
BUHQGUH OD PHVXUH
GH OD PHVXUH

qDW+«ûTw gCVDGH J )X«ûûDXZw 6C//-jDGX

D»DWD5RYH o 9_«Ym )âw_KHûw Cû<w=G )âw_KHûw -j4G 2-)G )âw_KHûwG /âD_Xw
H ÉYDORQ o 9_«Ym 2\K_ I 9EB2G (_=2G 9EB2G Ej67G -_â«DG 2-4G 2\K_G /âD_Xw

X BXûû 7C7 YCWK=R(Y«Tw_,G )âw_KHûwG /âD_Xw

QRPsSUpQRP1X_«YuWâw_KHûwuDû<w=mzâ



N

HDQV PHVXUHv
SDV GH VFLHQFH

2D Zw=Xâw %XD_W«z«wG KH»wXW«z«w
wW âw_T XKZ<DâDHûwm

© LQ SRXUUDLW GpWHUPLQHU OHV GLIIpUHQWV
kJHV G¶XQH VFLHQFH SDU OD WHFKQLTXH GH
VHV LQVWUXPHQWV GH PHVXUHs ª

± )D=WK_ BDX+wûDâT



c

5HVXUH GH OD FLUFRQIpUHQFH WHUUHVWUH SDU
?UDWRVWKqQH Da Aipp DYS RSAbSt



:

5HVXUH GH OD FLUFRQIpUHQFH WHUUHVWUH SDU
?UDWRVWKqQH Da Aipp DYS RSAbSt

7YËTmfè£m.éTkBqm � ���� MRékmM
èTb£m Å è£m.éTkBqm � �c��Ë km 3mB3£m l�T��m

�� 3qB3êT!ÌBmT3m � ��r���� � ��� ��� MRékmM
MêqR mTLqBêT �� ��� »? R



U

eWDLWAFH XQH © ERQQH ª PHVXUH C



n

eWDLWAFH XQH © ERQQH ª PHVXUH C

± yL/î; km £é ?mMDBm V vqmT kÌ!qTq

± uÌ;,3Sî 3êTMmTMDm££m mR jBéRqÉDm V é33mjRév£m jêDB £ZÌjêÉDm

± a2-;Ì km ?mMDBm V a MRékm b lê£Y?jqÉDm S ÌbYjRqmT S ÉDm££m Réq££m m.é3Rm?mTR Sm

± i2Eî8;-;<Sî km ?mMDBm V Ì£mLÌm

± n@63;,Ë9î9 V

± ,mBBm jéB!éqRm?mTR BêTkm

± è£m.éTkBqm mR 7YËTm MDB £m ?Í?m ?ÌBqkqmT

±  qRmMMm kmM 3pé?méD. 3êTMRéTRm kDBéTR £m RBé«mR



v

eWDLWAFH XQH © ERQQH ª PHVXUH C

± yL/î; km £é ?mMDBm V vqmT kÌ!qTq

± uÌ;,3Sî 3êTMmTMDm££m mR jBéRqÉDm V é33mjRév£m jêDB £ZÌjêÉDm

± a2-;Ì km ?mMDBm V a MRékm b lê£Y?jqÉDm S ÌbYjRqmT S ÉDm££m Réq££m m.é3Rm?mTR Sm

± i2Eî8;-;<Sî km ?mMDBm V Ì£mLÌm

± n@63;,Ë9î9 V

± ,mBBm jéB!éqRm?mTR BêTkm

± è£m.éTkBqm mR 7YËTm MDB £m ?Í?m ?ÌBqkqmT

±  qRmMMm kmM 3pé?méD. 3êTMRéTRm kDBéTR £m RBé«mR

³BéRêMRpËTm ÌRéqR RBËM jBê3pm km £é BÌé£qRÌT ?éqM jéB 3péT3m R



.

5HVXURQV
O¶HPSUHLQWH

HQYLURQQHPHQWDOH
G¶XQ VHUYLFH QXPpULTXHS



r

5HVXURQV
O¶HPSUHLQWH

HQYLURQQHPHQWDOH
G¶XQ VHUYLFH QXPpULTXHS

£3+-E-î£9 � 1?;Ì8-î£9 7<-
8Ì?£-9î2; <2î v32E;-32

v?L8-E?;-32
� E32Eî6;-32
� <9?+î
� SÌ1?2;Ë£î1î2;



IF

EK_Wâ{ûwâ

� 2pW«=ûDW«K_

� EK_WâDW=

� 0Dû«T«Wp Tw=
+\<KW+q=w=

� 4DâDZqWâw= Tw
=«ZXûDW«K_

E+K«=«â

� 4â«Y«ûpW«wâ ûw=
=KûXW«K_= wzz«XDXw=

� 4K=wâ Tw= û«Z«Ww=
YKûK_WD«âw=

CZpû«Kâwâ

� 3<W«Z«=DW«K_

� CZpû«KâDW«K_
XK_W«_Xw YNDL]HQ,

� 4â«=w Tw XK_=X«w_Xw

� -_X«WDW«K_=

� 6w_Tâw ûD ZDvWâ«=w
Tw ûwXâ wZ<âw«_Ww
DX[ XW«û«=DWwXâ=

eTX%Xwâ

BRXUTXRL C



II

EK_Wâ{ûwâ

� 2pW«=ûDW«K_

� EK_WâDW=

� 0Dû«T«Wp Tw=
+\<KW+q=w=

� 4DâDZqWâw= Tw
=«ZXûDW«K_

E+K«=«â

� 4â«Y«ûpW«wâ ûw=
=KûXW«K_= wzz«XDXw=

� 4K=wâ Tw= û«Z«Ww=
YKûK_WD«âw=

CZpû«Kâwâ

� 3<W«Z«=DW«K_

� CZpû«KâDW«K_
XK_W«_Xw YNDL]HQ,

� 4â«=w Tw XK_=X«w_Xw

� -_X«WDW«K_=

� 6w_Tâw ûD ZDvWâ«=w
Tw ûwXâ wZ<âw«_Ww
DX[ XW«û«=DWwXâ=

eTX%Xwâ

BRXUTXRL C

yL/îE;-v V -2;î883+î8 £? 23;-32 Sî 1î9<8î 93<9 S-vvÌ8î2;9 ?2+£î9T
î2 6,?9î SZ<9?+î



IN

5HVXUH
ORJLFLHOOH HW
ZDWWPqWUH



Ic

jC7 Bw_X+ZDâà (_WâDv_wZw_W T¶-C

7WDHûw S«zzX=«K_ q24wâz Hw_X+ZDâàè
jj
£q3
éR
qê
TM

NHWRXUV G¶H[SpULHQFH



I:

jC7 Bw_X+ZDâà (_WâDv_wZw_W T¶-C

)wZ«_«
YWUà,

7«â«X=
YWUà,

E+DZ<Kûû«K_
Y@4(,

)wZ«_«
YWUà,

gwW=K_
C)é

7WDHûw S«zzX=«K_ q24wâz Hw_X+ZDâàè
jj
£q3
éR
qê
TM

7m
BL
mD
BM

NHWRXUV G¶H[SpULHQFH



IU

jC7 Bw_X+ZDâà

)wZ«_«
YWUà,

è
jj
£q3
éR
qê
TM

7m
BL
mD
BM

NHWRXUV G¶H[SpULHQFH



In

7wâYwXâ jY«T«D S)éuI
)49 . [ jY«T«D 8w=ûD 0IFFu7éqNucN)B

E49 N [ -_Wwû éwK_ (UuNnr. Y: YBâKDTZwûûG NmNF)@]G NF
XKâw=RE49,

qpZK«âw UIN )«B

ôDWWZqWâw o 3ZwWDôDWW
-_WwâYDûûw T¶DX%X«=«W«K_ I =wXK_Tw=

ôDWWZqWâw o BqE
-_WwâYDûûw T¶DX%X«=«W«K_ IF =wXK_Tw=

qw=Xâw ûKW«X«wûûw o j0q2 & 6C42
Y(_wâW\7XK<w,
-_WwâYDûûw T¶DX%X«=«W«K_ I =wXK_Tw=

)wZ«_« YWUà,

qULG Eppp - VHUYHXUV wÉ



Iv

)wZ«_« YWUà,«HQFKPDUNV :ÉH

� ³3éBR MYMRÌ?éRqÉDm mTRBm £mM ?mMDBmM
�  éBqévq£qRÌ km £é ?mMDBm les-m V !éqv£m !BÌÉDmT3m kZé3ÉDqMqRqêT mR ÉDéTRq!q3éRqêT

qDW+«ûTw gD\G 0ûDT«Z«â 3=WD<w_XKG 2DXâw_W 2wzqYâwG Sw_«= 8â\=WâDZG C__wuEpX«ûw 3âWwâ«wG
Bw_»DZ«_ /«X+wû © C_ w[<wâ«Zw_WDû XKZ<Dâ«=K_ Kz =KzWZDâwuHD=wT <KZwâ ZwWwâ=o zKXX= K_ E49

D_T )49 ªG 996-A/ ’â’ce gâsggâCf996ULGqk»z’s’â’csâââ’â



I.

«HQFKPDUNV :ÉH

qDW+«ûTw gD\G 0ûDT«Z«â 3=WD<w_XKG 2DXâw_W 2wzqYâwG Sw_«= 8â\=WâDZG C__wuEpX«ûw 3âWwâ«wG
Bw_»DZ«_ /«X+wû © C_ w[<wâ«Zw_WDû XKZ<Dâ«=K_ Kz =KzWZDâwuHD=wT <KZwâ ZwWwâ=o zKXX= K_ E49

D_T )49 ªG 996-A/ ’â’ce gâsggâCf996ULGqk»z’s’â’csâââ’â

)wZ«_« YWUà,

� ³3éBR MYMRÌ?éRqÉDm
� eqéqM mT jDqMMéT3m
� (mRéBk kZé3ÉDqMqRqêT



Ir

(_WâDv_wZw_W T¶-C

)wZ«_«
YWUà,

7«â«X=
YWUà,

7WDHûw S«zzX=«K_è
jj
£q3
éR
qê
TM

7m
BL
mD
BM

NHWRXUV G¶H[SpULHQFH



NF

7WDHûw S«zzX=«K_
� -C Wp_pâDW«Yw T¶«ZDWw= j <DâW«â T¶X_ Ww[Ww
� qKTqûw K<w_u=KXâXw wW w_WâDv_wZw_W âw<âKTXXW«Hûw
� 3H»wXW«z o w=W«Zwâ ûw XK�W Tw û¶w_WâDv_wZw_W Kâ«W«_Dû

wÉ - HWDEOH »LIIXVLRQ

,GULHQ 1HUWKHORWe 5GG\ 9DURQe MDWKLOGH BD\e yDXUHQW yHIqYUH © 5VWLPDWLQJ WKH
HQYLURQPHQWDO LPSDFW RI 6HQHUDWLYHl,A VHUYLFHV XVLQJ DQ y9,lEDVHG
PHWKRGRORJ\ ªe 9A-è y95 ’â’hs KWWSVGffLQULDsKDOsVFLHQFHfKDOlâhch»gâ’Y’



NI

7wâYwXâ jY«T«D S)éuI
)49 . [ jY«T«D 8w=ûD 0IFFu7éqNucN)B

E49 N [ -_Wwû éwK_ (UuNnr. Y: YBâKDTZwûûG NmNF)@]G NF
XKâw=RE49,

qpZK«âw UIN )«B

7wâYwXâ jY«T«D S)é CIFF
)49 . [ jY«T«D CIFFu7éq:u:F)B

E49 N [ CqS (4VE vv:N Yèw_ NG [.nkn:G N E49=R_KTwG
n: XKâw=RE49,

qpZK«âw I 8B

ôDWWZqWâw o 3ZwWDôDWW
-_WwâYDûûw T¶DX%X«=«W«K_ I =wXK_Tw=

ôDWWZqWâw o BqE
-_WwâYDûûw T¶DX%X«=«W«K_ IF =wXK_Tw=

qw=Xâw ûKW«X«wûûw o j0q2 & 6C42
Y<âKWâDZZw ZD«=K_ w_ 6X=W,
-_WwâYDûûw T¶DX%X«=«W«K_ I =wXK_Tw=

)wZ«_« YWUà,

7«â«X= YWUà,

qULG Eppp - VHUYHXUV wÉ



NN

)wZ«_« YWUà, 7«â«X= YWUà,

wÉ - HWDEOH »LIIXVLRQ

� eXDâW =\=WpZDW«%Xw
� B«D«= w_ <X«==D_Xw

S«zzpâw_W =wûK_ ûw=
ZDX+«_w=



Nc

(_WâDv_wZw_W T¶-C

E+DZ<Kûû«K_
Y@4(,

gwW=K_
C)é

q24wâz Hw_X+ZDâàè
jj
£q3
éR
qê
TM

7m
BL
mD
BM

NHWRXUV G¶H[SpULHQFH



N:

7wâYwXâ C<KûûK nUFF Ww_IF
)49 . [ jY«T«D CIFF 7éq: .F )B DYwX j0 =Z«WX+

E49 N [ CqS (4VE vvnc Yn: XKâw=,

qpZK«âw I 8B SS6:ucNFF TXDû âD_à
EK__wXW«K_ DYwX : -_z«_«HD_T @S6 YnNFF)BR=,

7WKXàDWw ûKXDû c 8B j0qw 77S
7WKXàDWw T«=WD_W EûX=Wwâ7WKâw

EûD==p =Xâ 8K<UFF wW )âww_UFF

ôDWWZqWâw YBqE, o @4( «23 U
«4S9 DWWDX+p= DX[ Dû«Zw_WDW«K_=

-_WwâYDûûw T¶DX%X«=«W«K_ IF =wXK_Tw=

qw=Xâw ûKW«X«wûûw o j0q2 & 6C42
Y<âKWâDZZw ZD«=K_ w_ 6X=W,
-_WwâYDûûw T¶DX%X«=«W«K_ FGU =wXK_Tw=

E+DZ<Kûû«K_

bKDPSROOLRQ DgB?t



NU

E+DZ<Kûû«K_«HQFKPDUN 5GBHUI D?QWUDvQHPHQW G¶wÉ GH
GLIIpUHQWHV GLVFLSOLQHVt



Nn

E49 .uXKâw j0-S-C EDâZwû CâZY.mN n:uH«W

)49 UINuXKâw j0-S-C 0KûWD Z«W+ n: 8w_=Kâ EKâw= & SXDû
Sww< 2wDâ_«_W CXXwûwâDWKâ w_W«_w= & 4âKWâDZZDHûw 0«=«K_
DXXwûwâDWKâ

qwZK«âw In )B NUnuH«W 24SS6:[ Y7+DâwT HwWZww_ W+w
E49 D_T W+w )49,

7WKXàDWw NUn )B j0qw 77S

7Sf j0-S-C gwW<DXà UmImI

ôDWWZqWâw o 4KZwâ7<\N YCûX«KZ,
-_WwâYDûûw T¶DX%X«=«W«K_ I =wXK_Tw

qw=Xâw ûKW«X«wûûw o 8wWâD7WDW=
-_WwâYDûûw T¶DX%X«=«W«K_ I =wXK_Tw

gwW=K_ C)é

:YLGLD RHWVRQ ÉqU UDYLHU



Nv

gwW=K_ C)é«HQFKPDUN 5GBHUI D?QWUDvQHPHQW G¶wÉ GH
GLIIpUHQWHV GLVFLSOLQHVt

� ³3éBR MYMRÌ?éRqÉDm
RBËM q?jêBRéTR

4X«==D_Xw XK_=KZZpw <Dâ û¶w_WâDv_wZw_W Tw 6w=jwW



N.

� sêqTM km !qévq£qRÌ
� lq!!q3D£RÌ km jBqMm mT ?éqT
� emMêqT kZDT êDRq£ ÉDq MZékéjRm

GLPLWHV DFWXHOOHV DVHUYHXUV Éw,qBîVt

@pWpâKWp_p«Wp
� Sw= =wâYwXâ=
� Sw= KXW«û= D==KX«p=
� SX <pâ«ZqWâw Tw ûD Zw=Xâw

-Z<DXW Tw ûD zâp%Xw_Xw
T¶DX%X«=«W«K_

� 0Dâ«DH«û«Wp Tw ûD Zw=Xâw
� 4wâWw T¶«_zKâZDW«K_
� 7XâXK_=KZZDW«K_

� 0é !BÌÉDmT3m êjRq?é£m kÌjmTk
kmM éjj£q3éRqêTM

eXDâW w_Wâw KXW«û=
� 7«W_«z«XDW«z
� Sp<w_T Tw= =wâYwXâ=
� jK_ XK_=WD_W

� tÌ3mMMqRÌ km 3ê?jBmTkBm £mM
jÌBq?ËRBmM

� -ê??mTR 3ê?jéBmB kmD.
?é3pqTmM S



Nr

± IEMHW Tw ûD Zw=Xâw

± 5pWKRGH XK_=w_=Xwûûw wW <âDW«%Xw

± îQLWp Tw Zw=Xâw

± wQFHUWLWXGH Tw Zw=Xâw

± g\SRWKqVHV

BUHQGUH GH OD KDXWHXU

S



cF

± IEMHW Tw ûD Zw=Xâw

± 5pWKRGH XK_=w_=Xwûûw wW <âDW«%Xw

± îQLWp Tw Zw=Xâw

± wQFHUWLWXGH Tw Zw=Xâw

± g\SRWKqVHV

BUHQGUH GH OD KDXWHXU

� /âp%Xw_Xw T¶DX%X«=«W«K_ XK_WâD«_Ww
� E+K«[ Tw û¶KXW«û
� 8âD_=zKâZDW«K_= XDX+pw=

� EDûXXûDHûw R zKXâ_«w <Dâ ûD TKXXZw_WDW«K_
� qD«= <D= <âK<DWpw

� 4pâ«ZqWâw Tp<w_T Tw û¶KXW«û



cI

4âK<K=«W«K_ T¶X_ _KXYwû KXW«ûuXDTâw <KXâ
ûD Zw=Xâw ûKW«X«wûûw

XHUV XQH
PHVXUH

ORJLFLHOOH XQLILpH
HW IOH[LEOH



cN.»3kW3ê?T -- eoft- �W�



cc

0m a ��Ë MRéTkéBk b
kmM êDRq£M km ?mMDBm £êbq3qm££m V
jrauom



c:

-/2
iTRmB!é3m
ljmB!imLmTRMT
MYM!MT WWWm

0êbq3qm£ km ?mMDBm è

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

7DB3êD3pm
l£qv jYRpêTT

WWWm

d/2
iTRmB!é3m
l/-i Lqé
t s0m

0êbq3qm£ km ?mMDBm e

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

7DB3êD3pm
l£qv jYTL?£T
TLqkqéfM?qT WWWm

’RUWH GLVSDULWp GHV RXWLOV C



cU

-/2
iTRmB!é3m
ljmB!imLmTRMT
MYM!MT WWWm

0êbq3qm£ km ?mMDBm DTq!qÌ

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

7DB3êD3pm
l£qv jYRpêTT

WWWm

d/2
iTRmB!é3m
l/-i Lqé
t s0m

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

7DB3êD3pm
l£qv jYTL?£T
TLqkqéfM?qT WWWm

’RUWH GLVSDULWp GHV RXWLOV C
îQLILRQVS



cn

-/2
iTRmB!é3m
ljmB!imLmTRMT
MYM!MT WWWm

0êbq3qm£ km ?mMDBm DTq!qÌ

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

d/2
iTRmB!é3m
l/-i Lqé
t s0m

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

’RUWH GLVSDULWp GHV RXWLOV C
îQLILRQVv HW VLPSOLILRQVS



cv

-/2
iTRmB!é3m
ljmB!imLmTRMT
MYM!MT WWWm

0êbq3qm£ km ?mMDBm DTq!qÌ

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

d/2
iTRmB!é3m
l/-i Lqé
t s0m

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

+<668î99-32 Sî9 9<8E3<E,î9 8îS32S?2;î9 V
1?-2;î2?2Eî � v?E-£îຠ
E329311?;-32 � v?-L£îຠ

Lî93-2 Sî 1?Ñ;8-9î S< L?9 2-=î?<ཷ�

’RUWH GLVSDULWp GHV RXWLOV C
îQLILRQVv HW VLPSOLILRQVS



c.

-/2
iTRmB!é3m
ljmB!imLmTRMT
MYM!MT WWWm

0êbq3qm£ km ?mMDBm DTq!qÌ

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

d/2
iTRmB!é3m
l/-i Lqé
t s0m

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

5XOWLSOLFDWLRQ GHV PDWpULHOV GLIIpUHQWV C



cr

-/2
iTRmB!é3m
ljmB!imLmTRMT
MYM!MT WWWm

0êbq3qm£ km ?mMDBm DTq!qÌ

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm
7êBRqm
l!q3pqmBT
ellT WWWm

d/2
iTRmB!é3m
l/-i Lqé
t s0m

5XOWLSOLFDWLRQ GHV PDWpULHOV GLIIpUHQWV C



:F

-/2
iTRmB!é3m
ljmB!imLmTRMT
MYM!MT WWWm

0êbq3qm£ km ?mMDBm DTq!qÌ
7êBRqm
l!q3pqmBT
ellT WWWm

d/2
iTRmB!é3m
l/-i Lqé
t s0m

0m3RDBm lèRRBqvDRqêTm ³3BqRDBm

5XOWLSOLFDWLRQ GHV PDWpULHOV GLIIpUHQWV C



:I

5XOWLSOLFDWLRQ GHV PDWpULHOV GLIIpUHQWV C

-/2
iTRmB!é3m
ljmB!imLmTRMT
MYM!MT WWWm

0êbq3qm£ km ?mMDBm DTq!qÌ
7êBRqm
l!q3pqmBT
ellT WWWm

d/2
iTRmB!é3m
l/-i Lqé
t s0m

0m3RDBm lèRRBqvDRqêTm ³3BqRDBmj£DbqTMj£DbqTM6¡<8-29

j£DbqT (è/0

j£DbqT t s0

sêkË£m
MRéRqMRqÉDm

WWW

-7 

iT!£D.le

WWW

5RGXODULVRQV n



:N

-/2
iTRmB!é3m
ljmB!imLmTRMT
MYM!MT WWWm

0êbq3qm£ km ?mMDBm DTq!qÌ
7êBRqm
l!q3pqmBT
ellT WWWm

d/2
iTRmB!é3m
l/-i Lqé
t s0m

0m3RDBm ,BéTM!êB?éRqêT ³3BqRDBmj£DbqTMj£DbqTM6¡<8-29

j£DbqT (è/0

j£DbqT t s0

sêkË£m
MRéRqMRqÉDm

aq£RBébm

WWW

-7 

iT!£D.le

WWW

5XOWLSOLFDWLRQ GHV PDWpULHOV GLIIpUHQWV C
5RGXODULVRQV n



:c

M3î<8
SZjrauom

j£DbqTMj£DbqTM6¡<8-29 êRBm êDRq£ � �

t322î9 68?;-7<î9T E?S8î V
± RYjébm !êBR
± DTqRÌM km ?mMDBmT ?mMDBéTkm
± bmMRqêT kmM êLmB!£êNMT kmM vDbM kmM qTRmB!é3mMT

km £é !BÌÉDmT3m kZé3ÉDqMqRqêT jBÌ3qMm
± Å £ZÌRDkm V jBêjébéRqêT kmM qT3mBRqRDkmM

5XOWLSOLFDWLRQ GHV PDWpULHOV GLIIpUHQWV C
5RGXODULVRQV n



::

«HVRLQ GH IOH[LELOLWp GHV SDUDPqWUHV C



:U

«HVRLQ GH IOH[LELOLWp GHV SDUDPqWUHV C
ÉGDSWRQV G\QDPLTXHPHQWS

0êbq3qm£ km ?mMDBm DTq!qÌ

0m3RDBm ,BéTM!êB?éRqêT ³3BqRDBm

(m3êT!qbDBéRqêT Å £é Lê£Ìm
ljéDMm c BÌLmq£ c

E,?2+î1î2; Sî v8Ì7<î2Eî c mR3Wm

3ê??éTkm
DRq£qMéRmDB

jBêbBé??m ÉDq BÌébqR Å
£ZmTLqBêTTm?mTR

éRê?q3é££Y
MNéjjmk
MmRRqTbM

Rê»qê
éMYT3
3péTTm£



:n

?W OD SHUIRUPDQFH C

6p=XûWDW= <âpû«Z«_D«âw= o 6C42 j IFFF @] DYwX KYwâ+wDT s Ie =Xâ Hw_X+ZDâà @4E YjC7,

6XLOODXPH -DIILQe /HQLV PU\VWUDP
© /LVVHFWLQJ WKH VRIWZDUHlEDVHG

PHDVXUHPHQW RI 9è4 HQHUJ\
FRQVXPSWLRQG D FRPSDUDWLYH DQDO\VLV ªe

’â’h aVXEPLVVLRQ SHQGLQJis
KWWSVGffKDOsVFLHQFHfKDOlâhh’âq’k



:v

?W OD SHUIRUPDQFH C

6p=XûWDW= <âpû«Z«_D«âw= o 6C42 j IFFF @] DYwX KYwâ+wDT s Ie =Xâ Hw_X+ZDâà @4E YjC7,

6XLOODXPH -DIILQe /HQLV PU\VWUDP
© /LVVHFWLQJ WKH VRIWZDUHlEDVHG

PHDVXUHPHQW RI 9è4 HQHUJ\
FRQVXPSWLRQG D FRPSDUDWLYH DQDO\VLV ªe

’â’h aVXEPLVVLRQ SHQGLQJis
KWWSVGffKDOsVFLHQFHfKDOlâhh’âq’k



:.

ÉGî5?L

ÉGDSWLYH
� âwXK_z«WXâDW«K_ =Xâ ûw WD= YZK_«WKâ«_WR<âKz«û«_W,
� =¶DTD<Ww j YKWâw X=DWw WâkXw DX[ <ûXW«_= Y@4EG wTWwG 0qG mmm,

GLJKWZHLJKW
� <«<wû«_w D=\_X+âK_w w_ 6X=W
� X_«%XwZw_W Xw TK_W YKX= DYw] Hw=K«_ Y<ûXW«_=,

îQLILHG
� I KXW«û <KXâ [ ZDWpâ«wû=G \ ZKTqûw= T¶DWWâ«HXW«K_= wW ] =KâW«w=

5?LULFV

jBê3péqTm?mTR
êjmTfMêDB3m R

têRm V jêDB è02sx,T
£ZÌTmBbqm mMR DTm ?mMDBm 3ê??m £mM éDRBmM R

DOXPHW�GHY



:r

5LVH HQ SHUVSHFWLYH

EK_=KZZDW«K_ pûwXWâ«%Xw
Tw= E49=G )49=G 6Cq

P 6C42Rj0q2



UF

5LVH HQ SHUVSHFWLYH

EK_=KZZDW«K_ pûwXWâ«%Xw
Tw= E49=G )49=G 6Cq

P 6C42Rj0q2

bRQVRPPDWLRQ GX VHUYHXU
YEDâWw âp=wDXG T«=%Xw Tw
=WKXàDWwG mmm, P ZDWWZqWâw



UI

5LVH HQ SHUVSHFWLYH

bRQVRPPDWLRQ GX VHUYHXU
YEDâWw âp=wDXG T«=%Xw Tw
=WKXàDWwG mmm, P ZDWWZqWâw bRQVRPPDWLRQ GX

FHQWUH GH GRQQpHV
Y6w_TwZw_W
Dû«Zw_WDW«K_G

6wzâK«T«==wZw_WG mmm,
P 49(

EK_=KZZDW«K_ pûwXWâ«%Xw
Tw= E49=G )49=G 6Cq

P 6C42Rj0q2



UN

5LVH HQ SHUVSHFWLYH

?PSUHLQWH
HQYLURQQHPHQWDOH GX
VHUYLFH QXPpULTXH

� ûD zDHâ«XDW«K_ TX ZDWpâ«wûG =D
z«_ Tw Y«wG mmm

� ûw= DXWâw= «Z<DXW= o
pZ«==«K_ XDâHK_wG

XK_=KZZDW«K_ T¶wDXG
XW«û«=DW«K_ Tw ZpWDX[G mmm
P C_Dû\=w E\Xûw Tw 0«w

bRQVRPPDWLRQ GX VHUYHXU
YEDâWw âp=wDXG T«=%Xw Tw
=WKXàDWwG mmm, P ZDWWZqWâw

EK_=KZZDW«K_ pûwXWâ«%Xw
Tw= E49=G )49=G 6Cq

P 6C42Rj0q2

bRQVRPPDWLRQ GX
FHQWUH GH GRQQpHV

Y6w_TwZw_W
Dû«Zw_WDW«K_G

6wzâK«T«==wZw_WG mmm,
P 49(



Uc

2¶p_wâW«w XK_=KZZpw w=W X_w XKZ<K=D_Ww Tw ûD Zw=Xâw
Tw û¶wzz«XDX«WpG Tw ûD =KHâ«pWp wW Tw ûD <wâzKâZD_Xwm

6wWDâTwâ ûD XK_=KZZDW«K_ pûwXWâ«%Xw w_ <+D=w T¶X=DWw _w =Xzz«W <D=
<KXâ <âw_Tâw ûD Zw=Xâw Tw û¶wZ<âw«_Ww TX _XZpâ«%Xwm

C29q(8 w=W w_ Zw=Xâw Tw TwYw_«â ûw _KXYwû KXW«ûuXDTâw <KXâ ûD Zw=Xâw T¶p_wâW«w YwW &,m

bRQFOXVLRQ



U:

NpIpUHQFHV -

5HUFL n

± séRpq£km =éYT  £ékq?qB gMRéjmT3êT 0éDBmTR 0m!ËLBmT lmTqM ,BYMRBé?T èTTmf-Ì3q£m gBbmBqmT emT«é?qT aq3pm£ a èT
m.jmBq?mTRé£ 3ê?jéBqMêT ê! Mê!RNéBmfvéMmk jêNmB ?mRmBMV !ê3DM êT -/2 éTk d/2 bT nnI.2C ����
,;;69ªaa-AAA?6¡38AU-AAAU388av3-<1A2;a��������

± èkBqmT emBRpm£êRT xkkY -éBêTT séRpq£km =éYT 0éDBmTR 0m!ËLBm a xMRq?éRqTb Rpm mTLqBêT?mTRé£ q?jé3R ê! dmTmBéRqLmfèi
MmBLq3mM DMqTb éT 0-èfvéMmk ?mRpêkê£êbY bT n2.o hnG ����U ,;;69ªaa-28-EU,E¡U9--A2-Aa,E¡d����¢���=�

± dDq££éD?m (é!!qTT lmTqM ,BYMRBé? a lqMMm3RqTb Rpm Mê!RNéBmfvéMmk ?méMDBm?mTR ê! -/2 mTmBbY 3êTMD?jRqêTV é
3ê?jéBéRqLm éTé£YMqM bT u85-= ����W ,;;69ªaaE8?-=U388aEa9a����U���£�=�

± è02sx, V èkéjRqLm 0qbpRNmqbpR 2Tq!qmk smRBq3M lêjmTfMêDB3m MêêTm
,;;69ªaaE¡<1A;UvA=

https://inria.hal.science/hal-04030223v2
https://inria.hal.science/hal-04346102v2
https://arxiv.org/abs/2401.15985v1
https://alumet.dev

