
HAL Id: halshs-00745825
https://shs.hal.science/halshs-00745825

Submitted on 26 Oct 2012

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.

Une méthode de caractérisation des ambiances
lumineuses en architecture d’intérieur

Alain Findeli, Noëlle Von Wyl, Josef Sütterlin

To cite this version:
Alain Findeli, Noëlle Von Wyl, Josef Sütterlin. Une méthode de caractérisation des ambiances lu-
mineuses en architecture d’intérieur. Ambiances in action / Ambiances en acte(s) - International
Congress on Ambiances, Montreal 2012, Sep 2012, Montreal, Canada. pp.203-208. �halshs-00745825�

https://shs.hal.science/halshs-00745825
https://hal.archives-ouvertes.fr


!"#$#%&'()*&+#,)-#./01',2#-0+(3)#4#!"#$%&'("#)*+,-(#%,)%)*%'*'.%/-(0,%)*####5#678#

!"#$%&'()*#$*#$+,-,+'&-./,'.)"$*#/$,%0.,"+#/$

12%."#2/#/$#"$,-+(.'#+'2-#$*3."'&-.#2-$

!2,()#9:;<=%:
"
>#;*?220#@*)#AB%

6
>#C*+0D#EFGG=H%:;

8#

"I#JH=EEK;>#=;E!#L10)*M20>#91,)N0#,)-#<0O.#*D#EN(0)N0#P#!1.>#Q)(@01+(.R#-0#
;S'0+>#91,)N0I#,2,()ID()-02(T&)('0+ID1#
6I#J=%=!>#U&3>#EV(.W012,)->#X*N/+N/&20#DY1#L0+.,2.&)3#&)-#Z&)+.#[,+02>#EV(.W01\
2,)-#]#[1,&)+N/V0(3#Q)(@01+(.^#*D#!1.>#L01',)^I#)I@*)V^2TN020,IN/#
8I#J=%=!>#U&3>#EV(.W012,)-I#_I+&0..012()TN020,IN/#

!"#$%&'$(*12*.,-3#*)%#)('(4('5*'"*3'-")&.%/%)*()*3#*(#6()&,'37+%*23$'8*'.3'*)%#)('(4(9

'5* ()* -,$.*-"/%* 6(22($,+'* '"* 6%2(#%* 3#6* (#6%%6*-%3),/%:* ;+'.",<.* 6%)(<#%/)* 3#6*

3/$.('%$')*6%3+*=('.*3'-")&.%/%)*(#*'.%(/*63(+5*&/3$'($%8*'.%5*2(#6*('*6(22($,+'*'"*3#39

+5>%* 3#6* $"#'/"+* &/%$()%+5* ."=* '.%* 6(22%/%#'* 43/(37+%)* '.3'* 322%$'* 3#* 3'-")&.%/%*

(#'%/3$'*=('.*%3$.*"'.%/*'"*&/"6,$%*3*)&%$(2($*%22%$':*?.%*<3&*7%'=%%#*'.%*(#'%#6%6*

0,3+('(%)*"2*3#*3'-")&.%/%*3#6*'.%*%#6*,)%/)@*&%/$%&'("#*3#6*3&&/%$(3'("#*"2*'.%)%*

0,3+('(%)*()*(#6%%6*3*$%#'/3+*()),%*(#*",/*6()$(&+(#%):*?.()*&3&%/*()*3*'%#'3'(4%*)'%&*'"*

2(++* '.%* <3&:* 1'* &/"&")%)* 3#6* 6()$,))%)* 3#* 3#3+5'($3+* '""+* 6%/(4%6* 2/"-* 3* /%)%3/$.*

$"#6,$'%6*7"'.* (#*#3',/3+*3#6*%A&%/(-%#'3+*)%''(#<):*?.%*'""+*$"#)()')* (#*)(A* (#6%9

&%#6%#'*6(-%#)("#)*3+"#<*=.($.*(#'%/("/*3'-")&.%/%)*.34%*7%%#*$.3/3$'%/(>%6*3#6*

$"-&3/%6:*1')*3&&+($3'("#*'"*#3',/3+*",'%/*+3#6)$3&%)*()*$,//%#'+5*,#6%/*(#0,(/5:*

)*+,-%.#/0 1234$0&$5-#64*%*#70 28$*%2-%0.*#23870*892%-85*8$&10&*#$4*$2'#706%-:*'$;

3%-<8.*.0%*#*&%'40

4#"5/#$#'$6)/.'.)""#%#"'$*#$1,$-#+(#-+(#$

`# 2aQ)(@01+(.R#-0+#,1.+#-0#UY1(N/># 2,#-0+(3)0&10#+&(++0#;*?220#@*)#A^2#-R@02*OO0#&)#.0b.(20#
2&'()0&b#-*).#20+#O1*O1(R.R+#N*)-&(+0).#c#-0+#,OO2(N,.(*)+#())*@,).0+#0.#O1*'0..0&+0+>#0)#
O,1.(N&2(01#0)#-0+(3)#-a().R1(0&1# d@*)#A^2># 6778eI# %0#-R@02*OO0'0).#-&#O1*-&(.# +&+N(.0#0)#
677f# 2a().R1g.#-0# 2,#J*''(++(*)#O*&1# 2,#G0N/)*2*3(0#0.# 2a:))*@,.(*)# dJG:e#-&#<RO,1.0'0).#
DR-R1,2# +&(++0># h&(# ,NN*1-0# &)# +*&.(0)# +&M+.,).(02# c# &)# N*)+*1.(&'# D*1'R# -0# O,1.0),(10+#
()-&+.1(02+# 0.# ()+.(.&.(*))02+I# %0#O1*_0.# -0#HP<#,# O*&1#*M_0N.(D# -0#-R@02*OO01#-0+# ,OO2(N,\
.(*)+#N*''01N(,20+#-&#O1*-&(.#+0'(\D()(#d.0b.(20# 2&'()0&b#/,&.#-0#3,''0e#-0+.()R#,&#',1\
N/R# ().01),.(*),2#-0# 2a,'R),30'0).#-0+#0+O,N0+#-*'0+.(h&0+># ()+.(.&.(*))02+# 0.# N*''01\
N(,&bI#
!# 2aQ)(@01+(.R# -0+# ,1.+# -0# [i20># 30+.(*)),(10# O1()N(O,2# -&# O1*_0.># *)# O1*O*+0# -a,-*O.01# 2,#
'R./*-0#-0#2,#10N/01N/0\O1*_0.#d9()-02(>#677je#h&(>#0)#1,(+*)#-0#+*)#,)N1,30#-,)+#2,#O/(2*\
+*O/(0#O1,3',.(+.0>#O01'0.#-0#+,.(+D,(10#.,).#20+#,..0).0+#-0+#O,1.0),(10+#()-&+.1(02+#h&0#20+#
0b(30)N0+#+N(0).(D(h&0+#-0#2,#N*''&),&.R#-0#10N/01N/0#0)#-0+(3)I#Q)#10O*+(.(*))0'0).#-&#
O1*_0.#0+.#,()+(#*OR1R#+*&+# 2,#D*1'0#-a&)0#-*&M20#h&0+.(*)#-0#10N/01N/0>#-*).#+0&20# 2,#+0\
N*)-0# +01,# ,M*1-R0# (N(#k# "I# l&0+.(*)# -0# -0+(3)#k# N*)N0O.(*)# 0.# 1R,2(+,.(*)# -a&)# -(+O*+(.(D#
-a()+.,22,.(*)# 0.# -0# M1,)N/0'0).# -&# .0b.(20# 2&'()0&b# -,)+# 20+# ().R1(0&1+#]# 6I# l&0+.(*)# -0#
10N/01N/0#k#N,1,N.R1(+,.(*)#-0#2,#h&,2(.R#-0+#,'M(,)N0+#*m#2,#2&'(n10#0+.#2aR2R'0).#O1()N(O,2>#
O,1.(N&2(n10'0).# N0220+# N1RR0+# O,1# 20# .0b.(20# 2&'()0&b# 0)# N*'O,1,(+*)# ,@0N# 20+# -(+O*+(.(D+#
-aRN2,(1,30#/,M(.&02+I

"
#

############################################################################
B:*===:2.#=:$.C&&'C$"#'%#'C&/DC?EEE9FFGH

**



67j#5#####6)-#:).01),.(*),2#J*)310++#*)#!'M(,)N0+>#o*).10,2#67"6#

7-)01&%,'.82#$9&"&-,1#$

<,)+#+,#N*)DR10)N0#O2R)(n10#,&#N*22*h&0#-0#2,#I%)(<#*J%)%3/$.*K"$(%'5*0)#67"7#c#o*).1R,2>#
().(.&2R0#L*K"-3%)'.%'($)8*I%)(<#8* 3#6* '.%*!"-&+%A* K%#)%*"2*;'-")&.%/%)*M># 20#O/(2*+*O/0#
H(N/,1-# E/&+.01',)# D,(.# 10',1h&01# h&0# 2,# )*.(*)# *&# 20# N*)N0O.# -a,.'*+O/n10# d*&#
-a,'M(,)N0

6
e# 0+.# *&# -0@1,(.# g.10# ,&# N0).10# -0+# O1R*NN&O,.(*)+# -0+# N*)N0O.0&1+p.1(N0+# -0#

)*+#0)@(1*))0'0).+
8
I#J0#h&(#)*&+#10.(0)-1,#(N(#)a0+.#O,+#.,).#2,#102,.(*)#h&0#E/&+.01',)#q#

().01O1n.0# O01+O(N,N0# -0# 2a0+./R.(h&0# 0bOR1(0).(0220# -0# C*/)# <0V0^# q# R.,M2(.# 0).10# +,# +*\
',0+./R.(h&0# 0.# N0# h&a(2# ,OO0220# L*'.%* )%#)%* "2* 3'-")&.%/%*M# h&0# 20# D,(.# h&0# N0# N*)N0O.#
-a,'M(,)N0#)a,OO,1,(++0#h&0# .1n+# .,1-(@0'0).#-,)+# 2,#O/(2*+*O/(0#h&a(2# +#r0'O2*(0#c#-R@0\
2*OO01# -0O&(+# &)0# h&()W,()0# -a,))R0+# dE/&+.01',)># "ssseI# :2# 0+.# 0)# N02,# 10O1R+0).,.(D# -0#
2a().R1g.#1RN0).#h&0#20+#-(+N(O2()0+#-&#O1*_0.#',)(D0+.0).#-0#',)(n10#0bO2(N(.0#c#2aR3,1-#-0#2,#
)*.(*)# -a,'M(,)N0I# %0# +*&N(# -0# 2a,'M(,)N0># 1R.*1h&01,\.\*)># 0+.# O*&1.,).# 2*()# -ag.10# )*&\
@0,&#,&O1n+#-0+#O1,.(N(0)+#'R.(N&20&b#0.#,..0).(*))R+#-&#-0+(3)#]#*&(#',(+#(2#0+.#2*)3.0'O+#
-0'0&1R#N*''0#&)0#O,1.(0# .,N(.0#-0# 20&1#+,@*(1I# %0&1#N,O,N(.R#c#-(+.()3&01#0.#-(+N1('()01#
20+# @,1(R.R+# 0.# h&,2(.R+# -0+# ,'M(,)N0+# 0+.# .0220'0).# O1(+0# O*&1# ,Nh&(+0# h&0# 20# M0+*()# -0#
./R',.(+01# 0.# N*)N0O.&,2(+01# 20# O/R)*'n)0# )0# +0# D,(+,(.# 3&n10# 10++0).(1I

j
#=)# -a,&.10+#

.01'0+>#*)#O0&.#,DD(1'01#h&0>#M(0)#h&0# 2a,'M(,)N0#N*)+.(.&0# ()-(+N&.,M20'0).#&)#R2R'0).#
('O*1.,).#-&# 2,)3,30#0.#-0# 2,#31,'',(10#-&#-0+(3)>#0220#)a,#O,+#MR)RD(N(R#-a&)#.1,(.0'0).#
,&++(# 1(3*&10&b># +^+.R',.(h&0# 0.# ,),2^.(h&0# h&0# O,1# 0b0'O20# 2,# N*&20&1# 0.# 2,# .0b.&10# *&#
0)N*10>#-,)+#-a,&.10+#O1*D0++(*)+>#2,#+,@0&1>#20#+*)#*&#20#O,1D&'I#
;*.10# O1*_0.># N0).1R# O2&+# O,1.(N&2(n10'0).# +&1# 20+# ,'M(,)N0+# 2&'()0&+0+># ,# O*&1# M&.#
-a0DD0N.&01# &)# O,+# -,)+# N0..0# -(10N.(*)I# :2# +0# O1*O*+0# -aR.,M2(1# &)0# t#N,1.*31,O/(0#u# -0#
2a0+O,N0#-0+#,'M(,)N0+#d,),2*3&0#0)#h&02h&0#+*1.0#,&b#+^+.n'0+#-0+#N*&20&1+#*&#c#2a0+O,N0#
-0+#+*)+e>#Na0+.\c\-(10#-a*OR101#&)0#,),2^+0#0'O(1(h&0#-&#N*)N0O.#-a,'M(,)N0I#`#N0.#R3,1->#
(2# N*)+.(.&0# &)0# N*).1(M&.(*)# -&# -0+(3)# ,&b# .0).,.(@0+# -a,&.10+# -(+N(O2()0+# +N(0).(D(h&0+#
-aR.,M2(1#&)0#./R*1(0>#+ORN&2,.(@0#*&#)*)>#-0+#,'M(,)N0+I#v,1'(#N0220+\N(>#*)#.1*&@0#O1()N(O,\
20'0).# 2,# O+^N/*2*3(0# -0# 2a0)@(1*))0'0).# dZ)0W># "ssw#]# E.,'O+># 677je># 2,# O+^N/*2*3(0# +*\
N(,20#dH&++02#P#v1,..>#"sx7e>#2a0+./R.(h&0#O/(2*+*O/(h&0#d[y/'0>#"ssw>#677z#]#EN/'(.W>#677fe>#
20+# +N(0)N0+#-0# 2,# +,).R# do(2201># 677se># 20#',1{0.()3# d<,3',)># 67"7e># 2a()3R)(01(0# dB(2-(1('>#
677z#]#|*302+>#677xeI#Ja0+.#-,)+# N0# N,-10>#O2&+#O,1.(N&2(n10'0).# N02&(#-0#|*302+>#h&0#)*&+#
,22*)+#O1RN(+01#)*.10#h&0+.(*)#-0#10N/01N/0I#
;*&+#@0)*)+#-0#@*(1#h&0# 20+#-0+(3)01+#',)(O&2,(0).#0.#N*)N0@,(0).#N*)+.,''0).#-0+#,'\
M(,)N0+>#',(+#*)#*M+01@0#h&0# 20# 20b(h&0#&.(2(+R#O*&1# 20+# N,1,N.R1(+01# 0+.# ,++0W# 10+.10().#]# (2#
2a0+.#0)N*10#-,@,).,30#-&#N}.R#-0+#O10+N1(O.0&1+>#-0+#N2(0).+#0.#-0+#&+,301+>#&)0#*M+01@,.(*)#
+*&@0).#N*)D(1'R0#O,1#,(220&1+#d[2(_20@0)+#%'*3+I>#677seI#%a0)1(N/(++0'0).#-&#20b(h&0#N*)+.(.&0#
&)#O10'(01#@*20.#-0#)*.10#h&0+.(*)I#%a,&.10#@*20.>#O2&+#O1R*NN&O,).>#N*)N01)0#2,#.1,-&N.(*)#
-&#N,/(01#-0+#N/,130+#*&#-0#2,#N*'',)-0>#0bO1('R+#-,)+#20#2,)3,30#-0#2,#1RN0O.(*)#*&#-0#
2a&+,30># 0)# 2,)3,30#-0# N*)N0O.(*)># Na0+.\c\-(10#-0#-0+(3)I#Q)#0b0'O20#O,1,-(3',.(h&0#0+.#
N02&(#-0#2,#H!Gv#O,1(+(0))0#h&(>#c#2a*NN,+(*)#-&#10-0+(3)#-0#2a&)0#-0#+0+#+.,.(*)+#-0#'R.1*>#

############################################################################
N:*?",'%*#"'/%*/%$.%/$.%*)@%)'*6O/",+O%*%#*+3#<,%*<%/-3#(0,%*P),())%93++%-3#6*%'*3++%-3#6Q:*I3#)*$%*

'%A'%8*#",)*,'(+()"#)*(#6(22O/%--%#'*L*3-7(3#$%*M*%'*L*3'-")&.R/%*M*&",/*/%#6/%*+@3++%-3#6*;'-")9

&.S/%8*K'(--,#<*%'*;-7(3#$%:*T#%*O',6%*'%/-(#"+"<(0,%*&+,)*$(/$"#)'3#$(O%*)@(-&")%*%#*/3()"#*6%*+3*

2"/'%*(-&/O<#3'("#*$,+',/%++%*6,*&.O#"-R#%*O',6(O:*T#%*'%++%*O',6%*6O&3))%*$%&%#63#'*+3/<%-%#'*+%*

$36/%*6%*$%''%*$"--,#($3'("#:*

U:*V%*'%A'%*6%*)3*$"#2O/%#$%*#@3*&3)*O'O*&,7+(O*63#)*+%)*$"-&'%)*/%#6,)*

P===:6/)NFBF:,-"#'/%3+:$3C&/"$%%6(#<):&.&Q8*-3()*)"#*",4/3<%*K"-3%)'.O'(0,%*%'*3/$.('%$',/%*W*,#%*

3+'%/#3'(4%*$/('(0,%*PX%#R4%8*YZ;I8*NFBFQ*%#*/%&/%#6*+@3/<,-%#'*&/(#$(&3+:*

H:*[#*)3('*0,@%#*&.(+")"&.(%*+3*0,%)'("#*%)'*3#$(%##%*%'*/%#4"(%*\*+3*6()'(#$'("#*%#'/%*0,3+('O)*&/%-(R/%)*

%'*)%$"#63(/%):*]",/*V"$^%8*+%)*L*&/"&/(O'O)*M*6%)*"7D%')*%'*-3'O/(3,A*P$",+%,/8*<"_'8*$+3/'O8*%'$:Q*)"#'*

L*)%$"#63(/%)*M8*%++%)*#%*)"#'*0,%*6%)*L*(6O%)*M*0,(*/O)(6%#'*63#)*+@%)&/('8*&3)*63#)*+@"7D%'8*$"#'/3(/%-%#'*

3,A*0,3+('O)*L*&/(-3(/%)*M*P'3(++%8*&"(6)8*2"/-%8*%'$:Q*0,(*/%#4"(%#'*\*)"#*L*%))%#$%*M*P`3$"4(6%)8*NFFGQ:*



!"#$#%&'()*&+#,)-#./01',2#-0+(3)#4#!"#$%&'("#)*+,-(#%,)%)*%'*'.%/-(0,%)*####5#67w#

-0',)-,(.#c#2aRh&(O0#-0#-0+(3)#&)0#t#,'M(,)N0#,)('R0#0.#,NN&0(22,).0#u#d%0#o*&?2>#677seI#
K1#+(#2a*)#N*'O10)-#20#+*&N(#-&#',S.10#-a*&@1,30>#*)#N*'O10)-#R3,20'0).#2,#O01O20b(.R#-&#
',S.10#-a~&@10#c#h&(#(2#()N*'M0#-0#.1,-&(10#N0+#N1(.n10+#-a,'M(,)N0#0)#2,)3,30#-0#N*)N0O\
.(*)>#c#+,@*(1#0)#N1(.n10+#-0#D*1'0>#-aRN/0220>#-0#N*&20&1>#-aRN2,(1,30>#-a,N*&+.(h&0>#-0#+(3),\
2R.(h&0>#-0#.0b.&10>#+,)+#*&M2(01#20&1#.1,-&N.(*)#D(),20#0)#.01'0+#-0#1R,2(+,.(*)#.0N/)(h&0I#%,#
h&0+.(*)#,OO,1,S.1,# .1(@(,20# c# N0&b#0.# N0220+#h&(# 2,# D1Rh&0).0).#h&*.(-(0))0'0).#-,)+# 20&1#
O1,.(h&0# O1*D0++(*))0220># ',(+# 20+# 1RO*)+0+# h&a0220# ,OO0220# 20# +*).# '*()+# N,1># +(# 2a*)# +,(.#
N*''0).# +ORN(D(01#0.# 1R,2(+01#&)#'&1#0b.R1(0&1#t#M(0)# (+*2R#u>#&)#0+O,N0#-0# .1,@,(2# t#+&DD(\
+,''0).#RN2,(1R#u>#&)#O0&#O2&+#-(DD(N(20'0).#&)# .(10\M*&N/*)#t#O1,.(h&0#c#&.(2(+01#u#*&#&)#
+(n30#-0#M&10,&#t#N*)D*1.,M20#u>#+,(.\*)#O,1#h&02#.^O0#-aRN2,(1,30>#-0#10@g.0'0).#-0#+*2#0.#
-0#'&1>#0.#0)N*10#-a(+*2,.(*)#./01'(h&0#0.#,N*&+.(h&0#*)#1R,2(+0#&)0#,'M(,)N0#t#,)('R0#0.#
,NN&0(22,).0#u#�# v2&+# O1RN(+R'0).># N0# .^O0#-0# N*)),(++,)N0# 0+.\(2# 0bO2(N(.,M20># +,(.\*)# N*'\
'0).# 20# N*''&)(h&01># 20# +ORN(D(01># 2a0)+0(3)01�# v*&1# 20# -(10# N*''0#[y/'0# d"ss8e#k# a?.%*
2/%0,%#'8*/3'.%/*%-73//3))%6*,)%*"2*'.%*%A&/%))("#*3'-")&.%/%*(#*3%)'.%'($*6()$",/)%*+%36)*

"#%*'"*$"#$+,6%*'.3'*('*/%2%/)*'"*)"-%'.(#<*=.($.*()*3%)'.%'($3++5*/%+%43#'*7,'*=.")%*%+37"9

/3'("#* 3#6* 3/'($,+3'("#* /%-3(#)* '"* 7%* ="/^%6* ",':b# K)# +,(.# h&0># .*&.# N*''0# 20# O,^+,30>#
2a,'M(,)N0#1R+(-0#c#2,#D*(+#-,)+#20#'*)-0#0b.R1(0&1#0.#-,)+#20#'*)-0#().R1(0&1I#:2#('O*1.0#O,1#
N*)+Rh&0).#h&0#2,#'R./*-0#-0#10N/01N/0#h&(#+a0DD*1N0#-0#2,#+,(+(1#0)#.(10#20+#N*)+Rh&0)N0+#k#
a;'-")&.%/%*$3#*"#+5*7%$"-%*3*$"#$%&'8*."=%4%/8*(2*=%*),$$%%6*(#*3$$",#'(#<*2"/*'.%*&%$,9

+(3/*(#'%/-%6(3/5*)'3',)*"2*3'-")&.%/%)*7%'=%%#*),7D%$'*3#6*"7D%$':b#d[y/'0>#"ss8e#

:&'()*#$#'$/'-,'&9.#$*#$-#+(#-+(#$

:2# +a,3(++,(.#-,)+#&)0#O10'(n10#R.,O0#-0# +0# N*)+.(.&01#&)# 20b(h&0# +&DD(+,''0).# 1(N/0#O*&1#
N*)+.1&(10#2a()+.1&'0).#-0#N,1,N.R1(+,.(*)I#v*&1#N02,>#)*&+#)*&+#+*''0+#,-10++R+>#,()+(#h&0#
20#10N*'',)-0#[y/'0#d67"7>#677x#P#67"6e>#,&b#O1*D0++(*))02+#-0+#,'M(,)N0+I#<0+#0).10\
@&0+#@(-R*\0)103(+.1R0+#*).#R.R#N*)-&(.0+#,&O1n+#-0#x#O01+*))0+#,N.(@0+#0)#E&(++0#dfe#0.#0)#
!220',3)0# d"e#-,)+# 20+#-*',()0+#+&(@,).+#k#,1N/(.0N.&10>#O,^+,30>#-0+(3)# .0b.(20># +NR)*31,\
O/(0>#O/*.*#0.#'&+(h&0I#%0+#0).10@&0+#*).#R.R#.1,)+N1(.0+#0.#20&1#,),2^+0#,#2(@1R#68"#h&,2(D(\
N,.(D+#-a,'M(,)N0I#G1*(+#1R-&N.(*)+#+&NN0++(@0+#*).#2(@1R#&)#20b(h&0#N*)+.(.&R#-0#8x#-0+N1(O\
.0&1+#*&#,..1(M&.+#-a,'M(,)N0#d.,M20#"eI#
#

=*#'%26$*<%#0 FM011,+N/0)-#d+&1O10),).e# EN/*N{(010)-#dN/*h&,).e#

H*',).(+N/#d1*',).(h&0e# ;,.Y12(N/#d),.&102e# o&DD(3#d',&++,-0e#

o0)+N/2(N/#d/&',()e# o�N/.(3#dO&(++,).e# %&+.@*22#d3,(e#

[0/,32(N/#d-*&(220.e# !)1030)-#d+.('&2,).e# !M+.*++0)-#d10O*&++,).e#

Z*).,{.Dy1-01)#dN*)@(@(,2e# Z,13#dO,&@10e# :).('#d().('0e#

L0'Y.2(N/#dN*)D*1.,M20e# L,+.D10&)-2(N/#d/*+O(.,2(01e# 9&){.(*),2#dD*)N.(*))02e#

9*1'022#dD*1'02e# =b*.(+N/#d0b*.(h&0e# <^),'(+N/#d-^),'(h&0e#

[0D10(0)-#d2(MR1,.0&1e# [0�)3+.(30)-#d'0),�,).e# !)30)0/'#d,31R,M20e#

o,3(+N/#d',3(h&0e# H&/(3#dN,2'0e# ZY)+.2(N/#d,1.(D(N(02e#

L0OD203.#d+*(3)Re# 91(0-2(N/#d,O,(+,).e# E,{1,2#d+,N1Re#

o*-01)#d'*-01)0e# %0M0)-(3#d@(@,).e# !M30/*M0)#d-RN,2Re#

X,1'*)(+N/#d/,1'*)(0&be# 91y/2(N/#d_*^0&be# <0O1('(010)-#d-RO1(',).e#

[0+N/Y.W0)-#dO1*.0N.0&1e# Z1,D.@*22#dR)013(+,).e# A,1'#dN/,&-e#

G,M20,&#"I#%0b(h&0#-0+#8x#,..1(M&.+#10.0)&+
w
##

Q)0# R.&-0# O,1# -(DDR10).(02# +R',).(h&0# ,# 0)+&(.0# R.R# N*)-&(.0# ,@0N# N0+# 8x# -0+N1(O.0&1+>#
-(+O*+R+#+&1#&)0#RN/0220#-0#%({01.#c#"7#-031R+>#+&1#20+#D(N/0+#-aR@,2&,.(*)#-0#jz#O,1.(N(O,).+I#
J0&b\N(#*).#R.R#()@(.R+#c#N,1,N.R1(+01#"f#0+O,N0+#O*&1#20&1#-(@01+(.R#0.#2a('O*1.,)N0#O1('*1\

############################################################################
c:*?/36,$'("#*%'*(#'%/&/O'3'("#*(#6($3'(4%)8*\*/O9%A3-(#%/:*



67z#5#####6)-#:).01),.(*),2#J*)310++#*)#!'M(,)N0+>#o*).10,2#67"6#

-(,20#h&a^# _*&0# 2,# 2&'(n10I#[(0)#h&0# 2,#N*'O*+,).0# 2&'(n10#)0#+*(.#O,+# (+*2,M20>#)*&+#)*&+#
+*''0+#0DD*1NR+>#O,1#)*.10#N/*(b>#-0#2('(.01#2a()D2&0)N0#-0+#,&.10+#D,N.0&1+#-a,'M(,)N0#d+*)>#
O1R+0)N0# /&',()0># 0)N*'M10'0).># .0'OR1,.&10># *-0&1+># 0.NIeI# Q)0# R.&-0# O(2*.0# O1R2('(\
),(10># 0DD0N.&R0# O,1# 8# O01+*))0+# 0bO01.0+># ,# O01'(+# -0# @,2(-01# 20# O1*.*N*20# 0bOR1('0).,2#
,-*O.RI#%0+#@(+(.0+#*).#R.R#N*)-&(.0+#O,1#&)0#,)(',.1(N0>#0)#2a0+O,N0#-a&)#'*(+>#O,1#31*&O0+#
-0#j#c#f#O01+*))0+>#,&#'g'0#'*'0).#-0# 2,# _*&1)R0#0.#-,)+# 20#'g'0#*1-10#-0#@(+(.0#-0+#
"f#2(0&bI# %0+# D(N/0+# -aR@,2&,.(*)#*).# R.R# N*'O2R.R0+# +&1# +(.0># 0)# +(20)N0I# Q)# O1*D(2# +R',)\
.(h&0#'*^0)#,#R.R#N,2N&2R#O*&1#N/,N&)#-0+#0+O,N0+#dD(3I#"eI#

###### ##### #
9(3&10#"I#HR+&2.,.+#-a0)h&g.0#,@0N#O1*D(2+#+R',).(h&0+#k#0+O,N0+#|"z>#|"f#|w#

Q)0#,),2^+0#D,N.*1(0220#-0+#N*'O*+,).0+#,#R.R#N*)-&(.0#+&1#2a0)+0'M20#-0+#-*))R0+#0)103(+\
.1R0+#+&1#20+#w7z#D(N/0+#10.0)&0+>#N*'O*1.,).#N/,N&)0#8x#,..1(M&.+I#%a,),2^+0#+.,.(+.(h&0#0)#
N*'O*+,).0+# O1()N(O,20+# O01'0.# -0# 10.0)(1# z# D,N.0&1+# 10)-,).# N*'O.0# -0# wf#‚# -0# 2,# @,\
1(,)N0#d+0&20+#20+#@,20&1+#-0#N*11R2,.(*)#+&OR1(0&10+#c#7>z#*).#R.R#10.0)&0+ezI#%,#1*M&+.0++0#
-&#'*-n20#O01'0.#-a,DD(1'01#h&0# 2a0+O,N0#-0+#,'M(,)N0+#-0#)*.10# .011,()#-aR.&-0# +0#-R\
O2*(0#+&1#z#t#-('0)+(*)+#u#()-RO0)-,).0+>#h&(#N*110+O*)-0).#c#-0+#0bOR1(0)N0+#,'M(,).,20+#
d20# a)%#)%* "2* 3'-")&.%/%b# -0# E/&+.01',)# *&# 2aa(#'%/-%6(3/5* )'3',)* 7%'=%%#* ),7D%$'* 3#6*
"7D%$'b* -0# [y/'0eI# J0+# -('0)+(*)+># )*&+# 20+# ,@*)+# -R+(3)R0+# O,1# 20+# h&,2(D(N,.(D+#
-a,'M(,)N0#h&(#)*&+#,OO,1,(++,(0).#20+#O2&+#,O.0+#c#10)-10#N*'O.0#-0#2a0bOR1(0)N0#+&+N(.R0#
0.p*&# 10++0).(0# d.,M20,&# 6eI# Q)0# N,1.*31,O/(0# N*'O,1,.(@0# -0+# "f# 0+O,N0+# ,^,).# +01@(# -0#
.011,()#O*&1#2aR.&-0#,#R.R#1R,2(+R0#+02*)#20+#z#D,N.0&1+#*M.0)&+I#%0+#-(,31,''0+#'0..0).#0)#
@,20&1#d+&1#&)0#RN/0220#-0#'*()+#c#O2&+e#20+#O}20+#-0+#z#-('0)+(*)+#0.#20+#h&,2(D(N,.(D+#N*110+\
O*)-,).+>#N,1#N0#+*).#20+#O}20+#N*))*.R+#O*+(.(@0'0).#0.#1,10'0).#20&1+#N*).1,(10+#h&(#+*).#
10N/01N/R+#0)#-0+(3)I#
#

* d,3+(2($3'(2)*6@3-7(3#$%* I(-%#)("#)*6@3-7(3#$%*
"# [0/,32(N/#d,NN&0(22,).e# A*/2DY/2-('0)+(*)#d-('0)+(*)#-0#M(0)\g.10e#
6# %0M0)-(3#d@(@,).e# |(.,2(.€.+-('0)+(*)#d-('0)+(*)#-0#@(.,2(.Re#
8# =1/,M0)#d31,)-(*+0e# Z1,D.-('0)+(*)#d-('0)+(*)#-0#D*1N0e#
j# KDD0)#d*&@01.e# A0(.0-('0)+(*)#d-('0)+(*)#-0#@,+.(.&-0e#
w# E,N/2(N/#d*1-*))Re# 9&){.(*)+-('0)+(*)#d-('0)+(*)#-0#2(+(M(2(.Re#
z# L0M*130)#dO1*.0N.0&1e# =).+O,))&)3+-('0)+(*)#d-('0)+(*)#-0#N*)D(,)N0e#

G,M20,&#6I#%0+#z#h&,2(D(N,.(D+#-a,'M(,)N0#0.#20+#-('0)+(*)+#N*110+O*)-,).0+#

%,# D(3&10#6#O1R+0).0# 20+#-(,31,''0+#-0+# .1*(+# 2(0&b# (22&+.1R+# +&1# 2,# D(3&10#"I#K)#-(DDR10)N(0#
,()+(#)0..0'0).# 20+#O1*D(2+#0.# 20+#h&,2(.R+#-a,'M(,)N0#-0+#.1*(+# 2(0&b#N*)+(-R1R+I#%0#'*-n20#
0)#z#-('0)+(*)+#h&0#)*.10#10N/01N/0#,#-R3,3R#N*)+.(.&0#&)#*&.(2#O1,.(h&0#0)#+(.&,.(*)#-0#
N*)N0O.(*)I# :2#O0&.#0)#0DD0.># N*''0#Na0+.# 20#N,+# (N(>#g.10#&.(2(+R#N*''0#*&.(2#,),2^.(h&0#-0#

############################################################################
e:*V%*2"/-3'*6%*$%''%*$"--,#($3'("#*#%*&%/-%'*&3)*6@(#$+,/%*+%)*6O'3(+)*'%$.#(0,%)*6%*+@3#3+5)%*)'3'()9
'(0,%*PK]KK9];Kf*K'3'()'($)*BgQ:*1+)*)"#'*6()&"#(7+%)*),/*6%-3#6%*3,&/R)*6%)*3,'%,/):*



!"#$#%&'()*&+#,)-#./01',2#-0+(3)#4#!"#$%&'("#)*+,-(#%,)%)*%'*'.%/-(0,%)*####5#67f#

N,1,N.R1(+,.(*)#-a&)0#,'M(,)N0>#',(+#R3,20'0).>#c#2a()@01+0>#N*''0#()+.1&'0).#-0#+ORN(D(\
N,.(*)# 0.# -0# O10+N1(O.(*)I# <,)+# N0# -01)(01# N,+># (2# 3&(-01,# N*''*-R'0).# 2,# .1,-&N.(*)# 0)#
2,)3,30# t#-0+(3)#u# dN1(.n10+# D*1'02+# 0.# .0N/)(h&0+e# -&# O1*D(2# -a,'M(,)N0# +R20N.(*))RI# Q)0#
.0220# R.&-0# ,# R.R# N*)-&(.0# -,)+# &)0# N022&20# 0bOR1('0).,20# dRN/0220# "e# N*)+.1&(.0# c#
2aQ)(@01+(.R#-0+#,1.+#-0#[i20#0.#Rh&(OR0#-0#-(+O*+(.(D+#-aRN2,(1,30#-(@01+I#%0+#N*)N2&+(*)+#-0#
N0+#R.&-0+#+*).#0)#N*&1+#-0#O&M2(N,.(*)I#

### ### #

9(3&10#6I#J*'O,1,(+*)#-&#O1*D(2#-a,'M(,)N0#d|w>#|"z>#|"fe#

;./+2//.)"$#'$+)"+12/.)"$

K)#O0&.#N*'O,101#)*+#1R+&2.,.+#c#N0&b#-a,&.10+#,&.0&1+>#)*.,''0).#|*302+#d677xe>#-*).#2,#
10N/01N/0#-R3,30#j# D,N.0&1+#-a,'M(,)N0# 2&'()0&+0#k#$">(#%))# dN*)D*1.e># +(4%+(#%))# d@(.,2(.Re>#
'%#)%#%))# d.0)+(*)e>#6%'3$.-%#'# d()-(DDR10)N0eI# :2#0+.#O1*M,M20#h&0#20#)*'M10#+&OR1(0&1#-0#
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