BV @ AMi2HHB;2M+2 �`iB}+B2HH2 TQm` HǶAMi2`�+iBQM
>mK�M@_Q#Qi

ě H2 T`QD2i �L_ C*C* 1SAA* UTQ`iû T�` _�T?�ďHH2 _QvV- 1H2+i`QS?vbBQHQ;B+�H AMpQ@
HmMi�`v AMTmib 7Q` *QHH�#Q`�iBp2 `Q#QiB+b 2M?�M+2K2Mi U1SAA*V @ liBHBb�iBQM /2 /QM@
Mû2b Bbbm2b /2 +�Ti2m`b T?vbBQHQ;B[m2b TQm` HǶ�KûHBQ`�iBQM /2 HǶBMi2`�+iBQM ?mK�BM@
`Q#Qi

ě H2 T`QD2i �L_ S_*A 1Ga�- 1z2+iBp2 G2�`MBM; Q7 aQ+B�H �zQ`/�M+2b 7Q` ?mK�M@
`Q#Qi BMi2`�+iBQM U1Ga�V @ �TT`2MiBbb�;2 /Ƕ�zQ`/�M+2b bQ+B�H2b 2M BMi2`�+iBQM
?mK�BM@`Q#Qi

ě H2 T`QD2i �L_ �ah_A. .Aa*lh1_- .B�HQ;m2 AMi2`�+iB7 ai`m+im`û- *QMbQHB/û 2i
lMB}û TQm` H� `û�HBb�iBQM/2 h�+?2b 1M _Q#QiB[m2 U.Aa*lh1_V

.�Mb +2ii2 T�`iB2- D2 p�Bb /QMM2` mM2 /2b+`BTiBQM /2 +?�+mM /2 +2b T`QD2ib 2i 2tTHB[m2`
KQM BKTHB+�iBQMX



R9y *?�TBi`2 kX S`QD2ib 2M +Qm`b

kXR �`iB}+B�H AMi2HHB;2M+2 7Q` >mK�M@_Q#Qi AMi2`�+iBQM
U�B9?`BV

G2 T`QD2i �B9?`B 2bi mM T`QD2i �L_ Bbbm /ǶmM �TT2H ¨ T`QD2i i`BH�iû`�H 6`�M+2@
�HH2K�;M2@C�TQM 2M AMi2HHB;2M+2 �`iB}+B2H2 UA�VX G2 T`QD2i /2 je KQBb � /ûK�``û H2
RfyjfkykRX AH `2;`QmT2 ,

ě TQm` H� 6`�M+2- HǶû[mBT2 _Q#QiB[m2 2i AMi2`�+iBQMa /m G��a@*L_a �p2+ KQB@KāK2
USAV- _�+?B/ �H�KB U._ *L_aV 2i 1Hv _2TBbQ SQHQ USQbi@.Q+ `2+`miû2 2M yNfkykR
TQm` H� /m`û2 /m T`QD2iV U}M�M+2K2Mi Q#i2Mm , kNe 8dN 2m`QbV

ě TQm` H2 C�TQM- H2 >_A H�# /2 HǶlMBp2`bBiû /2 EvQiQ- /B`B;û T�` H2 T`Q72bb2m` h�@
F�vmFB E�M/� USAV ?iiTb,ffrrrX`Q#QiXbQ+XBXFvQiQ@mX�+XDTf2Mf �p2+ .`�ʈ2M
"_ȑÌAÈ 2i J�H+QHK .Q2`BM;

ě TQm` HǶ�HH2K�;M2- HǶû[mBT2 /2 HǶAMbiBimi /ǶAMi2HHB;2M+2 �`iB}+B2HH2 /2 HǶlMBp2`bBiû /2
"`āK2- /B`B;û2 T�` H2 T`Q72bb2m` JB+?�2H "22ix ?iiTb,ff�BXmMB@#`2K2MX/2fbi�`i
�p2+ JQM� �#/2H@E2`2�K

kXRXR .2b+`BTiBQM

aB MQmb 2MpBb�;2QMb [m2 H2b ?mK�BMb T�`i�;2Mi H2m` 2bT�+2 /2 i`�p�BH �p2+ /2b `Q#Qib
/2 b2`pB+2- H2b `Q#Qib /QBp2Mi �TT`2M/`2 ¨ BMi2`�;B` �p2+ H2b ?mK�BMb /ǶmM2 K�MBĕ`2 bQ@
+B�H2K2Mi �TT`QT`Bû2X G2 T`Q#HĕK2 2bi [m2 HǶBMi2`�+iBQM bQ+B�H2 2bi i`ĕb +QKTH2t2 +�` 2HH2
/ûT2M/ /ǶmM2 KmHiBim/2 /2 7�+i2m`b Tbv+?QHQ;B[m2b- bQ+BQHQ;B[m2b 2i �mi`2bX

GǶ2t2KTH2 T`BM+BT�H [m2 MQmb miBHBbQMb /�Mb H2 T`QD2i �B9?`B 2bi +2HmB mM `Q#Qi@2KTHQvû
/�Mb mM K�;�bBM /2 /ûi�BH U};m`2 kXRVX LQmb 2MpBb�;2QMb [m2 H2 `Q#Qi i`�p�BHH2 T2M/�Mi H2b
?2m`2b /ǶQmp2`im`2 /�Mb H2 K�;�bBM �p2+ mM �mi`2 2KTHQvû TQm` �bbm`2` H2 7QM+iBQMM2K2Mi
/m K�;�bBM- K�Bb �mbbB [mǶBH TmBbb2 �B/2` H2b +HB2Mib /2 /Bp2`b2b K�MBĕ`2bX S�` 2t2KTH2- H2
`Q#Qi /QBi , �V +QMM�ŗi`2 H2 K�;�bBM 2i H2b �`iB+H2b [mǶBH +QMiB2Mi- /2 bQ`i2 [mǶBH bQBi T�` 2tX
+�T�#H2 /2 /ûi2+i2` H2b +?�M;2K2Mib +QKK2 H2b �`iB+H2b K�M[m�Mib 2i /2 `û�TT`QpBbBQMM2`
H2b ûi�;ĕ`2b c #V āi`2 +�T�#H2 /ǶBMi2`�;B` bQ+B�H2K2Mi �p2+ H2b +HB2Mib /ǶmM2 K�MBĕ`2 [mB H2m`
b2K#H2 M�im`2HH2- v +QKT`Bb H2b b�Hm2`- /QMM2` /2b BM7Q`K�iBQMb bm` H2 K�;�bBM- H2b ;mB/2`
p2`b H2b �`iB+H2b bQm?�Biûb- 2i+X c +V āi`2 +�T�#H2 /2 +QQ`/QMM2` b2b �+iBQMb �p2+ H2b �mi`2b
2KTHQvûb- T�` 2t2KTH2 TQm` bǶQ++mT2` /2b +HB2Mib HQ`b[m2 /Ƕ�mi`2b 2KTHQvûb bQMi Q++mTûbX
LQmb KQMi`2`QMb [mǶ2M �TTHB[m�Mi HǶ�`+?Bi2+im`2 �B9?`B- BH b2`� TQbbB#H2 /2 +`û2` mM `Q#Qi
+QKTûi2Mi 2i +�T�#H2 /ǶBMi2`�;B` TQm` H2b K�;�bBMb /2 /ûi�BHX "B2M bȿ`- BH bǶ�;Bi /ǶmM +�b
/ǶmiBHBb�iBQMX LQi`2 Q#D2+iB7 2bi /2 +QM+2pQB` HǶ�`+?Bi2+im`2 2i b2b +QKTQb�Mib /2 K�MBĕ`2 ¨

6B;m`2 kXR Ĝ .2bbBM `2T`ûb2Mi�Mi mM 2t2KTH2 pBbû /�Mb H2 T`QD2i �B9?`B- mM `Q#Qi 2KTHQvû
/�Mb mM K�;�bBM �v�Mi /2b +QMM�Bbb�M+2b bm` H2 K�;�bBM 2i ûi�Mi +�T�#H2 /ǶBMi2`�;B` �mbbB
#B2M �p2+ /Ƕ�mi`2b 2KTHQvûb Qm �p2+ mM +HB2Mi

https://anr.fr/fr/detail/call/appel-a-projets-appel-trilateral-france-allemagne-japon-en-intelligence-artificielle-ia/
https://anr.fr/fr/detail/call/appel-a-projets-appel-trilateral-france-allemagne-japon-en-intelligence-artificielle-ia/
https://www.robot.soc.i.kyoto-u.ac.jp/en/
https://ai.uni-bremen.de/start


kXRX �`iB}+B�H AMi2HHB;2M+2 7Q` >mK�M@_Q#Qi AMi2`�+iBQM U�B9?`BV R9R

+2 [mǶ2HH2 TmBbb2 āi`2 miBHBbû2 /�Mb /Ƕ�mi`2b +QMi2ti2b UT�` 2t2KTH2- K�BbQM- �i2HB2`- 2i+XVX
�m +Qm`b /2 +2 T`QD2i- H2b +�T�+Biûb [m2 MQmb bQm?�BiQMb /ûp2HQTT2` bQMi H2b bmBp�Mi2b ,
RX JQ/ûHBb2` H2b +QMM�Bbb�M+2b 2i /ûp2HQTT2` /2b +�T�+Biûb /2 `�BbQMM2K2Mi ¨ H� 7QBb

bm` HǶ2MpB`QMM2K2Mi 2i bm` H2b �mi`2b �;2Mib [mB bǶv i`Qmp2Mi
kX h`�p�BHH2` +QMDQBMi2K2Mi 2ifQm BMi2`�;B` �p2+ /Ƕ�mi`2b �;2Mib 2M 7QM+iBQM /2 H2m`b

`ƬH2b
jX �TT`2M/`2 mM2 BMi2`�+iBQM bQ+B�H2
9X S`2M/`2 2M +?�`;2 mM2 BMi2`�+iBQM /�Mb b� ;HQ#�HBiû U[m2HH2 bQBi T2`Ïm2 +QKK2 mM2

BMi2`�+iBQM +Qm`i@i2`K2 Qm mM2 BMi2`�+iBQM HQM;@i2`K2V
�p2+ H2 T`QD2i �B9?`B- ;`�+2 ¨ mM2 +QHH�#Q`�iBQM ûi`QBi2 /2b T�`i2M�B`2b- MQmb �pQMb HǶ�K@
#BiBQM /2 +QM+2pQB`- `û�HBb2` 2i ûim/B2` mM +�/`2 +QKKmM TQm` HǶBMi2`�+iBQM ?mK�BM@`Q#QiX
GǶ�`+?Bi2+im`2 [m2 MQmb +QMbi`mBbQMb � TQm` #mi /2 7Qm`MB` mM bvbiĕK2 /2 ;2biBQM /2b
+QMM�Bbb�M+2b �bbQ+Bû2b ¨ /2b +�T�+Biûb /2 `�BbQMM2K2Mi 2i /Ƕ�TT`2MiBbb�;2X G2 bvbiĕK2
b2`� +QMÏm TQm` ;û`2` mM2 BMi2`�+iBQM /�Mb b� ;HQ#�HBiûX GǶ�`+?Bi2+im`2 2i H2b +QKTQb�Mib
�bbQ+Bûb b2`QMi miBHBbûb T�` U2i #ûMû}+B2`QMi ¨V +?�[m2 T�`i2M�B`2X AHb b2`QMi û;�H2K2Mi KBb
¨ H� /BbTQbBiBQM /2 H� +QKKmM�miû U+QKK2 H2 7�Bi /ûD¨ lMB>" , 2X;X FMQr`Q#XQ`;f?QK2-
+`�K@bvbi2KXQ`;VX

kXRXk _ƬH2
C2 bmBb *QQ`/BM�i`B+2 2i _2bTQMb�#H2 b+B2MiB}[m2 /m T`QD2i TQm` H� 6`�M+2X
G2 T`QD2i 2bi Q`;�MBbû 2M e rQ`FT�+F�;2b ,
qSR �`+?Bi2+im`2
qSk _2T`ûb2Mi�iBQM /2b +QMM�Bbb�M+2b 2i `�BbQMM2K2Mib �bbQ+Bûb
qSj �TT`2MiBbb�;2 /ǶBMi2`�+iBQMb bQ+B�H2b
qS9 SH�MB}+�iBQM 2i 2tû+miBQM /Ƕ�+iBQMb +QMDQBMi2b
qS8 AMiû;`�iBQM- +QHH2+i2 /2 /QMMû2b- ûim/2b miBHBb�i2m`b
qSe .Bbb2KBM�iBQM 2i J�M�;2K2Mi

G2b BMi2`+QMM2tBQMb 2Mi`2 H2b rQ`FT�+F�;2b bQMi BHHmbi`û2b T�` H� };m`2 kXkX

6B;m`2 kXk Ĝ AMi2`+QMM2tBQM 2Mi`2 H2b /Bzû`2Mib rQ`FT�+F�;2b /m T`QD2i

kXRXj ai�imi
G2 i`�p�BH /m G��a b2 bBim2 T`BM+BT�H2K2Mi �m MBp2�m /m rQ`FT�+F�;2 9 SH�MB}+�iBQM

2i 2tû+miBQM /Ƕ�+iBQMb +QMDQBMi2bX LQmb bQKK2b 2M i`�BM /2 /ûp2HQTT2` /2b +�T�+Biûb /2
TH�MB}+�iBQM 2i /2 bmT2`pBbBQM /2 i�+?2bX

knowrob.org/home
cram-system.org


R9k *?�TBi`2 kX S`QD2ib 2M +Qm`b

SH�MB}+�iBQM .�Mb mM2 T`2KBĕ`2 i�+?2 /2 TH�MB}+�iBQM- HǶQ#D2+iB7 2bi /2 K2ii`2 2M ƾmp`2
mM +QKTQb�Mi [mB T2`K2i �m `Q#Qi /2 TH�MB}2` ¨ H� 7QBb TQm` H2 `Q#Qi 2i TQm` HǶ?mK�BM
U(�H�KB kyye- G�HH2K2Mi kyR3)VX

.2 THmb- bB HǶQM +QMbB/ĕ`2 H� /û}MBiBQM /2b `2T`ûb2Mi�iBQMb /2 i�+?2b T�`i�;û2b- QM /Bi
[mǶ2HH2b ǴM2 b2 +QMi2Mi2Mi T�b /2 bTû+B}2` ¨ HǶ�p�M+2 [m2HH2b bQMi H2b i�+?2b `2bT2+iBp2b /2
+?�+mM /2b +Q@�;2Mib- 2HH2b 7Qm`MBbb2Mi û;�H2K2Mi /2b bi`m+im`2b /2 +QMi`ƬH2 [mB T2`K2ii2Mi
�mt �;2Mib /2 bm`p2BHH2` 2i /2 T`û/B`2 +2 [m2 H2m`b T�`i2M�B`2b 7QMi- T2`K2ii�Mi �BMbB mM2
+QQ`/BM�iBQM BMi2`T2`bQMM2HH2 2M i2KTb `û2HǴ (EMQ#HB+? kyRR)X LQmb �pQMb /ûp2HQTTû mM
bvbiĕK2 /2 bm`p2BHH�M+2 [mB T2`K2i �m `Q#Qi /2 /û/mB`2 HǶûi�i /m TH�M 2i HǶûi�i /2b �+iBQMb
¨ H� 7QBb /2 bQM TQBMi /2 pm2 2i /m TQBMi /2 pm2 /2 HǶ?mK�BM /�Mb (.2pBM kyRe�)X LQmb
pQmHQMb K�BMi2M�Mi �DQmi2` +2b BM7Q`K�iBQMb �m MBp2�m /2 H� TH�MB}+�iBQMX SQm` +2 7�B`2-
MQmb ûim/BQMb H2 KQv2M /ǶmiBHBb2` H� KQ/ûHBb�iBQM /2b 2M;�;2K2Mib +QKK2 KQv2M /2 ;û`2`
H2b �ii2Mi2b 2i H2b bB;M�mt HQ`b /2 HǶBMi2`�+iBQM (*�bi`Q kyRN)X

LQmb 2t�KBMQMb û;�H2K2Mi H� +�T�+Biû /m `Q#Qi ¨ T`2M/`2 2M +QKTi2 H2 +QMi2ti2 bQ+B�H
�m MBp2�m /2 H� TH�MB}+�iBQM- T�` 2tX +QMbB/û`2` HǶBMi2`�+iBQM ¨ +Qm`i i2`K2 �p2+ mM +HB2Mi
+QKK2 [m2H[m2 +?Qb2 /2 /Bzû`2Mi /2 HǶBMi2`�+iBQM ¨ HQM; i2`K2 �p2+ mM 2KTHQvûX *2 i`�p�BH
bǶBMbTB`2 /2 i`�p�mt `û+2Mib bm` H2b T`�iB[m2b bQ+B�H2b (*HQ/B+ kyR3#)X .2 THmb- TQm` +2`i�BMb
KQ/ĕH2b /ǶBMi2`�+iBQM bTû+B}[m2b- MQmb i`�p�BHHQMb �p2+ qSk 2i qSj TQm` iB`2` T�`iB /2
HǶ�TT`2MiBbb�;2 /2 HǶBMi2`�+iBQM bQ+B�H2X

amT2`pBbBQM 2i 1t2+miBQM .�Mb +2ii2 i�+?2- MQmb /ûp2HQTTQMb mM bvbiĕK2 +�T�#H2
/Ƕ2tû+mi2` H2 TH�M [mB b2`� 7Qm`MB /�Mb H� i�+?2 T`û+û/2Mi2X *2 bvbiĕK2 /2 bmT2`pBbBQM /QBi
āi`2 +�T�#H2 /2 ;û`2` HǶ2tû+miBQM /m TH�M +QMDQBMi U2tû+miBQM /2 HǶ�+iBQM /m `Q#Qi iQmi 2M
bm`p2BHH�Mi HǶ�+iBQM ?mK�BM2 bB Mû+2bb�B`2V �BMbB [m2 H2b BKT`ûpmbX

AH 2bi /BpBbû 2M /2mt T�`iB2bX G� T`2KBĕ`2 2bi HBû2 �m T`Q+2bbmb /2 pû`B}+�iBQM /m TH�MX
G� [m2biBQM ¨ H�[m2HH2 BH 7�mi `ûTQM/`2 B+B 2bi H� bmBp�Mi2 , H2 TH�M bmBpB �+im2HH2K2Mi 2bi@BH
H2 K2BHH2m` TQm` HǶBMbi�Mi \ 1M 2z2i- bǶBH MǶ2bi T�b #QM �m MBp2�m /2 HǶBMi2`�+iBQM [m2 H2
`Q#Qi +?�M;2 /2 TH�M i`QT 7`û[m2KK2Mi MQmb �HHQMb K2bm`2` H� [m�HBiû /2 HǶBMi2`�+iBQM 2i
H� [m�HBiû /m TH�M TQm` /û+B/2` [mQB 7�B`2X LQmb 2t�KBMQMb H2b QTiBQMb Qɍ H2 +?�M;2K2Mi
/2 TH�M /2p`�Bi āi`2 /Bb+miû �p2+ HǶ�mi`2 �;2Mi- +2ii2 +QKKmMB+�iBQM b2`� HBû2 �m TH�MX

G� /2mtBĕK2 T�`iB2 2bi +QMb�+`û2 ¨ HǶ2tû+miBQM /m TH�MX �m MBp2�m /2 HǶ2tû+miBQM-
H2 `Q#Qi /QBi 2tû+mi2` b� T`QT`2 �+iBQM iQmi 2M bm`p2BHH�Mi HǶ�+iBQM /2 HǶ�mi`2 U+?�[m2
7QBb [m2 Mû+2bb�B`2 Qm TQbbB#H2VX AH /QBi āi`2 +�T�#H2 /2 ;û`2` H2b BKT`ûpmb �BMbB [m2 H�
+QKKmMB+�iBQM HBû2 ¨ H� ;2biBQM /2b Q#D2+iB7b �BMbB [m2 H2b 2M;�;2K2Mibf�ii2Mi2b �bbQ+Bûb
¨ +2i Q#D2+iB7 UT�` 2t2KTH2- bB;M�H2` [mǶBH �ii2M/ [m2H[m2 +?Qb2 /2 HǶ?mK�BMVX S�`7QBb- H2
bvbiĕK2 /QBi /ûHB#û`2` TQm` +?QBbB` [mB 72`� mM2 �+iBQM Qm TQb2` mM2 [m2biBQM TQm` /û+B/2`X

GǶB/û2 2bi /Ƕāi`2 +�T�#H2 �m }M�H /Ƕ�pQB` mM bvbiĕK2 /Ƕ2tû+miBQM +�T�#H2 /2 T`2M/`2 2M
+?�`;2 mM2 BMi2`�+iBQM �p2+ THmbB2m`b T2`bQMM2bX G2 bvbiĕK2 /2p`� û;�H2K2Mi āi`2 +�T�#H2
/2 bǶ�/�Ti2` �mbbB #B2M �m +QMi2ti2 ;HQ#�H U2X;X #2�m+QmT pb T2m /2 T2`bQMM2b /�Mb H2
K�;�bBM- MQmb �/�TiQMb H2 pQHmK2 /2b ?�mi@T�`H2m`b /m `Q#QiV [mǶ�m +QMi2ti2 bQ+B�H UT�`
2t2KTH2- BMi2`�+iBQM ¨ +Qm`i i2`K2 �p2+ mM +HB2Mi- BMi2`�+iBQM ¨ HQM; i2`K2 �p2+ mM �mi`2
2KTHQvûVX



kXkX 1SAA* R9j

kXk 1SAA*
G2 T`QD2i 1SAA* U1H2+i`QS?vbBQHQ;B+�H AMpQHmMi�`v AMTmib 7Q` *QHH�#Q`�iBp2 `Q#QiB+b

2M?�M+2K2Mi @ liBHBb�iBQM /2 /QMMû2b ûH2+i`QT?vbBQHQ;B[m2b TQm` �KûHBQ`2` H� +QHH�#Q`�iBQM
?mK�BM@`Q#QiV 2bi H2 T`QD2i �L_ C*C* TQ`iû 2i Q#i2Mm T�` _�T?�2HH2 _Qv 2M kykRX G2
T`QD2i /ûK�``2 2M D�MpB2` kykk TQm` mM2 /m`û2 /2 93 KQBbX

kXkXR .2b+`BTiBQM
1M BMi2`�+iBQM ?mK�BM@`Q#Qi- H� K2bm`2 /2 H� [m�HBiû /2 HǶBMi2`�+iBQM T�bb2 ;ûMû`�H2@

K2Mi T�` /2b [m2biBQMM�B`2b 2i /2b K2bm`2b /2 T2`7Q`K�M+2 [mB bǶ2z2+im2Mi ;ûMû`�H2K2Mi
� TQbi2`BQ`B U�T`ĕb HǶBMi2`�+iBQMVX AH MǶ2tBbi2 T�b Qm T2m /2 i2+?MB[m2b /Ƕûp�Hm�iBQM +QMiBMm2
2ifQm 2M HB;M2 /2 HǶûi�i +Q;MBiB7 /2 HǶQTû`�i2m` ?mK�BMX *2b /2`MBĕ`2b �MMû2b- H2 /QK�BM2 /2
H� M2m`Q@2`;QMQKB2 � pm H2 /ûp2HQTT2K2Mi /2 Kûi?Q/2b /Ƕ�+[mBbBiBQM 2M HB;M2 /2 /QMMû2b
T?vbBQHQ;B[m2bX *Ƕ2bi H2 +�b T�` 2t2KTH2 /2b BMi2`7�+2b +2`p2�m@Q`/BM�i2m` [mB T2`K2ii2Mi
HǶmiBHBb�iBQM /2 +2b /QMMû2b TQm` �/�Ti2` Qm KQ/B}2` H2 +QKTQ`i2K2Mi /ǶmM bvbiĕK2X �
MQi`2 +QMM�Bbb�M+2- +2ii2 i2+?MQHQ;B2 MǶ� T�b 2M+Q`2 ûiû i`ĕb ûim/Bû2 /�Mb H2 /QK�BM2 /2
HǶBMi2`�+iBQM ?mK�BM@`Q#Qi 2i THmb bTû+B}[m2K2Mi /�Mb H2 +�/`2 /2 H� `Q#QiB[m2 +QHH�#Q`�@
iBp2X P`- H2 7�Bi [m2 +2b +�Ti2m`b bQB2Mi �mDQm`/Ƕ?mB TQ`i�#H2b 2i KQ#BH2b T2`K2i /Ƕ2MpBb�;2`
+2ii2 TQbbB#BHBiûX

G2 T`QD2i 1SAA* bQm?�Bi2 7Qm`MB` mM2 T`2KBĕ`2 ûp�Hm�iBQM /2 HǶmiBHBb�#BHBiû /2 /QMMû2b
ûH2+i`QT?vbBQHQ;B[m2b ¨ T�`iB` /2 +�Ti2m`b TQ`i�#H2b TQm` ûp�Hm2` H� [m�HBiû /2 HǶBMi2`�+iBQM
UZQA UZm�HBiv Q7 AMi2`�+iBQMVV /�Mb H2 +�/`2 /ǶmM2 +QHH�#Q`�iBQM ?mK�BM@`Q#QiX

G2b T`BM+BT�mt Q#D2+iB7b /m T`QD2i bQMi H2b bmBp�Mib ,
ě +�`�+iû`Bb2` HǶûi�i +Q;MBiB7 /2b miBHBb�i2m`b U2X;X HǶ2zQ`i +Q;MBiB7 2i HǶǴ�miQK�iBQM bm`@

T`Bb2ǴV HQ`b /ǶmM2 BMi2`�+iBQM ?mK�BM@`Q#Qi 2M miBHBb�Mi /2b /QMMû2b ûH2+i`QT?vbBQ@
HQ;B[m2b BMpQHQMi�B`2b bm` /2mt i�+?2b bi�M/�`/b 2M BMi2`�+iBQM ?mK�BM@`Q#Qi UmM2
i�+?2 /2 M�pB;�iBQM +QMDQBMi2 2i mM2 i�+?2 /2 K�MBTmH�iBQM BMi2`�+iBp2V UqSRV

ě +`û2` mM BM/2t ZQA 2M`B+?B [mB T`2M/ 2M 2Mi`û2 +2b /QMMû2b i`�Biû2b pB� mM TBT2HBM2
/Ƕ2biBK�iBQM /2 HǶûi�i K2Mi�H UqSkV

ě miBHBb2` +2i BM/2t ZQA TQm` �KûHBQ`2` HǶBMi2`�+iBQM UqSjV
ě T`QKQmpQB` H2b #QMM2b T`�iB[m2b b+B2MiB}[m2b- MQi�KK2Mi pB� H2 T�`i�;2 /2 /QMMû2b

UqS9V
SQm` �ii2BM/`2 +2b Q#D2+iB7b- BH `2bi2 THmbB2m`b #�``Bĕ`2b i2+?MQHQ;B[m2b 2i b+B2MiB@

}[m2b ¨ 7`�M+?B`X S`2KBĕ`2K2Mi- i2bi2` H� 7�Bb�#BHBiû /2 HǶmiBHBb�iBQM /2b +�Ti2m`b U2H2+i`QV@
T?vbBQHQ;B[m2b HQ`b /2 i�+?2 /2 `Q#QiB[m2 +QHH�#Q`�iBp2X AH v � MQi�KK2Mi mM2 BM+2`iBim/2
bm` HǶBKT�+i /2b i�+?2b 2HH2b@KāK2b- 2M i2`K2 /Ƕ�+iBpBiûb T?vbB[m2b 2i /Ƕ�`i27�+ib �bbQ+Bûb-
bm` H2b bB;M�mt �+[mBbX .2mtBĕK2K2Mi- H� /û}MBiBQM KāK2 /2 H� MQiBQM /2 [m�HBiû /ǶBMi2`@
�+iBQM UZQAV 2i H� bB;MB}+�iBQM /2b /QMMû2b �+[mBb2b TQm` +2ii2 K2bm`2X h`QBbBĕK2K2Mi-
+QKK2Mi T`2M/`2 2M +QKTi2 H� K2bm`2 /2 [m�HBiû /ǶBMi2`�+iBQM UZQAV TQm` �KûHBQ`2` HǶBM@
i2`�+iBQM 2HH2@KāK2 2M �/�Ti�Mi H2 +QKTQ`i2K2Mi /m `Q#QiX Zm�i`BĕK2K2Mi- H� `2+?2`+?2
2M BMi2`�+iBQM ?mK�BM@`Q#Qi U>_AV 2i 2M BMi2`7�+2 +2`p2�m@K�+?BM2 U"*A U#`�BM +QKTmi2`
BMi2`7�+2VV bQmz`2Mi /ǶmM K�M[m2 /2 `ûTHB+�#BHBiû 2i /2 `2T`Q/m+iB#BHBiûX

kXkXk _ƬH2
G2 T`QD2i � ûiû û+`Bi 2i 2bi TQ`iû T�` _�T?�ďHH2 _Qv- �bbQ+B�i2 T`Q72bbQ` ¨ Aa�1@

alS�1_P U?iiTb,ffT2`bQMM2HXBb�2@bmT�2`QX7`f`�T?�2HH2@M@`Qv@kRRf\H�M;47`VX
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R99 *?�TBi`2 kX S`QD2ib 2M +Qm`b

_�T?�ďHH2 _Qv KĕM2 mM2 `2+?2`+?2 BMi2`/Bb+BTHBM�B`2 ¨ H� +`QBbû2 /2b b+B2M+2b +Q;MBiBp2b- /2b
M2m`Qb+B2M+2b- /2 HǶ�TT`2MiBbb�;2 �miQK�iB[m2 2i /2 HǶBMi2`�+iBQM ?mK�BM@K�+?BM2 UA>JVX
aQM Q#D2+iB7 T`BM+BT�H 2bi /Ƕûim/B2` +QKK2Mi KB2mt +�`�+iû`Bb2` HǶûi�i K2Mi�H /2b QTû@
`�i2m`b TQm` �KûHBQ`2` HǶA>J �BMbB [m2 H� bû+m`Biû 2i H2b T2`7Q`K�M+2bX SQm` +2H�- 2HH2
/ûp2HQTT2 /2b Kûi?Q/2b TQm` 2ti`�B`2 2i +H�bb2` H2b +�`�+iû`BbiB[m2b ¨ T�`iB` /2 /QMMû2b
T?vbBQHQ;B[m2bX .�Mb +2 T`QD2i �L_ C*C*- �miQm` /Ƕ2HH2 2i /2 bQM û[mBT2 UMQi�KK2Mi
H2 T`Q7X 6`û/û`B+ .2?�Bb /2 HǶAa�1 alS�1_PV- H� T�`iB2 `Q#QiB[m2 /m T`QD2i `2TQb2 bm`
HǶ2tT2`iBb2 /2 HǶû[mBT2 _Q#QiB[m2 2i AMi2`�+iBQMa /m G��a �p2+ KQB 2i _�+?B/ �H�KBX

"B2M 2Mi2M/m- MQmb M2 T�`iQMb T�b /ǶmM2 T�;2 pB/2X SQm` H� T�`iB2 /2 K2bm`2 /2 H�
[m�HBiû /ǶBMi2`�+iBQM +Ƭiû `Q#QiB[m2- MQmb TQm``QMb MQmb �TTmv2` bm` H2b i`�p�mt /2 i?ĕb2
/Ƕ�K�M/BM2 J�vBK� (J�vBK� kykR#)X .2 bQM +Ƭiû _�T?�ďHH2 _Qv 2i bQM û[mBT2 QMi /ûD¨
+QKK2M+û ¨ ûim/B2` HǶBMiû`āi /2 HǶmiBHBb�iBQM /2b K2bm`2b T?vbBQHQ;B[m2b /�Mb H2 /QK�BM2
/2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi (_Qv kyky)X PM T2mi MQi2` [m2 H2b /2mt û[mBT2b QMi /ûD¨
Tm#HBû 2Mb2K#H2 BH v � [m2H[m2b �MMû2b (.2?�Bb kyRR)X

kXkXj ai�imi
�m T`BMi2KTb kykk- /2mt bi�;B�B`2b /2 K�bi2` k 2M +Q@2M+�/`2K2Mi 2Mi`2 _�T?�2HH2

_Qv 2i KQB pQMi +QKK2M+2` ¨ i`�p�BHH2` bm` H2 T`QD2iX GǶmM /2b bi�;B�B`2b b2`� +?�`;û /2
K2ii`2 2M TH�+2 mM2 i�+?2 /2 K�MBTmH�iBQM BMi2`�+iBp2 �p2+ H2 `Q#Qi S_k /m G��aX GǶ�mi`2
bi�;B�B`2 b2`� +?�`;û /2 H� /û}MBiBQM /m T`QiQ+QH2 2i /2 H� KBb2 2M TH�+2 /m `2+m2BH /2b
/QMMû2b T?vbBQHQ;B[m2bX G2b /2mt bi�;B�B`2b /2p`QMi i`�p�BHH2` /2 +QM+2`i TQm` �bbm`2` H�
+Q?û`2M+2 /2b /QMMû2b `û+QHiû2bX

�p2+ +2 T`2KB2` b2imT- MQmb bQm?�BiQMb `û�HBb2` mM `2+m2BH /2 /QMMû2bX *2 i`�p�BH b2`�
TQm`bmBpB T�` mM i`�p�BH /2 i?ĕb2 [mB /û#mi2`� 2M b2Ti2K#`2 kykkX *2ii2 i?ĕb2 b2`� 2M
+Q@2M+�/`2K2Mi 2Mi`2 _�T?�2HH2 _Qv 2i KQBX G2 /û`QmHû /m T`QD2i 2bi `2T`ûb2Miû T�` H�
};m`2 kXjX

6B;m`2 kXj Ĝ .B�;`�KK2 `2T`ûb2Mi�Mi HǶûpQHmiBQM i2KTQ`2HH2 /m T`QD2i 1SAA*



kXjX 1Ga� R98

kXj 1Ga�
G2 T`QD2i �L_ 1z2+iBp2 G2�`MBM; Q7 aQ+B�H �zQ`/�M+2b 7Q` ?mK�M@`Q#Qi BMi2`�+iBQM

U�TT`2MiBbb�;2 /Ƕ�zQ`/�M+2b bQ+B�H2b TQm` HǶBMi2`�+iBQM ?mK�BM@`Q#QiV 2bi mM T`QD2i �L_
S_*A Bbbm /2 HǶ�TT2H ��S:kykRX *Ƕ2bi mM2 +QHH�#Q`�iBQM 2Mi`2 H� 6`�M+2 2i HǶ�mi`B+?2
/QMi H2b T�`i2M�B`2b bQMi ,

ě TQm` H� 6`�M+2 ,
HǶAaA_ UAMbiBimi /2b avbiĕK2b AMi2HHB;2Mib 2i /2 _Q#QiB[m2V ¨ S�`Bb �p2+ J2?/B E?�@

K�bbB U*QQ`/BM�i2m` TQm` H� 6`�M+2 @ ._ *L_aV 2i "2MQBi :B`�`/ U._ *L_aVX
J2?/B 2i "2MQŗi QMi iQmb /2mt mM2 ;`�M/2 2tTû`B2M+2 /2b KQ/ĕH2b +Q;MBiB7b /2
T`Bb2 /2 /û+BbBQM 2i /Ƕ�TT`2MiBbb�;2 T�` `2M7Q`+2K2Mi TQm` H2b M2m`Qb+B2M+2b 2i
H� Tbv+?QHQ;B2 2i H2m` �TTHB+�iBQM ¨ H� `Q#QiB[m2

H2 G��a UH�#Q`�iQB`2 /Ƕ�M�Hvb2 2i /Ƕ�`+?Bi2+im`2 /2b avbiĕK2bV ¨ hQmHQmb2 �p2+
KQB U_2bTQMb�#H2 a+B2MiB}[m2V 2i H2 bmTTQ`i /ǶmM BM;ûMB2m` /2 H� TH�i2@7Q`K2
`Q#QiB[m2 U}M�M+2K2Mi Q#i2Mm , kyy yyy 2m`QbV

ě TQm` HǶ�mi`B+?2 ,
AAa H2 ;`QmT2 /2 `2+?2`+?2 bm` H2b bvbiĕK2b BMi2HHB;2Mib 2i BMi2`�+iB7b UAMi2HHB;2Mi

�M/ AMi2`�+iBp2 avbi2Kb `2b2�`+? ;`QmT AAa U?iiTb,ffBBbXmB#FX�+X�iVV /m
/2T�`i2K2Mi /ǶBM7Q`K�iB[m2 /2 HǶmMBp2`bBiû /ǶAMMb#`m+F �p2+ Cmbimb SB�i2` U*Q@
Q`/BM�i2m` TQm` HǶ�mi`B+?2- S`Q72bb2m` /ǶBM7Q`K�iB[m2- b2b `2+?2`+?2b TQ`i2Mi
bm` HǶ�TT`2MiBbb�;2 2i HǶBM7û`2M+2 /�Mb H2b bvbiĕK2b b2MbQ`BKQi2m`bV 2i 1`r�M
_2M�m/Q U*?2`+?2m` TQbi@/Q+iQ`�MiV

.Ba* H2 +2Mi`2 /2b b+B2M+2b MmKû`B[m2b U.B;Bi�H a+B2M+2 *2Mi2` U.Ba*VV /2 HǶmMB@
p2`bBiû /ǶAMMb#`m+F �p2+ J�ii?B�b a+?m`x U�bbBbi�Mi T`Q72bbQ` 2M Tbv+?QHQ;B2 2i
b+B2M+2b +Q;MBiBp2b- bTû+B�HBbi2 /2 H� +Q;MBiBQM bQ+B�H2 ?mK�BMV

G2 T`QD2i � /ûK�``û 2M 7ûp`B2` kykk TQm` mM2 /m`û2 /2 93 KQBbX

kXjXR .2b+`BTiBQM

GǶQ#D2+iB7 /2 +2 T`QD2i 2bi /2 /Qi2` H2b `Q#Qib /2 H� +�T�+Biû /Ƕ�TT`2M/`2 H2b �zQ`/�M+2b
bQ+B�H2b TQm` T�`p2MB` ¨ mM2 BMi2`�+iBQM M�im`2HH2 2i 2{+�+2 �p2+ H2b ?mK�BMbX G2b �zQ`@
/�M+2b bQ+B�H2b bB;MB}2Mi B+B H2b `2T`ûb2Mi�iBQMb BMi2`M2b /2 HǶ2z2i �ii2M/m /2 HǶ2tû+miBQM
/Ƕ�+iBQMb bQ+B�H2b bTû+B}[m2b- 2i [m�M/ 2i +QKK2Mi +2ii2 2tû+miBQM 2bi T2`iBM2Mi2X S�`
2t2KTH2- H2 `Q#Qi /QBi �TT`2M/`2 [mǶ�;Bi2` H� K�BM 2M /Bb�Mi #QMDQm` 2bi mM2 #QMM2 +?Qb2
¨ 7�B`2 U2X;X +Ƕ2bi +2 [m2 7QMi H� THmT�`i /2b ?mK�BMbV- i�M/Bb [mǶ�;Bi2` H� K�BM HQ`b[m2
HǶ?mK�BM /2K�M/2 �m `Q#Qi /2 b�BbB` [m2H[m2 +?Qb2 2bi BM�TT`QT`BûX

SHmb ;ûMû`�H2K2Mi- H2 +QM+2Ti /Ƕ�zQ`/�M+2b 7Q`K�HBb2 HǶB/û2 /2 +2 [m2 HǶ2MpB`QMM2K2Mi
Qz`2 ¨ HǶ�MBK�H- 2M #B2M Qm 2M K�H R (:B#bQM RNdN)X AH � /Ƕ�#Q`/ ûiû T`BM+BT�H2K2Mi ûim/Bû
/�Mb H2 /QK�BM2 /2 H� Tbv+?QHQ;B2- 2i � T`Q;`2bbBp2K2Mi BMbTB`û H2b `2+?2`+?2b 2M `Q#Q@
iB[m2 2i 2M BMi2HHB;2M+2 �`iB}+B2HH2 +QKK2 KQv2M /2 /QMM2` THmb /Ƕ�miQMQKB2 �mt �;2Mib
�`iB}+B2Hb 2M H2m` T2`K2ii�Mi /Ƕ�TT`2M/`2 T�` 2mt@KāK2b [m2HH2b +QKK�M/2b 2MpQvû2b ¨
H2m`b KQi2m`b T`Q/mBb2Mi /2b 2z2ib bm` HǶ2MpB`QMM2K2Mi- 2i H2b[m2Hb MǶ2M T`Q/mBb2Mi T�b
(a�?BM kyyd- *?�iBH� kyR3)X Lû�MKQBMb- H2 +QM+2Ti /Ƕ�zQ`/�M+2b bQ+B�H2b `2bi2 H�`;2K2Mi
BM2tTHQ`û 2M `Q#QiB[m2 2i THmb T�`iB+mHBĕ`2K2Mi 2M BMi2`�+iBQM ?mK�BM@`Q#QiX

*2 [m2 MQmb bQm?�BiQMb KQMi`2` �p2+ +2 T`QD2i- +Ƕ2bi ,
URV [m2 H2b `Q#Qib T2mp2Mi �TT`2M/`2 H2b �zQ`/�M+2b bQ+B�H2b /2 H� KāK2 K�MBĕ`2

RX r?�i i?2 2MpB`QMK2Mi Qz2`b iQ i?2 �MBK�H- 2Bi?2` 7Q` ;QQ/ Q` BHH

https://anr.fr/fr/detail/call/appel-a-projets-generique-202
https://iis.uibk.ac.at
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6B;m`2 kX9 Ĝ a+ûM�`BQ /2 K�MBTmH�iBQM
BMi2`�+iBp2 , G2b T�`iB+BT�Mib T2mp2Mi +Q@
QTû`2` �p2+ H2 `Q#Qi TQm` �ii2BM/`2 mM Q#D2+@
iB7 T�`iB+mHB2` UT�` 2t2KTH2- +QMbi`mB`2 mM2
iQm` �p2+ /2b +m#2bVX G2 `Q#Qi /QBi �T@
T`2M/`2 ¨ /BbbQ+B2` /ǶmM2 T�`i H� +QKTûi2M+2
/2b T�`iB+BT�Mib /�Mb /2b i�+?2b bTû+B}[m2b
2i /Ƕ�mi`2 T�`i H2b T`QT`Bûiûb bTû+B}[m2b /2b
Q#D2ib UT�` 2t2KTH2- �m+mM T�`iB+BT�Mi M2
T2mi TH�+2` mM2 #�HH2 �m bQKK2i /2 H� iQm`
+m#B[m2 MQM T�b T�`+2 [mǶBH 2bi BM+QKTûi2Mi-
K�Bb THmiƬi T�`+2 [m2 H2b #�HH2b iQK#2Mi /2b
iQm`bV X

[mǶBHb /QBp2Mi �TT`2M/`2 H2b �zQ`/�M+2b /2b �+iBQMb `û�HBbû2b /�Mb /2b bBim�iBQMb
MQM bQ+B�H2b c

UkV [m2 H2b `Q#Qib [mB TQm``QMi `2+QMM�ŗi`2 /2 K�MBĕ`2 �miQMQK2 H2b �zQ`/�M+2b bQ@
+B�H2b HQ`b[m2 HǶ?mK�BM BMBiB2 mM2 �+iBQM BMi2`�+iBp2 `ûTQM/`QMi THmb 2{+�+2K2Mi 2i
/2 K�MBĕ`2 �TT`QT`Bû2 ¨ HǶ?mK�BM- 7�+BHBi�Mi �BMbB H� +QQ`/BM�iBQM 2i H� +QQTû`�iBQM
?mK�BM@`Q#QiX

§ +2ii2 }M- MQmb +?2`+?2`QMb ¨ /Qi2` H2b `Q#Qib /2 H� +�T�+Biû /Ƕ2tTHQ`2` [m2HH2b `û@
TQMb2b TQm``�B2Mi /û+H2M+?2` H2b /Bzû`2Mi2b �+iBQMb- KQmp2K2Mib Qm 2tT`2bbBQMb 7�+B�H2b
[mǶBHb 2z2+im2Mi 2M T`ûb2M+2 /ǶmM2 T2`bQMM2X GǶB/û2 2bi /Ƕ�TT`2M/`2 /2b KQ/ĕH2b BMi2`M2b
/Ƕ�zQ`/�M+2b bQ+B�H2 Ǵ;ûMû`B[m2Ǵ UBX2X [mB T`Q/mBb2Mi bvbiûK�iB[m2K2Mi H2 KāK2 2z2i +?2x
H2b ?mK�BMb UT�` 2t2KTH2- H2b ?mK�BMb bQm`B2Mi ;ûMû`�H2K2Mi 2M `2iQm` HQ`b[m2 H2 `Q#Qi
bQm`BiVV- 2i TQbbB#H2K2Mi ǴbTû+B}[m2Ǵ ¨ mM +QMi2ti2 bQ+B�H T�`iB+mHB2`X

SQm` BHHmbi`2` +2b T`Q+2bbmb- HǶmM /2b b+ûM�`BQb +2Mi`�mt /�Mb H2b[m2Hb MQmb i2bi2`QMb
MQb �H;Q`Bi?K2b /Ƕ�TT`2MiBbb�;2 2bi mM b+ûM�`BQ /2 K�MBTmH�iBQM BMi2`�+iBp2 U6B;X kX9V- Qɍ
H2 `Q#Qi /QBi 2M;�;2` mM Qm THmbB2m`b T�`iB+BT�Mib ¨ +QQTû`2` �}M /Ƕ�ii2BM/`2 mM Q#D2+iB7
T�`iB+mHB2` UT�` 2t2KTH2- +QMbi`mB`2 mM2 iQm` �p2+ /2b +m#2bVX G2 `Q#Qi /QBi �TT`2M/`2 /2
K�MBĕ`2 �miQMQK2 [m2 +2`i�BMb ?mK�BMb bQMi THmb +QKTûi2Mib [m2 /Ƕ�mi`2b TQm` H2b �B/2`
/�Mb /2b i�+?2b bTû+B}[m2b c Qm [mǶ�m+mM ?mK�BM M2 T2mi 2z2+iBp2K2Mi b�BbB` mM +m#2
bBimû /�Mb /2b xQM2b /2 H� i�#H2 [mB HmB bQMi BM�++2bbB#H2bX .2 THmb- H2 `Q#Qi /QBi û;�H2K2Mi
`2+QMM�ŗi`2 [m2HH2b �+iBQMb 2z2+imû2b T�` HǶ?mK�BM bQMi bQ+B�H2b 2i �BMbB HǶQ#HB;2` ¨ �;B` 2M
`ûTQMb2X

�HQ`b [m2 H2b �zQ`/�M+2b T?vbB[m2b bQMi #B2M ûim/Bû2b 2M i�Mi [mǶ�TT`Q+?2 KQ/2`M2 /2b
#Qm+H2b T2`+2TiBQM@�+iBQM 2i /2 HǶ�M�Hvb2 /2 HǶ2MpB`QMM2K2Mi- H2b �zQ`/�M+2b bQ+B�H2b QMi
ûiû H�`;2K2Mi B;MQ`û2bX a2mHb [m2H[m2b �`iB+H2b QMi �#Q`/û +2ii2 [m2biBQM- T�`7QBb b2mH2K2Mi
T�`iB2HH2K2MiX .�Mb +2 T`QD2i- MQmb ûim/B2`QMb H2b T`Q#HĕK2b bmBp�Mib HBûb �mt �zQ`/�M+2b
bQ+B�H2b 2M `Q#QiB[m2 ,

ě *QKK2Mi H2b `Q#Qib T2mp2Mi@BHb KB2mt T`2M/`2 2M +QKTi2 H� 7�ÏQM /QMi H2b T2`@
bQMM2b T2`ÏQBp2Mi 2i miBHBb2Mi H2b �zQ`/�M+2b bQ+B�H2b /2b �mi`2b �;2Mib \ Zm2HH2
BM7Q`K�iBQM bB;M�H2 H� /BbTQMB#BHBiû /ǶmM2 �zQ`/�M+2 \ Zm2H +QKTQ`i2K2Mi T2`K2i
/ǶmiBHBb2` H2b �zQ`/�M+2b bQ+B�H2b TQm` T`Q/mB`2 /2b BMi2`�+iBQMb 2{+�+2b \ UqSRV

ě *QKK2Mi BMiû;`2` H2b �zQ`/�M+2b bQ+B�H2b /�Mb mM2 �`+?Bi2+im`2 KQ/mH�B`2 /2 T`Bb2
/2 /û+BbBQM 2i /Ƕ�TT`2MiBbb�;2 T�` `2M7Q`+2K2Mi TQm` H2b `Q#Qib \ *QKK2Mi +QM+2@
pQB` mM KQ/ĕH2 /m KQM/2 /2 K�MBĕ`2 ¨ 2M;HQ#2` H� p�`B�#BHBiû /2b `û�+iBQMb ?mK�BM2b
�mt bQHHB+Bi�iBQMb /2b `Q#Qib \ UqSkV

ě *QKK2Mi mM `Q#Qi /QBi@BH b2 +QKTQ`i2` TQm` miBHBb2` 2{+�+2K2Mi H2b �zQ`/�M+2b
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bQ+B�H2b Qz2`i2b T�` /Ƕ�mi`2b �;2Mib \ Zm2HH2b BM7Q`K�iBQMb bQMi BKTQ`i�Mi2b TQm`
`2T`ûb2Mi2` �p2+ T`û+BbBQM H2b 2z2ib /2 HǶBMi2`�+iBQM �}M [m2 H2 `Q#Qi TmBbb2 �m;K2M@
i2` T`Q;`2bbBp2K2Mi bQM `ûT2`iQB`2 /Ƕ�+iBQMb /�Mb /2b +QMi2ti2b bQ+B�mt \ UqSjV

ě *QKK2Mi T`2M/`2 2M +QKTi2 2i iB`2` T�`iB /2b �zQ`/�M+2b bQ+B�H2b Uv +QKT`Bb H2m`
�TT`2MiBbb�;2V /�Mb mM2 �`+?Bi2+im`2 TQm` HǶBMi2`�+iBQM ?mK�BM@`Q#Qi \ Zm2 7�mi@BH
�DQmi2`fKQ/B}2` ¨ H� T`Bb2 /2 /û+BbBQM 2i ¨ H� TH�MB}+�iBQM /2b i�+?2b \ UqS9V

kXjXk _ƬH2

SQm` +2 T`QD2i- 2M THmb /2 KQM BKTHB+�iBQM 2i /2 HǶBKTHB+�iBQM /ǶmM BM;ûMB2m` /2 H�
TH�i2@7Q`K2 `Q#QiB[m2- MQmb /BbTQbQMb /m #m/;2i TQm` mM2 i?ĕb2 2i /2 3 KQBb TQm` mM
BM;ûMB2m`X

G2 T`QD2i 1Ga� `ûTQM/ ¨ mM K�M[m2 /2 +QMM�Bbb�M+2b /2 #�b2 bm` H� 7�ÏQM /QMi
H2b �zQ`/�M+2b bQ+B�H2b bQMi �TT`Bb2b 2i miBHBbû2b /�Mb H2 +QMi2ti2 /ǶmM2 BMi2`�+iBQMX AH
T2`K2ii`� /2 /ûp2HQTT2` mM2 �TT`Q+?2 Q`B;BM�H2 /2 H� `2T`ûb2Mi�iBQM /2b �+iBQMb 2i /2b
+QMM�Bbb�M+2b �bbQ+Bû2b HQ`b /ǶmM2 BMi2`�+iBQM bQ+B�H2 /�Mb mM +QMi2ti2 `Q#QiB[m2 ,

BV �#Q`/2` mM bQmb@/QK�BM2 `2H�iBp2K2Mi BM2tTHQ`û U�zQ`/�M+2b bQ+B�H2b 2M `Q#QiB[m2V
[mB bǶ�TTmB2 bm` /2b /QK�BM2b #B2M ûim/Bûb U�zQ`/�M+2b 2M `Q#QiB[m2 K�Bb �mbbB 2M
Tbv+?QHQ;B2V

BBV aǶBMb+`B`2 /�Mb H� +QMiBMmBiû /2b i`�p�mt �Miû`B2m`b /m +QMbQ`iBmK- v +QKT`Bb /2b
Tm#HB+�iBQMb +QMDQBMi2b UT`QD2ib _Q#Q1`;QamK 2i AJ�:AL1V

BBBV Āi`2 ?�mi2K2Mi BMi2`/Bb+BTHBM�B`2 2i BKTHB[m�Mi /2b 2tT2`iBb2b +QKTHûK2Mi�B`2bX
G2 T`QD2i 2bi /BpBbû 2M 9 rQ`FT�+F�;2b ,
qSR , h?ûQ`B2 2i S`�iB[m2 /2b �zQ`/�M+2b bQ+B�H2b UH2�/ .Ba*V
qSk , �zQ`/�M+2b bQ+B�H2b 2i T`Bb2 /2 /û+BbBQM UH2�/ AaA_V
qSj , �zQ`/�M+2b bQ+B�H2b 2i 2tû+miBQM /2b �+iBQMb UH2�/ A6AV
qS9 , �`+?Bi2+im`2- b+ûM�`BQ- BMi2;`�iBQM UH2�/ G��aV
G2 i`�p�BH /m G��a b2 bBim2`� 2M T`2KB2` HB2m �m MBp2�m /m qSkfqSj TQm` ûim/B2` H2

HB2M 2Mi`2 H2b �zQ`/�M+2b bQ+B�H2b 2i H2b �+iBQMb �m MBp2�m TH�MB}+�iBQM 2i 2tû+miBQMX �BMbB-
MQmb ûim/B2`QMb +QKK2Mi T`2M/`2 2M +QKTi2 H2b �zQ`/�M+2b bQ+B�H2b �m MBp2�m /2 H� TH�@
MB}+�iBQM /2b i�+?2b 2M MQmb #�b�Mi bm` MQb T`û+û/2Mib i`�p�mt 2X;X >�hS >mK�M@�r�`2
h�bF SH�MM2` U(JQMi`2mBH kyyd- �HBHB kyyN�- G�HH2K2Mi kyR3)VX >�hS 2bi mM TH�MB}+�i2m`
[mB iB`2 T�`iB /ǶmM >hL U>B2`�`+?B+�H h�bF L2irQ`FV H�Bbb�Mi H� TQbbB#BHBiû /2 +QMbB/û`2`
H2 TH�M ¨ /Bzû`2Mib MBp2�mt /2 T`û+BbBQM 2i [mB T2`K2i û;�H2K2Mi /2 +�H+mH2` mM TH�M TQm`
THmbB2m`b �;2Mib UTHmb T`û+BbûK2Mi mM TH�M TQm` +?�+mM /2b �;2MibVX G� ;2biBQM /2b �bT2+ib
bQ+B�mt �TTQ`i2`� /2 MQmp2�mt /û}b ¨ H� TH�MB}+�iBQMX S�`KB 2mt- BH 7�m/`�Bi T2`K2ii`2 H�
T`Bb2 /2 /û+BbBQM HQ`b /2 HǶ2tû+miBQM U2t [mB 72`� mM2 �+iBQM (.2pBM kyRd#)- K�Bb �mbbB +QK@
K2Mi mM2 �+iBQM b2`�Bi 7�Bi2 2M 7QM+iBQM /m +QMi2ti2 bQ+B�H U2t bǶBH /QBi v �pQB` mM û+?�M;2
/ǶQ#D2i 2Mi`2 /2mt �;2Mib- H� /û+BbBQM /2 /QMM2` ¨ H� K�BM Qm /2 TQb2` ¨ +Ƭiû /2 H� T2`bQMM2
TQm``�Bi āi`2 +QMbB/û`û2 �m KQK2Mi /2 HǶ2tû+miBQMVVX .2 THmb- MQmb ûim/B2`QMb +QKK2Mi
KQ/ûHBb2` H2b �ii2Mi2b 2i �DQmi2` +2b BM7Q`K�iBQMb /�Mb H2 TH�M UT�` 2t2KTH2 bB H� T2`bQMM2
�ii2M/ mM2 �+iBQM /m `Q#Qi- H2 `Q#Qi /2p`�Bi /QMM2` /2b BM/B+2b bǶBH 2bi 2M;�;û Qm MQM
TQm` H2 7�B`2 UQM TQm``�Bi T2mi@āi`2 2MpBb�;2` /2b i`�p�mt bm` H� ;2biBQM /2b 2M;�;2K2Mib
(62`M�M/2x *�bi`Q kyRN)VX LQmb T`ûpQvBQMb û;�H2K2Mi /2 +QMiBMm2` H2b i`�p�mt /m G��a
2i /2 HǶAaA_ bm` HǶBMiû;`�iBQM /2 H� TH�MB}+�iBQM 2i /2 HǶ�TT`2MiBbb�;2 (_2M�m/Q kyR8)- 2M
`û~û+?Bbb�Mi ¨ H� K�MBĕ`2 /2 K2ii`2 ¨ DQm` H2 bvbiĕK2 /2 TH�MB}+�iBQM �p2+ H2b `ûbmHi�ib
/2 HǶ�TT`2MiBbb�;2X G� ;2biBQM /2b �zQ`/�M+2b bQ+B�H2b �TTQ`i2`� û;�H2K2Mi /2 MQmp2�mt
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/û}b ¨ HǶ2tû+miBQMX LQi`2 bvbiĕK2 /2p`� āi`2 +�T�#H2 /Ƕ2tû+mi2` H2 TH�M 2i /2 T`2M/`2 2M
+QKTi2 H2b BKT`ûpmb 2i H� bm`p2BHH�M+2 Mû+2bb�B`2 ¨ H� `û�HBb�iBQM /m TH�MX 1M Qmi`2- +QKK2
H2 T`QTQb2 H� /û}MBiBQM /2b �zQ`/�M+2b bQ+B�H2b- H2 bvbiĕK2 /Ƕ2tû+miBQM /QBi TQmpQB` āi`2
¨ H� 7QBb bQ+B�H2K2Mi b2MbB#H2 2i bQ+B�H2K2Mi `û�+iB7X SQm` +2 7�B`2- BH /QBi āi`2 +�T�#H2 /2
T`2M/`2 2M +QKTi2 H2b �ii2Mi2b /2b `Q#Qib +QM+2`M�Mi H2 +QKTQ`i2K2Mi ?mK�BM /ǶmM +Ƭiû
2i H2b �ii2Mi2b ?mK�BM2b +QM+2`M�Mi H2 +QKTQ`i2K2Mi /2b `Q#Qib /2 HǶ�mi`2 +ƬiûX SQm`
K2bm`2` HǶ2{+�+Biû 2i H� T2`iBM2M+2 /2b bvbiĕK2b /2 /û+BbBQM 2i /2 bmT2`pBbBQM [mB 2M `û@
bmHi2Mi- MQmb TQm``QMb T`Q}i2` /2 H� K2bm`2 /2 [m�HBiû /ǶBMi2`�+iBQM [m2 MQmb �pQMb /ûD¨
/ûp2HQTTû2 (J�vBK� kykR#)X

G2 i`�p�BH /m G��a b2 bBim2`� û;�H2K2Mi �m MBp2�m /2 qS9- �`+?Bi2+im`2- b+ûM�`BQ 2i
BMiû;`�iBQMX .2mt �bT2+ib BKTQ`i�Mib KBb 2M ûpB/2M+2 /�Mb H� /û}MBiBQM /2b �zQ`/�M+2b
bQ+B�H2b (*�`p�H?Q kyky) U[m2 MQmb �pQMb û;�H2K2Mi +QMbB/û`û2b +QKK2 /2b 2tB;2M+2b TQm`
H2b �;2Mib bQ+B�mt (62`M�M/2x *�bi`Q kyky)V bQMi /ǶmM2 T�`i H2 #2bQBM /2 `û�+iBpBiû Km@
im2HH2 Kmim�H `2bTQMbBp2M2bb 2i /Ƕ�mi`2 T�`i H� b2MbB#BHBiû �mt �mi`2b �;2Mib b2MbBiBpBiv iQ
Qi?2` �;2MibX G� +�T�+Biû /2 K2ii`2 2M KmbB[m2 +2b /2mt �bT2+ib b2`� mM2 +�`�+iû`BbiB[m2
+Hû /2 HǶ�`+?Bi2+im`2 `Q#QiB[m2 [mB b2`� /ûp2HQTTû2 �m +Qm`b /m T`QD2iX LQmb M2 T�`iQMb
T�b /ǶmM2 T�;2 #H�M+?2 +�` +?�[m2 H�#Q`�iQB`2 � /ûD¨ /2b +QMi`B#miBQMb [mB TQm``QMi āi`2
miBHBbû2b /�Mb H2 T`QD2iX S�` 2t2KTH2- H2 G��a 2i HǶAaA_ QMi T`QTQbû mM2 �`+?Bi2+im`2 T`2@
M�Mi 2M +QKTi2 HǶBMiû;`�iBQM /2 HǶ�TT`2MiBbb�;2 /�Mb H2 +�/`2 /m T`QD2i _Q#Q@1`;QamK
U�L_@Rk@*P_.@yyjy ?iiTb,ff�M`X7`fS`QD2i@�L_@Rk@*P_.@yyjyV (*?�iBH� kyR3)- 2i
H2 G��a � û;�H2K2Mi /ûD¨ BKTHûK2Miû mM2 �`+?Bi2+im`2 /û/Bû2 ¨ HǶBMi2`�+iBQM ?mK�BM@
`Q#Qi (G2K�B;M�M kyRd)X

G2 T`QD2i 1Ga� MQmb �KĕM2 ¨ +QMbB/û`2` /2 MQmp2�mt /û}b �m MBp2�m �`+?Bi2+im`2 ,
;2biBQM /2b �zQ`/�M+2b bQ+B�H2b , qSR /QMM2`� /2b BM7Q`K�iBQMb bm` H� 7�ÏQM /ǶBMi2`@

T`ûi2` H2b �zQ`/�M+2b bQ+B�H2b �BMbB [m2 bm` H� 7�ÏQM /2 H2b T`Q/mB`2X G2b qSk 2i
qSj T`Q}i2`QMi /2 +2b i`�p�mt TQm` T`QTQb2` /2b KQv2Mb /2 H2b K2ii`2 2M ƾmp`2
2i /2 H2b ;û`2`X

BMiû;`�iBQM /2 HǶ�TT`2MiBbb�;2 , MQmb +QMbB/û`2`QMb HǶûpQHmiBQM /2 H� `2T`ûb2Mi�iBQM /2
HǶ�+iBQM 2i /2b +�T�+Biûb /2 HǶ�;2Mi ¨ i`�p2`b HǶ�TT`2MiBbb�;2X G2b �zQ`/�M+2b bQ+B�H2b
/ûT2M/2Mi 7Q`i2K2Mi /m +QMi2ti2 2i /2 HǶ�;2Mi �p2+ H2[m2H H2 `Q#Qi p� BMi2`�;B`X G2b
KQ/ĕH2b /Ƕ�+iBQM- /Ƕ2tû+miBQM 2i /2 TH�MB}+�iBQM /QBp2Mi TQmpQB` 2M i2MB` +QKTi2
�BMbB [m2 HǶûpQHmiBQM /2 +2b KQ/ĕH2b /�Mb H2 i2KTb 2i H2b +QMi2ti2bX *2H� b2 72`� T�`
�TT`2MiBbb�;2 /�Mb H2b qSk 2i qSjX

;2biBQM /2 HǶBMi2`�+iBQM , "B2M bȿ`- MQmb +QMbB/û`2`QMb HǶBMi2`�+iBQM /�Mb bQM 2Mb2K#H2
2i MQi`2 �`+?Bi2+im`2 b2`� /û}MB2 /2 K�MBĕ`2 ¨ T2`K2ii`2 �m `Q#Qi /2 `û�HBb2` mM2
i�+?2 2M +QQTû`�iBQM �p2+ mM ?mK�BMX

https://anr.fr/Projet-ANR-12-CORD-0030


kX9X .Aa*lh1_ R9N

kX9 .Aa*lh1_
G2 T`QD2i .B�HQ;m2 AMi2`�+iB7 ai`m+im`û- *QMbQHB/û 2i lMB}û TQm` H� `û�@

HBb�iBQM /2 h�+?2b 1M _Q#QiB[m2 U.Aa*lh1_V 2bi mM T`QD2i �L_ �ah_A.
U�++QKT�;M2K2Mi aTû+B}[m2 /2b h`�p�mt /2 _2+?2`+?2b 2i /ǶAMMQp�iBQM .û@
72Mb2V Bbbm /2 HǶ�TT2H �ah_A. A� kykR U?iiTb,ff�M`X7`f7`f/2i�BHf+�HHf
�++QKT�;M2K2Mi@bT2+B7B[m2@/2b@i`�p�mt@/2@`2+?2`+?2b@2i@/BMMQp�iBQM@/272Mb2@�TT2H@�@T`QD2ib@i?2K�ifVX

G2b T�`i2M�B`2b /m T`QD2i bQMi ,
ě GBM�;Q`�- mM2 2Mi`2T`Bb2 bTû+B�HBbû2 /�Mb H2b �bbBbi�Mib pB`im2Hb 2i H2 i`�Bi2K2Mi /m

H�M;�;2 U?iiTb,ffrrrXHBM�;Q`�X+QKf7`fV �p2+ CmHB2 >mMi2` USAV- E�i2 h?QKT@
bQM- 2i C2�M@SB2``2 GQ``û

ě HǶA_Ah 2i HǶû[mBT2 J1i?Q/2b 2i BM;ûMB2`B2 /2b G�M;m2b- /2b PMiQHQ;m2b 2i /m .Ab@
+Qm`b UJ1GP.AV bTû+B�HBbû2 /�Mb H2 i`�Bi2K2Mi /m H�M;�;2 �p2+ LB+?QH�b �b?2`-
1KBHB�MQ GQ`BMB 2i *?HQû "`�mi

ě H2 G��a@*L_a 2i HǶû[mBT2 _Q#QiB[m2 2i AMi2`�+iBQMa bTû+B�HBbû /�Mb HǶBMi2`�+iBQM
?mK�BM@`Q#Qi �p2+ KQB@KāK2 2i H2 bmTTQ`i /2 H2 TH�i2@7Q`K2 `Q#QiB[m2 /m G��a
U}M�M+2K2Mi Q#i2Mm , Ryy yyy 2m`QbVX

G2 T`QD2i � /ûK�``û H2 yRfyRfkykk TQm` mM2 /m`û2 /2 je KQBbX

kX9XR .2b+`BTiBQM
.2b `Q#Qib +�T�#H2b /Ƕ�TT`2M/`2 /2 MQmp2�mt +QM+2Tib 2i /2 `2+2pQB` /2b BMbi`m+iBQMb

TQm` 2tû+mi2` /2 MQmp2HH2b i�+?2b T�` H2 #B�Bb /ǶmM2 bBKTH2 +QMp2`b�iBQM @ T�` QTTQbBiBQM ¨
mM2 /ûKQMbi`�iBQM +QKTHĕi2 Qm ¨ mM +Q/�;2 Ǵ2M /m`Ǵ T�` /2b 2tT2`ib @ b2`QMi miBH2b /�Mb
mM H�`;2 ûp2Mi�BH /2 +QMi2ti2b ¨ HǶ�p2MB`- [mǶBH bǶ�;Bbb2 /Ƕ2tû+mi2` /2b i�+?2b /2 +QMbi`m+@
iBQM /�Mb /2b mbBM2b Qm /2 bǶ2M;�;2` /�Mb /2b bBim�iBQMb /2 +QM~BiX *2b `Q#Qib /2p`QMi āi`2
+�T�#H2b /2 `û�;B` bm`@H2@+?�KT ¨ /2 MQmp2HH2b BM7Q`K�iBQMb �+[mBb2b bQBi T�` HǶQ#b2`p�iBQM
/m +QMi2ti2 MQM@HBM;mBbiB[m2- bQBi T�` H� +QMp2`b�iBQMX G2 /ûp2HQTT2K2Mi /Ƕ�bbBbi�Mib pû`B@
i�#H2K2Mi +QMp2`b�iBQMM2Hb /2 +2 ivT2 Mû+2bbBi2`� /2 KQ/ûHBb2` +QKK2Mi H2 b2Mb /2 +2 [mB
2bi /Bi /�Mb mM2 +QMp2`b�iBQM- 2i +2 [mB b2 T�bb2 /�Mb H2 +QMi2ti2 MQM@HBM;mBbiB[m2 /�Mb
H2[m2H 2HH2 b2 /û`QmH2- BMi2`�;Bi /vM�KB[m2K2Mi �p2+ H� #�b2 /2 +QMM�Bbb�M+2b /m `Q#Qi 2i
H� `2T`ûb2Mi�iBQM /2 b2b T`QT`2b +`Qv�M+2b 2i Q#D2+iB7b 2i /2 +2mt /2 bQM BMi2`HQ+mi2m`X

G� T`BM+BT�H2 +QMi`B#miBQM /m T`QD2i .Aa*lh1_ U.B�HQ;m2 AMi2`�+iB7 ai`m+im`û-
*QMbQHB/û 2i lMB}û TQm` H� `û�HBb�iBQM /2 h�+?2b 1M _Q#QiB[m2V 2bi /Ƕûim/B2` 2i /2 7�B`2
T`Q;`2bb2` H2b KQ/ĕH2b 2i H2b T`Q+2bbmb Mû+2bb�B`2b TQm` BMiû;`2` 2{+�+2K2Mi H2 /B�HQ;m2
2M H�M;�;2 M�im`2H /�Mb H2b T`Q+2bbmb /2 T`Bb2 /2 /û+BbBQM BKTHB[mûb /�Mb HǶ2tû+miBQM /2
i�+?2b +QMDQBMi2b ?mK�BM@`Q#Qi 2i- THmb ;ûMû`�H2K2Mi- ?mK�BM@bvbiĕK2X GǶQ#D2+iB7 ¨ HQM;
i2`K2 2bi /Ƕ�ii2BM/`2 H� +�T�+Biû /ǶmiBHBb2` H2 /B�HQ;m2 2M H�M;�;2 M�im`2H TQm` +QHH�#Q`2`
2{+�+2K2Mi �p2+ H2b ?mK�BMb 2i �TT`2M/`2 2M BMi2`�;Bbb�Mi �p2+ 2mtX GǶQ#D2+iB7 BKKû@
/B�i 2bi /2 T`Q/mB`2 mM KQ/mH2 /2 /B�HQ;m2 +�T�#H2 /2 ;û`2` mM2 +QMp2`b�iBQM 2M miBHBb�Mi
/2b ûHûK2Mib /2 +QMi2ti2 MQM@HBM;mBbiB[m2b 2i /2b `2T`ûb2Mi�iBQMb /Ƕûi�ib /2 +`Qv�M+2 U[mB
T2mp2Mi ûpQHm2` /vM�KB[m2K2MiVX

G2b i`�p�mt �+im2Hb 2M `Q#QiB[m2 [mB 2tTHQBi2Mi H2b KQ/ĕH2b +Q;MBiB7b TQm` ;mB/2` H2b
�+iBQMb /ǶmM `Q#Qi M2 H�Bbb2Mi [m2 T2m Qm T�b /2 TH�+2 �m `ƬH2 [m2 T2mi DQm2` H2 H�M;�;2
/�Mb H� KBb2 ¨ DQm` /2 H� `2T`ûb2Mi�iBQM [mǶ� mM �;2Mi /2 bQM T`QT`2 ûi�i K2Mi�H Qm /2
+2HmB /2 bQM BMi2`HQ+mi2m`X G2b �bbBbi�Mib pQ+�mt 2i H2b +?�i#Qib �+im2HH2K2Mi bm` H2 K�`+?û
T2mp2Mi 2M;�;2` /2b +QMp2`b�iBQMb THmb Qm KQBMb +QKTH2t2b- K�Bb BHb bQMi `B;B/2b 2i 7`�;BH2bX
AHb miBHBb2Mi bQBi /2b #�b2b /2 +QMM�Bbb�M+2b HBKBiû2b 2i bi�iB[m2b- bQBi /2b KQ/ĕH2b /2 H�M;�;2

https://anr.fr/fr/detail/call/accompagnement-specifique-des-travaux-de-recherches-et-dinnovation-defense-appel-a-projets-themat/
https://anr.fr/fr/detail/call/accompagnement-specifique-des-travaux-de-recherches-et-dinnovation-defense-appel-a-projets-themat/
https://www.linagora.com/fr/


R8y *?�TBi`2 kX S`QD2ib 2M +Qm`b

/ûi2`KBMûb T�` H� T`Q#�#BHBiû /2b T`Q+?�BMb KQmp2K2Mib HBM;mBbiB[m2b b�Mb �m+mM2 MQiBQM
/2b +QMi`�BMi2b [m2 +2b KQmp2K2Mib 2t2`+2Mi bm` H� +QMp2`b�iBQM 2i H2b KQmp2K2Mib 7mim`b-
Qm /2b ûi�ib +Q;MBiB7b 2i /2b Q#D2+iB7b /Bb+m`bB7b /2b T�`iB+BT�Mib ¨ H� +QMp2`b�iBQMX AHb bQMi
2M+Q`2 KQBMb +�T�#H2b /2 b�BbB` H� `2H�iBQM 2Mi`2 +2b ûi�ib 2i H� +QMp2`b�iBQM 2M +Qm`bX

G� +Hû /m /ûp2HQTT2K2Mi /Ƕ�bbBbi�Mib THmb ~2tB#H2b 2i `û�+iB7b- [mǶBHb bQB2Mi Qm MQM BM+�`@
Mûb T�` /2b `Q#Qib- b2`� /2 H2m` /QMM2` H2b QmiBHb Mû+2bb�B`2b TQm` `2+QMM�ŗi`2 H� /Bzû`2M+2
2Mi`2 mM �+i2 /2 /B�HQ;m2 Qm mM ûpûM2K2Mi MQM HBM;mBbiB[m2 BM�ii2M/m Qm BM+QMMm /ǶmM2
T�`i- 2i mM ûpûM2K2Mi BM+Q?û`2Mi �p2+ b� #�b2 /2 +QMM�Bbb�M+2b 2i b� `2T`ûb2Mi�iBQM /2
b2b T`QT`2b ûi�ib K2Mi�mt 2i /2 +2mt /2 bQM BMi2`HQ+mi2m` /Ƕ�mi`2 T�`iX SQm` +2H�- `ûmMBb@
b�Mi /2b bTû+B�HBbi2b /m H�M;�;2 UGAL�:P_� 2i A_AhV 2i /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi
UG��aV- H2 T`QD2i .Aa*lh1_ 2tTHQBi2`� H2b i`�p�mt bm` H� bi`m+im`2 2i HǶBMi2`T`ûi�iBQM /m
/Bb+Qm`b- [mB MQmb /QMM2`QMi H2b QmiBHb TQm` KQ/ûHBb2` H� +Q?û`2M+2 2Mi`2 H2 /Bb+Qm`b 2i H2b
ûpûM2K2Mib MQM@HBM;mBbiB[m2b 2i H2 +QMi2Mm /2b #�b2b /2 +QMM�Bbb�M+2b 2i /2b ûi�ib +Q;MBiB7b
KQ/ûHBbûbX G2 T`QD2i .Aa*lh1_ miBHBb2`� +2b QmiBHb TQm` /ûp2HQTT2` mM KQ/mH2 /2 +QMp2`@
b�iBQM BMi2`�+iBp2 2i bBimû2 [mB bǶ�TTHB[m2`� ¨ iQmi bvbiĕK2 KmHiBKQ/�H- [mǶBH bǶ�;Bbb2 /ǶmM
�bbBbi�Mi `Q#QiB[m2 2MiBĕ`2K2Mi BM+�`Mû Qm /ǶmM �bbBbi�Mi pQ+�HX G2b /QK�BM2b /Ƕ�TTHB+�@
iBQM TQi2MiB2Hb /ǶmM i2H KQ/mH2 bQMi MQK#`2mt- 2i 2tBbi2Mi T�`iQmi Qɍ H� +QKKmMB+�iBQM
2M H�M;�;2 M�im`2H TQm``�Bi �KûHBQ`2` HǶ�miQK�iBb�iBQM BMi2HHB;2Mi2X

kX9Xk _ƬH2

aB BH 2tBbi2 �mDQm`/Ƕ?mB /2b #Qib +�T�#H2b /2 K2M2` /2b +QMp2`b�iBQMb TQm` pQmb 7�B`2
T�`H2` /2 pQi`2 }HK T`û7û`û Qm /m i2KTb [mǶBH 7�Bi �mDQm`/Ƕ?mB- BH MǶ2tBbi2 T�b 2M+Q`2 /2
bvbiĕK2 T2`K2ii�Mi /2 +QmTH2` H� +QMM�Bbb�M+2 i2HH2 [mǶ2HH2 2bi ;û`û2 �m b2BM /ǶmM bvbiĕK2
`Q#QiB[m2 �p2+ mM bvbiĕK2 /2 ;2biBQM /m /Bb+Qm`b bQT?BbiB[mû �p2+ /2b +�T�+Biûb +QKK2
+2HH2b [mǶQM pB2Mi /2 /û+`B`2X *2 [m2 MQmb T`QTQbQMb 2bi [m2 +2b ûHûK2Mib bQB2Mi +QmTHûb
/�Mb mM bvbiĕK2 /2 ;2biBQM /2 HǶBMi2`�+iBQM T2`K2ii�Mi /2 ;û`2` MQM b2mH2K2Mi HǶ�p�M+2@
K2Mi /�Mb mM /B�HQ;m2 K�Bb �mbbB HǶ�p�M+2K2Mi /�Mb HǶ�+[mBbBiBQM /2b +QMM�Bbb�M+2b- /�Mb
H2 TH�M bmBpB T�` H2b T�`iB+BT�Mib 2i /�Mb H2b �+iBQMb �bbQ+Bû2bX

SQm` TQmpQB` MQmb 7Q+�HBb2` bm` +2i Q#D2+iB7- MQmb /2pQMb MQmb �#bi`�B`2 /2b /B{+mHiûb
+QMbB/û`�#H2b +QM+2`M�Mi H� T2`+2TiBQM 2i H� `û�HBb�iBQM /2b �+iBQMb TQm` mM `Q#Qi 2M 2MpB@
`QMM2K2Mi `û2H- [mB bQMi /2b i?ĕK2b BKTQ`i�Mib /2 `2+?2`+?2 2M `Q#QiB[m2X LQmb 7�BbQMb H2
+?QBt /ĕb H2 /ûT�`i /m T`QD2i /2 MQmb TH�+2` /�Mb mM 2MpB`QMM2K2Mi Ǵ+�HB#`ûǴ 2i bBKTHB}û
[mB b2`� `û�HBbû 2M `û�HBiû pB`im2HH2X

LQmb T`QTQbQMb /2 +QMbB/û`2` /2mt ivT2b /ǶBMi2`�+iBQMX
ě G� T`2KBĕ`2 K2ii`� 2M D2m mM `Q#Qi bT2+i�i2m` /ǶmM2 BMi2`�+iBQM 2Mi`2 /2mt ?m@

K�BMbX G2 bvbiĕK2 /ûp2HQTTû T�` H2 T`QD2i .Aa*lh1_ /2p`� T2`K2ii`2 �m `Q#Qi
/2 TQmpQB` `ûTQM/`2 ¨ /2b [m2biBQMb bm` H� bBim�iBQM 2i T`QTQb2` ûp2Mim2HH2K2Mi
/2b bQHmiBQMb TQm` H� K2M2` ¨ #B2MX SQm` āi`2 THmb +QM+`2i- MQmb T`QTQbQMb /2
MQmb `2bi`2BM/`2 bm` +2`i�BMb ivT2b /2 `2H�iBQMb /Bb+m`bBp2b- 2X;X /2b 2tTHB+�iBQMb-
/2b [m2biBQMb@`ûTQMb2b 2i /2b �+[mB2b+2K2MibX

ě G� b2+QM/2 K2ii`� 2M D2m mM `Q#Qi BMi2`�;Bbb�Mi �p2+ mM ?mK�BMX G2 bvbiĕK2 /û@
p2HQTTû T�` H2 T`QD2i .Aa*lh1_ /2p`� T2`K2ii`2 �m `Q#Qi /2 TQmpQB` `û�HBb2`
mM2 BMi2`�+iBQM +QKTHĕi2 BMiû;`�Mi b2b T`QT`2b �+iBQMb ¨ HǶBMi2`�+iBQMX 1M+Q`2 mM2
7QBb MQb BMi2`�+iBQMb H�M;�;Bĕ`2b b2`QMi `2bi`2BMi2b ¨ /2b 2tTHB+�iBQMb- /2b [m2biBQMb@
`ûTQMb2b 2i /2b �+[mB2b+2K2MibX

G2b Q#D2+iB7b /m T`QD2i .Aa*lh1_ bQMi ,
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ě *QMbi`mB`2 mM +Q`Tmb /ǶBMi2`�+iBQMb KmHiBKQ/�H2b ?mK�BM@`Q#Qi [mB b2`pB`QMi /2
#�b2 /2 MQi`2 ûim/2

ě 1im/B2` H2b BMi2`�+iBQMb 2Mi`2 H2b KQ/ĕH2b /2 /B�HQ;m2 2i H2b KQ/ĕH2b miBHBbûb 2M BMi2`@
�+iBQMb ?mK�BM@`Q#Qi- ûH�#Q`2` HǶBMi2`7�+2 2Mi`2 bi`m+im`2 /Bb+m`bBp2 2i H2b /Bp2`b2b
+QMM�Bbb�M+2b `2[mBb2b TQm` �++QKTHB` /2b i�+?2b +QHH2+iBp2b

ě �TT`2M/`2 /2b bi`m+im`2b /Bb+m`bBp2b bm` MQi`2 +Q`Tmb pB� /2b Kûi?Q/2b 7�B#H2K2Mi
bmT2`pBbû2b 2i H2b BMiû;`2` /�Mb MQi`2 KQ/ĕH2 /ǶBMi2`�+iBQM

ě úp�Hm2` MQi`2 KQ/ĕH2
G2 T`QD2i .Aa*lh1_ b2 /û+QmT2 2M 9 i�+?2b ,
h�+?2 R , *`û�iBQM /ǶmM +Q`Tmb /2 +QMp2`b�iBQM bBimû �MMQiû
h�+?2 k , JQ/ûHBb�iBQM /2b ûHûK2Mib /2 HǶBMi2`�+iBQM
h�+?2 j , �TT`2MiBbb�;2 2i T`Q/m+iBQM ¨ T�`iB` /m KQ/ĕH2 /2 bi`m+im`�iBQM 2i /ǶBMi2`@

T`ûi�iBQM /2 HǶBMi2`�+iBQM
h�+?2 9 , 1p�Hm�iBQM
�m b2BM /m T`QD2i .Aa*lh1_- H2 G��a /BbTQb2 /m #m/;2i TQm` Rj KQBb /2 +?2`+?2m`

TQbi@/Q+iQ`�i 2i /2 /2mt bi�;B�B`2b TQm` e KQBbX





h`QBbBĕK2 T�`iB2

*o





�m`ûHB2 *HQ/B+
C2 bmBb BM;ûMB2m`2 /2 `2+?2`+?2 �m G��a@*L_a UhQmHQmb2- 6`�M+2V /2TmBb kyRk UT2`@

K�M2Mi2 /2TmBb kyR8VX CǶ�B Q#i2Mm KQM /Q+iQ`�i 2M `Q#QiB[m2 2M kyyd TQm` H2[m2H DǶ�B
ûH�#Q`û- +QMÏm 2i BKTHûK2Miû /2b +QKTQb�Mib TQm` HǶBMi2`�+iBQM ?mK�BM@`Q#Qi /�Mb THm@
bB2m`b +QMi2ti2b U2t , `Q#Qi ;mB/2 /�Mb mM Kmbû2- �bbBbi�Mi `Q#QiB[m2 /�Mb H2 +�/`2 /m
T`QD2i *P:LA_PLVX 1M kyR3- DǶ�B Q#i2Mm mM2 HB+2M+2 /2 Tbv+?QHQ;B2X J2b BMiû`āib /2 `2@
+?2`+?2 BM+Hm2Mi H� bmT2`pBbBQM /2 i�+?2b +QHH�#Q`�iBp2b ?mK�BM@`Q#Qi �BMbB [m2 H� +QM+2T@
iBQM 2i HǶBKTHûK2Mi�iBQM /Ƕ�`+?Bi2+im`2b `Q#QiB[m2b /û/Bû2 ¨ HǶBMi2`�+iBQM ?mK�BM@`Q#QiX
C2 KǶBMiû`2bb2 �mt �TTQ`ib /2 H� T?BHQbQT?B2 2i /2 H� Tbv+?QHQ;B2 ¨ H� +QKT`û?2MbBQM /2
HǶBMi2`�+iBQM 2M ;ûMû`�H2 2i ¨ b2b +QKTQb�Mi2b bQ+B�H2b 2M T�`iB+mHB2`X

�T`ĕb K� i?ĕb2- DǶ�B T�bbû 9 �Mb /�Mb mM2 bQ+Bûiû /2 b2`pB+2b 2M BM7Q`K�iB[m2 , �hPaX
CǶ�B /Ƕ�#Q`/ i`�p�BHHû +QKK2 BM;ûMB2m` HQ;B+B2H 2K#�`[mû TQm` H2 T`QD2i �h* U�B` h`�{+
*QMi`QH TQm` H2 +QKTi2 /Ƕ�B`#mbX .�Mb +2 +QMi2ti2- D2 bmBb BMi2`p2Mm2 ¨ iQmb H2b MBp2�mt
/m +v+H2 2M o /�Mb mM +QMi2ti2 �pBQMB[m2 UMQ`K2 .PRd3@"VVX CǶ�B 2MbmBi2 BMiû;`û HǶû[mBT2
BM;ûMB2`B2 /2b KQ/ĕH2bX CǶv �B i`�p�BHHû +QKK2 +QMbmHi�Mi /ǶmM2 T�`i- bm` /2b T`QD2ib 2M HB2M
�p2+ HǶBM;ûMB2`B2 /2b 2tB;2M+2b 2i H2b HB;M2b /2 T`Q/mBib HQ;B+B2Hb /�Mb H2 +QMi2ti2 �miQKQ#BH2
U*QMiBM2Mi�HVX CǶûi�Bb û;�H2K2Mi +?27 /2 T`QD2ib iQmDQm`b TQm` /Bzû`2Mib ;`�M/b +QKTi2b
U*L1a- �bi`BmK- �B`#mbVX

6BM kyRk- DǶ�B `ûBMiû;`û H2 G��a 2i DǶ�B +QKK2M+û ¨ i`�p�BHH2` TQm` H2 T`QD2i 6Sd a�@
S>�_A a�72 �M/ �miQMQKQmb S?vbB+�H >mK�M@�r�`2 _Q#Qi AMi2`�+iBQM U?iiT,ffrrrX
b�T?�`BX2mfV �BMbB [m2 TQm` H2 T`QD2i �Lh J�`.B J�M@_Q#Qi .B�HQ;m2 U?iiTb,ff�M`X
7`fS`QD2+i@�L_@Rk@*P_.@yykRV T`BM+BT�H2K2Mi bm` H� T�`iB2 bmT2`pBbBQM 2i H� T�`iB2 ûp�@
Hm�iBQM /2 H� bBim�iBQMX 1MbmBi2- DǶ�B ûiû BKTHB[mû /�Mb H2 T`QD2i �L_ _Q#Q1`;QamK
U?iiT,ff`Q#Q2`;QbmKXBbB`XmTK+X7`f- ?iiTb,ff�M`X7`fS`QD2i@�L_@Rk@*P_.@yyjyVX
CǶ�B i`�p�BHHû bm` mM2 T`2mp2 /2 +QM+2Ti TQm` KûH�M;2` HǶ�TT`Q+?2 i`�/BiBQMM2HH2 /2 TH�@
MB}+�iBQM /2b i�+?2b �p2+ HǶ�TT`2MiBbb�;2X GǶB/û2 ûi�Bi- ûi�Mi /QMMû [mǶBH 2bi BKTQbbB#H2
TQm` H2b �H;Q`Bi?K2b /Ƕ�TT`2MiBbb�;2 T�` `2M7Q`+2K2Mi /Ƕ�TT`2M/`2 ¨ T�`iB` /2 xû`Q /�Mb
mM +QMi2ti2 /2 +QHH�#Q`�iBQM ?mK�BM@`Q#Qi- /ǶmiBHBb2` mM TH�MB}+�i2m` Ǵi`�/BiBQMM2HǴ U/�Mb
MQi`2 +�b >�hS- >mK�M@�r�`2 h�bF SH�MM2`V +QKK2 �KQ`+2 TQm` H2b �H;Q`Bi?K2b /Ƕ�T@
T`2MiBbb�;2 T�` `2M7Q`+2K2MiX CǶ�B û;�H2K2Mi i`�p�BHHû bm` mM2 K�MBĕ`2 /2 ;û`2` HǶBMi2`�+iBQM
/2 K�MBĕ`2 ~mB/2 /�Mb mM +QMi2ti2 /Ƕ�+iBQM +QMDQBMi2X

CǶ�B 2MbmBi2 i`�p�BHHû bm` H2 T`QD2i JmJJ1_ U>kyky@e33R9d ?iiT,ffKmKK2`@T`QD2+iX
2mfV bm` H� +QM+2TiBQM 2i H2 /ûp2HQTT2K2Mi /ǶmM `Q#Qi /2 /Bp2`iBbb2K2Mi /�Mb mM +2Mi`2
+QKK2`+B�H 2M 6BMH�M/2X LQmb �pQMb i`�p�BHHû T`BM+BT�H2K2Mi bm` mM2 i�+?2 /2 /2b+`BTiBQM
/ǶBiBMû`�B`2b T2`K2ii�Mi �mt +HB2Mib /ǶBMi2`�;B` �p2+ H2 `Q#Qi TQm` b2 ;mB/2` /�Mb H2 +2Mi`2
+QKK2`+B�HX CǶ�B T�`iB+BTû ¨ HǶ2M+�/`2K2Mi /2 /2mt i?ĕb2b �m b2BM /2 +2 T`QD2iX *2HH2
/2 :mBHH�mK2 a�`i?Qm UEMQrH2/;2 `2T`2b2Mi�iBQM �M/ 2tTHQBi�iBQM 7Q` BMi2`�+iBp2 �M/
+Q;MBiBp2 `Q#Qib (a�`i?Qm kykR�)V 2i +2HH2 /Ƕ�K�M/BM2 J�vBK� U1M/QrBM; i?2 _Q#Qi rBi?
i?2 �#BHBiB2b iQ *QMi`QH �M/ 1p�Hm�i2 Bib *QMi`B#miBQM iQ � >mK�M@_Q#Qi CQBMi �+iBQM
(J�vBK� kykR�)V- iQmi2b H2b /2mt 2M +Q@2M+�/`2K2Mi �p2+ _�+?B/ �H�KBX

*2b /2`MBĕ`2b �MMû2b- DǶ�B i`�p�BHHû bm` H� +QMbi`m+iBQM /2 `2H�iBQMb �p2+ /Ƕ�mi`2b /Bb+B@
THBM2b i2HH2b [m2 H� T?BHQbQT?B2 2i H� Tbv+?QHQ;B2X

.�Mb +2 +�/`2- DǶ�B BMBiBû 2i T�`iB+BTû �m T`QD2i �L_ CQBMi�+@
iBQM9>_A U?iiTb,ffDQBMi�+iBQM9?`BXH��bX7`f- ?iiTb,ff�M`X7`f2Mf
7mM/2/@T`QD2+ib@�M/@BKT�+if7mM/2/@T`QD2+ibfT`QD2+if7mM/2/fT`QD2+if

http://www.saphari.eu/
http://www.saphari.eu/
https://anr.fr/Project-ANR-12-CORD-0021
https://anr.fr/Project-ANR-12-CORD-0021
http://roboergosum.isir.upmc.fr/
https://anr.fr/Projet-ANR-12-CORD-0030
http://mummer-project.eu/
http://mummer-project.eu/
https://jointaction4hri.laas.fr/
https://anr.fr/en/funded-projects-and-impact/funded-projects/project/funded/project/b2d9d3668f92a3b9fbbf7866072501ef-c67d03a23f/
https://anr.fr/en/funded-projects-and-impact/funded-projects/project/funded/project/b2d9d3668f92a3b9fbbf7866072501ef-c67d03a23f/
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#k/N/jee37Nk�j#N7##7d3eeydk8yR27@+ed/yj�kj7fV Qɍ �p2+ /2b Tbv+?QHQ;m2b /m
/ûp2HQTT2K2Mi 2i /2b T?BHQbQT?2b MQmb �pQMb i`�p�BHH2` ¨ H� +QM+2TiBQM /ǶmM2 �`+?Bi2+im`2
TQm` HǶ�+iBQM +QMDQBMi2 ?mK�BM@`Q#QiX *2H� � �#QmiBi ¨ mM2 i?ĕb2 2M Tbv+?QHQ;B2- bQmi2Mm2
2M /û+2K#`2 kykR- 2M +Q@2M+�/`2K2Mi 2Mi`2 HǶû[mBT2 _Q#QiB[m2 2i AMi2`�+iBQMa 2i H2
H�#Q`�iQB`2 *GG1 *Q;MBiBQM- G�M;m2b- G�M;�;2 2i 1`;QMQKB2 /2 HǶmMBp2`bBiû C2�M C�m`ĕb
¨ hQmHQmb2- E�i?H22M "2H?�bb2BM S`QTQbBiBQMb /2 bi`�iû;B2b +QKKmMB+�iBp2b TQm` mM2
�+iBQM DQBMi2 >mK�BM@_Q#Qi 2{+�+2- ~mB/2 2i /m`�#H2 ("2H?�bb2BM )X

CǶ�B �mbbB Q`;�MBbû mM2 bû`B2 /2 rQ`Fb?QTb ĿƘo2`b mM +�/`2 /Ƕ�+iBQM +QMDQBMi2Ƙŀ UiQ@
r�`/ � 7`�K2rQ`F 7Q` CQBMi �+iBQM 7D�Xb+B2M+2b+QM7XQ`;VX 1M 2z2i- BH 2bi BMiû`2bb�Mi
/ǶQ#b2`p2`- /m TQBMi /2 pm2 /ǶmM `Q#QiB+B2M- [m2 HǶ�+iBQM +QMDQBMi2 ?mK�BM@?mK�BM 2bi
mM bmD2i /2 `2+?2`+?2 BMi2Mb2 2M Tbv+?QHQ;B2 +Q;MBiBp2 2i 2M T?BHQbQT?B2X *2 +QMbi�i MQmb
� +QM/mBi ¨ K2ii`2 2M TH�+2 mM2 BMBiB�iBp2 THm`B/Bb+BTHBM�B`2 TQm` +`û2` mM2 QTTQ`imMBiû
mMB[m2 /Ƕû+?�M;2b b+B2MiB}[m2b ¨ i`�p2`b mM2 bû`B2 /Ƕ�i2HB2`b BMiBimHûb Ǵp2`b mM *�/`2 /Ƕ�+@
iBQM *QMDQBMi2Ǵ U7D�Xb+B2M+2b+QM7XQ`;VX G2b Tbv+?QHQ;m2b 2i H2b T?BHQbQT?2b T2mp2Mi T`ûb2M@
i2` H2b /ûp2HQTT2K2Mib `û+2Mib /2 H� `2+?2`+?2@�+iBQM +QMDQBMi2- i�M/Bb [m2 H2b `Q#QiB+B2Mb
T2mp2Mi /Bb+mi2` /2b /û}b �mt[m2Hb BHb bQMi +QM7`QMiûb 2M +2 [mB +QM+2`M2 HǶBMi2`�+iBQM
?QKK2@`Q#Qi 2i THmb T`û+BbûK2Mi HǶ�+iBpBiû +QMDQBMi2 ?QKK2@`Q#QiX

C2 bmBb �mDQm`/Ƕ?mB +QQ`/BM�i2m` 2i `2bTQMb�#H2 b+B2MiB}[m2 /m T`QD2i �L_ 7`�M+Q@
;2`K�MQ@D�TQM�Bb �B9?`B �`iB}+B�H BMi2HHB;2M+2 7Q` ?mK�M@`Q#Qi BMi2`�+iBQMX C2 bmBb `2bTQM@
b�#H2 b+B2MiB}[m2 TQm` H2 G��a TQm` H2b T`QD2ib �L_ 1Ga� 1z2+iBp2 G2�`MBM; Q7 aQ+B�H
�zQ`/�M+2b 2i �L_ �ah_A. A� .Aa*lh1_ .B�HQ;m2 AMi2`�+iB7 ai`m+im`û- *QMbQHB/û 2i
lMB}û TQm` H� `û�HBb�iBQM /2 h�+?2b 2M _Q#QiB[m2X

C2 bmBb û;�H2K2Mi BKTHB[mû2 /�Mb H2 T`QD2i �L_ C*C* 1SAA* 1H2+i`QS?vbBQHQ;B+�H
AMpQHmMi�`v AMTmib 7Q` *QHH�#Q`�iBp2 `Q#QiB+b 2M?�M+2K2MiX

6Q`K�iBQM
ě .Q+iQ`�i- G��a@*L_a- hQmHQmb2 U6`�M+2V @ kyyk@kyyd

ě amT2`pBbBQM TQm` mM `Q#Qi BMi2`�+iB7 , �+iBQM 2i AMi2`�+iBQM TQm` mM `Q#Qi �m@
iQMQK2 2M 2MpB`QMM2K2Mi ?mK�BM

ě /B`2+i2m`b /2 i?ĕb2 , _�+?B/ �H�KB- _�D� *?�iBH�- G��a *L_a- hQmHQmb2-
6`�M+2

ě .1� AK�;2`B2 oBbBQM _Q#QiB[m2- ALS:- :`2MQ#H2 U6`�M+2V @ kyyR@kyyk
ě GB+2M+2 /2 Sbv+?QHQ;B2- lMBp2`bBiû S�`Bb 3- kyRe@RyR3

1tTû`B2M+2b T`Q72bbBQMM2HH2b
ě AM;ûMB2m`2 /2 `2+?2`+?2 2M `Q#QiB[m2 UbT2+X AMi2`�+iBQM >mK�BM@_Q#QiV ě G��a@

*L_a- hQmHQmb2 U6_�L*1V ě kyRk@S_1a1Lh
ě _2bTQMb�#H2 /2 T`QD2ib ě �iQa- hQmHQmb2 U6`�M+2V @ kyRR@kyRk

ě :2biBQM /Ƕû[mBT2X amT2`pBbBQM /2 HǶ�p�M+2K2Mi /2b T`QD2ibX 1H�#Q`�iBQM /2b `û@
TQMb2bX :2biBQM /2 H� `2H�iBQM +HB2MiX :2biBQM /m `2TQ`iBM; 2i /m TH�MMBM;X

ě JmHiB@T`QD2+ib i2�K K�M�;2K2MiX S`QD2+ib bmT2`pBbBQM �M/ 7QHHQr@mT X 1H�#Q`�@
iBQM Q7 T`QTQb�HbX >�M/HBM; +mbiQK2`fbmTTHB2` `2H�iBQMb?BTX *�``B2/ Qmi `2TQ`@
iBM; iQ i?2 2t2+miBp2 +QKKBii22X _2bTQMbB#H2 7Q` +QMi`�+i- TH�MMBM;- BMpQB+BM;-
/2HBp2`v- `BbFb �M/ +QbibX

https://anr.fr/en/funded-projects-and-impact/funded-projects/project/funded/project/b2d9d3668f92a3b9fbbf7866072501ef-c67d03a23f/
https://anr.fr/en/funded-projects-and-impact/funded-projects/project/funded/project/b2d9d3668f92a3b9fbbf7866072501ef-c67d03a23f/
fja.sciencesconf.org
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ě AM;ûMB2`B2 /2b 2tB;2M+2b /�Mb H2 /QK�BM2 /2 HǶ�miQKQ#BH2 U*QMiBM2Mi�HV 2i /2
HǶ2bT�+2 U*L1aVX

ě AM;ûMB2m`2 HQ;B+B2H 2K#�`[mû @ �hPa- hQmHQmb2 U6_�M+2V ě kyy3@kyRR
ě T`QD2i �B` h`�{+ *QMi`QH U�h*V- T`Q;`�KK2b �j8y- �j3y- �9yyJ U�B`#mbV
ě h`�p�BH b2HQM H2 MQ`K2 .P@Rd3"- aQ7ir�`2 *QMbB/2`�iBQMb BM �B`#Q`M2 avbi2Kb

�M/ 1[mBTK2Mi *2`iB}+�iBQM UG2p2H *V





*?�TBi`2 R

�+iBpBiûb

RXR �+iBpBiûb /Ƕ2M+�/`2K2Mi
RXRXR h?ĕb2

1+QH2 /Q+iQ`�H2 /2 _�ii�+?2K2Mi , 1+QH2 .Q+iQ`�H2 9d8 J�i?ûK�iB[m2b- AM7Q`K�iB[m2-
hûHû+QKKmMB+�iBQMb /2 hQmHQmb2

kyR3@kykR @ :mBHH�mK2 a�_h>Pl @ EMQrH2/;2 `2T`2b2Mi�iBQM �M/ 2tTHQBi�iBQM
7Q` BMi2`�+iBp2 �M/ +Q;MBiBp2 `Q#Qib (a�`i?Qm kykR�) U+Q@2M+�/`2K2Mi �p2+ _�+?B/
�H�KBV
_ûbmKû , GǶ�``Bpû2 /2b `Q#Qib /�Mb MQi`2 pB2 [mQiB/B2MM2 7�Bi ûK2`;2` H2 #2bQBM

TQm` +2b bvbiĕK2b /Ƕ�pQB` �++ĕb ¨ mM2 `2T`ûb2Mi�iBQM TQmbbû2 /2b +QMM�Bbb�M+2b
2i /2b +�T�+Biûb /2 `�BbQMM2K2Mib �bbQ+Bû2bX �BMbB- H2b `Q#Qib /QBp2Mi TQmpQB`
+QKT`2M/`2 H2b ûHûK2Mib [mB +QKTQb2Mi HǶ2MpB`QMM2K2Mi /�Mb H2[m2H BHb ûpQHm2MiX
.2 THmb- H� T`ûb2M+2 /Ƕ?mK�BMb /�Mb +2b 2MpB`QMM2K2Mib 2i /QM+ H� Mû+2bbBiû
/ǶBMi2`�;B` �p2+ 2mt �KĕM2Mi /2b 2tB;2M+2b bmTTHûK2Mi�B`2bX �BMbB- H2b +QMM�Bb@
b�M+2b M2 bQMi THmb miBHBbû2b T�` H2 `Q#Qi /�Mb H2 b2mH #mi /Ƕ�;B` T?vbB[m2K2Mi
bm` bQM 2MpB`QMM2K2Mi K�Bb �mbbB /�Mb mM #mi /2 +QKKmMB+�iBQM 2i /2 T�`i�;2
/ǶBM7Q`K�iBQM �p2+ H2b ?mK�BMbX G� +QMM�Bbb�M+2 M2 /QBi THmb āi`2 mMB[m2K2Mi
+QKT`û?2MbB#H2 T�` H2 `Q#Qi HmB@KāK2 K�Bb /QBi �mbbB TQmpQB` āi`2 2tT`BKû2 2i
T�`i�;û2X .�Mb H� T`2KBĕ`2 T�`iB2 /2 +2ii2 i?ĕb2- MQmb T`ûb2MiQMb PMiQHQ;2MBmb-
H2 HQ;B+B2H /ûp2HQTTû /m`�Mi +2b i`QBb �Mb /2 i?ĕb2X *Ƕ2bi mM HQ;B+B2H T2`K2ii�Mi
/2 K�BMi2MB` /2b #�b2b /2 +QMM�Bbb�M+2b bQmb 7Q`K2 /ǶQMiQHQ;B2b- /2 `�BbQMM2`
/2bbmb 2i /2 H2b ;û`2` /vM�KB[m2K2MiX LQmb +QKK2MÏQMb T�` 2tTHB[m2` 2M [mQB
+2 HQ;B+B2H 2bi �/�Tiû �mt �TTHB+�iBQMb /ǶBMi2`�+iBQM ?mK�BM@`Q#Qi U>_AV- MQ@
i�KK2Mi �p2+ H� TQbbB#BHBiû /2 `2T`ûb2Mi2` H� #�b2 /2 +QMM�Bbb�M+2b /m `Q#Qi
K�Bb �mbbB mM2 2biBK�iBQM /2b #�b2b /2 +QMM�Bbb�M+2b /2b T�`i2M�B`2b ?mK�BMb
+2 [mB T2`K2i /ǶBKTHûK2Mi2` H2b Kû+�MBbK2b /2 i?ûQ`B2 /2 HǶ2bT`Bi- i2HH2 [m2 H�
T`Bb2 /2 T2`bT2+iBp2X LQmb TQm`bmBpQMb �p2+ mM2 T`ûb2Mi�iBQM /2 b2b BMi2`7�+2bX
*2ii2 T�`iB2 b2 i2`KBM2 T�` mM2 �M�Hvb2 /2b T2`7Q`K�M+2b /m bvbiĕK2 �BMbB /ûp2@
HQTTûX .�Mb mM2 b2+QM/2 T�`iB2- +2ii2 i?ĕb2 T`ûb2Mi2 MQi`2 +QMi`B#miBQM ¨ /2mt
T`Q#HĕK2b /Ƕ2tTHQ`�iBQM /2b +QMM�Bbb�M+2b , HǶmM �v�Mi i`�Bi �m `û7û`2M+2K2Mi
bT�iB�H 2i HǶ�mi`2 ¨ HǶmiBHBb�iBQM /2 +QMM�Bbb�M+2b bûK�MiB[m2bX LQmb +QKK2M@
ÏQMb T�` mM2 i�+?2 /2 /2b+`BTiBQM /ǶBiBMû`�B`2b TQm` H�[m2HH2 MQmb T`QTQbQMb
mM2 QMiQHQ;B2 T2`K2ii�Mi /2 /û+`B`2 H� iQTQHQ;B2 /Ƕ2MpB`QMM2K2Mib BMiû`B2m`b 2i
/2mt �H;Q`Bi?K2b /2 `2+?2`+?2 /ǶBiBMû`�B`2bX LQmb TQm`bmBpQMb �p2+ mM2 i�+?2 /2
;ûMû`�iBQM /Ƕ2tT`2bbBQM /2 `û7û`2M+2X *2ii2 i�+?2 pBb2 ¨ bûH2+iBQMM2` HǶ2Mb2K#H2
QTiBK�H /ǶBM7Q`K�iBQMb ¨ +QKKmMB[m2` �}M /2 T2`K2ii`2 ¨ mM �m/Bi2m` /ǶB/2MiB@
}2` HǶ2MiBiû `û7û`2M+û2 /�Mb mM +QMi2ti2 /QMMûX *2 /2`MB2` �H;Q`Bi?K2 2bi 2MbmBi2
�{Mû TQm` v �DQmi2` H2b BM7Q`K�iBQMb bm` H2b �+iBpBiûb T�bbû2b T`Qp2M�Mi /ǶmM2



Rey *?�TBi`2 RX �+iBpBiûb

�+iBQM +QMDQBMi2 2Mi`2 mM `Q#Qi 2i mM ?mK�BM- �}M /2 ;ûMû`2` /2b 2tT`2bbBQMb
2M+Q`2 THmb T2`iBM2Mi2bX AH 2bi û;�H2K2Mi BMiû;`û ¨ mM TH�MB}+�i2m` /2 i�+?2b
bvK#QHB[m2 TQm` 2biBK2` H� 7�Bb�#BHBiû 2i H2 +Qȿi /2b 7mim`2b +QKKmMB+�iBQMbX
*2ii2 i?ĕb2 b2 i2`KBM2 T�` H� T`ûb2Mi�iBQM /2 /2mt �`+?Bi2+im`2b +Q;MBiBp2b- H�
T`2KBĕ`2 miBHBb�Mi MQi`2 +QMi`B#miBQM +QM+2`M�Mi H� /2b+`BTiBQM /ǶBiBMû`�B`2 2i
H� b2+QM/2 miBHBb�Mi MQb +QMi`B#miBQMb �miQm` /2 H� :ûMû`�iBQM /Ƕ1tT`2bbBQM /2
_û7û`2M+2X G2b /2mt miBHBb2Mi PMiQHQ;2MBmb TQm` ;û`2` H� #�b2 /2 +QMM�Bbb�M+2b
bûK�MiB[m2X § i`�p2`b +2b /2mt �`+?Bi2+im`2b- MQmb T`ûb2MiQMb +QKK2Mi MQb i`�@
p�mt QMi �K2Mû H� #�b2 /2 +QMM�Bbb�M+2b � T`2M/`2 mM `ƬH2 +2Mi`�H- 7Qm`MBbb�Mi
/2b +QMM�Bbb�M+2b ¨ iQmb H2b +QKTQb�Mib /m bvbiĕK2X

kyRd@kykR @ �K�M/BM2 J�uAJ� @ 1M/QrBM; i?2 _Q#Qi rBi? i?2 �#BHBiB2b
iQ *QMi`QH �M/ 1p�Hm�i2 Bib *QMi`B#miBQM iQ � >mK�M@_Q#Qi CQBMi �+iBQM
(J�vBK� kykR�) U+Q@2M+�/`2K2Mi �p2+ _�+?B/ �H�KBV
_ûbmKû , lM MQK#`2 BKTQ`i�Mi /Ƕûim/2b b2 +QM+2Mi`2Mi bm` /2b 7QM+iBQMM�HBiûb

`2M/�Mi mM `Q#Qi THmb miBH2 2i �/�Ti�iB7 i2Hb [m2 H� TH�MB}+�iBQM- H� T2`+2TiBQM-
H� ;2biBQM /2b +QMM�Bbb�M+2b- H� M�pB;�iBQM- H� `2+QMM�Bbb�M+2 /Ƕ�+iBQMb- H2 /B�@
HQ;m2XXX Zm2 HǶQM �KûHBQ`2 +2b 7QM+iBQMM�HBiûb 2bi 2bb2MiB2HX *2T2M/�Mi +2 M2 bQMi
T�b 2HH2b [mB 7QMi +QHH�#Q`2` mM `Q#Qi 2i mM ?mK�BM- K�Bb H� bmT2`pBbBQMX 1M 2z2i-
+2 +QKTQb�Mi- i2H mM K�`BQMM2iiBbi2- +QMi`ƬH2 H2b �mi`2b +QKTQb�Mib /2 HǶ�`+?B@
i2+im`2 [mB BKTHûK2Mi2Mi H2b 7QM+iBQMM�HBiûb bmb@K2MiBQMMû2bX 1M bǶ�TTmv�Mi
bm` 2mt- BH T`2M/ H2b /û+BbBQMb bm` +QKK2Mi 2i [m�M/ H2 `Q#Qi /QBi �;B`- /�Mb
mM2 i�+?2 /2 +QHH�#Q`�iBQM �p2+ mM ?mK�BM- BH /û+B/2 +2 [m2 H2 `Q#Qi /QBi /B`2-
2M `û�;Bbb�Mi ¨ HǶ2MpB`QMM2K2Mi- �m +QKTQ`i2K2Mi 2i �mt +QKKmMB+�iBQMb /2
HǶ?mK�BMX .�Mb +2ii2 i?ĕb2- MQmb T`QTQbQMb mM +QKTQb�Mi /2 bmT2`pBbBQM /û/Bû
¨ HǶBMi2`�+iBQM ?mK�BM@`Q#QiX AH /Qi2 H2 `Q#Qi /ǶmM +2`i�BM MQK#`2 /2 +�T�+Biûb
/�Mb H2 #mi /Ƕ2M 7�B`2 H2 K2BHH2m` T�`i2M�B`2 TQm` HǶ?mK�BM- i2HH2b [m2 H� KQ/û@
HBb�iBQM /2 b2b ûi�ib K2Mi�mt Qm HǶ�/�Ti�iBQM ¨ b2b /û+BbBQMbX S�` �BHH2m`b- MQmb
BMi`Q/mBbQMb mM MQmp2�m +QM+2Ti , HǶûp�Hm�iBQM T�` H2 `Q#Qi 2M i2KTb `û2H /2 H�
[m�HBiû /2 bQM BMi2`�+iBQM �p2+ mM ?mK�BMX AH bǶ�;Bi /ǶmM2 T`2KBĕ`2 ûi�T2 p2`b H�
;2biBQM /2b +QMiBM;2M+2b- +�` THmb i�`/- 2M /2?Q`b /m +�/`2 /2 +2ii2 i?ĕb2- +2ii2
Kûi?Q/2 TQm``�Bi bǶBMiû;`2` ¨ H� bmT2`pBbBQM- HǶ�B/�Mi ¨ �KûHBQ`2` b� /û+BbBQM 2i
b2b `û�+iBQMbX

RXRXk J�bi2`

ě kyRj CmH2b q�H/?�`i @ Jk ALa� U+Q@2M+�/`2K2Mi �p2+ _�+?B/ �H�KBV @
ě kyR9 a�M/`� .2pBM @ Jk 1La11A>h U+Q@2M+�/`2K2Mi �p2+ _�+?B/ �H�KBV @ am@

T2`pBbBQM TQm` HǶBMi2`�+iBQM ?mK�BM@`Q#Qi
ě kyR8 :BHH2b G�+`QBt @ JR lSaAh1*> U+Q@2M+�/`2K2Mi �p2+ :`û;QB`2 JBHHB2xV @ h�F2

T�`i BM i?2 /2p2HQTK2Mi Q7 �M BM72`2M+2 7`�K2rQ`F 7Q` � S_k `Q#Qi- .2p2HQTK2Mi
Q7 � _Pa THm;BM 7Q` j. pBbm�HBx�iBQM- AKTH2K2Mi�iBQM Q7 � /�i�#�b2 K�M�;2`

ě kyRe .Q`B�M Em`x�D @ JR ALa� U+Q@2M+�/`2K2Mi �p2+ *?`Bbi2HH2 1+`2TQMiV @ AK@
TH2K2Mi�iBQM Q7 � +QKKmMB+�iBQM #`B/;2 #2ir22M i?2 AQh TH�i7Q`K PJkJ �M/ i?2
`Q#QiB+ 7`�K2rQ`F _Pa

ě kyRd *�KBHH2 o`B;M�m/ @ Jk Sbv+?QHQ;B2 1`;QMQKB2 U+Q@2M+�/`2K2Mi �p2+ a�M@
/`� .2pBM- _�+?B/ �H�KB- PT?ûHB2 *�``2`�b 2i GQB+ *�`QmtV @ 1p�Hm�iBQM /ǶmM2
BMi2`�+iBQM ?mK�M@`Q#Qi pB� H� `û�HBb�iBQM /ǶmM2 ûim/2 miBHBb�i2m`



RXkX �+iBpBiûb /Ƕ2Mb2B;M2K2Mi ReR

ě kyRd CmHB� *Q?2M @ JR ALa� U+Q@2M+�/`2K2Mi �p2+ *?`Bbi2HH2 1+`2TQMiV @ GB�BbQM
2Mi`2 mM2 �`+?Bi2+im`2 `Q#QiB[m2 2i /2b Q#D2ib +QMM2+iûb

ě kyRd :mBHH�mK2 a�`i?Qm @ JR ALa� U+Q@2M+�/`2K2Mi �p2+ *?`Bbi2HH2 1+`2TQMiV @
GB�BbQM 2Mi`2 mM2 �`+?Bi2+im`2 `Q#QiB[m2 2i /2b Q#D2ib +QMM2+iûb

ě kyR3 :mBHH�mK2 a�`i?Qm @ Jk ALa� U+Q@2M+�/`2K2Mi �p2+ _�+?B/ �H�KBV @ "�b2
/2 +QMM�Bbb�M+2b 2i QMiQHQ;B2b TQm` HǶBMi2`�+iBQM ?mK�BM@`Q#Qi

ě kyR3 L�i?�M *QKT�M @ Jk Sbv+?QHQ;B2 1`;QMQKB2 U+Q@2M+�/`2K2Mi �p2+ :mBH?2K
"mBb�M- _�+?B/ �H�KB- PT?ûHB2 *�``2`�b 2i GQB+ *�`QmtV @ 1im/2 2tTû`BK2Mi�H2 /2
HǶBMi2`�+iBQM ?mK�BM@`Q#Qi /�Mb H2 +�/`2 /2 H� M�pB;�iBQM /�Mb mM 2bT�+2 T?vbB[m2
T�`i�;ûX

ě kyR3 C�bQM :�m/BM2i @ Jk ALa� U+Q@2M+�/`2K2Mi �p2+ *?`Bbi2HH2 1+`2TQMiV

RXk �+iBpBiûb /Ƕ2Mb2B;M2K2Mi
ě BMi`Q/m+iBQM ¨ HǶBMi2`�+iBQM ?mK�BM@`Q#Qi @ k ¨ j ? UJ�bi2` A>J U/2TmBb kyRdV-

Aa�1 amT�û`Q U/2TmBb kyReVV

RXj �+iBpBiûb /Ƕûp�Hm�iBQM
C2 bmBb `2pB2r2` TQm` H� THmT�`i /2b +QM7û`2M+2b /2 KQM /QK�BM2 U>_A- _P@J�L-

A_Pa- A*_�VX C2 T�`iB+BT2 û;�H2K2Mi ¨ /Bp2`b2b �+iBpBiûb /ûi�BHHû2b +B@/2bbQmb ,

RXjXR J2K#`2 /2 +QKBiû /2 T`Q;`�KK2
ě K2K#`2 /m +QKBiû /2 T`Q;`�KK2 US* J2K#2`V >_A >mK�M _Q#Qi AMi2`�+iBQM

*QM72`2M+2 U>_A kykyV
ě K2K#`2 /m +QKBiû /2 T`Q;`�KK2 US* J2K#2`V AMi2`M�iBQM�H *QM72`2M+2 QM S`BM@

+BTH2b Q7 EMQrH2/;2 _2T`2b2Mi�iBQM �M/ _2�bQMBM; UE_kykRV
ě K2K#`2 /m +QKBiû /2 T`Q;`�KK2 US* J2K#2`V _Q#QT?BHQbQT?v kykk U_SkykkV

RXjXk 1/Bi2m` �bbQ+Bû
ě û/Bi2m` �bbQ+Bû U�bbQ+B�i2 1/BiQ`V A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB@

;2Mi _Q#Qib �M/ avbi2Kb UA_Pa kykRV
ě û/Bi2m` �bbQ+Bû U�bbQ+B�i2 1/BiQ`V A111 _Q#QiB+b �M/ �miQK�iBQM G2ii2`b A111

_�@G bBM+2 yNfkykR
ě û/Bi2m` �bbQ+Bû U�bbQ+B�i2 1/BiQ`V A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#Qi � >m@

K�M AMi2`�+iBp2 *QKKmMB+�iBQM U_PJ�L kykkV

RXjXj Cm`v /2 i?ĕb2
CǶ�B T�`iB+BTû �mt Dm`vb /2b i?ĕb2b bmBp�Mi2b ,
ě �;2MiBpBiû +QMDQBMi2 HQ`b /2b BMi2`�+iBQMb ?QKK2@K�+?BM2 , +QKK2Mi +QM+2pQB`

/2b �;2Mib THmb +QQTû`�iB7b \ T�` �śb?� a�?�ś @ CmBHH2i kyRN ?iiT,ffi?2b2bX7`f
kyRNSaG11yk8

ě .2+BbBQM�H Bbbm2b /m`BM; ?mK�M@`Q#Qi DQBMi �+iBQM T�` a�M/`� .2pBM @ LQp2K#`2
kyRd ?iiT,ffi?2b2bX7`f7`fkyRdALShyyNk

http://theses.fr/2019PSLEE025
http://theses.fr/2019PSLEE025
http://theses.fr/fr/2017INPT0092


Rek *?�TBi`2 RX �+iBpBiûb

ě �`+?Bi2+im`2 +Q;MBiBp2 ;2M2`B[m2 TQm` H� +QQ`/BM�iBQM /2 bi`�i2;B2b /Ƕ�TT`2MiBbb�;2
2M `Q#QiB[m2 T�` _2KB .`QKM2HH2 @ CmBHH2i kykR ?iiT,ffrrrXi?2b2bX7`fbkeee8y

ě JQ/ĕH2b BMbTB`ûb /2 H� Tbv+?QHQ;B2 /m /ûp2HQTT2K2Mi TQm` H2 `�BbQMM2K2Mi T?vbB[m2
2i bQ+B�H /�Mb H2 +�/`2 /2 HǶ�+iBQM DQBMi2 ?mK�BM@`Q#Qi T�` uQ�M a�HH�KB @ C�MpB2`
kykR ?iiT,ffi?2b2bmTbXmTb@iHb2X7`f8yekf

ě .2bQ`K2�mt- E2pBMX h2KTQ`�H KQ/2Hb Q7 KQiBQMb �M/ 7Q`+2b 7Q` >mK�M@_Q#Qi AM@
i2`�+iBp2 K�MBTmH�iBQM T�` E2pBM .2bQ`K2�mt @ P+iQ#`2 kyRN ?iiT,ffi?2b2bmTbX
mTb@iHb2X7`f989ef

RXjX9 Cm`v /2 +QM+Qm`b

CǶ�B T�`iB+BTû �mt Dm`vb /2 +QM+Qm`b Ah� bmBp�Mib ,
ě +QM+Qm`b Ah� A_ *L_a "�S* AM;ûMB2m` 2M +QM+2TiBQM 2i /ûp2HQTT2K2Mi 2M 2tTû@

`BK2Mi�iBQM U*QM+Qm`b Ah *L_a kN @ kyReV
ě +QM+Qm`b Ah� A1 AL_�1 AM;ûMB2m`U2V /Ƕûim/2 2tT2`i 2M i2+?MB[m2b 2tTû`BK2Mi�H2b

U*QM+Qm`b Ah AL_�1 A1ky@LlJJ@R @ kykV

RX9 �+iBpBiûb /2 /BzmbBQM /2 HǶBM7Q`K�iBQM b+B2MiB}[m2
RX9XR AMpBi2/ i�HFfbT2�F2`

ě +QM7û`2M+B2` BMpBiû UBMpBi2/ F2vMQi2V �`iB}+B�H AMi2HHB;2M+2 �M/ >mK�M@_Q#Qi AM@
i2`�+iBQM ���A 6�HH avKTQbBmK kyR8

ě +QM7û`2M+B2` BMpBiû UBMpBi2/ bT2�F2`V h`mbi BM _Q#Qib G2+im`2 a2`B2b- oB2MM�- kR
.2+2K#2` kyR3

ě +QM7û`2M+B2` BMpBiû UBMpBi2/ bT2�F2`V >lJ�ALh qBMi2` b+?QQH QM �A �M/ Bib 2i?B+�H-
H2;�H- bQ+B�H �M/ 2+QMQKB+ U1Ga1V BKT�+i- 9@3 62#`m�`v kyRN

ě +QM7û`2M+B2` BMpBiû UBMpBi2/ bT2�F2`V qQ`Fb?QT QM _Q#QiB+b- �A- �M/ >mK�MBiv ,
a+B2M+2- 1i?B+b- �M/ SQHB+vǴ Q`;�MBx2/ DQBMiHv #v i?2 SQMiB}+�H �+�/2Kv Q7 a+B2M+2b
US�aV �M/ i?2 SQMiB}+�H �+�/2Kv Q7 aQ+B�H a+B2M+2b US�aaV- *�bBM� SBQ Ao- o�iB@
+�M *Biv- Re@Rd J�v kyRN

ě +QM7û`2M+B2` BMpBiû UBMpBi2/ bT2�F2`V qQ`Fb?QT JAh �2`Q�bi`Q oB`im�H qQ`Fb?QT
@ Ǵ>mK�Mb AMi2`�+iBM; rBi? �miQMQKvǴ- Rj C�Mm�`v kykR

RX9Xk .Bbb2KBM�iBQM ;`�M/ Tm#HB+
ě T�`iB+BT�iBQM ¨ mM MmKû`Q /2b *m`BQM�mi2b bm` H2b `Q#Qib U?iiTb,ffrrrX

+m`BQM�mi2bX+QKfbQKK�B`2bfQ+iQ#`2@kyRN@�@[mQB@b2`p2Mi@H2b@`Q#QibfV
ě T�`iB+BT�iBQM ¨ mM �`iB+H2 bm` H2 /ûT�`i2K2Mi `Q#QiB[m2 /m G��a /�Mb mM MmKû`Q

bTû+B�H /2 a+B2M+2b 2i oB2 CmMBQ` bm` H2b `Q#Qib U"B2Mp2Mm2 /�Mb mM KQM/2 /2 `Q#Qib
aoC C�MpB2` kykRV

ě `2H2+im`2 /ǶmM K�M;� bm` H2b `Q#Qib Uû/BiBQM "�v�`/ S`2bb2 ?iiTb,ffrrrX
#�v�`/@2/BiBQMbX+QKfD2mM2bb2f/Q+mK2Mi�B`2f/2b@N@�Mb@dyR9fH2b@`Q#QibV

RX8 P`;�MBb�iBQM /2 rQ`Fb?QTb
C2 bmBb HǶQ`;�MBb�i`B+2 /ǶmM2 bû`B2 /2 rQ`Fb?QTb bm` HǶ�+iBQM DQBMi2 ?mK�BM@`Q#QiX

http://www.theses.fr/s266650
http://thesesups.ups-tlse.fr/5062/
http://thesesups.ups-tlse.fr/4546/
http://thesesups.ups-tlse.fr/4546/
https://www.curionautes.com/sommaires/octobre-2019-a-quoi-servent-les-robots/
https://www.curionautes.com/sommaires/octobre-2019-a-quoi-servent-les-robots/
https://www.bayard-editions.com/jeunesse/documentaire/des-9-ans-7014/les-robots
https://www.bayard-editions.com/jeunesse/documentaire/des-9-ans-7014/les-robots


RX8X P`;�MBb�iBQM /2 rQ`Fb?QTb Rej

RX8XR .2b+`BTiBQM

.2TmBb THmb /ǶmM2 /û+2MMB2- H2 /QK�BM2 /2 HǶBMi2`�+iBQM ?mK�BM@`Q#Qi � ;ûMû`û /2 MQK@
#`2mb2b +QMi`B#miBQMb BMiû`2bb�Mi2b TQm` H� +QKKmM�miû `Q#QiB[m2 /�Mb bQM 2Mb2K#H2X G2
+?�KT 2bi p�bi2- �HH�Mi /2 H� T2`+2TiBQM U2X;X- i�+iBH2 Qm pBbm2HH2V ¨ HǶ�+iBQM U2X;X- K�MBTm@
H�iBQM- M�pB;�iBQMV 2i ¨ H� /û+BbBQM U2X;X- BMi2`�+iBQM- TH�MB}+�iBQM +QMb+B2Mi2 /2 HǶ?mK�BMVX
*2T2M/�Mi- HQ`b[mǶBH bǶ�;Bi /2 /ûp2HQTT2` /2 7mim`b �bbBbi�Mib `Q#Qib Qm +Qû[mBTB2`b `Q#Q@
iB[m2b /�Mb /2b û[mBT2b KBti2b ?mK�BM@`Q#Qi- BH 2bi Mû+2bb�B`2 /Ƕ�TT`Q7QM/B` H� +QKT`û?2M@
bBQM /2 HǶ�+iBQM +QMDQBMi2 ?mK�BM@`Q#Qi [mB TQm``�Bi 7Qm`MB` mM +�/`2 TQm` H2b /Bzû`2Mi2b
+QMi`B#miBQMb 2i ûim/2bX

AH 2bi BMiû`2bb�Mi /ǶQ#b2`p2`- /ǶmM TQBMi /2 pm2 `Q#QiB[m2- [m2 H� `2+?2`+?2 bm` HǶ�+@
iBQM +QMDQBMi2 ?mK�BM2 2bi mM bmD2i /2 `2+?2`+?2 BMi2Mb2 2M Tbv+?QHQ;B2 +Q;MBiBp2 2i 2M
T?BHQbQT?B2X .�Mb +2i �i2HB2`- MQmb �BK2`BQMb �M�Hvb2` H2b ?vTQi?ĕb2b 7QM/�K2Mi�H2b �BMbB
[m2 H2b `ûbmHi�ib 2KTB`B[m2b /ûi�BHHûb /2 +2b /Bb+BTHBM2b 2i H2b `2HB2` �mt /Bp2`b2b �+iBpBiûb
/2 `2+?2`+?2 2M +Qm`b 2M `Q#QiB[m2- /2 H� +QM+2TiBQM /Ƕ�`+?Bi2+im`2b /2 +QMi`ƬH2 ¨ HǶBM@
i2`�+iBQM ?mK�BM@`Q#QiX SHmb T`û+BbûK2Mi- MQi`2 Q#D2+iB7 2bi /2 `�bb2K#H2` /Bp2`b �bT2+ib
/2b i`�p�mt 2tBbi�Mib 2i /Ƕ2t�KBM2` +QKK2Mi BHb T2mp2Mi MQmb �B/2` ¨ /û}MB` H2 ivT2 /2
+�/`2 BMiû;`�iB7 Mû+2bb�B`2 ¨ H� +QM+2TiBQM /ǶmM `Q#Qi �miQMQK2 TQmp�Mi bǶ2M;�;2` /�Mb
mM2 BMi2`�+iBQM ¨ HQM; i2`K2 �p2+ mM T�`i2M�B`2 ?mK�BMX *2 +�/`2 /2p`�Bi TQmpQB` b2`pB`
/2mt Q#D2+iB7b +QKTHûK2Mi�B`2bX .ǶmM2 T�`i- +2H� /QBi MQmb �B/2` ¨ /û}MB` �p2+ T`û+BbBQM
+2 [mǶmM `Q#Qi /QBi +QKT`2M/`2 /2 HǶ?mK�BM �p2+ H2[m2H BH BMi2`�;Bi TQm` [m2 HǶBMi2`�+iBQM
bQBi `ûmbbB2 2i /QM+ /2 [m2HH2b +�T�+Biûb H2 `Q#Qi /QBi āi`2 û[mBTû TQm` bǶ�bbm`2` [mǶBH T2mi
+QMbi`mB`2 +2ii2 +QKT`û?2MbBQMX .Ƕ�mi`2 T�`i- H2 `Q#Qi /QBi û;�H2K2Mi āi`2 +QKT`Bb T�` bQM
T�`i2M�B`2 ?mK�BM 2i +2 +�/`2 /2p`�Bi MQmb �B/2` ¨ +H�`B}2` +QKK2Mi +2ii2 +QKT`û?2MbBQM
7QM+iBQMM2 2i +2 [mB 2bi Mû+2bb�B`2 TQm` T2`K2ii`2 �m `Q#Qi /2 b2 +QKTQ`i2` /2 K�MBĕ`2
�TT`QT`Bû2 2i /ǶmM2 K�MBĕ`2 [mB K�MB72bi2 +2 [mǶBH 7�Bi �m T�`i2M�B`2 ?mK�BMX

GǶQ#D2+iB7 /2 +2b rQ`Fb?QTb 2bi /2 `ûmMB` /2b +?2`+?2m`b 2M `Q#QiB[m2- /2b Tbv+?Q@
HQ;m2b 2i /2b T?BHQbQT?2bX *2H� +`û2`� mM2 Q++�bBQM mMB[m2 /Ƕû+?�M;2b b+B2MiB}[m2b 2Mi`2
+2b /Bb+BTHBM2bX 1M T�`iB+mHB2`- /2b Tbv+?QHQ;m2b 2i /2b T?BHQbQT?2b �m`QMi HǶQ++�bBQM /2
T`ûb2Mi2` H2b /ûp2HQTT2K2Mib `û+2Mib /2 H� `2+?2`+?2@�+iBQM +QMDQBMi2- i�M/Bb [m2 H2b `Q@
#QiB+B2Mb TQm``QMi /Bb+mi2` /2b /û}b �mt[m2Hb BHb bQMi +QM7`QMiûb 2M K�iBĕ`2 /ǶBMi2`�+iBQM
?mK�BM@`Q#Qi 2i THmb T`û+BbûK2Mi /Ƕ�+iBpBiû +QMDQBMi2 ?mK�BM@`Q#QiX LQmb BK�;BMQMb 2i
2bTû`QMb [m2 HǶ�i2HB2` b2`� mM2 T`2KBĕ`2 `ûmMBQM /ǶmM2 bû`B2 /Ƕ�i2HB2`b /�Mb H2b �MMû2b ¨
p2MB` [mB +`û2`QMi mM +QMi2ti2 /�Mb H2[m2H H2b +?2`+?2m`b BMiû`2bbûb TQm``QMi b2 `ûmMB`
2i /Bb+mi2` /2 HǶûH�#Q`�iBQM /ǶmM +�/`2 BMiû;`�iB7 TQm` H� `2+?2`+?2 bm` HǶ�+iBQM +QMDQBMi2
?mK�BM@`Q#QiX

*2b rQ`Fb?QTb QMi `ûmMB /2 jy ¨ 8y T2`bQMM2b HQ`b /2 +?�+mM2 /2b û/BiBQMbX

RX8Xk aBi2 r2#

7D�Xb+B2M+2b+QM7XQ`;

RX8Xj GBbi2 /2b rQ`Fb?QTb

ě hQr�`/b � 6`�K2rQ`F 7Q` CQBMi �+iBQM U6C�!_PJ�LkyR9V
ě hQr�`/b � 6`�K2rQ`F 7Q` CQBMi �+iBQM U6C�!>_AkyR8V
ě hQr�`/b � 6`�K2rQ`F 7Q` CQBMi �+iBQM U6C�!A*a_kyR8V



Re9 *?�TBi`2 RX �+iBpBiûb

ě 6`QK >mK�M@>mK�M CQBMi �+iBQM iQ >mK�M@_Q#Qi CQBMi �+iBQM U�M/ pB+2@p2`b� 5V
U>_C�kyReV

ě hQr�`/b � 6`�K2rQ`F 7Q` CQBMi �+iBQM @ q?�i �#Qmi *QKKQM :`QmM/ \
U6C�!_PJ�LkyReV

ě hQr�`/b � 6`�K2rQ`F 7Q` CQBMi �+iBQM @ q?�i �#Qmi *QKKBiK2Mib \
U6C�!_P"PS>AGPaPS>ukyReV

ě hQr�`/b � 6`�K2rQ`F 7Q` CQBMi �+iBQM @ _Q#QiC�J 555 U6C�!C�JkyRdV
ě hQr�`/b � 6`�K2rQ`F 7Q` CQBMi �+iBQM @ q?�i �#Qmi h?2Q`v Q7 JBM/ \

U6C�!_aakyR3V
ě >mK�M@_Q#Qi CQBMi �+iBQM @ _2}MBM; i?2 mM/2`bi�M/BM; Q7 DQBMi �+iBQM i?`Qm;?

�M BMi2`/Bb+BTHBM�`v T2`bT2+iBp2 U>_C�kyR3V
ě hQr�`/b � 6`�K2rQ`F 7Q` CQBMi �+iBQM @ h?2 *QKKmMB+�iBQM *?�HH2M;2b BM CQBMi

�+iBQM 7Q` >mK�M@_Q#Qi AMi2`�+iBQM U6C�!A*a_kyRNV
ě hQr�`/b � 6`�K2rQ`F 7Q` CQBMi �+iBQM @ aQ+B�H JQ/2Hb 7Q` aQ+B�H _Q#QiB+b

U6C�!_P"PS>AGPaPS>ukykyV



*?�TBi`2 k

S`QD2ib T�bbûb

S`QD2ib bm` H2b[m2Hb DǶ�B +QHH�#Q`û 2i K2b Tm#HB+�iBQMb �bbQ+Bû2bX

kXR CQBMi�+iBQM9>_A U6`2M+? �L_ T`QD2+iV kyRd@kykR

kXRXR .2b+`BTiBQM

.�Mb +2 T`QD2i- MQmb �pQMb ûim/Bû H2b +QKTQb�Mib 2i Kû+�MBbK2b +Hûb [mB bQmb@i2M/2Mi
HǶ�+iBQM +QMDQBMi2- H2m` +QMi2Mm BM7Q`K�iBQMM2H 2i H� 7�ÏQM /QMi BHb bQMi HBûb 2Mi`2 2mt- i2K@
TQ`�B`2K2Mi- ?Bû`�`+?B[m2K2Mi 2i /2 K�MBĕ`2 bB;MB}+�iBp2X LQi`2 �K#BiBQM 2bi /2 +QMi`B@
#m2`- �m MBp2�m H2 THmb 7QM/�K2Mi�H- ¨ HǶB/2MiB}+�iBQM 2i ¨ H� +�`�+iû`Bb�iBQM /2b BM;`û/B2Mib
Mû+2bb�B`2b ¨ H� `û�HBb�iBQM `ûmbbB2 /ǶmM2 i�+?2 +QHH�#Q`�iBp2 /�Mb mM +QMi2ti2 ?mK�BM@
?mK�BM 2i ?mK�BM@`Q#QiX

kXRXk aBi2 r2#

?iiTb,ffDQBMi�+iBQM9?`BXH��bX7`f

kXRXj Sm#HB+�iBQMb
ě E�i?H22M "2H?�bb2BM- oő+iQ` 62`M�M/2x@*�bi`Q- �K�M/BM2 J�vBK�- �m`ûHB2 *HQ@

/B+- 1HBb�#2i? S�+?2`B2- 2i �HXX �//`2bbBM; DQBMi �+iBQM +?�HH2M;2b BM >_A , AMbB;?ib
7`QK Tbv+?QHQ;v �M/ T?BHQbQT?vX �+i� Sbv+?QHQ;B+�- 1Hb2pB2`- kykk- kkk- TTXRyj9deX
�RyXRyRefDX�+iTbvXkykRXRyj9de�X �?�H@yj8y8y9d�

ě �K�M/BM2 J�vBK�- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX hQr�`/b _Q#Qib �#H2 iQ J2�bm`2
BM _2�H@iBK2 i?2 Zm�HBiv Q7 AMi2`�+iBQM BM >_A *QMi2tibX AMi2`M�iBQM�H CQm`M�H Q7
aQ+B�H _Q#QiB+b- aT`BM;2`- AM T`2bb- �RyXRyydfbRkjeN@ykR@yy3R9@8�X �?�H@yjjkeN89�

ě :mBHH�mK2 a�`i?Qm- �K�M/BM2 J�vBK�- :mBH?2K "mBb�M- E�i?H22M "2H?�bb2BM- �m@
`ûHB2 *HQ/B+X h?2 .B`2+iQ` h�bF , � Sbv+?QHQ;v@AMbTB`2/ h�bF iQ �bb2bb *Q;MBiBp2
�M/ AMi2`�+iBp2 _Q#Qi �`+?Bi2+im`2bX jyi? A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q@
#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U_P@J�L kykRV- �m; kykR- o�M+Qmp2`
UoB`im�HV- *�M�/�X �RyXRRyNf_P@J�L8yd38XkykRXN8R889j�X �?�H@yjjkdkkk�

ě �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX q?�i Ab Ai iQ AKTH2K2Mi � >mK�M@_Q#Qi CQBMi
�+iBQM \X _Q#QiB+b- �A- �M/ >mK�MBiv- aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;- TTXkkN@
kj3- kykR- Nd3@j@yjy@89Rdk@NX �RyXRyydfNd3@j@yjy@89Rdj@enRN�X �?�H@yjR39dkd�

ě �K�M/BM2 J�vBK�- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX hQr�`/ � _Q#Qi *QKTmiBM;
�M PMHBM2 1biBK�iBQM Q7 i?2 Zm�HBiv Q7 Bib AMi2`�+iBQM rBi? Bib >mK�M S�`i@
M2`X kyky kNi? A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#Qi �M/ >mK�M AMi2`�+iBp2
*QKKmMB+�iBQM U_P@J�LV- �m; kyky- UoB`im�H *QM72`2M+2 V- Ai�HvX �RyXRRyNf_P@
J�L9dyNeXkykyXNkkj9e9�X �?�H@ykNRy3NN�

https://jointaction4hri.laas.fr/


Ree *?�TBi`2 kX S`QD2ib T�bbûb

ě oő+iQ` 62`M�M/2x *�bi`Q- _�mH >�FHB- �m`ûHB2 *HQ/B+X q?�i /Q2b Bi i�F2 iQ #2 �
bQ+B�H �;2Mi \X �TT2�`2/ BM , LǠ`bFQp- JX- a2B#i CX- ZmB+F PX kykyX *mHim`�HHv amb@
i�BM�#H2 aQ+B�H _Q#QiB+běS`Q+22/BM;b Q7 _Q#QT?BHQbQT?v kykyX- a2`B2b 6`QMiB2`b
Q7 �A �M/ Aib �TTHB+�iBQMb- APa S`2bb- �Kbi2`/�KX- kyky- �RyXjkjjf6�A�kyyN89�X
�?�H@ykNejy99�

ě E�i?H22M "2H?�bb2BM- :mBH?2K "mBb�M- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX hQr�`/b K2@
i?Q/QHQ;B+�H T`BM+BTH2b 7Q` mb2` bim/B2b BM >mK�M@_Q#Qi AMi2`�+iBQMX h2bi J2i?Q/b
�M/ J2i`B+b 7Q` 1z2+iBp2 >_A BM *QHH�#Q`�iBp2 >mK�M@_Q#Qi h2�Kb qQ`Fb?QT-
�*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M@_Q#Qi AMi2`�+iBQM- J�` kyRN-
.�2;m- aQmi? EQ`2�X �?�H@ykk3keyy�

ě a�M/`� .2pBM- *�KBHH2 o`B;M�m/- E�i?H22M "2H?�bb2BM- �m`ûHB2 *HQ/B+- PT?ûHB2 *�`@
`2`�b- 2i �HXX 1p�Hm�iBM; i?2 S2`iBM2M+2 Q7 _Q#Qi .2+BbBQMb BM � >mK�M@_Q#Qi CQBMi
�+iBQM *QMi2ti , h?2 S2_.Ah� Zm2biBQMM�B`2X kdi? A111 AMi2`M�iBQM�H *QM72@
`2M+2 QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U_P@J�L kyR3V- �m;
kyR3- L�MDBM;- *?BM�X �RyXRRyNf_PJ�LXkyR3X38k8d38�X �?�H@yRNyeRyR�

ě �m`ûHB2 *HQ/B+- C�pB2` o�x[m2x@a�H+2/�- 6`�MF .B;MmK- a�Km2H J�b+�`2M?�b- oB`@
;BMB� .B;MmK- 2i �HXX PM i?2 S2`iBM2M+2 Q7 aQ+B�H S`�+iB+2b 7Q` aQ+B�H _Q#QiB+bX APa
S`2bbX 1MpBbBQMBM; _Q#Qib BM aQ+B2iv Ĝ SQr2`- SQHBiB+b- �M/ Sm#HB+ aT�+2- TTXje@d9-
kyR3- Nd3@R@eR9NN@NjR@dX �RyXjkjjfNd3@R@eR9NN@NjR@d@ej�X �?�H@yRN9jdd9�

ě a�M/`� .2pBM- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX �#Qmi .2+BbBQMb .m`BM; >mK�M@
_Q#Qi a?�`2/ SH�M �+?B2p2K2Mi , q?Q a?QmH/ �+i �M/ >Qr \X aQ+B�H _Q#QiB+b-Ni?
AMi2`M�iBQM�H *QM72`2M+2- A*a_ kyRd- hbmFm#�- C�T�M- LQp2K#2` kk@k9- kyRd- S`Q@
+22/BM;b- Rye8k- bT`BM;2`- TTX98j@9ej- kyRd- G2+im`2 LQi2b BM *QKTmi2` a+B2M+2
#QQF b2`B2b- Nd3@j@jRN@dyykkX �?�H@yRN9jN8N�

ě E�i?H22M "2H?�bb2BM- �m`ûHB2 *HQ/B+- >ûHĕM2 *Q+?2i- J�`F2ii� LB2K2H - S BpB >2BF@
FBH - 2i �HXX >mK�M@>mK�M :mB/�M+2 aim/vX _�TTQ`i G��a Mê Rd8NeX kyRdX �?�H@
yRdRNdjy�



kXkX JmJJ1_@ JlHiBJQ/�H J�HH 1Mi2`i�BMK2Mi _Q#Qi U>kykyV kyRe@kykyRed

kXk JmJJ1_@ JlHiBJQ/�H J�HH 1Mi2`i�BMK2Mi _Q#Qi
U>kykyV kyRe@kyky

kXkXR .2b+`BTiBQM ,

G2 T`QD2i JmJJ1_ UǴJmHiBJQ/�H J�HH 1Mi2`i�BMK2Mi _Q#QiǴV T`QTQb�Bi /Ƕ�#Q`/2` H2
K�`+?û BKTQ`i�Mi 2i 2M +`QBbb�M+2 /2 H� `Q#QiB[m2 /2 /Bp2`iBbb2K2Mi ;`�M/ Tm#HB+ 2M 7�Bb�Mi
T`Q;`2bb2` H2b i2+?MQHQ;B2b Mû+2bb�B`2b TQm` T`2M/`2 2M +?�`;2 +2 /QK�BM2 /2 H� `Q#QiB[m2X
SHmb T`û+BbûK2Mi- H2 T`QD2i pBb�Bi �m /ûp2HQTT2K2Mi /ǶmM `Q#Qi +�T�#H2 /2 bǶ2M;�;2` 2i
/ǶBMi2`�;B` /2 K�MBĕ`2 �miQMQK2 2i M�im`2HH2 /�Mb H2b 2MpB`QMM2K2Mib /vM�KB[m2b /ǶmM
+2Mi`2 +QKK2`+B�H Tm#HB+- Qz`�Mi mM2 2tTû`B2M+2 2M;�;2�Mi2 2i /Bp2`iBbb�Mi2 �m ;`�M/
Tm#HB+X

kXkXk aBi2 r2# ,

?iiT,ffKmKK2`@T`QD2+iX2mf

kXkXj Sm#HB+�iBQMb ,
ě �K�M/BM2 J�vBK�- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX hQr�`/b _Q#Qib �#H2 iQ J2�bm`2

BM _2�H@iBK2 i?2 Zm�HBiv Q7 AMi2`�+iBQM BM >_A *QMi2tibX AMi2`M�iBQM�H CQm`M�H Q7
aQ+B�H _Q#QiB+b- aT`BM;2`- AM T`2bb- �RyXRyydfbRkjeN@ykR@yy3R9@8�X �?�H@yjjkeN89�

ě �K�M/BM2 J�vBK�- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX 1p�Hm�iBQM Q7 i?2 Zm�HBiv Q7
AMi2`�+iBQM 7`QK i?2 `Q#Qi TQBMi Q7 pB2r BM >mK�M@_Q#Qi AMi2`�+iBQMbX Rbi 1/BiBQM
Q7 Zm�HBiv Q7 AMi2`�+iBQM BM aQ+B�HHv �bbBbiBp2 _Q#Qib UZAa�_V qQ`Fb?QT- h?2
RRi? AMi2`M�iBQM�H *QM72`2M+2 QM aQ+B�H _Q#QiB+b UA*a_ kyRNV- LQp kyRN- J�/`B/-
aT�BMX �?�H@yk9yjy3R�

ě S BpB >2BFFBH - >�MM� G�KKB- J�`F2ii� LB2K2H - E�i?H22M "2H?�bb2BM- :mBHH�mK2
a�`i?Qm- 2i �HXX a?QmH/ � `Q#Qi ;mB/2 HBF2 � ?mK�M \ � [m�HBi�iBp2 7Qm`@T?�b2 bim/v
Q7 � b?QTTBM; K�HH `Q#QiX h?2 1H2p2Mi? AMi2`M�iBQM�H *QM72`2M+2 QM aQ+B�H _Q#QiB+b
UA*a_ kyRNV- LQp kyRN- J�/`B/- aT�BMX �?�H@ykk38yj8�

ě J�`v 1HH2M 6Qbi2`- "�`i *`�2M2M- �KQH .2b?KmF?- PHBp2` G2KQM- 1K�Mm2H2 "�b@
iB�M2HHB- 2i �HXX JmJJ1_ , aQ+B�HHv AMi2HHB;2Mi >mK�M@_Q#Qi AMi2`�+iBQM BM Sm#HB+
aT�+2bX �`iB}+B�H AMi2HHB;2M+2 7Q` >mK�M@_Q#Qi AMi2`�+iBQM avKTQbBmK U�A@>_AV-
���A 6�HH avKTQbBmK a2`B2b kyRN- LQp kyRN- �`HBM;iQM- o�- lMBi2/ ai�i2bX �?�H@
ykkNReNy�

ě uQ�M a�HH�KB- aûp2`BM G2K�B;M�M- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX aBKmH�iBQM@
#�b2/ T?vbB+b `2�bQMBM; 7Q` +QMbBbi2Mi b+2M2 2biBK�iBQM BM �M >_A +QMi2tiX kyRN
A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/ avbi2Kb UA_PaV-
LQp kyRN- J�+�m- *?BM�X TTXd3j9@d39R- �RyXRRyNfA_Pa9y3NdXkyRNX3Ne3Rye�X �?�H@
ykNk8N98�

ě CmH2b q�H/?�`i- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX _2�bQMBM; QM a?�`2/ oBbm�H S2`b@
T2+iBp2 iQ AKT`Qp2 _Qmi2 .B`2+iBQMbX kyRN k3i? A111 AMi2`M�iBQM�H *QM72`2M+2 QM
_Q#Qi � >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- P+i kyRN- L2r .2H?B- AM/B�X �?�H@
ykk3jNy9�

ě aûp2`BM G2K�B;M�M- uQ�M a�HH�KB- *?`BbiQT?2` q�HH#`B/;2- �m`ûHB2 *HQ/B+- hQMv
"2HT�2K2- 2i �HXX lL.1_qP_G.a , *�b+�/BM; aBim�iBQM �bb2bbK2Mi 7Q` _Q#QibX
A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/ avbi2Kb UA_Pa

http://mummer-project.eu/


Re3 *?�TBi`2 kX S`QD2ib T�bbûb

kyR3V- P+i kyR3- J�/`B/- aT�BMX �RyXRRyNfA_PaXkyR3X38N9yN9�X �?�H@yRN9jNRd�
ě E�i?H22M "2H?�bb2BM- �m`ûHB2 *HQ/B+- >ûHĕM2 *Q+?2i- J�`F2ii� LB2K2H - S BpB >2BF@

FBH - 2i �HXX >mK�M@>mK�M :mB/�M+2 aim/vX _�TTQ`i G��a Mê Rd8NeX kyRdX �?�H@
yRdRNdjy�



kXjX _Q#Q1`;QamK @ a2H7 �r�`2 _Q#Qi U6`2M+? �L_ T`QD2+iV @ kyRj@kyRdReN

kXj _Q#Q1`;QamK @ a2H7 �r�`2 _Q#Qi U6`2M+? �L_ T`Q@
D2+iV @ kyRj@kyRd

kXjXR .2b+`BTiBQM
GǶmM /2b THmb ;`�M/b /û}b �mt[m2Hb H� `2+?2`+?2 2M `Q#QiB[m2 2bi �mDQm`/Ƕ?mB +QM7`QM@

iû2 2bi H� +QM+2TiBQM /2 `Q#Qib +�T�#H2b /Ƕ�;B` /2 K�MBĕ`2 �miQMQK2 �m MBp2�m +Q;MBiB7
2i /ǶBMi2`�;B` �p2+ H2b ;2Mb /2 K�MBĕ`2 M�im`2HH2X G2 T`QD2i _Q#Q1`;QamK pBb�Bi ¨ ûim@
/B2` +QKK2Mi /ûp2HQTT2` H� +QMb+B2M+2 /2 bQB /ǶmM `Q#Qi 2i b� +�T�+Biû ¨ 2z2+im2` mM
`�BbQMM2K2Mi �m MBp2�m +Q;MBiB7X

kXjXk aBi2 q2#
?iiT ,ff`Q#Q2`;QbmKXBbB`XmTK+X7`f

kXjXj Sm#HB+�iBQMb
ě aûp2`BM G2K�B;M�M- J�ii?B2m q�`MB2`- 1K`�? �FBM aBb#Qi- �m`ûHB2 *HQ@

/B+- _�+?B/ �H�KBX �`iB}+B�H *Q;MBiBQM 7Q` aQ+B�H >mK�M@_Q#Qi AMi2`�+@
iBQM , �M AKTH2K2Mi�iBQMX �`iB}+B�H AMi2HHB;2M+2- 1Hb2pB2`- kyRd- k9d- TTX98@eNX
�RyXRyRefDX�`iBMiXkyReXydXyyk�X �?�H@yR38d9N3�

ě �m`ûHB2 *HQ/B+- 1HBb�#2i? S�+?2`B2- _�+?B/ �H�KB- _�D� *?�iBH�X E2v 1H2K2Mib 7Q`
>mK�M _Q#Qi CQBMi �+iBQMX aQ+B�HBiv �M/ LQ`K�iBpBiv 7Q` _Q#Qib S?BHQbQT?B+�H
AM[mB`B2b BMiQ >mK�M@_Q#Qi AMi2`�+iBQMb- aT`BM;2`- TTXR8N@Rdd- kyRd- aim/B2b BM
i?2 S?BHQbQT?v Q7 aQ+B�HBiv

ě J2?/B E?�K�bbB- "2MQŗi :B`�`/- �m`ûHB2 *HQ/B+- a�M/`� .2pBM- 1`r�M _2M�m/Q- 2i
�HXX AMi2;`�iBQM Q7 �+iBQM- CQBMi �+iBQM �M/ G2�`MBM; BM _Q#Qi *Q;MBiBp2 �`+?Bi2+@
im`2bX AMi2HH2+iB+� @ G� `2pm2 /2 HǶ�bbQ+B�iBQM TQm` H� _2+?2`+?2 bm` H2b b+B2M+2b /2
H� *Q;MBiBQM U�_*QV- �bbQ+B�iBQM TQm` H� _2+?2`+?2 bm` H� *Q;MBiBQM- kyRe- kyRefR
Ue8V- TTXReN@kyjX �RyXj9yefBMi2HXkyReXRdN9�X �?�H@yRjd8eee�

ě 1`r�M _2M�m/Q- a�M/`� .2pBM- "2MQŗi :B`�`/- _�D� *?�iBH�- _�+?B/ �H�KB- 2i
�HXX G2�`MBM; iQ BMi2`�+i rBi? ?mK�Mb mbBM; ;Q�H@/B`2+i2/ �M/ ?�#Bim�H #2?�pBQ`bX
_Q@J�M kyR8- qQ`Fb?QT QM G2�`MBM; 7Q` >mK�M@_Q#Qi *QHH�#Q`�iBQM- �m; kyR8-
EQ#2- C�T�MX �?�H@yRN99j3y�



Rdy *?�TBi`2 kX S`QD2ib T�bbûb

kX9 a�T?�`B @ a�72 �M/ �miQMQKQmb S?vbB+�H >mK�M@�r�`2
_Q#Qi AMi2`�+iBQM U6SdV @ kyRR@kyR8

kX9XR .2b+`BTiBQM
G2b T`Q;`ĕb `û+2Mib /2 HǶBMi2`�+iBQM T?vbB[m2 ?mK�BM@`Q#Qi QMi KQMi`û [m2 H2 T�`i�;2

�+iB7 2i bȿ` /2 HǶ2bT�+2 /2 i`�p�BH /2pB2Mi 2M T`BM+BT2 TQbbB#H2X a�S>�_A � 2z2+imû mM
+?�M;2K2Mi /2 T�`�/B;K2 7QM/�K2Mi�H /�Mb H2 /ûp2HQTT2K2Mi /2 `Q#Qib 2M +2 b2Mb [m2
HǶ?mK�BM ûi�Bi �m +2Mi`2 /2 iQmi2 H� +QM+2TiBQMX G2 T`QD2i � ûim/Bû H� K�MBĕ`2 /2 bmBp`2-
+QKT`2M/`2 2i T`û/B`2 H2b KQmp2K2Mib ?mK�BMb /�Mb mM 2MpB`QMM2K2Mi /vM�KB[m2 7�B#H2@
K2Mi bi`m+im`û 2M i2KTb `û2HX G2 T`QD2i bǶ2bi +QM+2Mi`û bm` /2b +�b /ǶmiBHBb�iBQM BM/mbi`B2Hb
Mû+2bbBi�Mi /2b +QMi�+ib 2i /2b û+?�M;2b /2 7Q`+2 /�Mb H2 +�/`2 /ǶmM i`�p�BH +QHH�#Q`�iB7
?mK�BM@`Q#Qi- �BMbB [m2 bm` /2b b+ûM�`BQb /2 b2`pB+2b T`Q72bbBQMM2Hb /�Mb H2b ?ƬTBi�mt- /�Mb
H2b[m2Hb mM T2`bQMM2H Kû/B+�H 2i mM `Q#Qi �bbBbi�Mi BMi2`�;Bbb2Mi ûi`QBi2K2Mi �m +Qm`b /m
i`�p�BH [mQiB/B2MX

kX9Xk aBi2 q2#
?iiT ,ffrrrXb�T?�`BX2mf

kX9Xj Sm#HB+�iBQMb
ě J�KQmM :?�`#B- SB2``2@oBM+2Mi S�m#2H- �m`ûHB2 *HQ/B+- PT?ûHB2 *�``2`�b- _�+?B/

�H�KB- 2i �HXX hQr�`/ � #2ii2` mM/2`bi�M/BM; Q7 i?2 +QKKmMB+�iBQM +m2b BMpQH@
p2/ BM � ?mK�M@`Q#Qi Q#D2+i i`�Mb72`X k9i? AMi2`M�iBQM�H avKTQbBmK QM _Q#Qi
�M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- A111 _P@J�L- �m; kyR8- EQ#2- C�T�MX
TTXjRN@jk9- �RyXRRyNf_PJ�LXkyR8Xdjjjeke�X �?�H@yRek3k9N�

ě JB+?2H�M;2HQ 6BQ`2- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX PM SH�MMBM; �M/ h�bF �+?B2@
p2K2Mi JQ/�HBiB2b 7Q` >mK�M@_Q#Qi *QHH�#Q`�iBQMX AMi2`M�iBQM�H avKTQbBmK QM
1tT2`BK2Mi�H _Q#QiB+b UAa1_ kyR9V- CmM kyR9- J�``�F2+?- JQ`Q++QX R8TX �?�H@
yRR9NRyN�



kX8X J�`.B @ J�M@_Q#Qi .B�HQ;m2 U6`2M+? L�iBQM�H _2b2�`+? �;2M+v
T`QD2+iV @ kyRk@kyRe RdR

kX8 J�`.B @ J�M@_Q#Qi .B�HQ;m2 U6`2M+? L�iBQM�H _2@
b2�`+? �;2M+v T`QD2+iV @ kyRk@kyRe

kX8XR .2b+`BTiBQM
GǶQ#D2+iB7 /m T`QD2i J�`.B ûi�Bi /Ƕûim/B2` HǶBMi2`�+iBQM ?mK�BM@K�+?BM2 /2 K�MBĕ`2

bBimû2X G2b `Q#Qib- /Qiûb /2 +�T�+Biûb /2 T2`+2TiBQMb- K�Bb �mbbB /2 KQv2Mb /Ƕ�;B` bm`
HǶ2MpB`QMM2K2Mi- QMi T2`KBb HǶBMiû;`�iBQM /ǶmM +QMi2ti2 T?vbB[m2 /�Mb HǶBMi2`�+iBQM TQm`
H� K�+?BM2 +QKK2 TQm` HǶ?mK�BMX

kX8Xk Sm#HB+�iBQMb
ě :`û;QB`2 JBHHB2x- J�ii?B2m q�`MB2`- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX � 7`�K2rQ`F

7Q` 2M/QrBM; �M BMi2`�+iBp2 `Q#Qi rBi? `2�bQMBM; +�T�#BHBiB2b �#Qmi T2`bT2+iBp2@
i�FBM; �M/ #2HB27 K�M�;2K2MiX A111 _P@J�L kyR9- �m; kyR9- 1/BM#m`;?- lMBi2/
EBM;/QKX TTX6`�hkX9- �RyXRRyNf_PJ�LXkyR9XeNkejNN�X �?�H@yRye989e�



Rdk *?�TBi`2 kX S`QD2ib T�bbûb

kXe *P:LA_PL U1m`QT2�M 6Se BMi2;`�i2/ T`QD2+iV kyy9@
kyy3

kXeXR .2b+`BTiBQM
G2b Q#D2+iB7b ;ûMû`�mt /2 +2 T`QD2i ûi�B2Mi /Ƕûim/B2` H2b +�T�+Biûb /2 T2`+2TiBQM- /2

`2T`ûb2Mi�iBQM- /2 `�BbQMM2K2Mi 2i /Ƕ�TT`2MiBbb�;2 /2b `Q#Qib BM+�`Mûb /�Mb /2b 2MpB`QM@
M2K2Mib +2Mi`ûb bm` HǶ?mK�BMX G2 T`QD2i � /ûp2HQTTû /2b Kûi?Q/2b 2i /2b i2+?MQHQ;B2b TQm`
H� +QMbi`m+iBQM /2 `Q#Qib +Q;MBiB7b- +�T�#H2b /ǶûpQHm2` 2i /2 /ûp2HQTT2` H2m`b +�T�+Biûb 2M
BMi2`�+iBQM ûi`QBi2 �p2+ H2b ?mK�BMb /2 K�MBĕ`2 Qmp2`i2X

kXeXk aBi2 q2#
?iiT,ffrrrX+Q;MB`QMXQ`;f7BM�Hf>QK2XT?T c ?iiT,ffrrrXH��bX7`f`Q#QibfDB/Q

kXeXj Sm#HB+�iBQMb
ě �m`ûHB2 *HQ/B+- >mM; *�Q- a�KB` �HBHB- oBM+2Mi JQMi`2mBH- _�+?B/ �H�KB- 2i �HXX

a>�_u , � bmT2`pBbBQM bvbi2K �/�Ti2/ iQ >mK�M@_Q#Qi AMi2`�+iBQMX AM , E?�@
iB# PX- EmK�` oX- S�TT�b :XCX U2/bV 1tT2`BK2Mi�H _Q#QiB+bX aT`BM;2` h`�+ib BM
�/p�M+2/ _Q#QiB+b- pQH 89X aT`BM;2`- "2`HBM- >2B/2H#2`;- TTXkkN@kj3- kyyNX �?�H@
yRNdNRNe�

ě �m`ûHB2 *HQ/B+- oBM+2Mi JQMi`2mBH- _�+?B/ �H�KB- _�D� *?�iBH�X � .2+BbBQM�H 6`�@
K2rQ`F 7Q` �miQMQKQmb _Q#Qib AMi2`�+iBM; rBi? >mK�MbX A111 AMi2`M�iBQM�H
qQ`Fb?QT QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U_PJ�LV- kyy8- L�@
b?pBHH2- lMBi2/ ai�i2bX �?�H@yRNdd8ey�

ě 1K`�? �FBM aBb#Qi- �m`ûHB2 *HQ/B+- GmBb 62HBT2 J�`BM@l`B�b- J�i?B�b 6QMiK�`iv-
Gm/QpB+ "`ĕi?2b- 2i �HXX AKTH2K2MiBM; � >mK�M@�r�`2 _Q#Qi avbi2KX _PJ�L
kyye @ h?2 R8i? A111 AMi2`M�iBQM�H avKTQbBmK QM _Q#Qi �M/ >mK�M AMi2`�+iBp2
*QKKmMB+�iBQM- a2T kyye- >�i}2H/- lMBi2/ EBM;/QKX �?�H@yRNdd8dR�

ě �m`ûHB2 *HQ/B+- _�+?B/ �H�KB- oBM+2Mi JQMi`2mBH- a?mvBM GB- "`Bii� q`2/2- 2i �HXX �
bim/v Q7 BMi2`�+iBQM #2ir22M /B�HQ; �M/ /2+BbBQM 7Q` ?mK�M@`Q#Qi +QHH�#Q`�iBp2 i�bF
�+?B2p2K2MiX _P@J�L kyyd @ h?2 Rei? A111 AMi2`M�iBQM�H avKTQbBmK QM _Q#Qi
�M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- kyyd- C2Dm- aQmi? EQ`2�X �?�H@yRNdd8dj�

ě �m`ûHB2 *HQ/B+- J�tBK2 _�Mb�M- _�+?B/ �H�KB- oBM+2Mi JQMi`2mBHX � K�M�;2K2Mi
Q7 Kmim�H #2HB27 7Q` ?mK�M@`Q#Qi BMi2`�+iBQMX kyyd A111 AMi2`M�iBQM�H *QM72`2M+2
QM avbi2Kb- J�M �M/ *v#2`M2iB+b- P+i kyyd- JQMi`2�H- *�M�/�X �?�H@yRNdd8dd�

ě oBM+2Mi JQMi`2mBH- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX SH�MMBM; >mK�M *2Mi2`2/ _Q#Qi
�+iBpBiB2bX kyyd A111 AMi2`M�iBQM�H *QM72`2M+2 QM avbi2Kb- J�M �M/ *v#2`M2iB+b-
P+i kyyd- JQMi`2�H- *�M�/�X �?�H@yRNdd8dN�

http://www.cogniron.org/final/Home.php
http://www.laas.fr/robots/jido


kXdX >_Y U6`2M+? `Q#QiB+b T`Q;`�K T`QD2+iV kyyk@kyy8 Rdj

kXd >_Y U6`2M+? `Q#QiB+b T`Q;`�K T`QD2+iV kyyk@kyy8
kXdXR .2b+`BTiBQM

1tTHQ`2` HǶBMi2`�+iBQM ?mK�BM@`Q#Qi /�Mb H2 +�/`2 /2 H� 7Q`K�iBQM /ǶmM ;mB/2 /2 Kmbû2
�miQMQK2

kXdXk aBi2 q2#
?iiT,ffrrrXH��bX7`f`Q#Qibf`�+F?�K

kXdXj Sm#HB+�iBQMb
ě �m`ûHB2 *HQ/B+- a�`� 6H2m`v- _�+?B/ �H�KB- J�ii?B2m >2``#- _�D� *?�iBH�X amT2`@

pBbBQM �M/ AMi2`�+iBQM �M�HvbBb Q7 �M �miQMQKQmb hQm`@;mB/2 _Q#Qi .2THQvK2MiX
Rki? AMi2`M�iBQM�H *QM72`2M+2 QM �/p�M+2/ _Q#QiB+bǲ CmH kyy8- a2�iiH2- lMBi2/
ai�i2bX �?�H@yRNdd889�

ě �m`ûHB2 *HQ/B+- a�`� 6H2m`v- _�+?B/ �H�KB- _�D� *?�iBH�- :û`�`/ "�BHHv- 2i �HXX
_�+F?�K , �M AMi2`�+iBp2 _Q#Qi@:mB/2X A111 AMi2`M�iBQM�H qQ`Fb?QT QM _Q#Qib
�M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQMb U_PJ�LV- a2T kyye- >�i}2H/- lMBi2/
EBM;/QKX TTX8yk@8yNX �?�H@yy93yj3R�

http://www.laas.fr/robots/rackham




*?�TBi`2 j

Sm#HB+�iBQMb

jXR h?ĕb2
ě �m`ûHB2 *HQ/B+X amT2`pBbBQM TQm` mM `Q#Qi BMi2`�+iB7 , �+iBQM 2i BMi2`�+iBQM TQm`

mM `Q#Qi �miQMQK2 2M 2MpB`QMM2K2Mi ?mK�BMX �miQK�iB[m2 f _Q#QiB[m2X lMB@
p2`bBiû S�mH a�#�iB2` @ hQmHQmb2 AAA- kyydX 6`�MÏ�BbX �i2H@yyRNeey3� ?iiTb,ffi2HX
�`+?Bp2b@Qmp2`i2bX7`fi2H@yyRNeey3X

jXk _2pm2b
RX J2?/B E?�K�bbB- "2MQŗi :B`�`/- �m`ûHB2 *HQ/B+- a�M/`� .2pBM- 1`r�M _2M�m/Q-

2i �HXX AMi2;`�iBQM Q7 �+iBQM- CQBMi �+iBQM �M/ G2�`MBM; BM _Q#Qi *Q;MBiBp2 �`@
+?Bi2+im`2bX AMi2HH2+iB+� @ G� `2pm2 /2 HǶ�bbQ+B�iBQM TQm` H� _2+?2`+?2 bm` H2b
b+B2M+2b /2 H� *Q;MBiBQM U�_*QV- �bbQ+B�iBQM TQm` H� _2+?2`+?2 bm` H� *Q;@
MBiBQM- kyRe- kyRefR Ue8V- TTXReN@kyjX �RyXj9yefBMi2HXkyReXRdN9�X ?iiTb,ff?�HX
�`+?Bp2b@Qmp2`i2bX7`f?�H@yRjd8eeeX

kX aûp2`BM G2K�B;M�M- J�ii?B2m q�`MB2`- 1K`�? �FBM aBb#Qi- �m`ûHB2 *HQ@
/B+- _�+?B/ �H�KBX �`iB}+B�H *Q;MBiBQM 7Q` aQ+B�H >mK�M@_Q#Qi AMi2`@
�+iBQM , �M AKTH2K2Mi�iBQMX �`iB}+B�H AMi2HHB;2M+2- 1Hb2pB2`- kyRd- k9d-
TTX98@eNX �RyXRyRefDX�`iBMiXkyReXydXyyk�X ?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f
?�H@yR38d9N3X

jX _�D� *?�iBH�- 1`r�M _2M�m/Q- JB?�B �M/`B2b- PK�` _B+�`/Q *?�p2x@:�`+B�-
SB2``2 Gm+2@o�v`�+- _�T?�ďH :Qiibi2BM- _�+?B/ �H�KB- �m`ûHB2 *HQ/B+- a�M/`�
.2pBM- "2MQŗi :B`�`/- J2?/B E?�K�bbB- ǳhQr�`/ a2H7@�r�`2 _Q#QibǴX AM , 6`QM@
iB2`b BM _Q#QiB+b �M/ �A U�m;X kyR3V- TX 33X/QB ,RyXjj3Nf7`Q#iXkyR3Xyyy33X ?iiTb,
ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@yR38eNjRX

9X �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX q?�i Ab Ai iQ AKTH2K2Mi � >mK�M@_Q#Qi CQBMi
�+iBQM \X _Q#QiB+b- �A- �M/ >mK�MBiv- aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;- TTXkkN@
kj3- kykR- Nd3@j@yjy@89Rdk@NX �RyXRyydfNd3@j@yjy@89Rdj@enRN� ?iiTb,ff?�HXH��bX
7`f?�H@yjR39dkdX

8X �K�M/BM2 J�vBK�- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX hQr�`/b _Q#Qib �#H2 iQ J2�bm`2
BM _2�H@iBK2 i?2 Zm�HBiv Q7 AMi2`�+iBQM BM >_A *QMi2tibX AMi2`M�iBQM�H CQm`M�H Q7
aQ+B�H _Q#QiB+b- aT`BM;2`- AM T`2bb- �RyXRyydfbRkjeN@ykR@yy3R9@8� ?iiTb,ff?�HX
H��bX7`f?�H@yjjkeN89X

eX E�i?H22M "2H?�bb2BM- oő+iQ` 62`M�M/2x@*�bi`Q- �K�M/BM2 J�vBK�- �m`ûHB2 *HQ@
/B+- 1HBb�#2i? S�+?2`B2- 2i �HXX �//`2bbBM; DQBMi �+iBQM +?�HH2M;2b BM >_A , AM@
bB;?ib 7`QK Tbv+?QHQ;v �M/ T?BHQbQT?vX �+i� Sbv+?QHQ;B+�- 1Hb2pB2`- kykk- kkk-
TTXRyj9deX �RyXRyRefDX�+iTbvXkykRXRyj9de� ?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f
?�H@yj8y8y9dX

https://tel.archives-ouvertes.fr/tel-00196608
https://tel.archives-ouvertes.fr/tel-00196608
https://hal.archives-ouvertes.fr/hal-01375666
https://hal.archives-ouvertes.fr/hal-01375666
https://hal.archives-ouvertes.fr/hal-01857498
https://hal.archives-ouvertes.fr/hal-01857498
https://hal.archives-ouvertes.fr/hal-01856931
https://hal.archives-ouvertes.fr/hal-01856931
https://hal.laas.fr/hal-03184727
https://hal.laas.fr/hal-03184727
https://hal.laas.fr/hal-03326954
https://hal.laas.fr/hal-03326954
https://hal.archives-ouvertes.fr/hal-03505047
https://hal.archives-ouvertes.fr/hal-03505047


Rde *?�TBi`2 jX Sm#HB+�iBQMb

jXj *QM7û`2M+2b ¨ +QKBiû /2 H2+im`2
`[ , MQmb �pQMb H�Bbbû /�Mb +2ii2 b2+iBQM *QM7û`2M+2b- MQb Tm#HB+�iBQMb �++2Tiû2b �mt

+QM7û`2M+2b [mB bQMi 2MbmBi2 û/Biû2b U+Ƕ2bi H2 +�b /ǶAa1_ 2i ACa_ /QMi H2b �+i2b bQMi
2MbmBi2 Tm#HBûb +?2x aT`BM;2` 2i /2 _Q#QT?BHQbQT?v /QMi H2b �+i2b bQMi 2MbmBi2 Tm#HBûb
+?2x 6`QMiB2`bV

RX �m`ûHB2 *HQ/B+- oBM+2Mi JQMi`2mBH- _�+?B/ �H�KB- _�D� *?�iBH�X � .2+BbBQM�H 6`�@
K2rQ`F 7Q` �miQMQKQmb _Q#Qib AMi2`�+iBM; rBi? >mK�MbX A111 AMi2`M�iBQM�H
qQ`Fb?QT QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U_PJ�LV- kyy8- L�@
b?pBHH2- lMBi2/ ai�i2b ?iiTb,ff?�HXH��bX7`f?�H@yRNdd8ey

kX �m`ûHB2 *HQ/B+- a�`� 6H2m`v- _�+?B/ �H�KB- J�ii?B2m >2``#- _�D� *?�iBH�X amT2`@
pBbBQM �M/ AMi2`�+iBQM �M�HvbBb Q7 �M �miQMQKQmb hQm`@;mB/2 _Q#Qi .2THQvK2MiX
Rki? AMi2`M�iBQM�H *QM72`2M+2 QM �/p�M+2/ _Q#QiB+bǲ CmH kyy8- a2�iiH2- lMBi2/
ai�i2bX ?iiTb,ff?�HXH��bX7`f?�H@yRNdd889X

jX �m`ûHB2 *HQ/B+- a�`� 6H2m`v- _�+?B/ �H�KB- _�D� *?�iBH�- :û`�`/ "�BHHv- 2i �HXX
_�+F?�K , �M AMi2`�+iBp2 _Q#Qi@:mB/2X A111 AMi2`M�iBQM�H qQ`Fb?QT QM _Q#Qib
�M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQMb U_PJ�LV- a2T kyye- >�i}2H/- lMBi2/
EBM;/QKX TTX8yk@8yNX ?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@yy93yj3RX

9X 1K`�? �FBM aBb#Qi- �m`ûHB2 *HQ/B+- GmBb 62HBT2 J�`BM@l`B�b- J�i?B�b 6QMiK�`iv-
Gm/QpB+ "`ĕi?2b- 2i �HXX AKTH2K2MiBM; � >mK�M@�r�`2 _Q#Qi avbi2KX _PJ�L
kyye @ h?2 R8i? A111 AMi2`M�iBQM�H avKTQbBmK QM _Q#Qi �M/ >mK�M AMi2`�+@
iBp2 *QKKmMB+�iBQM- a2T kyye- >�i}2H/- lMBi2/ EBM;/QK ?iiTb,ff?�HXH��bX7`f
?�H@yRNdd8dRX

8X �m`ûHB2 *HQ/B+- J�tBK2 _�Mb�M- _�+?B/ �H�KB- oBM+2Mi JQMi`2mBHX � K�M�;2K2Mi
Q7 Kmim�H #2HB27 7Q` ?mK�M@`Q#Qi BMi2`�+iBQMX kyyd A111 AMi2`M�iBQM�H *QM72`2M+2
QM avbi2Kb- J�M �M/ *v#2`M2iB+b- P+i kyyd- JQMi`2�H- *�M�/�X UTQbi2`V ?iiTb,
ff?�HXH��bX7`f?�H@yRNdd8ddX

eX �m`ûHB2 *HQ/B+- _�+?B/ �H�KB- oBM+2Mi JQMi`2mBH- a?mvBM GB- "`Bii� q`2/2- 2i �HXX
� bim/v Q7 BMi2`�+iBQM #2ir22M /B�HQ; �M/ /2+BbBQM 7Q` ?mK�M@`Q#Qi +QHH�#Q`�iBp2
i�bF �+?B2p2K2MiX _P@J�L kyyd @ h?2 Rei? A111 AMi2`M�iBQM�H avKTQbBmK QM
_Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- kyyd- C2Dm- aQmi? EQ`2� ?iiTb,
ff?�HXH��bX7`f?�H@yRNdd8djX

dX oBM+2Mi JQMi`2mBH- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX SH�MMBM; >mK�M *2Mi2`2/ _Q#Qi
�+iBpBiB2bX kyyd A111 AMi2`M�iBQM�H *QM72`2M+2 QM avbi2Kb- J�M �M/ *v#2`M2iB+b-
P+i kyyd- JQMi`2�H- *�M�/� ?iiTb,ff?�HXH��bX7`f?�H@yRNdd8dNX

3X 1K`�? �FBM aBb#Qi- J�tBK2 _�Mb�M- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX amT2`pBbBQM
�M/ JQiBQM SH�MMBM; 7Q` � JQ#BH2 J�MBTmH�iQ` AMi2`�+iBM; rBi? >mK�MbX j`/
�*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M@_Q#Qi AMi2`�+iBQM U>_AV- J�`
kyy3- �Kbi2`/�K- L2i?2`H�M/b ?iiTb,ff?�HXH��bX7`f?�H@yRNdNRj3X

NX �m`ûHB2 *HQ/B+- >mM; *�Q- a�KB` �HBHB- oBM+2Mi JQMi`2mBH- _�+?B/ �H�KB- 2i �HXX
a>�_u , � bmT2`pBbBQM bvbi2K �/�Ti2/ iQ >mK�M@_Q#Qi AMi2`�+iBQMX AM , E?�@
iB# PX- EmK�` oX- S�TT�b :XCX U2/bV 1tT2`BK2Mi�H _Q#QiB+bX aT`BM;2` h`�+ib
BM �/p�M+2/ _Q#QiB+b- pQH 89X aT`BM;2`- "2`HBM- >2B/2H#2`;- TTXkkN@kj3- kyyNX
?iiTb,ff?�HXH��bX7`f?�H@yRNdNRNeX
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jXjX *QM7û`2M+2b ¨ +QKBiû /2 H2+im`2 Rdd

RyX JB+?2H�M;2HQ 6BQ`2- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX PM SH�MMBM; �M/ h�bF �+?B2@
p2K2Mi JQ/�HBiB2b 7Q` >mK�M@_Q#Qi *QHH�#Q`�iBQMX AMi2`M�iBQM�H avKTQbBmK QM
1tT2`BK2Mi�H _Q#QiB+b UAa1_ kyR9V- CmM kyR9- J�``�F2+?- JQ`Q++QX R8TX ?iiTb,
ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@yRR9NRyNX

RRX :`û;QB`2 JBHHB2x- J�ii?B2m q�`MB2`- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX � 7`�K2rQ`F
7Q` 2M/QrBM; �M BMi2`�+iBp2 `Q#Qi rBi? `2�bQMBM; +�T�#BHBiB2b �#Qmi T2`bT2+iBp2@
i�FBM; �M/ #2HB27 K�M�;2K2MiX A111 _P@J�L kyR9- �m; kyR9- 1/BM#m`;?-
lMBi2/ EBM;/QKX TTX6`�hkX9- �RyXRRyNf_PJ�LXkyR9XeNkejNN� ?iiTb,ff?�HX
�`+?Bp2b@Qmp2`i2bX7`f?�H@yRye989eX

RkX J�KQmM :?�`#B- SB2``2@oBM+2Mi S�m#2H- �m`ûHB2 *HQ/B+- PT?ûHB2 *�``2`�b- _�+?B/
�H�KB- 2i �HX hQr�`/ � #2ii2` mM/2`bi�M/BM; Q7 i?2 +QKKmMB+�iBQM +m2b BMpQH@
p2/ BM � ?mK�M@`Q#Qi Q#D2+i i`�Mb72`X k9i? AMi2`M�iBQM�H avKTQbBmK QM _Q#Qi
�M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- A111 _P@J�L- �m; kyR8- EQ#2- C�T�MX
TTXjRN@jk9- �RyXRRyNf_PJ�LXkyR8Xdjjjeke� ?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX
7`f?�H@yRek3k9NX

RjX �m`ûHB2 *HQ/B+- 1HBb�#2i? S�+?2`B2- _�+?B/ �H�KB- _�D� *?�iBH�X E2v 1H2K2Mib 7Q`
>mK�M _Q#Qi CQBMi �+iBQMX aQ+B�HBiv �M/ LQ`K�iBpBiv 7Q` _Q#Qib S?BHQbQT?B+�H AM@
[mB`B2b BMiQ >mK�M@_Q#Qi AMi2`�+iBQMb- aT`BM;2`- TTXR8N@Rdd- kyRd- aim/B2b BM i?2
S?BHQbQT?v Q7 aQ+B�HBiv- �RyXRyydfNd3@j@jRN@8jRjj@8n3�X h?Bb /Q+mK2Mi Bb �M 2ti2M@
/2/ p2`bBQM Q7 i?2 QM2 Tm#HBb?2/ BM i?2 T`Q+22/BM;b Q7 _Q#QS?BHQbQT?v+QM72`2M+2X
?iiTb,ff?�HXH��bX7`fBDMnyjy39RkeX

R9X a�M/`� .2pBM- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX �#Qmi .2+BbBQMb .m`BM; >mK�M@
_Q#Qi a?�`2/ SH�M �+?B2p2K2Mi , q?Q a?QmH/ �+i �M/ >Qr \X aQ+B�H _Q#QiB+b-Ni?
AMi2`M�iBQM�H *QM72`2M+2- A*a_ kyRd- hbmFm#�- C�T�M- LQp2K#2` kk@k9- kyRd- S`Q@
+22/BM;b- Rye8k- bT`BM;2`- TTX98j@9ej- kyRd- G2+im`2 LQi2b BM *QKTmi2` a+B2M+2
#QQF b2`B2b- Nd3@j@jRN@dyykkX ?iiTb,ff?�HXH��bX7`f?�H@yRN9jN8NX

R8X �m`ûHB2 *HQ/B+- C�pB2` o�x[m2x@a�H+2/�- 6`�MF .B;MmK- a�Km2H J�b+�`2M?�b- oB`@
;BMB� .B;MmK- 2i �HXX PM i?2 S2`iBM2M+2 Q7 aQ+B�H S`�+iB+2b 7Q` aQ+B�H _Q#Q@
iB+bX APa S`2bbX 1MpBbBQMBM; _Q#Qib BM aQ+B2iv Ĝ SQr2`- SQHBiB+b- �M/ Sm#HB+
aT�+2- TTXje@d9- kyR3- Nd3@R@eR9NN@NjR@dX �RyXjkjjfNd3@R@eR9NN@NjR@d@ej� ?iiTb,
ff?�HXH��bX7`f?�H@yRN9jdd9X

ReX a�M/`� .2pBM- *�KBHH2 o`B;M�m/- E�i?H22M "2H?�bb2BM- �m`ûHB2 *HQ/B+- PT?ûHB2 *�`@
`2`�b- 2i �HXX 1p�Hm�iBM; i?2 S2`iBM2M+2 Q7 _Q#Qi .2+BbBQMb BM � >mK�M@_Q#Qi CQBMi
�+iBQM *QMi2ti , h?2 S2_.Ah� Zm2biBQMM�B`2X kdi? A111 AMi2`M�iBQM�H *QM72@
`2M+2 QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U_P@J�L kyR3V- �m;
kyR3- L�MDBM;- *?BM�X �RyXRRyNf_PJ�LXkyR3X38k8d38� X?iiTb,ff?�HXH��bX7`f
?�H@yRNyeRyRX

RdX oB`;BMB� .B;MmK- 6`�MF .B;MmK- C�pB2` o�x[m2x@a�H+2/�- �m`ûHB2 *HQ/B+- J�Mm2H
:2MiBH2- 2i �HXX .2bB;M 7Q` o�Hm2b 7Q` aQ+B�H _Q#Qi �`+?Bi2+im`2bX 1MpBbBQMBM; _Q#Qib
BM aQ+B2iv Ĝ SQr2`- SQHBiB+b- �M/ Sm#HB+ aT�+2- TTX9j@8k- kyR3- Nd3@R@eR9NN@NjR@dX
�RyXjkjjfNd3@R@eR9NN@NjR@d@9j �?iiTb,ff?�HXH��bX7`f?�H@yRN9j3jRX

R3X aûp2`BM G2K�B;M�M- uQ�M a�HH�KB- *?`BbiQT?2` q�HH#`B/;2- �m`ûHB2 *HQ/B+- hQMv
"2HT�2K2- 2i �HX lL.1_qP_G.a , *�b+�/BM; aBim�iBQM �bb2bbK2Mi 7Q` _Q@
#QibX A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/ avbi2Kb
UA_Pa kyR3V- P+i kyR3- J�/`B/- aT�BMX �RyXRRyNfA_PaXkyR3X38N9yN9�X ?iiTb,
ff?�HXH��bX7`f?�H@yRN9jNRdX
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Rd3 *?�TBi`2 jX Sm#HB+�iBQMb

RNX S BpB >2BFFBH - >�MM� G�KKB- J�`F2ii� LB2K2H - E�i?H22M "2H?�bb2BM- :mBHH�mK2
a�`i?Qm- 2i �HXX a?QmH/ � `Q#Qi ;mB/2 HBF2 � ?mK�M \ � [m�HBi�iBp2 7Qm`@T?�b2 bim/v
Q7 � b?QTTBM; K�HH `Q#QiX h?2 1H2p2Mi? AMi2`M�iBQM�H *QM72`2M+2 QM aQ+B�H _Q#QiB+b
UA*a_ kyRNV- LQp kyRN- J�/`B/- aT�BMX ?iiTb,ff?�HXH��bX7`f?�H@ykk38yj8X

kyX uQ�M a�HH�KB- aûp2`BM G2K�B;M�M- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX aBKmH�iBQM@
#�b2/ T?vbB+b `2�bQMBM; 7Q` +QMbBbi2Mi b+2M2 2biBK�iBQM BM �M >_A +QMi2tiX kyRN
A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/ avbi2Kb UA_PaV-
LQp kyRN- J�+�m- *?BM�X TTXd3j9@d39R- �RyXRRyNfA_Pa9y3NdXkyRNX3Ne3Rye�X
?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@ykNk8N98X

kRX :mBHH�mK2 a�`i?Qm- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX PMiQHQ;2MBmb , � HQM;@i2`K b2@
K�MiB+ K2KQ`v 7Q` `Q#QiB+ �;2MibX A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#Qi �
>mK�M AMi2`�+iBp2 *QKKmMB+�iBQM UA111 _Q@J�L kyRNV- P+i kyRN- L2r .2H?B-
AM/B�X ?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@ykk3jj9kX

kkX *H�B`2 "QBM2- *ûHBM2 *�bi2ib@_2M�`/- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX AM GQp2 rBi?
� *Q`TQ`�iBQM rBi?Qmi EMQrBM; Ai , �M �bvK2i`B+�H _2H�iBQMb?BTX LǠ`bFQp- JX-
a2B#i CX- ZmB+F PX kykyX *mHim`�HHv ambi�BM�#H2 aQ+B�H _Q#QiB+běS`Q+22/BM;b Q7
_Q#QT?BHQbQT?v kykyX- APa S`2bb- kyky- 6`QMiB2`b Q7 �A �M/ Aib �TTHB+�iBQMbǲ
�RyXjkjjf6�A�kyyNkj� ?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@ykNejydyX

kjX :mBH?2K "mBb�M- :mBHH�mK2 a�`i?Qm- �`i?m` "Bi@JQMMQi- �m`ûHB2 *HQ/B+- _�@
+?B/ �H�KBX 1{+B2Mi- aBim�i2/ �M/ PMiQHQ;v #�b2/ _272``BM; 1tT`2bbBQM :2@
M2`�iBQM 7Q` >mK�M@_Q#Qi +QHH�#Q`�iBQMX h?2 kNi? A111 AMi2`M�iBQM�H *QM72@
`2M+2 QM _Q#Qi � >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U _P@J�LV- �m; kyky-
L�TH2b UQM HBM2V- Ai�HvX TTXj9N@j8e- �RyXRRyNf_P@J�L9dyNeXkykyXNkkj938�X ?iiTb,
ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@ykNkkyN3X

k9X oő+iQ` 62`M�M/2x *�bi`Q- _�mH >�FHB- �m`ûHB2 *HQ/B+X q?�i /Q2b Bi i�F2 iQ #2
� bQ+B�H �;2Mi \X �TT2�`2/ BM , LǠ`bFQp- JX- a2B#i CX- ZmB+F PX kykyX *mHim`�HHv
ambi�BM�#H2 aQ+B�H _Q#QiB+běS`Q+22/BM;b Q7 _Q#QT?BHQbQT?v kykyX- a2`B2b 6`QM@
iB2`b Q7 �A �M/ Aib �TTHB+�iBQMb- APa S`2bb- �Kbi2`/�KX- kyky ?iiTb,ff?�HX
�`+?Bp2b@Qmp2`i2bX7`f?�H@ykNejy99X

k8X :mBHH�mK2 a�`i?Qm- :mBH?2K "mBb�M- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX 1ti2M/BM;
_272``BM; 1tT`2bbBQM :2M2`�iBQM i?`Qm;? b?�`2/ FMQrH2/;2 �#Qmi T�bi >mK�M@
_Q#Qi +QHH�#Q`�iBp2 �+iBpBivX A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi
_Q#Qib �M/ avbi2Kb UA_PaV- a2T kykR- S`�;m2 UQMHBM2V- *x2+? _2Tm#HB+ ?iiTb,
ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@yjj3N8y9X

keX :mBHH�mK2 a�`i?Qm- �K�M/BM2 J�vBK�- :mBH?2K "mBb�M- E�i?H22M "2H?�bb2BM- �m@
`ûHB2 *HQ/B+X h?2 .B`2+iQ` h�bF , � Sbv+?QHQ;v@AMbTB`2/ h�bF iQ �bb2bb *Q;MBiBp2
�M/ AMi2`�+iBp2 _Q#Qi �`+?Bi2+im`2bX jyi? A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q@
#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U_P@J�L kykRV- �m; kykR- o�M@
+Qmp2` UoB`im�HV- *�M�/�X �RyXRRyNf_P@J�L8yd38XkykRXN8R889j�X?iiTb,ff?�HX
�`+?Bp2b@Qmp2`i2bX7`f?�H@yjjkdkkkX

jX9 qQ`Fb?QTb
RX _�+?B/ �H�KB- �m`ûHB2 *HQ/B+- oBM+2Mi JQMi`2mBH- 1K`�? �FBM aBb#Qi- _�D� *?�@

iBH�X hQr�`/ >mK�M@�r�`2 _Q#Qi h�bF SH�MMBM;X ���A bT`BM; bvKTQbBmK , iQ
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jX9X qQ`Fb?QTb RdN

#QH/Hv ;Q r?2`2 MQ ?mK�M@`Q#Qi i2�K ?�b ;QM2 #27Q`2- J�` kyye- S�HQ �HiQ- *�-
lMBi2/ ai�i2bX ?iiTb,ff?�HXH��bX7`f?�H@yRNdd8e9X

kX �m`ûHB2 *HQ/B+- aûp2`BM G2K�B;M�M- �KBi EmK�` S�M/2v- G�pBM/`� /2 aBHp�- J�i@
i?B2m q�`MB2`- 2i �HX PM `Q#Qi /2+BbBQM�H �#BHBiB2b 7Q` ?mK�M@`Q#Qi DQBMi �+iBQMX CQBMi
�+iBQM J22iBM; o- kyRj- "2`HBM- :2`K�MvX kyRjX USQbi2`V ?iiTb,ff?�HXH��bX7`f
?�H@yRNdNkRd

jX �KBi EmK�` S�M/2v- �m`ûHB2 *HQ/B+- _�+?B/ �H�KBX o2`b /2b `Q#Qib bQ+B�H2K2Mi
BMi2HHB;2MibX *QM7û`2M+2 AAA @ AMi2`+QKT`û?2MbBQM /2 HǶAMi`�bTû+B}[m2 ¨ HǶAMi2`bTû@
+B}[m2- P+i kyRj- :mB/2H- 6`�M+2 ?iiTb,ff?�HXH��bX7`f?�H@yRN9je83

9X �KBi S�M/2v- �m`ûHB2 *HQ/B+- G�pBM/`� /2 aBHp�- aûp2`BM G2K�B;M�M- J�i?B2m q�`@
MB2`- 2i �HXX "QiiQK mT /2p2HQTK2Mi Q7 � `Q#QiǶb #�bB+ bQ+BQ@+Q;MBiBp2 �#BHBiB2b 7Q`
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`Q#QiB+ �TTHB+�iBQMbX AM *QK#BM2/ qQ`Fb?QT QM aT�iB�H G�M;m�;2 lM/2`bi�M/BM;
UaTGlV �M/ :`QmM/2/ *QKKmMB+�iBQM 7Q` _Q#QiB+b U_Q#QLGSV- JBMM2�TQHBb- lMB@
i2/ ai�i2b- CmM2 kyRN�X ?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@ykRddR9yX

jX8 �mi`2b
RX E�i?H22M "2H?�bb2BM- �m`ûHB2 *HQ/B+- >ûHĕM2 *Q+?2i- J�`F2ii� LB2K2H - S BpB

>2BFFBH - 2i �HXX >mK�M@>mK�M :mB/�M+2 aim/vX _�TTQ`i G��a Mê Rd8NeX kyRd
?iiTb,ff?�HXH��bX7`f?�H@yRdRNdjyX

https://hal.archives-ouvertes.fr/hal-02177140
https://hal.laas.fr/hal-01719730


"B#HBQ;`�T?B2
(�H�KB RNN3) _�+?B/ �H�KB- _�D� *?�iBH�- a�`� 6H2m`v- J�HBF :?�HH�# 2i 6ûHBt AM;`�M/X

�M �`+?Bi2+im`2 7Q` �miQMQKvX h?2 AMi2`M�iBQM�H CQm`M�H Q7 _Q#QiB+b _2b2�`+?-
pQHX Rd- T�;2b TTXjR8Ĝjjd- �p`BH RNN3X U*Biû 2M T�;2 dXV

(�H�KB kyyy) _X �H�KB- JX >2``#- "X JQ`Bbb2i- _X *?�iBH�- 6X AM;`�M/- SX JQmi�`HB2`-
aX 6H2m`v- JX E?�iB# 2i hX aBK2QMX �`QmM/ i?2 H�# BM 9y /�vb (BM/QQ` `Q#Qi
M�pB;�iBQM)X .�Mb S`Q+22/BM;b kyyy A*_�X JBHH2MMBmK *QM72`2M+2X A111 AMi2`@
M�iBQM�H *QM72`2M+2 QM _Q#QiB+b �M/ �miQK�iBQMX avKTQbB� S`Q+22/BM;b U*�iX
LQXyy*>jdye8V- pQHmK2 R- T�;2b 33ĜN9 pQHXR- kyyyX U*Biû 2M T�;2 8XV

(�H�KB kyye) _�+?B/ �H�KB- �m`ûHB2 *HQ/B+- oBM+2Mi JQMi`2mBH- 1K`�? �FBM aBb#Qi 2i
_�D� *?�iBH�X hQr�`/ >mK�M@�r�`2 _Q#Qi h�bF SH�MMBM;X .�Mb ���A bT`BM;
bvKTQbBmK , iQ #QH/Hv ;Q r?2`2 MQ ?mK�M@`Q#Qi i2�K ?�b ;QM2 #27Q`2- S�HQ �HiQ-
*�- lMBi2/ ai�i2b- K�`b kyyeX U*Biû 2M T�;2b k9- Rkd 2i R9kXV

(�H�KB kyRR) _�+?B/ �H�KB- J�i?B2m q�`MB2`- CmHB2M :mBiiQM- aûp2`BM G2K�B;M�M 2i 1K@
`�? �FBM aBb#QiX q?2M i?2 `Q#Qi +QMbB/2`b i?2 ?mK�MX .�Mb h?2 R8i? AMi2`M�iBQ@
M�H avKTQbBmK QM _Q#QiB+b _2b2�`+? UAa__V- 6H�;bi�z- lMBi2/ ai�i2b- �Qȿi kyRRX
U*Biû 2M T�;2b RN 2i Rj8XV

(�HBHB kyyN�) a�KB` �HBHB- _�+?B/ �H�KB 2i oBM+2Mi JQMi`2mBHX � h�bF SH�MM2` 7Q` �M
�miQMQKQmb aQ+B�H _Q#QiX .�Mb AM , �b�K� >X- Em`QF�r� >X- Pi� CX- a2FBv�K�
EX U2/bV .Bbi`B#mi2/ �miQMQKQmb _Q#QiB+ avbi2Kb 3X aT`BM;2`- "2`HBM- >2B/2H#2`;-
T�;2b jj8Ĝj99X aT`BM;2` "2`HBM >2B/2H#2`;- kyyNX U*Biû 2M T�;2b k9 2i R9dXV

(�HBHB kyyN#) a�KB` �HBHB- J�ii?B2m q�`MB2`- Jm?�KK�/ �HB 2i _�+?B/ �H�KBX SH�MMBM;
�M/ SH�M@2t2+miBQM 7Q` >mK�M@_Q#Qi *QQT2`�iBp2 h�bF �+?B2p2K2MiX .�Mb RNi?
BMi2`M�iBQM�H +QM72`2M+2 QM �miQK�i2/ TH�MMBM; �M/ b+?2/mHBM; UA*�SaV- h?2bb�@
HQMBFB- :`22+2- b2Ti2K#`2 kyyNX U*Biû 2M T�;2b 8R- 8e 2i 83XV

(�HH2M kyyj) :�`v GX �HH2MX :2bim`2b �++QKT�MvBM; o2`#�H _Qmi2 .B`2+iBQMb , .Q h?2v
SQBMi iQ � L2r �p2Mm2 7Q` 1t�KBMBM; aT�iB�H _2T`2b2Mi�iBQMb \ aT�iB�H *Q;MBiBQM
� *QKTmi�iBQM- pQHX j- MQX 9- T�;2b k8NĜke3- kyyjX U*Biû 2M T�;2 RR8XV

(�HiBb2M kyyj) E�`BM2 �HiBb2M- �m`ûHB2 *HQ/B+- 6HQ`2M+2 J�`�MBM+?B 2i 1`B+ _mii2MX lbBM;
*QMi`QHH2`@avMi?2bBb h2+?MB[m2b iQ "mBH/ S`QT2`iv@1M7Q`+BM; G�v2`bX .�Mb SB2`@
T�QHQ .2;�MQ- 2/Bi2m`- S`Q;`�KKBM; G�M;m�;2b �M/ avbi2Kb- T�;2b Rd9ĜR33- "2`@
HBM- >2B/2H#2`;- kyyjX aT`BM;2` "2`HBM >2B/2H#2`;X U*Biû 2M T�;2b ej 2i edXV

(�M/ kyR9) :H2M/� a�iM2 �M/X q?�i "BM/b lb hQ;2i?2`X S?BHQbQT?B+�H hQTB+b- pQHX 9k-
MQX R- T�;2b 9jĜeR- kyR9X U*Biû 2M T�;2 dkXV

(�M/`2rb kyRk) E`BbiBM �M/`2rbX .Q �T2b `2�/ KBM/b \, hQr�`/ � M2r 7QHF Tbv+?QHQ;vX
JAh S`2bb- kyRkX U*Biû 2M T�;2 dkXV

(�b?2` kyRe) LB+?QH�b �b?2`- CmHB2 >mMi2`- J�i?B2m JQ`2v- 6�`�? "2M�K�`� 2i ai2`;Qb
�7�Mi2MQbX .Bb+Qm`b2 bi`m+im`2 �M/ /B�HQ;m2 �+ib BM KmHiBT�`iv /B�HQ;m2 , h?2 ah�*
+Q`TmbX .�Mb G�M;m�;2 _2bQm`+2b �M/ 1p�Hm�iBQM *QM72`2M+2- T�;2b kdkRĜkdkdX
kyReX U*Biû 2M T�;2 99XV

(�b?2` kyky) LB+?QH�b �b?2`- CmHB2 >mMi2` 2i E�i2 h?QKTbQMX JQ/2HHBM; ai`m+im`2b 7Q`
aBim�i2/ .Bb+Qm`b2X .B�HQ;m2 � .Bb+Qm`b2- pQHX RR- MQX R- T�;2b 3NĜRkR- K�`b kykyX
U*Biû 2M T�;2 99XV



R3k "B#HBQ;`�T?B2

(�mbiBM RNek) CQ?M G�M;b?�r �mbiBMX >Qr iQ /Q i?BM;b rBi? rQ`/bX *H�`2M/QM S`2bb-
RNekX U*Biû 2M T�;2 d9XV

("�`iM2+F kyy3) *?`BbiQT? "�`iM2+F- .�M� EmHBÉ- 1HBx�#2i? *`Q7i 2i amb�M� wQ;?#BX J2�@
bm`2K2Mi AMbi`mK2Mib 7Q` i?2 �Mi?`QTQKQ`T?BbK- �MBK�+v- GBF2�#BHBiv- S2`+2Bp2/
AMi2HHB;2M+2- �M/ S2`+2Bp2/ a�72iv Q7 _Q#QibX AMi2`M�iBQM�H CQm`M�H Q7 aQ+B�H _Q#Q@
iB+b- pQHX R- MQX R- T�;2b dRĜ3R- MQp2K#`2 kyy3X U*Biû 2M T�;2 3dXV

("2H?�bb2BM ) E�i?H22M "2H?�bb2BMX S`QTQbBiBQMb /2 bi`�iû;B2b +QKKmMB+�iBp2b TQm` mM2 �+@
iBQM DQBMi2 >mK�BM@_Q#Qi 2{+�+2- ~mB/2 2i /m`�#H2X S?. i?2bBbX U*Biû 2M T�;2 R8eXV

("2H?�bb2BM kyRd) E�i?H22M "2H?�bb2BM- �m`ûHB2 *HQ/B+- >ûHĕM2 *Q+?2i- J�`F2ii� LB2K2H -
S BpB >2BFFBH - >�MM� G�KKB 2i �MiiB h�KK2H�X >mK�M@>mK�M :mB/�M+2 aim/v-
/û+2K#`2 kyRdX U*Biû 2M T�;2b Ny- NR- RRR 2i RRkXV

("2H?�bb2BM kyRN) E�i?H22M "2H?�bb2BM- :mBH?2K "mBb�M- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX
hQr�`/b K2i?Q/QHQ;B+�H T`BM+BTH2b 7Q` mb2` bim/B2b BM >mK�M@_Q#Qi AMi2`�+iBQMX
.�Mb h2bi J2i?Q/b �M/ J2i`B+b 7Q` 1z2+iBp2 >_A BM *QHH�#Q`�iBp2 >mK�M@_Q#Qi
h2�Kb qQ`Fb?QT- �*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M@_Q#Qi AMi2`@
�+iBQM- .�2;m- aQmi? EQ`2�- K�`b kyRNX U*Biû 2M T�;2b 3e- 33 2i NRXV

("2H?�bb2BM kyky) E�i?H22M "2H?�bb2BM- oő+iQ` 62`M�M/2x *�bi`Q 2i �K�M/BM2 J�vBK�X �
>Q`BxQMi�H �TT`Q�+? iQ *QKKmMB+�iBQM 7Q` >mK�M@_Q#Qi CQBMi �+iBQM , hQr�`/b
aBim�i2/ �M/ ambi�BM�#H2 _Q#QiB+bX .�Mb *mHim`�HHv ambi�BM�#H2 aQ+B�H _Q#QiB+b-
T�;2b ky9ĜkR9X APa S`2bb- kykyX U*Biû 2M T�;2 3kXV

("2H?�bb2BM kykk) E�i?H22M "2H?�bb2BM- 62`M�M/2x@*�bi`Q oő+iQ`- �K�M/BM2 J�vBK�- �m@
`ûHB2 *HQ/B+- 1HBb�#2i? S�+?2`B2- JB+?ĕH2 :mB/2iiB- _�+?B/ �H�KB 2i >ûHĕM2 *Q+?2iX
�//`2bbBM; DQBMi �+iBQM +?�HH2M;2b BM >_A , AMbB;?ib 7`QK Tbv+?QHQ;v �M/ T?BHQbQ@
T?vX �+i� Sbv+?QHQ;B+�- pQHX kkk- T�;2 Ryj9de- 7ûp`B2` kykkX U*Biû 2M T�;2b 88- eN-
dk 2i 3jXV

("2ĽH2` kyky) .�MB2H "2ĽH2`- _Q#2`i SQ`x2H- JB?�B SQK�`H�M- �#?BDBi ov�b- a2#�biB�M >ƺz@
M2`- JB+?�2H "22ix- _�BM2` J�H�F� 2i CQ?M "�i2K�MX 6QmM/�iBQMb Q7 i?2 aQ+BQ@
T?vbB+�H JQ/2H Q7 �+iBpBiB2b UaPJ�V 7Q` �miQMQKQmb _Q#QiB+ �;2MibX �`sBp T`2@
T`BMi �`sBp ,kyRRXRRNdk- kykyX U*Biû 2M T�;2 j3XV

("HQ/Qr kyRR) LB+Q "HQ/Qr- Gm+B�M *QbKBM :Q`QM- wQHi�M@*b�#� J�`iQM- .2D�M S�M@
;2`+B+- h?QK�b _Ƀ?`- JQ`Bix h2MQ`i? 2i JB+?�2H "22ixX �miQMQKQmb a2K�MiB+
J�TTBM; 7Q` _Q#Qib S2`7Q`KBM; 1p2`v/�v J�MBTmH�iBQM h�bFb BM EBi+?2M 1MpB@
`QMK2MibX .�Mb kyRR A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib
�M/ avbi2Kb UA_PaV- a�M 6`�M+Bb+Q- *�- la�- a2Ti2K#2`- k8Ĝjy kyRRX U*Biû 2M
T�;2 jjXV

("QBM2 kyky) *H�B`2 "QBM2- *ûHBM2 *�bi2ib@_2M�`/- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX AM
GQp2 rBi? � *Q`TQ`�iBQM rBi?Qmi EMQrBM; Ai , �M �bvK2i`B+�H _2H�iBQMb?BTX .�Mb
LǠ`bFQp- JX- a2B#i CX 2i ZmB+F PX kykyX- 2/Bi2m`b- *mHim`�HHv ambi�BM�#H2 aQ+B�H
_Q#QiB+b@S`Q+22/BM;b Q7 _Q#QT?BHQbQT?v kykyX- 6`QMiB2`b Q7 �A �M/ Aib �TTHB+�@
iBQMb-X APa S`2bb- �Qȿi kykyX U*Biû 2M T�;2b NN 2i RyjXV

("`�M/QK kyyd) _Q#2`i "X "`�M/QKX h?2 bi`m+im`2 Q7 /2bB`2 �M/ `2+Q;MBiBQM , a2H7@
+QMb+BQmbM2bb �M/ b2H7@+QMbiBimiBQMX S?BHQbQT?v � aQ+B�H *`BiB+BbK- pQHX jj- MQX R-
T�;2b RkdĜR8y- kyydX U*Biû 2M T�;2 dkXV

("`�iK�M RNNk) JB+?�2H 1 "`�iK�MX a?�`2/ +QQT2`�iBp2 �+iBpBivX h?2 T?BHQbQT?B+�H `2pB2r-
pQHX RyR- MQX k- T�;2b jkdĜj9R- RNNkX U*Biû 2M T�;2 djXV
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("`�iK�M RNNN) JB+?�2H "`�iK�MX AMi2MiBQM- TH�Mb- �M/ T`�+iB+�H `2�bQMX *2Mi2` 7Q` i?2
aim/v Q7 G�M;m�;2 �M/ AM7Q`K�iBQM- ai�M7Q`/- *�HB7Q`MB�- RNNNX U*Biû 2M T�;2b 3
2i NXV

("`2�x2�H kyyj) *vMi?B� "`2�x2�HX hQr�`/ bQ+B�#H2 `Q#QibX _Q#QiB+b �M/ �miQMQKQmb
avbi2Kb- pQHX 9k- MQX j- T�;2b Red Ĝ Rd8- kyyjX aQ+B�HHv AMi2`�+iBp2 _Q#QibX U*Biû
2M T�;2 RkdXV

("`2�x2�H kyy9) *vMi?B� "`2�x2�H- �M/`2r "`QQFb- C2bb2 :`�v- :mv >QzK�M- *Q`v EB//-
>�Mb G22- C2z GB2#2`K�M- �M/`2� GQ+F2`/ 2i .�pB/ *?BHQM;QX hmi2H�;2 �M/ *QH@
H�#Q`�iBQM 7Q` >mK�MQB/ _Q#QibX AMi2`M�iBQM�H CQm`M�H Q7 >mK�MQB/ _Q#QiB+b-
pQHX yR- MQX yk- T�;2b jR8Ĝj93- DmBM kyy9X U*Biû 2M T�;2 d8XV

("`BM+F kyR3) AM;�` "`BM+F 2i *?`BbiB�M "�HF2MBmbX Jmim�H _2+Q;MBiBQM BM >mK�M@_Q#Qi
AMi2`�+iBQM , � .2~�iBQM�`v �++QmMiX S?BHQbQT?v � h2+?MQHQ;v- pQHX jj- MQX R-
T�;2b 8jĜdy- /û+2K#`2 kyR3X U*Biû 2M T�;2b eN 2i djXV

("`Q2Fbi`� kyyk) C22M "`Q2Fbi`�- �`DQ?M E�KTK�M 2i 6`�MF o�M >�`K2H2MX a2b�K2 , �
;2M2`B+ �`+?Bi2+im`2 7Q` biQ`BM; �M/ [m2`vBM; `/7 �M/ `/7 b+?2K�X .�Mb AMi2`M�iBQM�H
b2K�MiB+ r2# +QM72`2M+2- T�;2b 89Ĝe3X aT`BM;2`- kyykX U*Biû 2M T�;2b j3 2i jNXV

("`mMQ kyRd) "�`#�`� "`mMQ- L�F uQmM; *?QM;- >B`QFQ E�KB/2- a�MD22p E�MQ`B�- C�2@
`vQmM; G22- umiQ GBK- �KBi EmK�` S�M/2v- *?`Bb S�T�/QTQmHQb- A`2M� S�T�/Q@
TQmHQb- 62/2`B+Q S2+Q`�2i �HX h?2 *�_1aa1a 1l@C�T�M T`QD2+i , K�FBM; �bbBbiBp2
`Q#Qib +mHim`�HHv +QKT2i2MiX .�Mb Ai�HB�M 6Q`mK Q7 �K#B2Mi �bbBbi2/ GBpBM;- T�;2b
R8RĜReNX aT`BM;2`- kyRdX U*Biû 2M T�;2 j3XV

("`vbQM kyRd) CX "`vbQM 2i �X qBM}2H/X ai�M/�`/BxBM; 1i?B+�H .2bB;M 7Q` �`iB}+B�H AMi2H@
HB;2M+2 �M/ �miQMQKQmb avbi2KbX *QKTmi2`- pQHX 8y- MQX 8- T�;2b RReĜRRN- kyRdX
U*Biû 2M T�;2 Rk3XV

("mBb�M kyky�) :mBH?2K "mBb�M- :mBHH�mK2 a�`i?Qm 2i _�+?B/ �H�KBX >mK�M �r�`2
h�bF SH�MMBM; lbBM; o2`#�H *QKKmMB+�iBQM 62�bB#BHBiv �M/ *QbibX .�Mb Rki?
AMi2`M�iBQM�H *QM72`2M+2 QM aQ+B�H _Q#QiB+b UA*a_ kykyV- pQHmK2 Rk Q7 aQ+B�H
_Q#QiB+b- T�;2b 889Ĝ8e8- :QH/2M- lMBi2/ ai�i2b- MQp2K#`2 kykyX aT`BM;2`X U*Biû
2M T�;2 Rj8XV

("mBb�M kyky#) :mBH?2K "mBb�M- :mBHH�mK2 a�`i?Qm- �`i?m` "Bi@JQMMQi- �m`ûHB2 *HQ/B+
2i _�+?B/ �H�KBX 1{+B2Mi- aBim�i2/ �M/ PMiQHQ;v #�b2/ _272``BM; 1tT`2bbBQM
:2M2`�iBQM 7Q` >mK�M@_Q#Qi +QHH�#Q`�iBQMX .�Mb h?2 kNi? A111 AMi2`M�iBQM�H
*QM72`2M+2 QM _Q#Qi � >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U _P@J�LV- T�;2b
j9NĜj8e- L�TH2b UQM HBM2V- Ai�Hv- �Qȿi kykyX A111X U*Biû 2M T�;2b 9R- 98 2i Rj8XV

("mBb�M kykR) :mBH?2K "mBb�M 2i _�+?B/ �H�KBX � >mK�M@�r�`2 h�bF SH�MM2` 1tTHB+BiHv
_2�bQMBM; �#Qmi >mK�M �M/ _Q#Qi .2+BbBQM- �+iBQM �M/ _2�+iBQMX .�Mb >_A
ǶkR , �*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M@_Q#Qi AMi2`�+iBQM- T�;2b
899Ĝ893- "QmH/2` *P la� UpB`im�HV- lMBi2/ ai�i2b- K�`b kykRX �*JX U*Biû 2M
T�;2 RkdXV

("�HBMi@"2M+xû/B kyR3) 62`2M+ "�HBMi@"2M+xû/B 2i JB+?�2H "22ixX o�`B�iBQMb QM � h?2K2 ,
ǳAiǶb � SQQ` aQ`i Q7 J2KQ`v i?�i PMHv qQ`Fb "�+Fr�`/bǴX .�Mb kyR3 A111f_aC
AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/ avbi2Kb UA_PaV- T�;2b 3jNyĜ
3jNe- kyR3X U*Biû 2M T�;2 jdXV

(*�FK�F kyR9) J�v� *�FK�F 2i G2BH� h�F�v�K�X h2�+?BM; S2QTH2 >Qr iQ h2�+? _Q#Qib ,
h?2 1z2+i Q7 AMbi`m+iBQM�H J�i2`B�Hb �M/ .B�HQ; .2bB;MX .�Mb kyR9 Ni? �*JfA111
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AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M@_Q#Qi AMi2`�+iBQM U>_AV- T�;2b 9jRĜ9j3- kyR9X
U*Biû 2M T�;2 djXV

(*�HQ kyRR) _v�M *�HQX _Q#Qib �M/ S`Bp�+vX .�Mb S�i`B+F GBM- :2Q`;2 "2F2v 2i E2Bi?
�#M2v- 2/Bi2m`b- _Q#Qi 1i?B+b , h?2 1i?B+�H �M/ aQ+B�H AKTHB+�iBQMb Q7 _Q#QiB+bX
*�K#`B/;2 , JAh S`2bb- kyRRX U*Biû 2M T�;2 RyyXV

(*�`TBM2HH� kyRd) *QHH22M JX *�`TBM2HH�- �HBb� "X qvK�M- JB+?�2H �X S2`2x 2i ai2p2M CX
ai`Q2bbM2`X h?2 _Q#QiB+ aQ+B�H �ii`B#mi2b a+�H2 U_Qa�aV , .2p2HQTK2Mi �M/ o�@
HB/�iBQMX .�Mb kyRd Rki? �*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M@_Q#Qi
AMi2`�+iBQM U>_A- T�;2b k89Ĝkek- kyRdX U*Biû 2M T�;2 33XV

(*�`p�H?Q kyky) 1`Qb JQ`2B`� *�`p�H?QX aQ+B�H �zQ`/�M+2X aT`BM;2`- *?�K- kykyX U*Biû
2M T�;2 R93XV

(*�bi`Q kyRN) oB+iQ` 62`M�M/2x *�bi`Q- �m`2HB2 *HQ/B+- _�+?B/ �H�KB 2i 1HBb�#2i? S�@
+?2`B2X *QKKBiK2Mib BM >mK�M@_Q#Qi AMi2`�+iBQMX .�Mb ���A 6�HH avK#QbBmK
�A@>_A- kyRNX U*Biû 2M T�;2b Rjd 2i R9kXV

(*�bi`Q kyky) oő+iQ` 62`M�M/2x *�bi`Q 2i J�Mm2H >2`�b@1b+`B#�MQX aQ+B�H *Q;MBiBQM , �
LQ`K�iBp2 �TT`Q�+?X �+i� �M�HviB+�- pQHX j8- MQX R- T�;2b d8ĜRyy- kykyX U*Biû 2M
T�;2 dkXV

(*?�iBH� kyR3) _�D� *?�iBH�- 1`r�M _2M�m/Q- JB?�B �M/`B2b- PK�` _B+�`/Q *?�p2x@
:�`+B�- SB2``2 Gm+2@o�v`�+- _�T?�ďH :Qiibi2BM- _�+?B/ �H�KB- �m`ûHB2 *HQ/B+- a�M@
/`� .2pBM- "2MQŗi :B`�`/ 2i J2?/B E?�K�bbBX hQr�`/ a2H7@�r�`2 _Q#QibX 6`QMiB2`b
BM _Q#QiB+b �M/ �A- pQHX 8- T�;2 33- �Qȿi kyR3X U*Biû 2M T�;2b 8e- eR- R98 2i R93XV

(*H�`F RNNR) >2`#2`i >X *H�`F 2i amb�M 1X "`2MM�MX :`QmM/BM; BM +QKKmMB+�iBQMX .�Mb
S2`bT2+iBp2b QM bQ+B�HHv b?�`2/ +Q;MBiBQMX- T�;2b RkdĜR9NX �K2`B+�M Sbv+?QHQ;B+�H
�bbQ+B�iBQM- RNNRX U*Biû 2M T�;2 3RXV

(*H�`F RNNe�) >2`#2`i > *H�`FX lbBM; H�M;m�;2X *�K#`B/;2 mMBp2`bBiv T`2bb- RNNeX U*Biû
2M T�;2b jj 2i 93XV

(*H�`F RNNe#) >2`#2`i >X *H�`FX lbBM; H�M;m�;2X *�K#`B/;2 lMBp2`bBiv S`2bb- K�B RNNeX
U*Biû 2M T�;2 3RXV

(*H�`F kyye) >2`#2`i >X *H�`FX aQ+B�H �+iBQMb- bQ+B�H +QKKBiK2MibX Pt7Q`/ , "2`; S`2bb-
kyyeX U*Biû 2M T�;2 3RXV

(*HQ/B+ kyye) �m`ûHB2 *HQ/B+- a�`� 6H2m`v- _�+?B/ �H�KB- _�D� *?�iBH�- :û`�`/ "�BHHv-
Gm/QpB+ "`ĕi?2b- J�tBK2 *Qii`2i- S�i`B+F .�Mĕb- s�pB2` .QHH�i- 6`û/û`B+ 1HBb2B-
Ab�#2HH2 62``�Mû- J�ii?B2m >2``#- :mBHH�mK2 AM7�Mi2b- *?`BbiB�M G2K�B`2- 6`û/û`B+
G2`�bH2- Cû`ƬK2 J�M?2b- S�i`B+F J�`+QmH- S�mHQ J2M2x2b 2i oBM+2Mi JQMi`2mBHX
_�+F?�K , �M AMi2`�+iBp2 _Q#Qi@:mB/2X .�Mb A111 AMi2`M�iBQM�H qQ`Fb?QT QM _Q@
#Qib �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQMb U_PJ�LV- T�;2b 8ykĜ8yN- >�i}2H/-
lMBi2/ EBM;/QK- b2Ti2K#`2 kyyeX U*Biû 2M T�;2b e 2i d8XV

(*HQ/B+ kyyd�) �m`ûHB2 *HQ/B+X amT2`pBbBQM TQm` mM `Q#Qi BMi2`�+iB7 , �+iBQM 2i BMi2`�+@
iBQM TQm` mM `Q#Qi �miQMQK2 2M 2MpB`QMM2K2Mi ?mK�BMX h?2b2b- lMBp2`bBiû S�mH
a�#�iB2` @ hQmHQmb2 AAA- DmBM kyydX U*Biû 2M T�;2b 9d- 88 2i d8XV

(*HQ/B+ kyyd#) �m`ûHB2 *HQ/B+- J�tBK2 _�Mb�M- _�+?B/ �H�KB 2i oBM+2Mi JQMi`2mBHX �
K�M�;2K2Mi Q7 Kmim�H #2HB27 7Q` ?mK�M@`Q#Qi BMi2`�+iBQMX .�Mb kyyd A111 AMi2`@
M�iBQM�H *QM72`2M+2 QM avbi2Kb- J�M �M/ *v#2`M2iB+b- JQMi`2�H- *�M�/�- Q+iQ#`2
kyydX U*Biû 2M T�;2b 98 2i Rj8XV
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(*HQ/B+ kyyN) �m`ûHB2 *HQ/B+- >mM; *�Q- a�KB` �HBHB- oBM+2Mi JQMi`2mBH- _�+?B/ �H�KB 2i
_�D� *?�iBH�X a>�_u , � bmT2`pBbBQM bvbi2K �/�Ti2/ iQ >mK�M@_Q#Qi AMi2`�+iBQMX
.�Mb AM , E?�iB# PX- EmK�` oX- S�TT�b :XCX U2/bV 1tT2`BK2Mi�H _Q#QiB+bX aT`BM;2`
h`�+ib BM �/p�M+2/ _Q#QiB+b- pQH 89X aT`BM;2`- "2`HBM- >2B/2H#2`;- T�;2b kkNĜkj3X
kyyNX U*Biû 2M T�;2b k9- Rje 2i RjdXV

(*HQ/B+ kyRd) �m`ûHB2 *HQ/B+- 1HBb�#2i? S�+?2`B2- _�+?B/ �H�KB 2i _�D� *?�iBH�X E2v 1H2@
K2Mib 7Q` >mK�M _Q#Qi CQBMi �+iBQMX .�Mb aQ+B�HBiv �M/ LQ`K�iBpBiv 7Q` _Q#Qib@
S?BHQbQT?B+�H AM[mB`B2b BMiQ >mK�M@_Q#Qi AMi2`�+iBQMb- aim/B2b BM i?2 S?BHQbQT?v
Q7 aQ+B�HBiv- T�;2b R8NĜRddX aT`BM;2`- kyRdX h?Bb /Q+mK2Mi Bb �M 2ti2M/2/ p2`bBQM
Q7 i?2 QM2 Tm#HBb?2/ BM i?2 T`Q+22/BM;b Q7 _Q#QS?BHQbQT?v +QM72`2M+2X U*Biû 2M
T�;2b Rj 2i k3XV

(*HQ/B+ kyR3�) �m`ûHB2 *HQ/B+- C�pB2` o�x[m2x@a�H+2/�- 6`�MF .B;MmK- a�Km2H J�b+�`2M@
?�b- oB`;BMB� .B;MmK- �;M2b2 �m;2HHQ- J�Mm2H :2MiBH2 2i _�+?B/ �H�KBX PM i?2
S2`iBM2M+2 Q7 aQ+B�H S`�+iB+2b 7Q` aQ+B�H _Q#QiB+bX .�Mb APa S`2bb- 2/Bi2m`- 1MpB@
bBQMBM; _Q#Qib BM aQ+B2iv Ĝ SQr2`- SQHBiB+b- �M/ Sm#HB+ aT�+2- T�;2b jeĜd9X kyR3X
U*Biû 2M T�;2b Rjy 2i RjRXV

(*HQ/B+ kyR3#) �m`ûHB2 *HQ/B+- C�pB2` o�x[m2x@a�H+2/�- 6`�MF .B;MmK- a�Km2H J�b+�`2M@
?�b- oB`;BMB� .B;MmK- �;M2b2 �m;2HHQ- J�Mm2H :2MiBH2 2i _�+?B/ �H�KBX PM i?2
S2`iBM2M+2 Q7 aQ+B�H S`�+iB+2b 7Q` aQ+B�H _Q#QiB+bX .�Mb APa S`2bb- 2/Bi2m`- 1MpB@
bBQMBM; _Q#Qib BM aQ+B2iv Ĝ SQr2`- SQHBiB+b- �M/ Sm#HB+ aT�+2- T�;2b jeĜd9X kyR3X
U*Biû 2M T�;2 R9kXV

(*HQ/B+ kyRN) �m`ûHB2 *HQ/B+- _�+?B/ �H�KB- 1HBb�#2i? S�+?2`B2 2i oő+iQ` 62`M�M/2x *�b@
i`QX *QKKBiK2Mib BM >mK�M@_Q#Qi AMi2`�+iBQMX 3i? CQBMi �+iBQM J22iBM;- DmBHH2i
kyRNX SQbi2`X U*Biû 2M T�;2b dj 2i 3jXV

(*HQ/B+ kykR) �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX q?�i Ab Ai iQ AKTH2K2Mi � >mK�M@_Q#Qi
CQBMi �+iBQM \ .�Mb _Q#QiB+b- �A- �M/ >mK�MBiv- T�;2b kkNĜkj3X aT`BM;2` AMi2`@
M�iBQM�H Sm#HBb?BM;- 7ûp`B2` kykRX U*Biû 2M T�;2 k3XV

(*Q?2M RNNy) S?BHBT _X *Q?2M 2i >2+iQ` CX G2p2b[m2X AMi2MiBQM Bb +?QB+2 rBi? +QKKBiK2MiX
�`iB}+B�H AMi2HHB;2M+2- pQHX 9k- MQX k- T�;2b kRjĜkeR- RNNyX U*Biû 2M T�;2b Rk- dj
2i deXV

(*Q?2M RNNR) S?BHBT _ *Q?2M 2i >2+iQ` C G2p2b[m2X h2�KrQ`FX LQmb- pQHX k8- MQX 9- T�;2b
93dĜ8Rk- RNNRX U*Biû 2M T�;2 8RXV

(*QKKBbbBQM kyRN) 1m`QT2�M *QKKBbbBQM- *QMi2Mi .B`2+iQ`�i2@:2M2`�H 7Q` *QKKmMB+�@
iBQMb L2irQ`Fb 2i h2+?MQHQ;vX GB;M2b /B`2+i`B+2b 2M K�iBĕ`2 /Ƕûi?B[m2 TQm` mM2 B�
/B;M2 /2 +QM}�M+2X Sm#HB+�iBQMb P{+2- kyRNX U*Biû 2M T�;2b Ryk 2i RyjXV

(.�mi2M?�?M kyye) E2`biBM .�mi2M?�?M- JB+?�2H q�Hi2`b- a�`�? qQQ/b- E?2M; G22 EQ�v-
*?`BbiQT?2` G L2?�MBp- 1K`�? �FBM aBb#Qi- _�+?B/ �H�KB 2i h?B2``v aBK2QMX >Qr
J�v A a2`p2 uQm \ � _Q#Qi *QKT�MBQM �TT`Q�+?BM; � a2�i2/ S2`bQM BM � >2HTBM;
*QMi2tiX .�Mb Rbi �*J aA:*>AfaA:�_h +QM72`2M+2 QM >mK�M@`Q#Qi BMi2`�+iBQM
U>_A Ƕye V- li�?- lMBi2/ ai�i2b- K�`b kyyeX U*Biû 2M T�;2 38XV

(.�pB/bQM RN3y) .QM�H/ .�pB/bQMX 1bb�vb QM �+iBQMb �M/ 2p2MibX Pt7Q`/ lMBp2`bBiv S`2bb-
b2Ti2K#`2 RN3yX U*Biû 2M T�;2 3XV

(/2 :`22z kyR8) CQ�+?BK /2 :`22z 2i hQMv "2HT�2K2X q?v _Q#Qib a?QmH/ "2 aQ+B�H , 1M@
?�M+BM; J�+?BM2 G2�`MBM; i?`Qm;? aQ+B�H >mK�M@_Q#Qi AMi2`�+iBQMX SGPa PL1-
pQHX Ry- MQX N- T�;2b RĜke- yN kyR8X U*Biû 2M T�;2 RkdXV
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(.2?�Bb kyRR) 6`û/û`B+ .2?�Bb- 1K`�? �FBM aBb#Qi- _�+?B/ �H�KB 2i JB+F�ďH *�mbb2X S?v@
bBQHQ;B+�H �M/ bm#D2+iBp2 2p�Hm�iBQM Q7 � ?mK�MĜ`Q#Qi Q#D2+i ?�M/@Qp2` i�bFX �TTHB2/
1`;QMQKB+b- pQHX 9k- MQX e- T�;2b d38ĜdNR- MQp2K#`2 kyRRX U*Biû 2M T�;2 R99XV

(.2MM2ii kyyN) .�MB2H .2MM2iiX AMi2MiBQM�H bvbi2Kb i?2Q`vX Pt7Q`/ lMBp2`bBiv S`2bb-
D�MpB2` kyyNX U*Biû 2M T�;2 dyXV

(.2pBM kyRe�) a�M/`� .2pBM 2i _�+?B/ �H�KBX �M AKTH2K2Mi2/ h?2Q`v Q7 JBM/ iQ AKT`Qp2
>mK�M@_Q#Qi a?�`2/ SH�Mb 1t2+miBQMX .�Mb h?2 1H2p2Mi? �*JfA111 AMi2`M�@
iBQM�H *QM72`2M+2 QM >mK�M _Q#Qi AMi2`�iBQM- h?2 1H2p2Mi? �*JfA111 AMi2`M�@
iBQM�H *QM72`2M+2 QM >mK�M _Q#Qi AMi2`�iBQM- T�;2b jRNĜjke- *?`Bbi+?m`+?- L2r
w2�H�M/- K�`b kyReX A111 S`2bbX U*Biû 2M T�;2b k3 2i R9kXV

(.2pBM kyRe#) a�M/`� .2pBM 2i _�+?B/ �H�KBX �M BKTH2K2Mi2/ i?2Q`v Q7 KBM/ iQ BKT`Qp2
?mK�M@`Q#Qi b?�`2/ TH�Mb 2t2+miBQMX T�;2 jRNĜjkeX A111 S`2bb- kyReX U*Biû 2M
T�;2 RjeXV

(.2pBM kyRd�) a�M/`� .2pBMX .2+BbBQM�H Bbbm2b /m`BM; ?mK�M@`Q#Qi DQBMi �+iBQMX h?2b2b-
lMBp2`bBiû /2 hQmHQmb2- kyRdX U*Biû 2M T�;2b 9d- 8R- 8e 2i 8NXV

(.2pBM kyRd#) a�M/`� .2pBM- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX �#Qmi .2+BbBQMb .m`BM;
>mK�M@_Q#Qi a?�`2/ SH�M �+?B2p2K2Mi , q?Q a?QmH/ �+i �M/ >Qr \ .�Mb aQ+B�H
_Q#QiB+b-Ni? AMi2`M�iBQM�H *QM72`2M+2- A*a_ kyRd- hbmFm#�- C�T�M- LQp2K#2` kk@
k9- kyRd- S`Q+22/BM;b- pQHmK2 Rye8k Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2 #QQF
b2`B2b- T�;2b 98jĜ9ejX bT`BM;2`- Q+iQ#`2 kyRdX U*Biû 2M T�;2b k3- eR- Rkd- Rje
2i R9dXV

(.2pBM kyR3) a�M/`� .2pBM- *�KBHH2 o`B;M�m/- E�i?H22M "2H?�bb2BM- �m`ûHB2 *HQ/B+- PT?û@
HB2 *�``2`�b 2i _�+?B/ �H�KBX 1p�Hm�iBM; i?2 S2`iBM2M+2 Q7 _Q#Qi .2+BbBQMb BM �
>mK�M@_Q#Qi CQBMi �+iBQM *QMi2ti , h?2 S2_.Ah� Zm2biBQMM�B`2X .�Mb kdi?
A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM
U_P@J�L kyR3V- L�MDBM;- *?BM�- �Qȿi kyR3X U*Biû 2M T�;2b eR- 33- Ny 2i RkyXV

(.B;MmK kyR8) oB`;BMB� .B;MmK 2i 6`�MF .B;MmKX *QMi2tim�HBx2/ SH�MMBM; lbBM; aQ+B�H
S`�+iB+2bX .�Mb �/Biv� :?Qb2- LB` P`2M- S�MF�D h2H�M; 2i CQ?M h?�M;�`�D�?-
2/Bi2m`b- *QQ`/BM�iBQM- P`;�MBx�iBQMb- AMbiBimiBQMb- �M/ LQ`Kb BM �;2Mi avbi2Kb
s- T�;2b jeĜ8kX aT`BM;2`- kyR8X U*Biû 2M T�;2 RjRXV

(.B;MmK kyR3) oB`;BMB� .B;MmK- 6`�MF .B;MmK- C�pB2` o�x[m2x@a�H+2/�- �m`ûHB2 *HQ/B+-
J�Mm2H :2MiBH2- a�Km2H J�b+�`2M?�b 2i �;M2b2 �m;2HHQX .2bB;M 7Q` o�Hm2b 7Q`
aQ+B�H _Q#Qi �`+?Bi2+im`2bX .�Mb 1MpBbBQMBM; _Q#Qib BM aQ+B2iv Ĝ SQr2`- SQHBiB+b-
�M/ Sm#HB+ aT�+2- T�;2b 9jĜ8kX kyR3X U*Biû 2M T�;2b N9 2i RyjXV

(.B;MmK kyRN) oB`;BMB� .B;MmKX _2bTQMbB#H2 �`iB}+B�H BMi2HHB;2M+2 , >Qr iQ /2p2HQT �M/
mb2 �B BM � `2bTQMbB#H2 r�vX aT`BM;2`- *?�K- kyRNX U*Biû 2M T�;2b N9 2i RyjXV

(/B` ) .B`2+iBp2 kyy8fkNf1* Q7 i?2 1m`QT2�M S�`HB�K2Mi �M/ Q7 i?2 *QmM+BH Q7 RR J�v
kyy8 +QM+2`MBM; mM7�B` #mbBM2bb@iQ@+QMbmK2` +QKK2`+B�H T`�+iB+2b BM i?2 BMi2`@
M�H K�`F2i �M/ �K2M/BM; *QmM+BH .B`2+iBp2 39f98yf11*- .B`2+iBp2b Ndfdf1*-
N3fkdf1* �M/ kyykfe8f1* Q7 i?2 1m`QT2�M S�`HB�K2Mi �M/ Q7 i?2 *QmM+BH �M/
_2;mH�iBQM U1*V LQ kyyefkyy9 Q7 i?2 1m`QT2�M S�`HB�K2Mi �M/ Q7 i?2 *QmM+BH
UǵlM7�B` *QKK2`+B�H S`�+iB+2b .B`2+iBp2ǶVX U*Biû 2M T�;2 RyyXV

(62`M�M/2x *�bi`Q ) oő+iQ` 62`M�M/2x *�bi`Q- �K�M/BM2 J�vBK�- E�i?H22M "2H?�bb2BM 2i
�m`ûHB2 *HQ/B+X U6Q`i?+QKBM;V h?2 _QH2 Q7 *QKKBiK2Mib BM aQ+B�HHv �TT`QT`B�i2
_Q#QiB+bX .�Mb hQ �TT2�` BM , :`�Mb+?2- JX L2`m`F�`- CX "2HHQM- aX L ?`@q�;2M2`
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U2/bV h2+?MQHQ;v aQ+B�HBx�iBQM \ aQ+B�H �TT`QT`B�i2M2bb 7Q` +QKTmi2`@#�b2/ bvb@
i2KbX U*Biû 2M T�;2b dj 2i 3jXV

(62`M�M/2x *�bi`Q kyRN) o 62`M�M/2x *�bi`Q- �m`ûHB2 *HQ/B+- _�+?B/ �H�KB 2i 1HBb�#2i?
S�+?2`B2X *QKKBiK2Mib BM >mK�M@_Q#Qi AMi2`�+iBQMX rQ`FBM; T�T2` Q` T`2T`BMi-
b2Ti2K#`2 kyRNX U*Biû 2M T�;2b dj- 3j 2i R9dXV

(62`M�M/2x *�bi`Q kyky) oő+iQ` 62`M�M/2x *�bi`Q- _�mH >�FHB 2i �m`ûHB2 *HQ/B+X q?�i
/Q2b Bi i�F2 iQ #2 � bQ+B�H �;2Mi \ .�Mb �TT2�`2/ BM , LǠ`bFQp- JX- a2B#i CX- ZmB+F
PX kykyX *mHim`�HHv ambi�BM�#H2 aQ+B�H _Q#QiB+b@S`Q+22/BM;b Q7 _Q#QT?BHQbQT?v
kykyX a2`B2b 6`QMiB2`b Q7 �A �M/ Aib �TTHB+�iBQMb- APa S`2bb- �Kbi2`/�KX- �Qȿi
kykyX U*Biû 2M T�;2b eN- dR- 3j 2i R93XV

(6BQ`2 kyR9) JB+?2H�M;2HQ 6BQ`2- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX PM SH�MMBM; �M/ h�bF
�+?B2p2K2Mi JQ/�HBiB2b 7Q` >mK�M@_Q#Qi *QHH�#Q`�iBQMX .�Mb AMi2`M�iBQM�H avK@
TQbBmK QM 1tT2`BK2Mi�H _Q#QiB+b UAa1_ kyR9V- T�;2 R8TX- J�``�F2+?- JQ`Q++Q-
DmBM kyR9X U*Biû 2M T�;2b ey- Rkd 2i RjeXV

(6Bb+?2` kyky) E2`biBM 6Bb+?2`- CQ?�MM� a2B#i- _�z�2H2 _Q/Q;MQ- J�BF2 EB`F2;´`/ _�b@
Kmbb2M- �bi`B/ q2Bbb- G2QM "Q/2M?�;2M- qBHHB�K E`BbiB�M Cm2H 2i LQ`#2`i E`Ƀ;2`X
AMi2;`�iBp2 aQ+B�H _Q#QiB+b >�M/b@QMX AMi2`�+iBQM aim/B2b- kykyX U*Biû 2M T�;2b 3d-
Nj 2i N9XV

(6QM; kyye) h2``2M+2 6QM;- *H�viQM EmMx- G�m`� JX >B�ii 2i J�;/� "m;�DbF�X h?2
>mK�M@_Q#Qi AMi2`�+iBQM PT2`�iBM; avbi2KX .�Mb S`Q+22/BM;b Q7 i?2 Rbi �*J
aA:*>AfaA:�_h *QM72`2M+2 QM >mK�M@_Q#Qi AMi2`�+iBQM- >_A Ƕye- T�;2 9RĜ
93- L2r uQ`F- Lu- la�- kyyeX �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`vX U*Biû 2M
T�;2 d8XV

(7Q` 1i?B+�H *QMbB/2`�iBQMb BM �`iB}+B�H AMi2HHB;2M+2 kyRd) h?2 A111 :HQ#�H AMBiB�iBp2 7Q`
1i?B+�H *QMbB/2`�iBQMb BM �`iB}+B�H AMi2HHB;2M+2 2i �miQMQKQmb avbi2KbX 1i?B+�HHv
�HB;M2/ .2bB;M , � oBbBQM 6Q` S`BQ`BiBxBM; q2HH#2BM; qBi? �`iB}+B�H AMi2HHB;2M+2
�M/ �miQMQKQmb avbi2Kb- o2`bBQM k- /û+2K#`2 kyRdX U*Biû 2M T�;2b N9 2i Rk3XV

(6Qbi2` kyRN) J�`v 1HH2M 6Qbi2`- "�`i *`�2M2M- �KQH .2b?KmF?- PHBp2` G2KQM- 1K�@
Mm2H2 "�biB�M2HHB- *?`BbiB�M .QM/`mT- AQ�MMBb S�T�BQ�MMQm- �M/`2� o�MxQ- C2�M@
J�`+ P/Q#2x- PHBpB2` *�Mûp2i- um�Mx?Qm?�M *�Q- q2BT2M; >2- �M;2H J�`iőM2x@
:QMx�H2x- S2i` JQiHB+2F- _ûKv aB2;7`B2/- _�+?B/ �H�KB- E�i?H22M "2H?�bb2BM- :mBH@
?2K "mBb�M- �m`ûHB2 *HQ/B+- �K�M/BM2 J�vBK�- uQ�M a�HH�KB- :mBHH�mK2 a�`i?Qm-
S?�MB@h2D� aBM;�K�M2MB- CmH2b q�H/?�`i- �H2t�M/`2 J�x2H- J�tBK2 *�MBQi- J�`@
F2ii� LB2K2H - S BpB >2BFFBH - >�MM� G�KKB 2i �MiiB h�KK2H�X JmJJ1_ ,
aQ+B�HHv AMi2HHB;2Mi >mK�M@_Q#Qi AMi2`�+iBQM BM Sm#HB+ aT�+2bX .�Mb �`iB}+B�H AM@
i2HHB;2M+2 7Q` >mK�M@_Q#Qi AMi2`�+iBQM avKTQbBmK U�A@>_AV- �A@>_A kyRN S`Q@
+22/BM;b- �`HBM;iQM- o�- lMBi2/ ai�i2b- MQp2K#`2 kyRNX ���A 6�HH avKTQbBmK
a2`B2b kyRNX U*Biû 2M T�;2 j9XV

(:�HBM/Q kyy3) *X :�HBM/Q- CX�X 62`M�M/2x@J�/`B;�H- CX :QMx�H2x 2i �X a�{QiiBX _Q#Qi
i�bF TH�MMBM; mbBM; b2K�MiB+ K�TbX _Q#QiB+b �M/ �miQMQKQmb avbi2Kb- pQHX 8e-
MQX RR- T�;2b N88ĜNee- kyy3X U*Biû 2M T�;2 jjXV

(:�i RNNk) 1`�MM :�iX AMi2;`�iBM; SH�MMBM; �M/ _2�+iBM; BM � >2i2`Q;2M2Qmb �bvM+?`Q@
MQmb �`+?Bi2+im`2 7Q` *QMi`QHHBM; _2�H@qQ`H/ JQ#BH2 _Q#QibX .�Mb S`Q+22/BM;b Q7
i?2 h2Mi? L�iBQM�H *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- ���AǶNk- T�;2 3yNĜ3R8X
���A S`2bb- RNNkX U*Biû 2M T�;2 3XV
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(:?�`#B kyR8) J�KQmM :?�`#B- SB2``2@oBM+2Mi S�m#2H- �m`ûHB2 *HQ/B+- PT?ûHB2 *�``2`�b-
_�+?B/ �H�KB 2i C2�M@J�`B2 *2HHB2`X hQr�`/ � #2ii2` mM/2`bi�M/BM; Q7 i?2 +QKKm@
MB+�iBQM +m2b BMpQHp2/ BM � ?mK�M@`Q#Qi Q#D2+i i`�Mb72`X .�Mb k9i? AMi2`M�iBQM�H
avKTQbBmK QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- A111 _P@J�L-
T�;2b jRNĜjk9- EQ#2- C�T�M- �Qȿi kyR8X U*Biû 2M T�;2b k9- 88- ey 2i NyXV

(:B#bQM RNdN) C�K2b CX :B#bQMX h?2 2+QHQ;B+�H �TT`Q�+? iQ pBbm�H T2`+2TiBQMX >Qm;?iQM
JB|BM- RNdNX U*Biû 2M T�;2 R98XV

(:BH#2`i kyRj) J�`;�`2i :BH#2`iX CQBMi +QKKBiK2Mi , >Qr r2 K�F2 i?2 bQ+B�H rQ`H/X
Pt7Q`/ lMBp2`bBiv S`2bb- kyRjX U*Biû 2M T�;2b dj 2i d9XV

(:Q+FH2v kyyd) _�+?2H :Q+FH2v- CQ/B 6Q`HBxxB 2i _2B/ aBKKQMbX L�im`�H T2`bQM@7QHHQrBM;
#2?�pBQ` 7Q` bQ+B�H `Q#QibX .�Mb S`Q+22/BM; Q7 i?2 �*JfA111 BMi2`M�iBQM�H +QM72@
`2M+2 QM >mK�M@`Q#Qi BMi2`�+iBQM @ >_A ^ydX �*J S`2bb- kyydX U*Biû 2M T�;2 RkdXV

(:QzK�M RNej) 1`pBM; :QzK�MX "2?�pBQ` BM Tm#HB+ TH�+2b c MQi2b QM i?2 bQ+B�H Q`;�MBx�@
iBQM Q7 ;�i?2`BM;bX 6`22 S`2bb Q7 :H2M+Q2- L2r uQ`F- RNejX U*Biû 2M T�;2 RjyXV

(:`22MbT�M RNd3) SX aX :`22MbT�MX "2?�pBQ` *QMi`QH �M/ 6`22/QK Q7 �+iBQMX h?2 S?BHQ@
bQT?B+�H _2pB2r- pQHX 3d- MQX k- T�;2 kk8- �p`BH RNd3X U*Biû 2M T�;2 d9XV

(:`Qbx RNNe) "�`#�`� CX :`Qbx 2i a�`Bi E`�mbX *QHH�#Q`�iBp2 TH�Mb 7Q` +QKTH2t ;`QmT
�+iBQMX �`iB}+B�H AMi2HHB;2M+2- pQHX 3e- MQX k- T�;2b keNĜj8d- RNNeX U*Biû 2M T�;2b Rk
2i 3yXV

(>2BFFBH  kyRN) S BpB >2BFFBH - >�MM� G�KKB- J�`F2ii� LB2K2H - E�i?H22M "2H?�bb2BM-
:mBHH�mK2 a�`i?Qm- �MiiB h�KK2H�- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX a?QmH/ � `Q#Qi
;mB/2 HBF2 � ?mK�M \ � [m�HBi�iBp2 7Qm`@T?�b2 bim/v Q7 � b?QTTBM; K�HH `Q#QiX .�Mb
h?2 1H2p2Mi? AMi2`M�iBQM�H *QM72`2M+2 QM aQ+B�H _Q#QiB+b UA*a_ kyRNV- J�/`B/-
aT�BM- MQp2K#`2 kyRNX U*Biû 2M T�;2b NR- RRk 2i RR8XV

(>QHix kyR9) :X >QHixX :2M2`�iBM; aQ+B�H S`�+iB+2bX C�aaa- pQHX Rd- MQX R- T�;2 Rd- kyR9X
U*Biû 2M T�;2 RjyXV

(>m�M; kyRj) *?B2M@JBM; >m�M; 2i "BH;2 JmiHmX h?2 _2T2`iQB`2 Q7 _Q#Qi "2?�pBQ` ,
1M�#HBM; _Q#Qib iQ �+?B2p2 AMi2`�+iBQM :Q�Hb i?`Qm;? aQ+B�H "2?�pBQ`X CX >mKX@
_Q#Qi AMi2`�+iX- pQHX k- MQX k- T�;2 3yĜRyk- DmM kyRjX U*Biû 2M T�;2 d8XV

(>mMi2` kyR3) CmHB2 >mMi2`- LB+?QH�b �b?2` 2i �H2t G�b+�`B/2bX � 7Q`K�H b2K�MiB+b 7Q`
bBim�i2/ +QMp2`b�iBQMX a2K�MiB+b �M/ S`�;K�iB+b- pQHX RR- kyR3X U*Biû 2M T�;2 99XV

(>mMi2` KBM;) CmHB2 >mMi2` 2i E�i2 h?QKTbQMX PM i?2 _QH2 Q7 _2H�iBQMb �M/ ai`m+im`2
BM .Bb+Qm`b2 AMi2`T`2i�iBQMX 7Q`i?+QKBM;X U*Biû 2M T�;2 99XV

(C�+Q#bbQM kyy3) >2M`BF C�+Q#bbQM- LB+F >�r2b- :22`i@C�M E`mBDz 2i C2`2Kv qv�iiX
*`QbbKQ/�H *QMi2Mi "BM/BM; BM AM7Q`K�iBQM@S`Q+2bbBM; �`+?Bi2+im`2bX .�Mb S`Q@
+22/BM;b Q7 i?2 j`/ �*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M _Q#Qi AMi2`@
�+iBQM- T�;2b 3RĜ33- L2r uQ`F- Lu- la�- kyy3X �*JX U*Biû 2M T�;2 jjXV

(CQbi kyky) *ûHBM2 CQbi- "`B;Bii2 G2 Sûpû/B+- hQMv "2HT�2K2- *BM/v "2i?2H- .BKBi`BQb
*?`vbQbiQKQm- LB;2H *`QQF- J�`BM2 :`�M/;2Q`;2 2i LB+QH2 JB`MB;- 2/Bi2m`bX
>mK�M@`Q#Qi BMi2`�+iBQM- 2p�Hm�iBQM K2i?Q/b �M/ i?2B` bi�M/�`/Bx�iBQMX aT`BM@
;2` AMi2`M�iBQM�H Sm#HBb?BM;- kykyX U*Biû 2M T�;2 3NXV

(E?�K#?�Bi� kyRe) >�`KBb? E?�K#?�Bi�- CQ`;2 _BQb@J�`iBM2x 2i _�+?B/ �H�KBX >2�/@
"Q/v JQiBQM *QQ`/BM�iBQM 7Q` >mK�M �r�`2 _Q#Qi L�pB;�iBQMX .�Mb Ni? AMi2`M�@
iBQM�H rQ`Fb?QT QM >mK�M@6`B2M/HHv _Q#QiB+b U>6_ kyReV- T�;2 3TX- :āM2b- Ai�Hv-
b2Ti2K#`2 kyReX U*Biû 2M T�;2 k9XV
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(E?�K#?�Bi� kyRd�) >�`KBb? E?�K#?�Bi� 2i _�+?B/ �H�KBX �bb2bbBM; i?2 aQ+B�H *`Bi2`B�
7Q` >mK�M@_Q#Qi *QHH�#Q`�iBp2 L�pB;�iBQM , � *QKT�`BbQM Q7 >mK�M@�r�`2 L�pB@
;�iBQM SH�MM2`bX .�Mb S`Q+X A111 AMi2`M�iBQM�H avKTQbBmK QM _Q#Qi �M/ >mK�M
AMi2`�+iBp2 *QKKmMB+�iBQM U_P@J�LV- T�;2 eTX- GBb#QMM2- SQ`im;�H- �Qȿi kyRdX
U*Biû 2M T�;2b kj 2i RkdXV

(E?�K#?�Bi� kyRd#) >�`KBb? E?�K#?�Bi� 2i _�+?B/ �H�KBX oB2rBM; _Q#Qi L�pB;�iBQM
BM >mK�M 1MpB`QMK2Mi �b � *QQT2`�iBp2 �+iBpBivX .�Mb AMi2`M�iBQM�H avKTQbBmK
QM _Q#QiB+b _2b2�`+? UAaa_ kyRdV- T�;2 R3TX- Sm2`iQ o�`�b- *?BH2- /û+2K#`2 kyRdX
U*Biû 2M T�;2b kj- RR3 2i RkdXV

(EMQ#HB+? kyRR) :ɃMi?2` EMQ#HB+?- ai2T?2M "mii2`}HH 2i L�i�HB2 a2#�MxX Sbv+?QHQ;B+�H
`2b2�`+? QM DQBMi �+iBQM , i?2Q`v �M/ /�i�X Sbv+?QHQ;v Q7 H2�`MBM; �M/ KQiBp�iBQM-
pQHX 89- T�;2b 8NĜRyR- kyRRX U*Biû 2M T�;2b Ry- k9- k3 2i R9kXV

(E`�?K2` kyRk) 1KB2H E`�?K2` 2i E22b o�M .22Ki2`X *QKTmi�iBQM�H ;2M2`�iBQM Q7 `2@
72``BM; 2tT`2bbBQMb , � bm`p2vX *QKTmi�iBQM�H GBM;mBbiB+b- pQHX j3- MQX R- T�;2b
RdjĜkR3- kyRkX U*Biû 2M T�;2 9RXV

(E`mb2 kyRj) h?B#�mHi E`mb2- �KBi EmK�` S�M/2v- _�+?B/ �H�KB 2i �H2t�M/`� EB`b+?X
>mK�M@�r�`2 _Q#Qi L�pB;�iBQM , � am`p2vX _Q#QiB+b �M/ �miQMQKQmb avbi2Kb-
pQHX eR- MQX Rk- T�;2b TTXRdkeĜRd9j- /û+2K#`2 kyRjX U*Biû 2M T�;2 kjXV

(E`mb2 kyR9) h?B#�mHi E`mb2- �H2t�M/`� EB`b+?- >�`KBb? E?�K#?�Bi� 2i _�+?B/ �H�KBX
1p�Hm�iBM; /B`2+iBQM�H +Qbi KQ/2Hb BM M�pB;�iBQMX .�Mb S`Q+X �*JfA111 AMi2`M�@
iBQM�H *QM72`2M+2 QM >mK�M@_Q#Qi AMi2`�+iBQM U>_AV- T�;2b j8y Ĝ j8d- "B2H272H/-
:2`K�Mv- K�`b kyR9X U*Biû 2M T�;2 RkdXV

(EmBT2`b kyyy) "2MD�KBM EmBT2`bX h?2 aT�iB�H a2K�MiB+ >B2`�`+?vX �`iB}+B�H AMi2HHB;2M+2-
pQHX RRN- MQX R- T�;2b RNRĜkjj- kyyyX U*Biû 2M T�;2 RR8XV

(G�HH2K2Mi kyR9) _�T?�ďH G�HH2K2Mi- G�pBM/`� .2 aBHp� 2i _�+?B/ �H�KBX >�hS , �M
>hL SH�MM2` 7Q` _Q#QiB+bX .�Mb kM/ A*�Sa qQ`Fb?QT QM SH�MMBM; �M/ _Q#QiB+b-
SQ`ibKQmi?- lMBi2/ ai�i2b- DmBM kyR9X U*Biû 2M T�;2b k9 2i RkdXV

(G�HH2K2Mi kyR3) _�T?�ďH G�HH2K2Mi- G�pBM/`� .2 aBHp� 2i _�+?B/ �H�KBX >�hS , >B2`�`@
+?B+�H �;2Mi@#�b2/ h�bF SH�MM2`X .�Mb AMi2`M�iBQM�H *QM72`2M+2 QM �miQMQKQmb
�;2Mib �M/ JmHiB�;2Mi avbi2Kb U��J�a kyR3V- aiQ+F?QHK- ar2/2M- DmBHH2i kyR3X
U*Biû 2M T�;2b 8R- R9k 2i R9dXV

(G�bbBH� RNN3) P`� G�bbBH�- _�HT? _ arB+F2i �HX _2bQm`+2 /2b+`BTiBQM 7`�K2rQ`F U_.6V
KQ/2H �M/ bvMi�t bT2+B}+�iBQMX RNN3X U*Biû 2M T�;2 jNXV

(G2Bi2 kyRj) AQH�M/� G2Bi2- *�`HQb J�`iBM?Q 2i �M� S�Bp�X aQ+B�H _Q#Qib 7Q` GQM;@h2`K
AMi2`�+iBQM , � am`p2vX AMi2`M�iBQM�H CQm`M�H Q7 aQ+B�H _Q#QiB+b- pQHX 8- MQX k- T�;2b
kNRĜjy3- D�MpB2` kyRjX U*Biû 2M T�;2 RkdXV

(G2K�B;M�M kyRy) aûp2`BM G2K�B;M�M- _�[m2H _Qb- GQ`2Mx Jƺb2MH2+?M2`- _�+?B/ �H�KB 2i
JB+?�2H "22ixX P_P- � FMQrH2/;2 K�M�;2K2Mi KQ/mH2 7Q` +Q;MBiBp2 �`+?Bi2+im`2b
BM `Q#QiB+bX .�Mb 111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/
avbi2Kb UA_PaV- h�BT2B- h�Br�M- Q+iQ#`2 kyRyX U*Biû 2M T�;2b jd- j3 2i Rj8XV

(G2K�B;M�M kyRd) aûp2`BM G2K�B;M�M- J�ii?B2m q�`MB2`- 1K`�? �FBM aBb#Qi- �m`ûHB2
*HQ/B+ 2i _�+?B/ �H�KBX �`iB}+B�H *Q;MBiBQM 7Q` aQ+B�H >mK�M@_Q#Qi AMi2`�+@
iBQM , �M AKTH2K2Mi�iBQMX �`iB}+B�H AMi2HHB;2M+2- pQHX k9d- T�;2b 98ĜeN- DmBM kyRdX
U*Biû 2M T�;2b Rj8 2i R93XV
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(G2K�B;M�M kyR3) aûp2`BM G2K�B;M�M- uQ�M a�HH�KB- *?`BbiQT?2` q�HH#`B/;2- �m`ûHB2 *HQ@
/B+- hQMv "2HT�2K2 2i _�+?B/ �H�KBX lL.1_qP_G.a , *�b+�/BM; aBim�iBQM
�bb2bbK2Mi 7Q` _Q#QibX .�Mb A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi
_Q#Qib �M/ avbi2Kb UA_Pa kyR3V- J�/`B/- aT�BM- Q+iQ#`2 kyR3X U*Biû 2M T�;2b Rd-
j9- j8- je- 98- RR9 2i RkdXV

(G2M�i RN3N) .Qm;H�b " G2M�i 2i _�K�M�i?�M o :m?�X "mBH/BM; H�`;2 FMQrH2/;2@#�b2/
bvbi2Kb c `2T`2b2Mi�iBQM �M/ BM72`2M+2 BM i?2 +v+ T`QD2+iX �//BbQM@q2bH2v GQM;K�M
Sm#HBb?BM; *QX- AM+X- RN3NX U*Biû 2M T�;2 j3XV

(Gƺ`F2M kyy3) *X Gƺ`F2M 2i CX >2`ix#2`;X :`QmM/BM; TH�MMBM; QT2`�iQ`b #v �zQ`/�M+2bX
.�Mb AMi2`M�iBQM�H *QM72`2M+2 QM *Q;MBiBp2 avbi2Kb U*Q;avbV- T�;2b dNĜ39- kyy3X
U*Biû 2M T�;2 jjXV

(J�HHQi kyyN) >�MbT2i2` �X J�HHQi 2i E�B "�bi2MX 1K#Q/B2/ bT�iB�H +Q;MBiBQM , "BQHQ;B+�H
�M/ �`iB}+B�H bvbi2KbX AK�;2 �M/ oBbBQM *QKTmiBM;- pQHX kd- MQX RR- T�;2b Re83Ĝ
Redy- kyyNX U*Biû 2M T�;2 RR8XV

(J�bQHQ kyyj) * J�bQHQ- a "Q`;Q- � :�M;2KB- L :m�`BMQ- � PHi`�K�`B 2i G a+?M2B/2`X
.QH+2 , � /2b+`BTiBp2 QMiQHQ;v 7Q` HBM;mBbiB+ �M/ +Q;MBiBp2 2M;BM22`BM;X qQM/2`q2#
S`QD2+i- .2HBp2`�#H2 .Rd pk- pQHX R- T�;2b d8ĜRy8- kyyjX U*Biû 2M T�;2 j3XV

(J�p`B/Bb kyye) LX J�p`B/Bb 2i .X _QvX :`QmM/2/ aBim�iBQM JQ/2Hb 7Q` _Q#Qib , q?2`2
rQ`/b �M/ T2`+2Tib K22iX .�Mb A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi
_Q#Qib �M/ avbi2Kb- kyyeX U*Biû 2M T�;2 jjXV

(J�vBK� kyRN) �K�M/BM2 J�vBK�- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX 1p�Hm�iBQM Q7 i?2
Zm�HBiv Q7 AMi2`�+iBQM 7`QK i?2 `Q#Qi TQBMi Q7 pB2r BM >mK�M@_Q#Qi AMi2`�+iBQMbX
.�Mb Rbi 1/BiBQM Q7 Zm�HBiv Q7 AMi2`�+iBQM BM aQ+B�HHv �bbBbiBp2 _Q#Qib UZAa�_V
qQ`Fb?QT- J�/`B/- aT�BM- MQp2K#`2 kyRNX h?2 RRi? AMi2`M�iBQM�H *QM72`2M+2 QM
aQ+B�H _Q#QiB+b UA*a_ kyRNVX U*Biû 2M T�;2b eR 2i RR3XV

(J�vBK� kykR�) �K�M/BM2 J�vBK�X 1M/QrBM; i?2 _Q#Qi rBi? i?2 �#BHBiB2b iQ *QMi`QH �M/
1p�Hm�i2 Bib*QMi`B#miBQM iQ � >mK�M@_Q#Qi CQBMi �+iBQMX h?2b2b- ALa�- Q+iQ#`2
kykRX U*Biû 2M T�;2b jk- 9d- 8j- 88- 8N- ek- R88 2i ReyXV

(J�vBK� kykR#) �K�M/BM2 J�vBK�- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX hQr�`/b _Q#Qib �#H2
iQ J2�bm`2 BM _2�H@iBK2 i?2 Zm�HBiv Q7 AMi2`�+iBQM BM >_A *QMi2tibX AMi2`M�iBQM�H
CQm`M�H Q7 aQ+B�H _Q#QiB+b- kykRX U*Biû 2M T�;2b eR- de- Rkd- R99 2i R93XV

(J2H2 RNNk) �H7`2/ J2H2X aT`BM;b Q7 �+iBQM , mM/2`bi�M/BM; BMi2MiBQM�H #2?�pBQ`X Pt7Q`/
lMBp2`bBiv S`2bb- L2r uQ`F- RNNkX U*Biû 2M T�;2 3XV

(JB+?�2H kyR9) CQ?M JB+?�2H 2i 1HBb�#2i? S�+?2`B2X PM *QKKBiK2Mib �M/ Pi?2` lM+2`@
i�BMiv _2/m+iBQM hQQHbX CQm`M�H Q7 aQ+B�H PMiQHQ;v- T�;2b RĜj9- kyR9X U*Biû 2M
T�;2b d9- de- dN 2i 3yXV

(JB+?�2H kyRe) CQ?M JB+?�2H- L�i�HB2 a2#�Mx 2i :ɃMi?2` EMQ#HB+?X h?2 a2Mb2 Q7 *QK@
KBiK2Mi , � JBMBK�H �TT`Q�+?X 6`QMiB2`b BM Sbv+?QHQ;v- pQHX e- T�;2 RNe3- kyReX
U*Biû 2M T�;2 d9XV

(JBHHB2x kyR9) :`û;QB`2 JBHHB2x- J�ii?B2m q�`MB2`- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX �
7`�K2rQ`F 7Q` 2M/QrBM; �M BMi2`�+iBp2 `Q#Qi rBi? `2�bQMBM; +�T�#BHBiB2b �#Qmi
T2`bT2+iBp2@i�FBM; �M/ #2HB27 K�M�;2K2MiX .�Mb A111 _P@J�L kyR9- T�;2
6`�hkX9- 1/BM#m`;?- lMBi2/ EBM;/QK- �Qȿi kyR9X U*Biû 2M T�;2b Rd- RN- jk- j9-
98 2i RkdXV



"B#HBQ;`�T?B2 RNR

(JBHHB2x kyRe�) :`û;QB`2 JBHHB2xX _�BbQMM2K2Mi bm` H2 +QMi2ti2 2i H2b +`Qv�M+2b TQm` HǶBM@
i2`�+iBQM ?QKK2@`Q#QiX h?2b2b- AMbiBimi L�iBQM�H SQHvi2+?MB[m2 /2 hQmHQmb2 @
ALSh- Q+iQ#`2 kyReX U*Biû 2M T�;2 j9XV

(JBHHB2x kyRe#) :`û;QB`2 JBHHB2x- _�T?�ďH G�HH2K2Mi- JB+?2H�M;2HQ 6BQ`2 2i _�+?B/ �H�KBX
lbBM; ?mK�M FMQrH2/;2 �r�`2M2bb iQ �/�Ti +QHH�#Q`�iBp2 TH�M ;2M2`�iBQM- 2tTH�M�@
iBQM �M/ KQMBiQ`BM;X .�Mb RRi? �*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M@
_Q#Qi AMi2`�+iBQM U>_A kyReV- T�;2b 9jĜ8y- *?`Bbi+?m`+?- L2r w2�H�M/- K�`b kyReX
U*Biû 2M T�;2 RkdXV

(JQMi`2mBH kyyd) oBM+2Mi JQMi`2mBH- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX SH�MMBM; >mK�M
*2Mi2`2/ _Q#Qi �+iBpBiB2bX .�Mb kyyd A111 AMi2`M�iBQM�H *QM72`2M+2 QM avbi2Kb-
J�M �M/ *v#2`M2iB+b- JQMi`2�H- *�M�/�- Q+iQ#`2 kyydX U*Biû 2M T�;2b k9- 8R- Rkd
2i R9dXV

(JQ`Bbb2i kyyk) "2MQŗi JQ`Bbb2iX o2`b mM `Q#Qi ¨ +QKTQ`i2K2Mi `Q#mbi2 , �TT`2M/`2 ¨
+QK#BM2` /2b KQ/�HBiûb b2MbQ`B@KQi`B+2b +QKTHûK2Mi�B`2bX h?2b2b- lMBp2`bBiû S�mH
a�#�iB2` @ hQmHQmb2 AAA- kyykX U*Biû 2M T�;2 8XV

(Jmb+2iiQH� RNN3) LB+QH� Jmb+2iiQH�- SXS�M/m`�M; L�v�F- "�`M2v S2HH 2i "`B�M *X
qBHHB�KbX _2KQi2 �;2Mi , iQ #QH/Hv ;Q r?2`2 MQ �A bvbi2K ?�b ;QM2 #27Q`2X �`iB@
}+B�H AMi2HHB;2M+2- pQHX Ryj- MQX R- T�;2b 8Ĝ9d- RNN3X �`iB}+B�H AMi2HHB;2M+2 9y v2�`b
H�i2`X U*Biû 2M T�;2 3XV

(L2bM�b kyyj) AX�X.X L2bM�b- �X q`B;?i- JX "�D`�+?�`v�- _X aBKKQMb 2i hX 1biHBMX *G�@
_�iv �M/ +?�HH2M;2b Q7 /2p2HQTBM; BMi2`QT2`�#H2 `Q#QiB+ bQ7ir�`2X .�Mb S`Q+22@
/BM;b kyyj A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/ avbi2Kb
UA_Pa kyyjV U*�iX LQXyj*>jd98jV- pQHmK2 j- T�;2b k9k3Ĝk9j8 pQHXj- kyyjX U*Biû
2M T�;2 3XV

(LBH2b kyyR) A�M LBH2b 2i �/�K S2�b2X hQr�`/b � bi�M/�`/ mTT2` QMiQHQ;vX .�Mb S`Q+22@
/BM;b Q7 i?2 BMi2`M�iBQM�H +QM72`2M+2 QM 6Q`K�H PMiQHQ;v BM AM7Q`K�iBQM avbi2Kb@
oQHmK2 kyyR- T�;2b kĜN- kyyRX U*Biû 2M T�;2 j3XV

(LɃ+?i2` kyy3) �M/`2�b LɃ+?i2` 2i CQ�+?BK >2`ix#2`;X hQr�`/b b2K�MiB+ K�Tb 7Q` KQ#BH2
`Q#QibX _Q#QiB+b �M/ �miQMQKQmb avbi2Kb- pQHX 8e- MQX RR- T�;2b NR8 Ĝ Nke- kyy3X
U*Biû 2M T�;2 jjXV

(PHBp�`2b@�H�`+Qb kyRN) �H#2`iQ PHBp�`2b@�H�`+Qb- .�MB2H "2ĽH2`- �H�� E?�KBb- S�mHQ
:QM+�Hp2b- J�FB E >�#B#- CmHBi� "2`K2DQ@�HQMbQ- J�`+Qb "�``2iQ- JQ?�KK2/
.B�#- C�M _Qb2HH- CQ�Q ZmBMi�b2i �HX � `2pB2r �M/ +QKT�`BbQM Q7 QMiQHQ;v@#�b2/
�TT`Q�+?2b iQ `Q#Qi �miQMQKvX kyRNX U*Biû 2M T�;2 j3XV

(QM 1i?B+b Q7 �miQMQKQmb kyRd) h?2 A111 :HQ#�H AMBiB�iBp2 QM 1i?B+b Q7 �miQMQKQmb 2i
AMi2HHB;2Mi avbi2KbX 1i?B+�HHv �HB;M2/ /2bB;M , � pBbBQM 7Q` T`BQ`BiBxBM; ?mK�M r2HH@
#2BM; rBi? �miQMQKQmb �M/ BMi2HHB;2Mi bvbi2Kb- p2`bBQM kX A111- kyRdX U*Biû 2M
T�;2 RyyXV

(S�+?2`B2 kyyd) 1HBb�#2i? S�+?2`B2X Ab +QHH2+iBp2 BMi2MiBQM�HBiv `2�HHv T`BKBiBp2 \ .�Mb
*X S2M+Q � JX oB;MQHQ JX "2�M2v- 2/Bi2m`- J2Mi�H T`Q+2bb2b , `2T`2b2MiBM; �M/
BM72``BM;- T�;2b R8jĜRd8X *�K#`B/;2 a+?QH�`b S`2bb- kyydX U*Biû 2M T�;2b RR 2i RkXV

(S�+?2`B2 kyy3) 1HBb�#2i? S�+?2`B2X h?2 T?2MQK2MQHQ;v Q7 �+iBQM , � +QM+2Tim�H 7`�K2@
rQ`FX *Q;MBiBQM- pQHX Ryd- MQX R- T�;2b RdNĜkRd- kyy3X U*Biû 2M T�;2 NXV

(S�+?2`B2 kyRR) 1HBb�#2i? S�+?2`B2X 6`�KBM; CQBMi �+iBQMX _2pB2r Q7 S?BHQbQT?v �M/
Sbv+?QHQ;v- pQHX k- MQX k- T�;2b RdjĜRNk- kyRRX U*Biû 2M T�;2b RR 2i RkXV



RNk "B#HBQ;`�T?B2

(S�+?2`B2 kyRk) 1HBb�#2i? S�+?2`B2X h?2 S?2MQK2MQHQ;v Q7 CQBMi �+iBQM , a2H7@�;2M+v pbX
CQBMi@�;2M+vX .�Mb �t2H a22K�MM- 2/Bi2m`- CQBMi �ii2MiBQM , L2r .2p2HQTK2Mib-
T�;2b j9jĜj3NX JAh S`2bb- kyRkX U*Biû 2M T�;2b N- RR- Rk- Re- Rd 2i RNXV

(S�+?2`B2 kykR) 1HBb�#2i? S�+?2`B2 2i oő+iQ` 62`M�M/2x *�bi`QX _Q#Qib �M/ _2b2MiK2Mi ,
*QKKBiK2Mib- `2+Q;MBiBQM �M/ bQ+B�H KQiBp�iBQM BM >_AX .�Mb aT`BM;2`- 2/B@
i2m`- 1KQiBQM�H J�+?BM2bX S2`bT2+iBp2b 7`QK �z2+iBp2 *QKTmiBM; �M/ 1KQiBQM�H
>mK�M@J�+?BM2 AMi2`�+iBQMX kykRX U*Biû 2M T�;2 d9XV

(S�T`xv+F� RNNN) E�i�`xvM� S�T`xv+F�X LQ`K�iBp2 1tT2+i�iBQMb- AMi2MiBQMb- �M/ "2HB27bX
h?2 aQmi?2`M CQm`M�H Q7 S?BHQbQT?v- pQHX jd- MQX 9- T�;2b ekNĜe8k- /û+2K#`2 RNNNX
U*Biû 2M T�;2 d9XV

(S�mHBmb kyR3) .�pB/ S�mHBmb- �?K�/ " C2HQ/�` 2i um amMX 6mM+iBQM�H P#D2+i@P`B2Mi2/
L2irQ`F , *QMbi`m+iBQM � 1tT�MbBQMX .�Mb kyR3 A111 AMi2`M�iBQM�H *QM72`2M+2
QM _Q#QiB+b �M/ �miQK�iBQM UA*_�V- T�;2b 8Nj8Ĝ8N9RX A111- kyR3X U*Biû 2M
T�;2 jdXV

(S`�b�/ kyky) S`�M�p E`Bb?M� S`�b�/ 2i qQH7;�M; 1`i2HX EMQrH2/;2 �+[mBbBiBQM �M/
_2�bQMBM; avbi2Kb 7Q` a2`pB+2 _Q#Qib , � a?Q`i _2pB2r Q7 i?2 ai�i2 Q7 i?2 �`iX
.�Mb kyky 8i? AMi2`M�iBQM�H *QM72`2M+2 QM _Q#QiB+b �M/ �miQK�iBQM 1M;BM22`BM;
UA*_�1V- T�;2b jeĜ98- kykyX U*Biû 2M T�;2 jdXV

(_2+FrBix kyyk) �M/`2�b _2+FrBixX hQr�`/ � h?2Q`v Q7 aQ+B�H S`�+iB+2b , � .2p2HQTK2Mi
BM *mHim`�HBbi h?2Q`BxBM;X 1m`QT2�M CQm`M�H Q7 aQ+B�H h?2Q`v- pQHX 8- MQX k- T�;2b
k9jĜkej- kyykX U*Biû 2M T�;2 RjyXV

(_2M�m/Q kyR9) 1`r�M _2M�m/Q- "2MQŗi :B`�`/- _�D� *?�iBH� 2i J2?/B E?�K�bbBX .2bB;M
Q7 � *QMi`QH �`+?Bi2+im`2 7Q` >�#Bi G2�`MBM; BM _Q#QibX yd kyR9X U*Biû 2M T�;2b 8e
2i 83XV

(_2M�m/Q kyR8) 1`r�M _2M�m/Q- a�M/`� .2pBM- "2MQŗi :B`�`/- _�D� *?�iBH�- _�+?B/
�H�KB- J2?/B E?�K�bbB 2i �m`ûHB2 *HQ/B+X G2�`MBM; iQ BMi2`�+i rBi? ?mK�Mb mbBM;
;Q�H@/B`2+i2/ �M/ ?�#Bim�H #2?�pBQ`bX .�Mb _Q@J�M kyR8- qQ`Fb?QT QM G2�`MBM;
7Q` >mK�M@_Q#Qi *QHH�#Q`�iBQM- EQ#2- C�T�M- �Qȿi kyR8X U*Biû 2M T�;2b 8e- eR-
Rjd 2i R9dXV

(_2M�m/Q kyRe) 1`r�M _2M�m/QX .2b +QKTQ`i2K2Mib ~2tB#H2b �mt +QKTQ`i2K2Mib ?�@
#Bim2Hb , J2i�@�TT`2MiBbb�;2 M2m`Q@BMbTB`û TQm` H� `Q#QiB[m2 �miQMQK2X h?2b2b-
lMBp2`bBiû SB2``2 2i J�`B2 *m`B2 US�`Bb eV- DmBM kyReX U*Biû 2M T�;2b 8e 2i 8NXV

(_Q#BMbQM kyRk) C2z`2v .X _Q#BMbQMX .�Mb C�+F aB/M2HH 2i h�Mv� aiBp2`b- 2/Bi2m`b- h?2
?�M/#QQF Q7 +QMp2`b�iBQM �M�HvbBb- pQHmK2 RkR- +?�TBi`2 Pp2`�HH ai`m+im`�H P`;�@
MBx�iBQMX CQ?M qBH2v � aQMb- kyRkX U*Biû 2M T�;2 9NXV

(_Qi? kyy9) �#`�?�K a2bb?m _Qi?X a?�`2/ �;2M+v �M/ *QMi`�H�i2`�H *QKKBiK2MibX h?2
S?BHQbQT?B+�H _2pB2r- pQHX RRj- MQX j- T�;2b j8NĜ9Ry- kyy9X U*Biû 2M T�;2 djXV

(_Qv kyky) _�T?�ďHH2 LX _Qv- LB+QH�b .`Qm;�`/- h?B#�mHi :�i2�m- 6`û/û`B+ .2?�Bb 2i
*�`QHBM2 SX *X *?�M2HX >Qr *�M S?vbBQHQ;B+�H *QKTmiBM; "2M2}i >mK�M@_Q#Qi
AMi2`�+iBQM \ _Q#QiB+b- pQHX N- MQX 9- kykyX U*Biû 2M T�;2 R99XV

(a�?BM kyyd) 1`QH a�?BM- J�v� *�FK�F- J2?K2i .Q;�`- 1K`2 l;m` 2i :ƺFiɃ`F ɂÏQ@
HmFX hQ �zQ`/ Q` LQi iQ �zQ`/ , � L2r 6Q`K�HBx�iBQM Q7 �zQ`/�M+2b hQr�`/
�zQ`/�M+2@"�b2/ _Q#Qi *QMi`QHX �/�TiBp2 "2?�pBQ` @ �.�Sh "1>�o- pQHX R8-
T�;2b 99dĜ9dk- Rk kyydX U*Biû 2M T�;2 R98XV
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(a�HH�KB kyR3) uQ�M a�HH�KB- aûp2`BM G2K�B;M�M- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX AKTH2@
K2MiBM; �M BKTHB+Bi 7�Hb2 #2HB27 i�bF #v +�b+�/BM; bBim�iBQM �bb2bbK2Mi rBi? lL@
.1_qP_G.aX qQ`Fb?QT ǴiQr�`/ � 6`�K2rQ`F 7Q` CQBMi �+iBQMǴ �i _Q#QiB+b
a+B2M+2 �M/ avbi2Kb U_aa kyR3V- DmBM kyR3X SQbi2`X U*Biû 2M T�;2 RR8XV

(a�HH�KB kyRN) uQ�M a�HH�KB- aûp2`BM G2K�B;M�M- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX
aBKmH�iBQM@#�b2/ T?vbB+b `2�bQMBM; 7Q` +QMbBbi2Mi b+2M2 2biBK�iBQM BM �M >_A
+QMi2tiX .�Mb kyRN A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/
avbi2Kb UA_PaV- T�;2b d3j9Ĝd39R- J�+�m- *?BM�- MQp2K#`2 kyRNX A111X U*Biû 2M
T�;2b j9- 98 2i RkdXV

(a�HH�KB kykR) uQ�M a�HH�KBX .2p2HQTK2Mi�H Tbv+?QHQ;v BMbTB`2/ KQ/2Hb 7Q` T?vbB+�H �M/
bQ+B�H `2�bQMBM; BM ?mK�M@`Q#Qi DQBMi �+iBQMX h?2b2b- lMBp2`bBiû S�mH a�#�iB2` @
hQmHQmb2 AAA- D�MpB2` kykRX U*Biû 2M T�;2 j9XV

(a�`i?Qm kyRN�) :mBHH�mK2 a�`i?Qm- _�+?B/ �H�KB 2i �m`ûHB2 *HQ/B+X a2K�MiB+ aT�iB�H
_2T`2b2Mi�iBQM , � mMB[m2 `2T`2b2Mi�iBQM Q7 �M 2MpB`QMK2Mi #�b2/ QM �M QMiQHQ;v
7Q` `Q#QiB+ �TTHB+�iBQMbX .�Mb *QK#BM2/ qQ`Fb?QT QM aT�iB�H G�M;m�;2 lM/2`b@
i�M/BM; UaTGlV �M/ :`QmM/2/ *QKKmMB+�iBQM 7Q` _Q#QiB+b U_Q#QLGSV- JBMM2�@
TQHBb- lMBi2/ ai�i2b- DmBM kyRNX U*Biû 2M T�;2b 9y- 98- RR8 2i RReXV

(a�`i?Qm kyRN#) :mBHH�mK2 a�`i?Qm- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX PMiQHQ;2MBmb , �
HQM;@i2`K b2K�MiB+ K2KQ`v 7Q` `Q#QiB+ �;2MibX .�Mb A111 AMi2`M�iBQM�H *QM72@
`2M+2 QM _Q#Qi � >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM UA111 _Q@J�L kyRNV- L2r
.2H?B- AM/B�- Q+iQ#`2 kyRNX U*Biû 2M T�;2b 98- RRe 2i Rj8XV

(a�`i?Qm kykR�) :mBHH�mK2 a�`i?QmX EMQrH2/;2 `2T`2b2Mi�iBQM �M/ 2tTHQBi�iBQM 7Q` BMi2`@
�+iBp2 �M/ +Q;MBiBp2 `Q#QibX h?2b2b- lSa hQmHQmb2 @ lMBp2`bBiû hQmHQmb2 j S�mH
a�#�iB2`- b2Ti2K#`2 kykRX U*Biû 2M T�;2b jk- jd- Rj8- R88 2i R8NXV

(a�`i?Qm kykR#) :mBHH�mK2 a�`i?Qm- �K�M/BM2 J�vBK�- :mBH?2K "mBb�M- E�i?H22M "2H@
?�bb2BM 2i �m`ûHB2 *HQ/B+X h?2 .B`2+iQ` h�bF , � Sbv+?QHQ;v@AMbTB`2/ h�bF iQ �b@
b2bb *Q;MBiBp2 �M/ AMi2`�+iBp2 _Q#Qi �`+?Bi2+im`2bX .�Mb jyi? A111 AMi2`M�iBQM�H
*QM72`2M+2 QM _Q#Qi �M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U_P@J�L kykRV-
o�M+Qmp2` UoB`im�HV- *�M�/�- �Qȿi kykRX U*Biû 2M T�;2b 98- 3e- Ny- NR 2i Rj8XV

(a�i�F2 kyyN) aX a�i�F2- hX E�M/�- .X 6X :H�b- JX AK�B- >X Ab?B;m`Q 2i LX >�;Bi�X >Qr iQ
�TT`Q�+? ?mK�Mb \@bi`�i2;B2b 7Q` bQ+B�H `Q#Qib iQ BMBiB�i2 BMi2`�+iBQMX .�Mb kyyN 9i?
�*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M@_Q#Qi AMi2`�+iBQM U>_AV- T�;2b
RyNĜRRe- kyyNX U*Biû 2M T�;2 RkdXV

(a�t2M� kyR9) �b?miQb? a�t2M�- �b?2b? C�BM- Px�M a2M2`- �/Biv� C�KB- .BT2M/`� E JBb`�
2i >2K� a EQTTmH�X _Q#Q#`�BM , G�`;2@b+�H2 FMQrH2/;2 2M;BM2 7Q` `Q#QibX �`sBp
T`2T`BMi �`sBp ,R9RkXyeNR- kyR9X U*Biû 2M T�;2 j3XV

(a+�MHQM kyyy) h?QK�b a+�MHQMX q?�i r2 Qr2 iQ 2�+? Qi?2`X "2HFM�T S`2bb Q7 >�`p�`/
lMBp2`bBiv S`2bb- *�K#`B/;2- J�bb- kyyyX U*Biû 2M T�;2 dkXV

(a+?�MF RNdd) _Q;2` *X a+?�MF 2i _Q#2`i SX �#2HbQMX a+`BTib- TH�Mb- ;Q�Hb- �M/ mM/2`b@
i�M/BM; , �M BM[mB`v BMiQ ?mK�M FMQrH2/;2 bi`m+im`2bX Sbv+?QHQ;v S`2bb- RNddX
U*Biû 2M T�;2 dkXV

(a+?�ixFB RNNe) h?2Q/Q`2 a+?�ixFBX aQ+B�H T`�+iB+2b , � rBii;2Mbi2BMB�M �TT`Q�+? iQ ?mK�M
�+iBpBiv �M/ i?2 bQ+B�HX *�K#`B/;2 lMBp2`bBiv S`2bb- L2r uQ`F- RNNeX U*Biû 2M
T�;2 RjyXV
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(a+?2;HQz RNdj) 1K�Mm2H � a+?2;HQz 2i >�`p2v a�+FbX PT2MBM; mT +HQbBM;bX a2KBQiB+�-
pQHX 3- MQX 9- T�;2b k3NĜjkd- RNdjX U*Biû 2M T�;2 9NXV

(a+?H2MQz kyR8) *`�B; a+?H2MQz- 1 S`2bi2b- SC a2[m2B`� :QMÏ�Hp2b- J�i?B2m �#2H- u�+BM2
�KB`�i- a "�H�FB`bFv- J1 "�``2iQ- CG *�`#QM2`�- � *?B#�MB- a _�K� 6BQ`BMB2i �HX
A222 bi�M/�`/ QMiQHQ;B2b 7Q` `Q#QiB+b �M/ �miQK�iBQMX kyR8X U*Biû 2M T�;2 j3XV

(a2�`H2 RN3j) CQ?M _X a2�`H2X AMi2MiBQM�HBiv , �M 2bb�v BM i?2 T?BHQbQT?v Q7 KBM/X *�K@
#`B/;2 lMBp2`bBiv S`2bb- RN3jX U*Biû 2M T�;2 3XV

(a2#�Mx kyye) L�i�HB2 a2#�Mx- >�`QH/ "2FF2`BM; 2i :ɃMi?2` EMQ#HB+?X CQBMi �+iBQM ,
#Q/B2b �M/ KBM/b KQpBM; iQ;2i?2`X h`2M/b BM *Q;MBiBp2 a+B2M+2b- pQHX Ry- MQX k-
T�;2b dyĜde- kyyeX U*Biû 2M T�;2 R8XV

(a2B#i kyR9) CQ?�MM� a2B#iX o�`B2iB2b Q7 i?2 Ƕ�b A7Ƕ , 6Bp2 r�vb iQ bBKmH�i2 �M �+iBQMX
6`QMiB2`b BM �`iB}+B�H AMi2HHB;2M+2 �M/ �TTHB+�iBQMb- pQHX kdj- T�;2b NdĜRy9- yR kyR9X
U*Biû 2M T�;2b R8 2i eNXV

(a2B#i kyRe) CQ?�MM� a2B#iX ǴAMi2;`�iBp2 aQ+B�H _Q#QiB+bǴ , � L2r J2i?Q/ S�`�/B;K iQ
aQHp2 i?2 .2b+`BTiBQM �M/ i?2 _2;mH�iBQM S`Q#H2K \ .�Mb CQ?�MM� a2B#i- J�`+Q
LǠ`bFQp 2i aǠ`2M a+?�+F �M/2`b2M- 2/Bi2m`b- q?�i aQ+B�H _Q#Qib *�M �M/ a?QmH/
.Q- 6`QMiB2`b BM �`iB}+B�H AMi2HHB;2M+2 �M/ �TTHB+�iBQMb- T�;2b Ry9ĜRR8X APa S`2bb-
kyReX MmHH c *QM72`2M+2 /�i2 , Rd@Ry@kyRe h?`Qm;? kR@Ry@kyReX U*Biû 2M T�;2b 3d
2i NjXV

(a2B#i kyR3) CQ?�MM� a2B#i- J�H2M2 6H2Mb#Q`; .�K?QH/i 2i *?`BbiBM� o2bi2`;��`/X 6Bp2
S`BM+BTH2b Q7 AMi2;`�iBp2 aQ+B�H _Q#QiB+bX .�Mb _Q#QT?BHQbQT?vfh_�LaP_- kyR3X
U*Biû 2M T�;2b 3d- Nj 2i RyRXV

(a?B? kykR) �M/v a?B?- �`DmM a�r?M2v- CQp�M� EQM/B+- ai27�MQ 1`KQM 2i .Q`b� a�/B;?X
PM i?2 *`BiB+�H _QH2 Q7 *QMp2MiBQMb BM �/�TiBp2 >mK�M@�A *QHH�#Q`�iBQMX .�Mb
Ni? AMi2`M�iBQM�H *QM72`2M+2 QM G2�`MBM; _2T`2b2Mi�iBQMb UA*G_V- J�v kykRX U*Biû
2M T�;2 Rk3XV

(a?Qp2 kyRk) 1X a?Qp2- JX S�Mix�` 2i JX q�ibQMX h?2 /vM�KB+b Q7 bQ+B�H T`�+iB+2X a�;2-
kyRkX U*Biû 2M T�;2 RjRXV

(aB/M2` kyyj) *�M/�+2 G aB/M2` 2i *?`BbiQT?2` G22X 1M;�;2K2Mi `mH2b 7Q` ?mK�M@`Q#Qi
+QHH�#Q`�iBp2 BMi2`�+iBQMbX .�Mb AMi2`M�iBQM�H *QM72`2M+2 QM avbi2Kb- J�M �M/
*v#2`M2iB+b UaJ*V- pQHmK2 9- T�;2b jN8dĜjNekX A111- kyyjX U*Biû 2M T�;2b 8y
2i d8XV

(aB/M2` kyy8) *�M/�+2 GX aB/M2`- *?`BbiQT?2` G22- *Q`v .X EB//- L2�H G2b? 2i *?�`H2b
_B+?X 1tTHQ`�iBQMb BM 2M;�;2K2Mi 7Q` ?mK�Mb �M/ `Q#QibX �`iB}+B�H AMi2HHB;2M+2-
pQHX Ree- MQX R- T�;2b R9yĜRe9- kyy8X U*Biû 2M T�;2 d8XV

(aBHp� kyR8) G�pBM/`� /2 aBHp�- _�T?�ďH G�HH2K2Mi 2i _�+?B/ �H�KBX h?2 >�hS ?B2`�`@
+?B+�H TH�MM2` , 6Q`K�HBb�iBQM �M/ �M BMBiB�H bim/v Q7 Bib mb�#BHBiv �M/ T`�+iB+�@
HBivX .�Mb A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/ avbi2Kb
UA_Pa kyR8V- >�K#m`;- :2`K�Mv- b2Ti2K#`2 kyR8X U*Biû 2M T�;2b 8R 2i RkdXV

(aBM;�K�M2MB kyky�) S?�MB@h2D� aBM;�K�M2MB 2i _�+?B/ �H�KBX >�h1"@k , _2�+iBp2
SH�MMBM; �M/ .2+BbBQM K�FBM; BM >mK�M@_Q#Qi *Q@M�pB;�iBQMX .�Mb AMi2`M�@
iBQM�H *QM72`2M+2 QM _Q#Qi � >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- kyky- PMHBM2-
Ai�Hv- �Qȿi kykyX U*Biû 2M T�;2 RR3XV
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(aBM;�K�M2MB kyky#) S?�MB@h2D� aBM;�K�M2MB- �K�M/BM2 J�vBK�- :mBHH�mK2 a�`i?Qm-
uQ�M a�HH�KB- :mBH?2K "mBb�M- E�i?H22M "2H?�bb2BM- CmH2b q�H/?�`i 2i �m`ûHB2 *HQ@
/B+X :mB/BM; h�bF i?`Qm;? _Qmi2 .2b+`BTiBQM BM i?2 JmJJ1_ S`QD2+iX .�Mb >_A
Ƕky , �*JfA111 AMi2`M�iBQM�H *QM72`2M+2 QM >mK�M@_Q#Qi AMi2`�+iBQM- T�;2b
e9jĜe9j- *�K#`B/;2- lMBi2/ EBM;/QK- K�`b kykyX �*JX U*Biû 2M T�;2 RkkXV

(aBTQbQp� kyR3) "�`#Q`� aBTQbQp�- JB+?�2H hQK�b2HHQ 2i J�HBM/� *�`T2Mi2`X *QKKmMB@
+�iBp2 2v2 +QMi�+i bB;M�Hb � +QKKBiK2Mi iQ +QQT2`�i2 7Q` vQmM; +?BH/`2MX *Q;MBiBQM-
pQHX RdN- T�;2b RNkĜkyR- kyR3X U*Biû 2M T�;2 d9XV

(aB`BM kyyd) 1p`2M aB`BM- "BD�M S�`bB�- "2`M�`/Q *m2M+� :`�m- �/Biv� E�Hv�MTm` 2i u�`@
/2M E�ixX S2HH2i , � T`�+iB+�H QrH@/H `2�bQM2`X CQm`M�H Q7 q2# a2K�MiB+b- pQHX 8-
MQX k- T�;2b 8RĜ8j- kyydX U*Biû 2M T�;2 j3XV

(aBb#Qi kyy8) 1K`�? �FBM aBb#Qi- _�+?B/ �H�KB- h?B2``v aBK2QM- E2`biBM .�mi2M?�?M-
JB+?�2H q�Hi2`b 2i a�`�? qQQ/bX L�pB;�iBQM BM i?2 T`2b2M+2 Q7 ?mK�MbX .�Mb
8i? A111@_�a AMi2`M�iBQM�H *QM72`2M+2 QM >mK�MQB/ _Q#Qib- hbmFm#�- C�T�M-
/û+2K#`2 kyy8X U*Biû 2M T�;2 38XV

(aBb#Qi kyyd) 1K`�? �FBM aBb#Qi- GmBb 6ûHBTû J�`BM@l`B�b- _�+?B/ �H�KB 2i h?B2``v aB@
K2QMX � >mK�M �r�`2 JQ#BH2 _Q#Qi JQiBQM SH�MM2`X A111 h`�Mb�+iBQMb QM
_Q#QiB+b- pQHX kj- MQX 8- T�;2b 3d9 Ĝ 33j- Q+iQ#`2 kyydX U*Biû 2M T�;2b kj 2i k9XV

(aBb#Qi kyRy) 1K`�? �FBM aBb#Qi- GmBb J�`BM@l`B�b- s�pB2` "`Q[mĕ`2- .�MB2H aB/Q#`2 2i
_�+?B/ �H�KBX avMi?2bBxBM; _Q#Qi JQiBQMb �/�Ti2/ iQ >mK�M S`2b2M+2X AMi2`M�@
iBQM�H CQm`M�H Q7 aQ+B�H _Q#QiB+b- pQHX k- MQX j- T�;2b jkN Ĝ j9j- b2Ti2K#`2 kyRyX
U*Biû 2M T�;2 k9XV

(aBb#Qi kyRk) 1K`�? �FBM aBb#Qi 2i _�+?B/ �H�KBX � >mK�M@�r�`2 J�MBTmH�iBQM SH�M@
M2`X A111 h`�Mb�+iBQMb QM _Q#QiB+b- pQHX k3- MQX 8- T�;2b Ry98 Ĝ Ry8d- Q+iQ#`2
kyRkX U*Biû 2M T�;2b k9 2i RkdXV

(ai2MK�`F kyRj) J�D ai2MK�`F 2i C�+2F J�H2+X EMQrH2/;2@"�b2/ AM/mbi`B�H _Q#QiB+bX
.�Mb a*�A- T�;2b ke8Ĝkd9- kyRjX U*Biû 2M T�;2 j3XV

(amiiQM kyR3) _B+?�`/ aX amiiQM 2i �M/`2r :X "�`iQX _2BM7Q`+2K2Mi H2�`MBM; , �M BMi`Q@
/m+iBQMX h?2 JAh S`2bb- b2+QM/ û/BiBQM- kyR3X U*Biû 2M T�;2 8eXV

(h�K#2 RNNd) JX h�K#2X hQr�`/b 6H2tB#H2 h2�KrQ`FX CQm`M�H Q7 �`iB}+B�H AMi2HHB;2M+2
_2b2�`+?- pQHX d- T�;2b 3jĜRk9- b2Ti2K#`2 RNNdX U*Biû 2M T�;2 3XV

(h2MQ`i? kyRj) JQ`Bix h2MQ`i? 2i JB+?�2H "22ixX EMQr_Q# , � FMQrH2/;2 T`Q+2bbBM;
BM7`�bi`m+im`2 7Q` +Q;MBiBQM@2M�#H2/ `Q#QibX h?2 AMi2`M�iBQM�H CQm`M�H Q7 _Q#QiB+b
_2b2�`+?- pQHX jk- MQX 8- T�;2b 8eeĜ8Ny- kyRjX U*Biû 2M T�;2 j3XV

(h2MQ`i? kyRd) JQ`Bix h2MQ`i? 2i JB+?�2H "22ixX _2T`2b2Mi�iBQMb 7Q` `Q#Qi FMQrH2/;2
BM i?2 EMQr_Q# 7`�K2rQ`FX �`iB}+B�H AMi2HHB;2M+2- pQHX k9d- T�;2b R8RĜReN- kyRdX
aT2+B�H Abbm2 QM �A �M/ _Q#QiB+bX U*Biû 2M T�;2 jdXV

(hQK�b2HHQ kyy8) JB+?�2H hQK�b2HHQ- J�HBM/� *�`T2Mi2`- CQb2T *�HH- h�Mv� "2?M2 2i >2M@
`BF2 JQHHX lM/2`bi�M/BM; �M/ b?�`BM; BMi2MiBQMb , h?2 Q`B;BMb Q7 +mHim`�H +Q;MBiBQMX
"2?�pBQ`�H �M/ "`�BM a+B2M+2b- pQHX k3- MQX 8- T�;2 ed8ĜeNR- kyy8X U*Biû 2M T�;2b RR-
Rj 2i kjXV

(o�`�/�`�D�M kyRR) EXJX o�`�/�`�D�M 2i JX oBM+x2X PMiQHQ;B+�H EMQrH2/;2 J�M�;2K2Mi
6`�K2rQ`F 7Q` :`�bTBM; �M/ J�MBTmH�iBQMX .�Mb A_Pa qQ`Fb?QT , EMQrH2/;2
_2T`2b2Mi�iBQM 7Q` �miQMQKQmb _Q#Qib- kyRRX U*Biû 2M T�;2 jjXV
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(o2HQbQ kyR3) J�Mm2H� JX o2HQbQX h?2 AM+`2�bBM;Hv 6�b+BM�iBM; PTTQ`imMBiv 7Q` >mK�M@
_Q#Qi AMi2`�+iBQM , h?2 *Q"Qi JQ#BH2 a2`pB+2 _Q#QibX �*J h`�Mb�+iBQMb QM
>mK�M@_Q#Qi AMi2`�+iBQM- J�v kyR3X U*Biû 2M T�;2 Rk3XV

(o2bT2` kyRy) *Q`/mH� o2bT2`- ai2T?2M "mii2`}HH- :ɃMi?2` EMQ#HB+? 2i L�i�HB2 a2#�MxX
� KBMBK�H �`+?Bi2+im`2 7Q` DQBMi �+iBQMX L2m`�H L2irQ`Fb- pQHX kj- MQX 3- T�;2b
NN3ĜRyyj- kyRyX aQ+B�H *Q;MBiBQM , 6`QK "�#B2b iQ _Q#QibX U*Biû 2M T�;2 k9XV

(o2bT2` kyRd) *Q`/mH� o2bT2`- 1F�i2`BM� �#`�KQp�- Cm/Bi? "Ƀi2T�;2- 6`�M+2b+� *B�`/Q-
"2MD�KBM *`Qbb2v- �H7`2/ 1z2M#2`;- .�v�M� >`BbiQp�- �T`BH E�`HBMbFv- GmF2 J+1H@
HBM- a�`B _X _X LBDbb2M- G�m`� a+?KBix 2i "�bBH q�?MX CQBMi �+iBQM , J2Mi�H _2@
T`2b2Mi�iBQMb- a?�`2/ AM7Q`K�iBQM �M/ :2M2`�H J2+?�MBbKb 7Q` *QQ`/BM�iBM; rBi?
Pi?2`bX 6`QMiB2`b BM Sbv+?QHQ;v- pQHX yd- D�MpB2` kyRdX U*Biû 2M T�;2 RjyXV

(q�H/?�`i kyR3) CmH2b q�H/?�`i- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX SH�MMBM; >mK�M �M/
_Q#Qi SH�+2K2Mib 7Q` a?�`2/ oBbm�H S2`bT2+iBp2X .�Mb qQ`Fb?QT QM _Q#QiB+ *Q@
rQ`F2`b 9Xy , >mK�M a�72iv �M/ *QK7Q`i BM >mK�M@_Q#Qi AMi2`�+iBp2 aQ+B�H 1M@
pB`QMK2Mib kyR3 A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/
avbi2Kb- J�/`B/- aT�BM- Q+iQ#`2 kyR3X U*Biû 2M T�;2 RRkXV

(q�H/?�`i kyRN) CmH2b q�H/?�`i- �m`ûHB2 *HQ/B+ 2i _�+?B/ �H�KBX _2�bQMBM; QM a?�`2/
oBbm�H S2`bT2+iBp2 iQ AKT`Qp2 _Qmi2 .B`2+iBQMbX .�Mb kyRN k3i? A111 AMi2`M�iBQM�H
*QM72`2M+2 QM _Q#Qi � >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- L2r .2H?B- AM/B�-
Q+iQ#`2 kyRNX U*Biû 2M T�;2 RRkXV

(q�HH�+2 RNN3) _ q�HH�+2X _2bTQMbB#BHBiv �M/ i?2 KQ`�H b2MiBK2MibX >�`p�`/ lMBp2`bBiv
S`2bb- *�K#`B/;2- J�bb- RNN3X U*Biû 2M T�;2 d9XV

(q�`MB2` kyRk) J�i?B2m q�`MB2`- CmHB2M :mBiiQM- aûp2`BM G2K�B;M�M 2i _�+?B/ �H�KBX
q?2M i?2 `Q#Qi Tmib Bib2H7 BM vQm` b?Q2bX J�M�;BM; �M/ 2tTHQBiBM; ?mK�M �M/ `Q#Qi
#2HB27bX .�Mb A111 _P@J�L , h?2 kRbi A111 AMi2`M�iBQM�H avKTQbBmK QM _Q#Qi
�M/ >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM- T�;2 dTX- S�`Bb- 6`�M+2- b2Ti2K#`2 kyRkX
U*Biû 2M T�;2 RNXV

(q2Bbb kyRR) �bi`B/ q2Bbb- _2;BM� "2`M?�mTi 2i J�M7`2/ hb+?2HB;BX h?2 lala 2p�Hm�iBQM
7`�K2rQ`F 7Q` mb2`@+2Mi2`2/ >_AX .�Mb L2r 6`QMiB2`b BM >mK�MĜ_Q#Qi AMi2`�+@
iBQM- T�;2b 3NĜRRyX CQ?M "2MD�KBMb- kyRRX U*Biû 2M T�;2b 3e 2i 3dXV

(qB2H2K�F2` kyyj) C�M qB2H2K�F2`- � h? a+?`2B#2` 2i "C qB2HBM;�X S`QHQ;@#�b2/ BM7`�@
bi`m+im`2 7Q` _.6 , T2`7Q`K�M+2 �M/ b+�H�#BHBivX kyyjX U*Biû 2M T�;2 j3XV

(uQmM; kyRy) C�K2b 1X uQmM;- C�uQmM; amM;- �Kv oQB/�- 1?m/ a?�`HBM- h�F2Q A;�`�b?B-
>2M`BF AX *?`Bbi2Mb2M 2i _2#2++� 1X :`BMi2`X 1p�Hm�iBM; >mK�M@_Q#Qi AMi2`�+iBQMX
AMi2`M�iBQM�H CQm`M�H Q7 aQ+B�H _Q#QiB+b- pQHX j- MQX R- T�;2b 8jĜed- Q+iQ#`2 kyRyX
U*Biû 2M T�;2b eN 2i 3eXV

(w�rB/xFB kyRj) h�/2mbx w�rB/xFBX JBM/b?�TBM; , � M2r 7`�K2rQ`F 7Q` mM/2`bi�M/BM;
?mK�M bQ+B�H +Q;MBiBQMX JAh S`2bb- *�K#`B/;2- J�- kyRjX U*Biû 2M T�;2 dkXV
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