i

NVEETS (9 K(5 @ OH

6GHF5/7H

<9 J9FM GI779GG C: 7CADIH=B; HO7<BC@C;M K<9F9 A57<=B9IG 5F9
F5D=8@M GIDIFG9898 <5G 7F95HI8 5 GOFBCII@@®IBR- #B(G=89 H<=G =G GI|9
C: <CK HC DF9GOFJ9 5779GG HC 8=;=H5@5EHOM-DEDBF9S
CB A57<=B9G K<=7< <5J9 G=B79 697CA9 C6GC@9HI I@H|F5@ <9F
=H5;9 CF;5B=NSH=CBG 5F9 D5FH=7|@5F @MHE#BEHHE-J9 HC H
A5>CF 85H5 @CGG FOGI@H=B; :FCA HO7<BTB5@ C6GC@YGTIB. - -or 5.9
%99D=B; AI@5H=CB BJ=FCBA9IBHG *CFH56@9 K=@@ 89J9@EDEB A | o ¢(505
|@5H=CB 779GG *@5H:CFA HC 9B56@9 577IESHICASBBIF=B
GH5H=7 5B8 8MB5A=7 8=;=H5@ C6>97HG HILH GCIB8| 5B85:4%:%5@880 8919@CDIFG
Al@H=A98=5 8CTIAIBHG K96G=HIG 85H565GIG J=8IC:5A9(G T+ + ( +#03 " /"2 0&+*
3CI 5F9 BCK F958=B; H<9 G97CB8 BOKG@9HHEW DEEI8
C: % * DFC>97H 5DDFCL=A5H9@M CB9 MISE-RHIBE<BDRIBHG
79DH=CB #B H<9 :=FGH <5@: C:  F9G95F7< K5G IB8IFH5?9B =BHC
A98=5 75FF=9FG 5B8 5J5=@56@9 HFSBG:9F HCC@G IFH<OFACF9 5B =B
J9GH=;5H=CB K5G 75FF=98 CIH =BHC H<9 DCHIBH=5@ @55 EFAGIFRCH=ISHBCB C: 8=;=H5@ C6>97HG BCH CB
K<9B 7CDM=B; =B:CFA5H=CB :FCA CF=;=B5@5 8588 F55HEHS5;9 5B8 A5B5;9A9BH 6IH 5@GC =B7@I8@BABHSS
GHI8M 56CIH A9H585H5 GHSB85F8G 5B8 5DDFC57<9G BBHFADINBEEB C: GHF5HY;=9G HC 5779GG 5B8 FIBSIF
699B DFC8I798 =B5@@M 5B =BJ9GH=;5H=CB K5G 7CBBICHEBSBHEHKD IHIF9 -I7< GHF5H9;=9G 75BF&+}@98
GH5H9 C: H<9 5FH =B 9AI@5H=CB M H<99B8C: 5 ;FEBMIFH#IXC ;FCIDG A=;F5H=CB 5B8 9AI@5H=CB '=;F5H=C
89FGH5B8=B; C: 9L=GH=B; 9AI@5H=CB H97<B=EI9G 5B8189=5 BODIEG@L6>97H =HGI@: Al@5H=CB 8C9G BCH
6=@=HM 5G GHF5H9;=9G :CF 8=;=H5@ DFIGOFJ5H=CB RIEBIIS@THIBI H@BG<9 <5F8K5F9 5B8 GCBAURI 9B
IGOF FOEI=FOAIBHG 5B5@MG=G K5G 75FF=8B<UB5® @<97< H<9 C6>97H =G FIBBIF98
6F5F=9G C: F5B79 !19FA5BM 5B8 H<9 (9H<OF@5B8G 5B8 5 89G=;B
<5G 699B :CFAI@5H98 :CF 7F95H=B; :@9|SBEBIMOBRGBH 5=AG 5H F9 7F95H=B; 5B 9BJ=FCBAIBHE=BKIS@06=9
H=CB GOFJ=79G A98=5 75FF=9FG 5B8 A98=5 HF5BG:9F FABCA® G9B8IFI8 =B =HG CF=;=B5@ :CFA .<=G =G 8CB9
HCF 5 GC:HK5F9 5DD@=75H=CB H<5H FIB®EHE BGGH
:CFA 5B8 FO7F95HIG H<9 H5F;9H98 D@5H:CHi5;960 G8.
#BHFC8I7H=CB HC % * 9AI@5H=CB =G H<5H H<9 CF=;=B5@ 8=;=HS@TE>E+
HCI7<98 BC D9F=C8=7 A=;F5H=CB 7M7@9G SEIBDIS9
9%99D=B; AI@5H=CB BJ=FCBA9BHG *CFH56@9 % * =E-SCA%EHHM 5B8 5DDI5F5B79 C: H<9 C6>97H 5F9 DF9G9
G75@9 F9GI5F7< DFC>97H GH5FHO8 CB  96FISFM  7TEIH=BEBTIB GC:HK5F9 9BJ=FCBA9BH .<9 % *7OFE-NYH
6M H<9 H< FSAOKCF? *FC;F5AAQUG #.  =@S@5F49€0G9 =GGI9G 5B8 DF9GIBHG 5B =BHO;F5HER@ T BIE
5B8 H97<BC@C;M 9B<5B798 @95FB=B; DF=CF=HM  A9BH=CB98 56CJ9 % * 588F9GG 5@@ SGDWES G5B;=
;I5F8=B; H<9 CF=;=B5@ 6=HG :FCA H<9 75EB: OIB@-Ba%9
779GG=B; 8=;=H5@ ASHIF=5@ FOEI=F9G H34 ABBHSEI-E®B HC 9B8 IGOFG J=5 5 <=;<@M DCFH56 BRAIKIGFEH
7CADIHOF 6IH 5 7CADIHIF 7CAD5H=6@9 K=H< H<9 DFOGEFBSBABBISBM DCGG=6@9 89J=79
F=5@ .<9 J9FM GI779GG C: 7CADIH=B; HO7<BC@C;M K<9F9 A57<=BIG
5F9 F5D=8@M GID9IFG9898 <5G 7F95H98 5 GOF=CIG 5BSFRSR7R; <5@=@@ 89J9@CD 5B AI@5H=CB 779GG *@
@9B;9 C: <CK HC DF9GOFJ9 5779GG HC 8=;=H5@ ASHIF56@DHCBEPRIEH9 FIBBOF=B; C: 5 6FC58 F5B;9 C: GHS!
C6GC@9H9 A57<=BIG )JOF H=A9 =B8=J=8I5@X5H5EBBEEAEE=8=;=H5@ C6>97H 89G=;B98 :CF 5 K=SaIGPHEHM
61=@8 ID 8=;=H5@ 5GGIHG 7CADF=G=B; 58<8BISEF CHHIBHEGHIAG GC H<5H H<OM 75B 69 GO7IF9@M 5779GG98
F5B;=B; :FCA D@5=B HILH HC Al@H=A98=5BBBE@STIHB@RECl;< DF=A5F=@M 5=A98 5H |@HIF5@ "9F=H5;9 =BC
<9 79BHF5@ ;C5@ C: % * =G HC DFCJ=89 BOK HCC@GAM@HIFIBGEBGG *“@5H:CFA K=@@ 5@GC G- BS-859
5BM 8=;=H5@ C6>97H 6CH< 5H DF9GOBH 5B8 =B H<9 @EBBIIIEACF;5B=G5H=CBG 5B8 =B8=J=8I5@G 8I9 HC =HG
DFC57<

= | ( "




|@HIF5@ "9F=H®GIH Al@5HCF DCFH56=@=HM

&$' " w$s S #"I%"$ S $(*& %$&( !,
$# &% &" SHS "% %% " " AI@5HCFG F5=G9 H<9 G5A9 EI9GH=CBG 5G 5BM GC:HK
$UHSHN(S S H %NS S ¥ DCFH56=@=HM G K9 ?BCK FIB56@9 :=@9E55FICEERBY
## S %S S % (3 "B GI@H :FCA H<9 7CAD=@5H=CB C: RGCIF79 7C89S :=@9C
J=FCBA9BH .<9B HKC A5=B GHF5H9;=9G AIGH 69 8=GH:
G % $  $)%
$ #& "N3&( 1,

.<=G 75B 69 =@ @IGHF5H98 6M H<9 $5J5 @5B;15;9 CB79

'9BOF5H98 :CF H<9 $5J5 J=FHI5@ A57<=B9 $0' =H 75B 6¢
<9 B <5G 699B IG=B; 9AI@5HCFG :CF A5BM OREHGHEB 5BM 9BJ=FCBAIBH K<=7< 8=GDCGIG C: 5 $0' =ZAD@
G=Al@5H9 7CADIHIF 65G98 A57<=B9G :CF K<=7< =H DABBGIBGIGEBBCKG &=BIL CF '57 )- #HG DCFH56=@=HM
@=75H=CBG 5B8 9BGIF9 H<9=F 7CAAIB=75HCH-9BB@-98I=FCBAIBHG FI@=9G 9BH=F9@M CB H<9 75D57=HM }
HI5@ 9BJ=FCBA9BHG 9AI@5H=CB 5DD9I5FG HC 69 H<9 ERE@M6BIRDIHHEB ACAD=@5H=CB =G FOEI=F98
IBH=9 H<9 @=B? K=H< CF=;=B5@ <5F8K5F9 :CFAIF@M B979GG5FM HC FIB
H<9G9 DI6@=75H=CBG $)& ' %$&( ! (,

#B H<=G G79B5F=C GCIF79G 5F9 585DHIXHACIBEO%BIAG
#B H<=G 5FH=7@9 K9 9LD@5=B H<9 ;9RIFE@HISFBBOMEE;9H 9BJ=FCBAIBHG :CF 7CAD=@5H=CB /G98 =B 7CI
6=@=HM 5B8 G<CK <CK H<9M K9F9 5DD@=98 :CF KF=H7BABAEDFHEFEED=H=9G H<9 G5A9 DFC;F56 TERF51@8a
1G98 =B CIF &=6F5FM G K9K=@@ G99 H<9G9 9AI@5HCEE:95IBEEEBEF=9G :CF 8=::9F9BH FIBB=B; D@5H:CFAG
ACB HC 69 CD9B GCIF79 KF=HH9B =B CF IG9 GH5BBRR83I¥BDFC79GGCFG
=BDIH CIHDIH #) @=6F5F=9G 5B8 75B 69 7EADY@BRG5F
:9H 9BJ=FCBA9BHG H<FCI;< 5B CD9B GCIF79 7CAD=@9F !

Source code  —compilations~|  Binary Source code

compilation
Virtual ; { ’
P 1
A g machine Binary Binary 2 Binary n
means y 4
AmmsonB 000 1 ™| B fdiedefedededecelbiecie e cie ol D cia v

Platform 1 Platiorm 2 Fuia Platform 1 Platform 2 Future

Platform Platform

Binary portability vs Source portability




.<9 :=FGH GHF5H9;M =ADCG9G HC :C7IG CB H<9 89:=B=#B-EBRT:CQFEI®; K9 K=@@ :C7IG CB H<9 GHIDG F9E
A57<=B9 0' DCFH56=@=HM K=@@ F9@M A5=B@M CB @93 FsB5VAMITHE 8F-=B; H<9 DFC79GG O TIGE- G(
585DH98 HC 8=::9F9BH H5F;9H D@5H:CFA #B H<9 G97CE@5HARES DBMPHSOK | H5F;9H
6=@=HM :C7IG9G CB H<9 7CAD=@5H=CBUGR&IHCBAIBH FOE
I@5HCFGU ;9B9F5H=CB .<=G =G H<9 |(/ CADHE@SE C@'@9d ($#'( %'
I UG 5DDFC57<

.<9 :=FGH 57H=CB C: 5 ;9B9F5H=CB DFC79GG HEHXHB 5=
% *1G9G 6CH< GHF5H9;=9G =H K=@@ 89:=B9 5 B9K 0" 6THE:B:=HF®8 BZF=DH CB H<9 <CGH D@5H:CFA .<=G G7¥f
:57=@=H5H9 =HG CKB DCFH56=@=HM 5B3AA@ 5B 6884F+8 R5IHC7CB:S 7CB:=;|IF5H=CB G7F=DHG H<5H 75B ,
K=@@ GHI8M GCIF79 DCFH56=@=HM GC 3 I@5H6¥EeENS HDH75BCB=75@ B5A9 :CF H<9 GMGH9A HMD9 CF
GCIF79 7C89 5B8 H<9 7CAD=@5H=CB 7<5=BIFEIGICHH—

0} .<9R7CB:=;IF9S G7F=DH =G KF=HH9B =B /(#2 G<9@ @ 5B¢
:CFA5H=CB 56CIH H<9 GC:HK5F9 7CADCB9BHG K388< 7
$"% ! ($# ($$! CB H<9 <CGH @=6F5FM FIBH=A9 DFC®8CEEOG GEA

RA5?9:=@9S G7F=DHG 5B8 R=B7@I89S :=@9G 5B8 GOF
)B9 C: H<9 ACGH :5ACIG 7CAD=@5H=CB GI=H9 ! I(/ (P97H=J9G 89:=B9 585DH98 HC H<9 9BJ=FCBAIBHUG 75
D=@9F C@@97H=CB =G DFC8I798 6M H<9 !(/ *FC>97H BROGIDEXERDEG 5B8 :=@9G 5F9 1G98 HC 5@@ROKH<IH(
J5F=CIG DFC;F5AA=B; @5B;I5;9G #H =G 5 ?9M{TCADCBSBS@ 9L97IH56@9 :=@9G CF 6=B5F=9G
I HCC@7<5=B K<=7< 5@@CKG DCFH56=@=HM C: 5DD@=75H=CBG FIBB=B;
CB A5BM 8=::9F9BH D@5H:CFAG 1G=B; ASERC8SCIFOBA BB H<9 CH<IF <5B8 9AI@5SHCFGU GCIF79G HIBI&-BGS
97IH=B; CB 5@@ ?=B8 C: CDIF5H=B; GMGHIAG DCFH5BAG8HADSB-57%=BISHFI7H=CBG FO@5H98 HC 957< D5F!
=B D5FH=7I@5F 6M DFCJ=8=B; H<9 GD97=:=7=H=9G C: H#FAEFRIC DB SHEF/CMGHIA CF # ) @=6F5F=9G @=?9
5B8 585DH=B; CF DCFH=B; GCIF79 7C89G HE7RE6MH-BHC
H<9G9 DFCDIFH=9G $)& %B&( !,

77CF8=B; HC ! ;9B9F5@ D<=@CGCD<M 5 H5F;9H =G 8%BB%&-B\MHx=G DFC79GG @9HUG 9LD@CF9 H<9 FIEI=F!
GHF=B; 75@@98 5 HF=D@9H H<CI;< =H A5/:69 TFADOGB8I=B; 9L.=GH=B; 9AI@5HCFG CB 5 B9K H5F;9H

9J9B HIFAG @=?9 R= D7 A=B;K S CF RDCK9FD7 5DD@9 85F

K=B S ! =G HC 69 AC8=:=98 K=H<=B H<9 DFCH=FHEB 5 :=FGH 5DDFC57< =: K9 8CBUH B998 HC 5779GG H<9
5@@CK ;9B9F5H=CB C: 6=B5FM 7C89 :CF H<9 % * J=FHIE@ DIHrEZ3dBTHIGGCF H<9 ;9B9F5H98 7C8DG3I8HC
5B8 9BJ=FCBA9BH K<=7<K=@@ 69 89:=B98 5G 5 BO9K H5B®BEB18I«MD=C GI9@: GI::=7=9BH 5 DFC;F5A FIBB=B;5 G:
G99 HC 89:=B9 5 BOK H5F;9H R?99D J=FHI5@ 9@:S GC H:GH+BOHEBEBHB8=H=CB GI7<5G G<CI@8 9L97IH9
K=@@ ;9B9F5H9 DIF9 7C89 :CF H<9 J=FHI5@ A57<=B9 HI5@ 9BJ=FCBA9BH

#H =G =ADCFH5BH HC BCH=79 H<5H ! 5@ @@<B3FSIWCaBMH<9 FO5@ KCF@8 GC:HK5F9 K=@@ B998 HC =BH9
:CF H<9 9BJ=FCBA9BH =H =G FIBB=B; CB H<9 <CGH D&BHIGHAQCFHKEID 5H @95GH 65G=7 #) | BDBS-CHFO5E5
5BM CH<9F 9BJ=FCBA9BH 89:=B98 5G 5 DCGG=6@9 H5RIF-H8HRF@A@GEHICB GCA9 DIF=D<9F5@G @="79 G7F
75G9 K9 H5@7? 56CIH R7TFCGG 7CAD=@5H=CBS 6C5F8 .<9G9 :IB7TH=CBG 5F9 ;9B9F5@ @M =AD@9A9BH98
@=6F5F=9G 5B8 ;=J9 5779GG HC H<9 <C@&@HBGMGCH9/AIBZI
HC 69B9:=H C: 5B =AD@9A9BH5H=CB C: H<9G9 @=6F5F-
<CGH D@5H:CFA

Source code 1 ace
compilation Bl % #1'$ 4+ -( # ")! ($&'
Target I
description e
(Platform X) ¥ .<9:C5@ C: CIF 9LD9F=A9BHG K5G HC HOGH H<9 7CAD@
e - 7CAD=@5H=CB DFC79GG CB G9J9F5@ 9LEGB&EBHEF: FH
o H<9F 9LD9F=A9BHG KCI@8 @958 HC HOGH 5G A5BM 8C7

G=6@9 CB 957< F97CAD=@98 9AI@5HCFG =B CF89F HC

Eompiidtion Wil GEL KCF? 5H @95GH 5G K9@@ 5G H<9=F 5@F958M 7CAD=@

=4 | ( s



9B 9AI@5HCFG <5J9 699B HIGH98 5B8 7CAD=@98 K=H<! 5 DFC79GGCF 9AI@5HCF H<5H F9@=9G CBI 8N
:CF 1=B8CKG FIBB=B; CB 5 2**FC A57<=B9 .<OM 5F9 HF5BG@5H=CB HC 57<=9J9 5 F95GCB56 @ 98 PBG&IK{E
DCFH CB B9K <CGH */ 5F7<=H97HIF9G
B 5B CD9B GCIF79 GC:HK5F9 9AI@5HCF K<=7< 9AI@5H%B 9AI@5H=CB 5DD@=75H=CB 89G=;B98 HC F
H<9 L 65G98 DD@9 '57=BHCG< 7CADIHIF CB-IMEFE€D <5F8K5F9 C: 5F7589 ;5A9 GMGH9AG

9F5H=B; GMGHY9AG (" 5BY9AI@5HCF :CFH<9 H5F= ;5A9 7CBGCHEBPME
$ G 5DCFH56@9L 5B8L #'* 7CAD5H=6@9 9AI=HG B5A9 :FCA H<9 7CBGC@9 G 7C89B5A9
@5HCF 5B8 8961;;9F GH5B8=B; :CF 09FG5H=@9 CAAC8CF9 AI@5HCF
$+ 5B 9AI@5HCF K<=7< 9AI@5H9G 5B # ' * 7CADS#H@F CAAC8BCF9 G 6=H 7CADIHIFG
7CADIH9F FIBB=B; '- )- #-.$ 5B 9AI@5HCF :CF .<CAGCB ") 5B8.) 7CADIH

5 7CADIHI9F 9AI@5HCF K<=7< 9AI@5H9G H<9HSE8BBED C
CAAC8CF9 A=;5F5B;9 C: 7CADIHIFG
& 5B 5F7<=H97HIF9 =B89D9B89BH *CKIF* D@5H:8F AR CK=B; :=;IF9 GIAASF=N9G GCA9 GD97=:=7=H=C¢
@5HCF 75D56@9 C: FIBB=B; A5BM *CK9F* CD9F5H=B; GM@E8EG-B
7@18=B; '57 )- 5FK=B 5B8 &=BIL

" $ # & $# '# ‘(% (
5G=@=G? DD@9 '57 -&
C7<G e -&
CGCL w)- -&
/ A=5 R -&
95 F* *CKOF * K 2 1=B
N 1@H= */ CB@M -&
i F7589 -8@A5A9 -&
lHO@@5 H5F= - & D5FH=5@
0=79 CAACSCF9 1=B
IBNM.C <CAGCB") ) CB@M 1=B

<9 FOGI@HG C: CIF 9LDIF=A9BHG G<CK 5G F9;5F8G ;@3 @#9GI@HG

5 7CAD=@5H=CBG GI7799898 K=H<5 @CH C: K5FB=B; K=
e @ @ .<9G8 Iggél@HG 5B8 =B D5FH=71@5F H<9 @5GH CB9 A9

:5H5@ 9FFCF
@ HC ;9B9F5H9 7C89 :CF 5 J=FHI5@ A57<=B9 H<9G9 ?=B8(
S@@ 9AI@5HCFG GH5FH 5B8 FIB 7CFFI7HI@MBBIBENGSCHS, <579 HC 69 G5H=G:=98 1=J9B H<9 08T BDIARI9R

9LHF5 7CADCBIBHG @=79 ) CF 6CCHS6@9 8=G?  7.-Bg 789 5B8 <5F8K5F9 GC:HK5F9 9BJ=FCEATBHUBG
H<9M GI;;9GH HC 58CDH CB9 CIH C: HKC 8=::9F9BH GHF

H<CIH

G F9;5F8G 7CAD=@5H=CB DFC79GG
=B GCA9 75G9G 5 :1@@M 89:=B98 HF=D@9H =G B99898/ GEEC PR $IBF5tEHBEH @5MIF GI7< 5G H<9 - & 5DDFC57<
H<9 G7F=DH 7CBG=89FG H<9 89:51@H 9BJ=FCBA9BH 5B &H#{tp6=@=HM FO@=9G CB DCFH=B; H<9 @=6F5FM =HC
9B8=5BB9GG =G C:H9B 7CBG=89F98
DF9G9B79 C: 5B 5F=H<A9H=7 DFC79GGCF =G 5@GC H5?9B =BHC 577CIBH

DFC8I7=B; H<9 :=B5@ 9L97IH56@9 FIEI=-FIG AB@®HBEH 5
*)-#2 @=6F5FM 5B8 5 ;F5D<=75@ @=6F5FM - & 2&# 1% #, 2
1#(# :CF H<9 H5F;9H 9BJ=FCBA9BH

=4 | ( %



Target = Linux 1
con?p?lgtion—b e Lir;;r:t:;s?d

Available I/O AiRE G

librairies: hardware

Posix...
2 Platform X N
i

Source code System Hardware

for Linux S

A 8 - i — Processor
compilation il =

\ Peripherals
Target X CYGWIN | o >
A
(-]
Available I/O Q)
librairies:

—
CYGWIN
-

M /

SDL vs CYGWIN : CYGWIN approach

IG=B; 5B 9L.=GH=B; GH5B85F8 @=79 &#(/2 5B8 <CC?=B; #) :IB7TH=CBG HC A5H7< H<9 57HI5@ <CGH D@5H:CFA
5HH9ADH=B; HC 9AI@5H9 Al7< C: *)-#2 CB 1=B8CKG H<FCI;< H<9 7M;K=B 8@ @

Platform Y h

System Hardware

Target Y 1
GCC Processor

ilati » Binary Y -
Available /O compilation

librairies:
SDL Peripherals
SDL

i '| o
-]
i Platform X @
=

Source code System Hardware D
for SDL

, GCC »| Binary X Processor e

compilation
\ Peripherals
SbL

Target X s 2 Q)
Available /O 3
librairies: N
SDL

\ J

[-

SDL vs CYGWIN : SDL approach

#H 5@GC 5DD95FG H<5H - & @=6F5FM <5G 699B K=89@M-5BCDH98 6M 9A
|@5HCFUG 89J9@CDIF 7CAAIB=HM 5B8 =G 5B 9::=7=9BH 7<C=79 HC :579
DCFH56=@=HM =GGI9G %00, 333 (& /I(+.$
IFH<9F KCF?G CB H<9 % * DFC>97H K=@ @89HDE/CEDSHBS, /&(&/ " &4 *'0
K<=7< =G H<9 69GH GHF5H9;M F9;5F8=B; 3BT AGEEDOBO0, + %/ /+1. "#+.$" *'0
'=B8 5B CF=;=B5@ K5M %00, 333 !+/+4 +)

%00, . 1L1)+**0 1"

%00, 333-")1+.$

%00, . "()+*0))"3+.(! &*#+

%00, /0"(( /+1. "#+.$"*"0

%00, 3332&"0")+.$

%00, 333/5(2 &* %1"0 +) % '/




I5A9G 5B8 ;5A9 89J9@CD9FG
<9 5G9 :CF &C75@ -C:HK5F9 *FOG9FJ5H=CB

##%
($

$$ N %N %
&"#$( $ #$"

#'$ S
"$ %S #

$" #

#

("

#B FOG95F7<=B; (9K 495@5B8UG 8=;=H5@ ;5A9 <=GHCF

:C71G98 CB GC:HK5F9 KF=HH9B :CF H<9 -9;5 - FC?CA

DIHOF .<9 DFC>97H 5=A98 HC 588F9GG 5 BIAGHFIERI@5H
T7<5@@9B;9GU :57=B; GC:HK5F9 DFIGIF BO5@H ARmAd
<=GHCF=75@ 5B8 H97<B=75@ #B H<=GB997BIQBIOL+IR5:
C: 5 @CB;9F 5FH=7@9 DFC:=@=B; H<9 :I@@ D=@CH Q
@C75@ GC:HK5F9 5B8 K<M =H ASHHIFG 69:ORA%E8135=
NEBHCITTE@Ja5FH C: H<9 GHIBM =B K<=7< # DFCHCHV

ID 5 FOA5F?56@9 BIAGIF C: IB=EI9 ;5A9 5FH9:5#&bmr5H<9F=B; =B:CFASH=CB CB @C75@@M KF=HH9B GC:H}
5B8 GC:HK5F9 .<=G =G 8=;=H5@ 7I@HIF5@ <9F=H5;9 H<5H =B A5BM 75G9G
=G IB=EI9 =BHIFB5H=CB5@@M 9; G99 -K6@BIRB@N53s8'$ !'$ (*& " ((&

5F@M ;5A9G 5B8 CH<9F GC:HK5F9 5F9 5FH9:57HG :FC/
CIF 697CA=B; 8=;=H5@ .C 85H9 8=;=H5@ ;5A9 <=GHCFNM
699B HC@8 K=H< 5 :C7IG CB (CFH< A9F=75 5B $8bD5B
GIADH=CB H<5H =H K5G H<9 G5A9 9J9FMK<9F9 8C9G BC
75G9 C: 95F@M A=7FC 7CADIH9FG D@5M=BB5EADEEF|
;F5A FOEI=F98 IG9FG HC :=FGH HMD9 =B H<9 DFC;F5A 7
79GG=HM <9@D98 A5BM IGIFG @95FB <CK HSINFE(FB98!
H<9=F G?=@ @G 5B8 KFCH9 H<9=F CKB GC:HK5F9

GGIA=B; H<5H CIF 7I@HIF9 =B:@19B79G K< b4 0K ="
HC 69 F=7< 8=J9FG=HM =B H<9 GC:HK5F9 C: 8=::9F9BH 71
;=CBG 9; @=B;I=GH=7 8=;=H5@ J9FG=@BG CH@CTh@
H<9FACF9 5G # <5J9 5F;198 9@G9K<9F9 -K5@KI@ @

A=7FC7CADIH9FG K9F9 5 H97<BC@C;M =B GI5E=@> -

#H=B7@I189G 5 G=;B
#B

H<9F9 K9F9 A5BM 7@5=AG :CF K<5H H<9G9 A57<=B9G
<CA9 IG9FG ?99B DFC;F5AA9FG =BJ9BH98 CHH9B 18985}
DFC;F5AG KCI@8 69 8=GHF=61H98 CB A5;B9H=7 H5D9G A

75BH EI5BH=HM C: @C75@ @M KAHHOE CX@REHS rEHHE@BE>C:HKS5F9 K5G BCH DI6@=Gs
K<9B # 69:5B H<=G <=GHCF=75@ FIlE500<FoBE @®5G<98 CB 5 GAS@@ G75@9

H<5H K=H< CB@M 5 :9K A=BCF 9L79DH=CBG BC 7I@H!F5™ =R(=H=HIH=CR(=

K9F9 7C@@97H=B; 8=;=H5@ ;5A9 <5F8K5F9=BH ©BIK"
H<=B;G <5J9 =ADFCJ98 G@=;<H@M 5@69=H J9FM G@C
@95GH 5B 9JC@J=B; 8=G7CIFG9 56CIH 8=;=H5@ <9F=H
GH=@@ H<9 75G9 H<5H BC =BGH=HIH=CBG <5J9 FOGLC
=B; 5B8 CF 5F7<=J=B; 95F@M GC:HK5F9 .4+9{9<G95=Iokdd
H<=G A5H9F=5@ 5F9 A5BM 5B8 K=@ @ 69 K3aNQEB8P5Ex
9FG HDF9G9BH 7C@@97HCFG 57H 5GBGBHE8ESBG &
H<9=F 9::CFHG HC G5:9;I5F8 =H 5F9 HC 69 5DD@51898
H<9=F FOGCIF79G :CF IB89FH5?=B; DFOG9FJ5H=CB KCF

.<=G G=HI5H=CB DFCADH98 H<9 5GG9A6 @D SBSENH
C: FOG95F7<9FG =B HC HFM HC 6F=B; CIF @9;5@ H!
A98=5 <=GHCF=75@ 9LD9FH=G9 HC 695F CB H<9 DF9C
8=;=H5@ 5FH9:57HG #B  CIF T(4.FCB=LU H95A F979=
5ACIBH C: :IB8=B; :CF 5 D=@CH 8=;=H5@ ;5A9 DF9G9FJt




(9K 495@5B8UG GC:HK5F9 <=GHCFM =G FRBREFHBL.CRHEH565G9 <5G 9BHF=9G CB H=H@9GIA8SKEHGKXEG B
DICD@9 K<C K9F9 =BJC@J98 =B KF=H=B; GC:HK5F9 -KB@K#@&&B? =H 5 ;CC8 FOGI@H :FCA CB9 A98=5 5DD95(
5B8 H<9 BIAGIFG C: @C75@@M DI6@=G<98 H=H@9G 9KSH@OASBEISA5=@ 7CBH57HG 9FH5=B@M =H G9FJ9
GCB 1<=@9 GC:HK5F9 K5G F5F9@M 89JH@BCIo8 ; 2E8ED: | @B9GG C: H<9 A9H<CS8 # <5J9 D@5BG HC 9LD5
GHFI7HIF5@ 7CB8=H=CBG ?9DH =B:@I9B79G :FCA 56FO%8CGB H<9HC@G@ =B 5 BOK DFC>97H CB |G8IE5@=4SBIG G
K9@@ 5G 69=B; ;9C;F5D<=75@ @M F9ACHECBE:38HE@B6RH5DDM HC <95F :FCA 5BMCB9 9@G9 K<C 75B G99
ACB89F5H98 =B:@19B79G :FCA H<9 /- 5B8 9@GIK<9IF9 K<H@O@ I#B<9=F DFC>97HG
A9BH =B79BH=J9G :CF H<9 9@97HFCB=7G H&BI&+%-80 GIDDCF
J9@CDA9BH C: @C75@ ;5A9G DFC8I7H=CB #BHIZb@B58=B:H8<9 9BHF=9G =B H<9 5H565G9 <9@DG HC 5GG!
7CB8=H=CBG C: DFC8I7H=CB 5B8 F979DH=UB@R+@EBILAMIFO8 D=7HIF9 C: GC:HK5F9 KF=H=B; 5@588HM =B
=GH=B; H5?79B :CF ;F5BH98 <=GHCF=9G CHRBRBBRIGEIK 495@5B8 F5B;=B; 57TFCGG 7CAAIF7=5@ 9BFI3:5E+
CDA9BH F9J95@=B; <=889B B9IHKCF?G C: :iB=9B&H9BI&B8 <C66M=GH GD<9F9G .<=G =G IBIGI5@9B5R N CHEHE
5F9 KF=HH9B :FCA 5 G=B;@9 D9FGD97H=J9 GI7<5G A98
&C75@@M DFC81798 GC:HK5F9 J5@156 @ MCHEB8EBI B <BHB&E=BIGG <=GHCFM 5B8 5SHH9B8 CB@M HC GC:HKS5I
DI9CD@9 8=8 K=H< 95F@M 7CADIHIFG C:H9B H<9G9 5F9 DFC;F5AG 5B8
IG9G H<5H K9 <5J9 :CF;CHH9B .<9M 5F9 =ARCERSBB3HD CF 9LSAD@9 5 61G=B9GG <=GHCFM GI7< 5G 5ABBI@(
A9ABIF =: K9 K5BH HC ?BCK <CK 7CADIHI9FG 7<5B;98 CHe(&=J9G2 0&+*/ 0+ +*& 0%" "I$"%+$:C7IG9G CB 7CAD5
5B8 CIF 7I@HIF9G &C75@ GC:HK5F9 HOB8G BCH HC 6B€9GBBSHIGH@®ES H<5H 6975A9 =B8IGHFMHE@OS 3953
@5F;9F DF9G9FJ5H=CB DFC>97HG GC =: =H =G HC 69 DKIBSHEBDRXE H@DPEC79CGG K=H< @=H5E BEBEGH
D@9 B998 HC 8C H<=G #B H<9 56G9B79 C: 898-A1&1988@957<=9J9 G=;B=:=75BH A5F?9H D9BOHF5H=CBIH98 GBEO\EI
9L=GH=B; 7I@HIF5@ =BGH=HIH=CBG 5F9 DFC656 @M 69GH@K983E5BBAHC:HK5F9 =B8IGHFM H3BH6{RSJIGHE
H5?9 GC:HK5F9 DFOG9FJ5H=CB KCF? 75H9 :FCA H<9 D9F=C8 =G G=A=@5F@M 6l1G=B9GG CF=¢

&L * I# $(& ( M 7CBHF5GH H<9 5H565G9 =B7@I189G =B:GRABBKERD(
DCFHG H=H@9G H<5H K9F9 @C75@ @ VBGCIB-@BIHO3 R A\
)B9 G=;B=:=75BH 7<5@ @9B;9 HC DF9GIF B @B_7B@BCEIHKI<9 ;5A9 R'5N9S CB9 C: ;5A9G 7CBH5=B98 TH5
=B; K<5H GC:HK5F9 K5G KF=HH9B '98=5 <8&FHRFSBBIF-EE9HH9 :CF H<9 42 KF=HH9B 6M $C<B 5FHICBE3 H=AbF
J=89 ;|1=85B79 5G HC K<5H =G ACGH <=GHCF=75@ @M G*=B=98I[@BH; GICHAN$S 6M @97 /HH=B; CIFi9B5CHICHKF
DF9G9FJ5H=CB 9::CFHG 75B 69 DF=CF=H=8€8G.C5688BSRREIF (9H65@@ .=H@9G H<5H K9F9 7CAPABEEHT@4D
?BCK@98;9 # DFCHCHMD98 5 A9H<C8 :CF 7Cr@@H7EB®I88:R&C7?=9UG =GD9BG=B; -C:HK5F9S :CF (9K 495@!
:FCAH<9DI6@=7 J=55K96 =BHIF:579 ,95GCB=B; H<5HHKS@3GH K&FA57=9G C: K<=7< ACF9 H<5B CRHBE
HC :=B8 CIH K<5H GC:HK5F9 K5G KF=HH9B KEaiXKsGA DEFH98 HC IGHF5@=5 5B8 H<9 ;5A9G DI6@KG<E
?B9K # 8=8 5B =BHIFJ=9K 5B8 5DD95@ CB ,58=C (9K 493@H@SBEBUG 7=8 -C:HK5F9
H=CB5@UG 6F95?:5GH G<CK HC 5G? D9CD@9 HC 7CBHF=6IH9 =B:CFA5H=CB
HC H<9 R 5F@M (9K 495@5B8 -C:HK5F9 5H565G9S -K5@IKH@@® KF=HH9B HF5=B=B; GC:HK5F9 :CF '98BHAS@ %53
89BHG 5H H<9 /B=J9FG=HM C: )H5;C =G =B7@1898 5G 5F
.<9 5H565G9 7CBG=GHG C: 5 K96 :CFA 85H565G9 G95FA<H@C@IBE < KO9F9 BOJIF DI6@=G<98 <P HOEIAEDG9
657?79B8 =BHIF:579 .<9 G=H9 =G KF=HH9BI=BY~&Ea3 'M-68=GH 7F95H=CBG KF=HH9B 6M >|B=CF@CH ®.K=CH
85H565G9 HC GHCF9 =B:CFA5H=CB GI6A=IB-OBBHKEH-EG#KF=HHIB 6M '=7<59@ @5F? CFA %5H=?5H= C@(
7C@@97H98 =B :=9@8G .=H@9 395F |H<IHaEISEREDMBIG=;B98 5G 7CB79DHI5@ 5FH D=979G GI7< 5G -HID<9E
H9A 9G7F=DH=CB (CH9G K=H< H<9 HKC FOA5=B=B; :=B@&BEFSRIA#=RGS 5B8 R 9:CF9 H<9 5M C: 1F5H&S 7
H<9 B5A9 5B8 9A5=@ 588F9GG C: H<9 DIFGCB 7CBHF=HKE H4B%BF G99?G HC T<IA5B=G9U H<9 7CADIHOF 6N\
:CFA5H=CB H<9G9 89H5=@G 5F9 BCH DI6@=7@M J=GHa@ =B7CFF97H@M 5B8 F958 DCOHFM

.=H@9 5B8 9G7F=DH=CB 5F9 H<9 CB@M A5B85HCFM GIGHSBEMADBH) 5HRD @95GIF9 K<=7< DICD@9 89F=J98 :
.<=G =G HC 9B7CIF5;9 H<CG9 K<C CB@M ?BCK CF 75BYB@N F975@@ ;5A9G A579G H<9A SHHFEHBFDESF)S
D5FH=5@ 89H5=@G HC 7CBHF=6IH9 H<9G9 R C MCI ?BISKB3-56B@&M 8C9G H<9 DCDI@5F=HM €5|3 ABOMIGH
H<=G 9BHFM S @=B? =BJ=H9G CH<9FG HC <9@D 7CADbIBS FEEMIAG AL WELICGCF DFIGIFJII8 ILSAD@9G 71@
5:57=@=HM :CF ID@C58=B; :=@9G 5B8 GCIF79 7C89 KI9FQRIESHL =B, I KCF? K=@@ 69 KI@@ DCG=H=CB9¢
G=6@9 5B8 BCA=B5H=B; F95H=J9 CAACBG @=79B79GI:0EEMEKSBH=-5@ @M B9K 5I8=9B79G

5B8 CH<9F 5GG9HG 5;5=B K<9F9 5DDFCDF=5H9




(CH9 .<=G =G 5B 98=H98 9LHF57H C: 5 @CB;9F 5FH=7@9 R.CK5F8G H<9
*FOGIFJ5H=CB C: &C75@ CADIH9F !5A9 -C:HKBR9G<5@@
-HF5H9;=9G ,9:@97H=CBGS K<=7< 5PP9%SFI8 =B

%" *0".* 0&+* ( +1.* (+# "/". % &*0+ "3 "l& "%

*+(+$&"/JC@ BC <9:1@@ HI9LH =G 5779G

G=6@9 :FCA <HHD 7CB G5;9DI6 7CA

$&" (

5AD69@@ %9@@M ' .+) &.(&*" "[".2 0&+*/ 0+ +*&
0%" "1$"%+$ %&/0+.5 +# 0%" /+#03 ." &*!1/0FA6F=8;9
" #.*FIGG

-K5@K9@@ ' 5B8' 5J=8GCB :CFH<7CA=B; T5@N5?U =B' =H
H5BH= 5B8 # C;CGH B8G$& "0.+ +(1)" &90$"
III

5J5=@56@9 CB@=B9 5H <HHD BNHFCB=L CF; BN A5@N5? D<D

-K5@Ko@@ T G"CA9 C8=B; H<9 5FH C: 5A5H9IF
DFC;F5AA=B;U =B -H9@@5 F9BB5B 5B8 -IG5BBG@@5F8 9
+0" .+ &$&0( .0/ "3 & "I DD [77?

@5B8 @CI8G 5J5=@56@9 <HHD A9@5BHBK5@KI@@
D57?=H 7CA DI6 G <CA9 7C8=B; H<9 5FH C: 5A5H9
IFE DEC:FS5AA=B;

-KEb@KI@@ R 5F@M (9K 495@5B8 -C:HKHF3G 86
<HHD BNHFECB=L CF; BN A5=B D<D

1<99@9F 5FCB 5B8 '=7<59@ 5J=8GCB ID85H98 $IB9
R- % 5D9 -C:HK5F9 &=GHS
<HHD <CA9D5;9G =<I|; 7C BN O5H5F=- % <HA@

$&%,

G7<C@5F C: 8=;=H5@ A98=5 5FHG 7I@HIF9G 5B8 <=GHCF=9G '9@5B=9
-K5@K9I@ @ =G H<9 5|H<CF C: 7<5DHIF GHEB&SRFEFBISGBE@

5B8 =BHIF57H=J9 :CFASHG =B >CIFBS®G'CI7£G6/

5B8 %" +1.* (+# &1 ( 1(01." "9F 5BH<C@QM (" /1."/

+# +),10". )&$ //5/ +* 1(01.( &/0+5 %"  +5 *I

"/0%"08& / 7C 98=H98 K=H< $5GCB 1=@GCB K5G DI6@=G<98 =B

'7 5F@5B8 -<9 =G 5 -9B=CF &97HIF9F =B -7E@e5 5H

@=B89FG /B=J9FG=HM IGHF5@=5

CBH57H_A9@5B=9 GK5@K9@@ :@=B89FG 98I 5I




JIOBHG

| K<5H K9 75B 8C =B8=J=8I15@@M 5B8 HC;9H<9F HC DF9C
GCB5@ 5B8 G<5F98 7C@@97H=CBG

<HHD KKK5@5 CF; 5@5 A;FDG 8=JG 5@ 7 HGFRIGHK9 JIm3(
.<915A9 9J9@CD9FG CB:9F9B79P ! =G H<9 KGR@EH9I@H /:A

DFC:9GG=CB5@G CB@M ;5A9 & K=@@ 5@GC CF;5B=N9 H<9 5BBI5@ 7CB:9F9B79 :C7I(
9J9BH #H =G H<9 9GG9BH=5@ DF9G9FJ5H=CB =B $IB9 =B 15G<=B;HCB
@95FB=B; =BGD=F5H=CB 5B8 I <HHD KKK 5@5 CF; 5@5 A;FDG 8=JG 5@ 7HGL/ABY9J9I

:CF H<9 7F95HCFG C: 7CADIHI9F 7CBGC@96<%B8<RBBELBB; 5@5 57 =B89L 7:A

@=B9 ;5A9G .<9 7CB:9F9B79 K5G <9@8 CB '5F7< =B

-5B F5B7=G7C 5B8 =B IFCD9 K=@@ 69 <9@8 CB I;I@E:F_ .

C@C;B9 19FA5BM 5G =HG G97CB8 M95F 5B8 5;5=B =B 7CB| 7FE@ ! 5A9 # C B . 9 F9 B 7
K=H< ;5A9G7CA IFCD9 G @5F;9GH 7CADIH9F ;5B8@=89C

HF589 G<CK :CF 7CBGIA9FG 5B8 DFC:9GG=CB5@G
<HHD KKK ;87CB: 7CA

*5F=G I5A9 # CB:9F9B79 =G H<9 ACGH D5CEHEB5

H< IFCD95B CB:OF9B 78 s srese oo e o5 cramssonras

—BBODIBBIBH :5H<9F=B; CB H<O HCD=7 #Bl;<H={3H18<9F
CB ='=H5 @ F7<=J=B: 5FCIB8 HKC <IB8F98 DICD@9 :FCA 5@@ CIIF H<9 KCF{
J ) DFC;F5AA9FG 89G=;BIFG GHIBIBHG 5B8 SBH<BBASGHL
DCDI@5F 89A5B8 H<9 7CB:9F9B79 =G FOHIRB<ER8QIOSF
<9 H< IFCD95B F7<=J9G CB:9F9B79 K=@ @HE9B@57CB $IB9 F85B8 H<
FCA  DF=@ 9G=:B98 HC 89:=B9 H<9 FF9BH 5B8 | <HHD :5A95=7CB: 7CA
HIF9 7<5@@9B;9G C: H<9 DFC:9GG=CB H<® G&RBIBIBTY =
JCH98 HC 8=;=H5@ 5F7<=J=B; 5G H<9 ;9BOFB@=G<BIY :C
98=H=CB .<9M K=G<98 HC =BBCJ5H9 6M :C7IG=B; CB H<9 :IE4=CB C:
SF7<=J9G Q H<9 5F7<=J=B; Q 5B8 BC @CB;9F CB H<9 =BGUITHHNATEE cB.9roB79 CB ,9G95F7< 5B8 8J5B798 97<B
<HHD KKK =75 CF; 9B H< OIFCDISB 7CBOFIBTY .11 oF = —H5@ &=6F5F-00 & =G H<9 @958=8: IFCL
B=:=Ho@ SF7<=J=B; :0B9J5 H=:=7 :CFIA CB 8=;=H5@ @=6F5F=9G 5B&BSTEEI-BHSBH
5B8 GC7=5@ =GGI9G 6F=B;=B; HC;9H<9FIIO@HSDPEH-GG

& *FgG 9 FJS H — C B 1 } FPDFCJ=89FG 5B8 IGOFG =B H<9 :=9@8 & H<9 F

‘9F9B79 =B H<=G G9F=9G K=@@ 69 CF;5B=IF8:6MNH1
I@5G;CKCB -9DH9A69F
5B8 BBI5@ CB:9F9B79.up xkxeme cr.

#B 75G9 MCI KCI@8 @=?9 HC 7CBHF=6IH9 HC(
CIF BOLH =GGI9 C: % * BOKG@IHHIF D@95G¢
G9B8 5B 9A5=@ HC IG 5H

299D 7TECGG7NI7< 7N

CF G9B8 5 A9GG5;9 H<FCI;< H<9 K96G=H9
KKK ?99D DEC>97H 9I

.<9 A9F=75B &=6F5FM GGC7=5H=CB K=@H@KHB39=138-CB
199?'5M Q <9KI9? K=@@ <=;<@=;<H 7C@@97H=B; 5B8
DF9G9FJ5H=CB =B MCIF 7CAAIB=HM & 9B7CIF5;9G @=6F5F=9C
CH<9F =BGH=HIH=CBG HC IG9 *FOG9FJ5H=CB 199? HC 7CBB97H (
AIB=H=9G H<FCI;< 9J9BHG 57H=J=H=9G 5B8 FOGCIF79G H<5H <:

.<9 BOKG@9HHIF =G :F99@M IG56@9 % * 7CBGCFH=IA AIGH 69 BCH=:=98 5B8 7F98=H98 K<9B 7CBHI9BHG 5F9 IG98 :CF 5BM DI6@=7 KCF? (
-16G7F=DH=CB HC H<9 BOKG@9HHIF =G DEEKZ6@IO[IB@sB9 SH
(9KG@9HHIF 98=HCF #J9H5 '=?C@5G?CJ5 FCGG N97<5G (9KG@9IHHIF F9J=9K9F 5J=8 B8IFGCB /*"

! ( *




