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E?%+U!=3+ '?EI)!CEG%- IQ!EG=37?%
),&bH@, F@&,V">4,

=\`- 5@D8, 19-28 <"b 1999 (@*"

%Y#?CY Q9+=?% ;+/)I=!C?)=?'? GC3#I=!9! A? ;?CE7?;I AC!%I

1"B4F8" E,8D,H"Db ;,0*J>"D@*>@(@ HD4$J>":" B@ <@DF8@<J

BD"&J @H>@F4H,:\>@ B@Db*8" &Z$@D@&

1. ;,0*J>"D@*>Z6 HD4$J>": B@ <@DF8@<J BD"&J @$D"2J,HFb & F@@H&,HFH&44 F@ FH"H\,6 287
7@>&,>P44 ?D(">42"P44 ?$X,*4>,>>ZN ="P46 B@ <@DF8@<J BD"&J 4 EH"HJH@< GD4$J>":"

( AD4:@0,>4, VI 8 7@>&,>P44). GD4$J>": F@FH@4H 42 21 R:,>". Q"FH\ XV 7@>&,>P44 HD,$J,H,
RH@$Z (@FJ*"DFH&"- JR"FH>484 JD,(J:4D@&":4 FB@DZ <,0*J F@$@6, 8"F"`V4,Fb H@:8@&">4b 4:4

BD4<,>,>4b 7@>&,>P44, <4D>Z<4 FD,*FH&"<4, 42:@0,>>Z<4 & FH"H\, 33 IFH"&" ?D(">42"P44

?$X,*4>,>>ZN ="P46. % FH"H\, 286 7@>&,>P44 JFH">"&:4&",HFb, RH@ ,F:4 FB@D >, JD,(J:4D@&">

BJH,< BD4<,>,>4b H"84N FD,*FH&, &Z$4D",<ZN FH@D@>"<4 & FB@D,, H@ @> B@ HD,$@&">4` :`$@6

FH@D@>Z B,D,*",HFb FJ*J 4:4 "D$4HD"0J, @$:"*"`V,<J 8@<B,H,>P4,6 >" @F>@&">44 D"2*,:" 2
Q"FH4 XV. % FH"H\, 287 P,>HD":\>@6 4>FH">P4,6 *:b ^H@6 P,:4 @BD,*,:b,HFb GD4$J>":.

2. A,D&Z, &Z$@DZ R:,>@& GD4$J>":" E@&,V">4,< (@FJ*"DFH& - JR"FH>48@& 7@>&,>P44

?D(">42"P44 ?$X,*4>,>>ZN ="P46 B@ <@DF8@<J BD"&J F@FH@b:4F\ 1 "&(JFH" 1996 (@*". E@(:"F>@

FH"H\, 5 EH"HJH", R:,>Z GD4$J>":" 42$4D"`HFb >" *,&bH\ :,H 4 <@(JH $ZH\ B,D,42$D">Z - F H,<,
@*>"8@, RH@ FD@8 B@:>@<@R46 F,<4 R:,>@& 42 R4F:" R:,>@& B,D&@(@ F@FH"&" 4FH,8",H R,D,2 HD4

(@*", " FD@8 B@:>@<@R46 ,V, F,<4 R:,>@& 4FH,8",H R,D,2 T,FH\ :,H.

3. =,<,*:,>>@ B@F:, B,D&ZN &Z$@D@& BD,*FH"&4H,:\ ',>,D":\>@(@ F,8D,H"Db ?D(">42"P44

?$X,*4>,>>ZN ="P46 @BD,*,:4: B@ 0D,$4`, 8H@ 42 R:,>@& GD4$J>":" FR4H",HFb 42$D">>Z< >"

B,D&@>"R":\>Z, FD@84 & HD4 (@*" 4 & T,FH\ :,H. % BD4:@0,>44 8 >"FH@bV,6 2"B4F8, J8"2">Z

21 R,:@&,8, 8@H@DZ, $Z:4 42$D">Z R:,>"<4 GD4$J>":" 4 @FJV,FH&:b`H >Z>, ^H4 LJ>8P44, F

J8"2">4,< FD@8@& 4N B@:>@<@R46.
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4. A@Db*@8 B,D&ZN &Z$@D@& $Z: @BD,*,:,> BbHZ< E@&,V">4,< (@FJ*"DFH&- JR"FH>48@&1

& F@@H&,HFH&44 F BJ>8H@< 2 FH"H\4 5 EH"HJH" GD4$J>":" 4 42:"(",HFb & *@8J<,>H,
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SPLOS/L.3/Rev.1 @H 31 4`:b 1996 (@*". AD4 JH&,D0*,>44 B@Db*8", 42:@0,>>@(@ & ^H@<

*@8J<,>H,, E@&,V">4,, & R"FH>@FH4, B@FH">@&4:@, RH@ 21 R:,> GD4$J>":" $J*,H 42$4D"H\Fb

F:,*J`V4< @$D"2@<:

a) BbH\ FJ*,6 @H 'DJBBZ "LD48">F84N (@FJ*"DFH&;

b) BbH\ FJ*,6 @H 'DJBBZ "24"HF84N (@FJ*"DFH&;

c) R,HZD, FJ*\4 @H 'DJBBZ (@FJ*"DFH& 9"H4>F8@6 !<,D484 4 7"D4$F8@(@ $"FF,6>";

d) R,HZD, FJ*\4 @H 'DJBBZ 2"B"*>@,&D@B,6F84N 4 *DJ(4N (@FJ*"DFH&;

e) HD4 FJ*\4 @H 'DJBBZ &@FH@R>@,&D@B,6F84N (@FJ*"DFH&.

5. AbH@, E@&,V">4, (@FJ*"DFH&- JR"FH>48@& B@FH">@&4:@, RH@ ^H@H <,N">42< $J*,H BD4<,>bH\Fb 8

B,D&Z< &Z$@D"< $,2 JV,D$" *:b BD@P,*JD BD@&,*,>4b :`$ZN B@F:,*J`V4N &Z$@D@&2.

6. % F@@H&,HFH&44 F BJ>8H@< 1 FH"H\4 2 C,(:"<,>H" GD4$J>":" FD@8 B@:>@<@R46 ,(@ R:,>@&

>"R4>",H @HFR4HZ&"H\Fb F 1 @8Hb$Db B@F:, *"HZ &Z$@D@&3.

7. % F@@H&,HFH&44 F D,T,>4,<, BD4>bHZ< &@F\<Z< E@&,V">4,< (@FJ*"DFH&- JR"FH>48@&, &Z$@DZ

>" <,FH" H,N F,<4 R:,>@&, R,6 FD@8 B@:>@<@R46 4FH,8",H 30 F,>Hb$Db 1999 (@*", F@FH@bHFb

24 <"b 1999 (@*" >" *,&bH@< E@&,V">44 (@FJ*"DFH&- JR"FH>48@&, 8@H@D@, $J*,H BD@N@*4H\

19-28 <"b 1999 (@*" & O,>HD":\>ZN JRD,0*,>4bN ?D(">42"P44 ?$X,*4>,>>ZN ="P464.

8. %@ 4FB@:>,>4, BJ>8H" 2 FH"H\4 4 EH"HJH" 4 D,T,>4b &@F\<@(@ E@&,V">4b (@FJ*"DFH&-
JR"FH>48@& E,8D,H"D\ GD4$J>":" >"BD"&4: (@FJ*"DFH&"<- JR"FH>48"< 24 >@b$Db 1998 (@*" 2"B4F8J,
(*, F@@$V4:, RH@ &Z*&40,>4, 8">*4*"HJD >"R>,HFb 18 *,8"$Db 1998 (@*", 4 BD4(:"F4: 4N

BD,*FH"&4H\ 8 17 L,&D":b 1999 (@*" L"<4:44 H,N 8">*4*"H@&, 8@H@DZ, 4N BD"&4H,:\FH&" 0,:":4

$Z &Z*&4>JH\ >" &Z$@DZ & F@FH"& GD4$J>":", F J8"2">4,< 4N *">>ZN.

9. % F@@H&,HFH&44 F BJ>8H@< 2 FH"H\4 4 EH"HJH" E,8D,H"D\ F@FH"&4: & ":L"&4H>@< B@Db*8,

FB4F@8 &F,N :4P, R\4 8">*4*"HJDZ $Z:4 &Z*&4>JHZ, F J8"2">4,< (@FJ*"DFH&- JR"FH>48@&, 8@H@DZ,

BD,*:@04:4 ^H4 8">*4*"HJDZ, 4 ^H@H FB4F@8 $Z: BD4 F@*,6FH&44 ',>,D":\>@(@ F,8D,H"Db

?D(">42"P44 ?$X,*4>,>>ZN ="P46 D"FBD@FHD">,> FD,*4 (@FJ*"DFH&- JR"FH>48@& &
*@8J<,>H, SPLOS/32. #4@(D"L4R,F84, *">>Z, 8">*4*"H@& $J*JH D"FBD@FHD">,>Z B@2*>,,.

10. % FH"H\bN 2 4 3 EH"HJH" BD,*JF<"HD4&",HFb F:,*J`V,,:
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" EH"H\b 2

E@FH"&

1. GD4$J>": F@FH@4H 42 8@::,(44 & F@FH"&, 21 >,2"&4F4<@(@ R:,>", 42$D">>ZN 42 R4F:"

:4P, B@:\2J`V4NFb F"<@6 &ZF@8@6 D,BJH"P4,6 $,FBD4FHD"FH>@FH4 4 FBD"&,*:4&@FH4 4

b&:b`V4NFb BD42>">>Z<4 "&H@D4H,H"<4 & @$:"FH4 <@DF8@(@ BD"&".

2. % F@FH"&, GD4$J>":" & P,:@< *@:0>@ $ZH\ @$,FB,R,>@ BD,*FH"&4H,:\FH&@ @F>@&>ZN

BD"&@&ZN F4FH,< <4D" 4 FBD"&,*:4&@, (,@(D"L4R,F8@, D"FBD,*,:,>4,.

EH"H\b 3

Q:,>FH&@

1. % F@FH"&, GD4$J>":" >, <@0,H $ZH\ *&JN (D"0*"> @*>@(@ 4 H@(@ 0, (@FJ*"DFH&".
94P@, 8@H@D@, <@0>@ D"FF<"HD4&"H\ F H@R84 2D,>4b R:,>FH&" & GD4$J>":, 8"8 (D"0*">4>"

$@:,, R,< @*>@(@ (@FJ*"DFH&", FR4H",HFb (D"0*">4>@< H@(@ (@FJ*"DFH&", & 8@H@D@< @>@

@$ZR>@ @FJV,FH&:b,H (D"0*">F84, 4 B@:4H4R,F84, BD"&".

2. % F@FH"&, GD4$J>":" *@:0>@ $ZH\ >, <,>,, HD,N R:,>@& @H 8"0*@6 (,@(D"L4R,F8@6

(DJBBZ, JFH">@&:,>>@6 ',>,D":\>@6 !FF"<$:,,6 ?D(">42"P44 ?$X,*4>,>>ZN ="P46".

11. % FH"H\, 4 EH"HJH" BD,*JF<"HD4&",HFb, RH@ R:,>Z GD4$J>":" 42$4D"`HFb H"6>Z<

(@:@F@&">4,< 42 F@FH"&:,>>@(@ E,8D,H"D,< FB4F8" 8">*4*"H@&, JB@<b>JH@(@ & BJ>8H, 9 &ZT,, >"

F@&,V">44 (@FJ*"DFH&- JR"FH>48@&, 8@H@D@, F@2Z&",HFb *:b ^H@6 P,:4 ',>,D":\>Z< F,8D,H"D,<. ="

H"8@< F@&,V">44 *&, HD,H4 R4F:" (@FJ*"DFH&- JR"FH>48@& F@FH"&:b`H 8&@DJ<.

12. % BJ>8H, 4 FH"H\4 4 EH"HJH" JFH">"&:4&",HFb, RH@ 42$D">>Z<4 & GD4$J>": FR4H"`HFb

8">*4*"HZ, B@:JR4&T4, >"4$@:\T,, R4F:@ (@:@F@&, >@ >, <,>,, *&JN HD,H,6 (@:@F@&

BD4FJHFH&J`V4N 4 JR"FH&J`V4N & (@:@F@&">44 (@FJ*"DFH&- JR"FH>48@& BD4 JF:@&44, RH@ H"8@,

$@:\T4>FH&@ &8:`R",H $@:\T4>FH&@ (@FJ*"DFH&- JR"FH>48@&.

AD4<,R">4b

1 SPLOS/14, BJ>8H 15.

2 SPLOS/L.3/Rev.1, BJ>8H 12.

3 % BJ>8H, 1 FH"H\4 2 C,(:"<,>H" GD4$J>":" (ITLOS/8) BD,*JF<"HD4&",HFb:

" ED@8 B@:>@<@R46 R:,>@& GD4$J>":", R\4 &Z$@DZ BD@&@*bHFb D"2 & HD4 (@*",
>"R4>",H @HFR4HZ&"H\Fb F 1 @8Hb$Db B@F:, *"HZ &Z$@D@&".

4 SPLOS/31, BJ>8H 71.
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AC39?/+=3+

Q9+=Y ;+/)I=!C?)=?'? GC3#I=!9! A? ;?CE7?;I AC!%I

3 EC?7 3M A?9=?;?Q35*

3<b, L"<4:4b 'D"0*">FH&@

)"H" 4FH,R,>4b FD@8"

B@:>@<@R46

G@<"F !. ;,>F"N '">" 30 F,>Hb$Db 2005 (@*"

C`*4(,D %@:\LDJ< ',D<">4b 30 F,>Hb$Db 1999 (@*"

Q0"@ 94N"6 74H"6 30 F,>Hb$Db 2002 (@*"

I(@ 7"<4>@F !D(,>H4>" 30 F,>Hb$Db 2002 (@*"

%4F,>H4 ;"D@HH" C">0,: #D"24:4b 30 F,>Hb$Db 1999 (@*"

!:,8F">*D a>8@& #@:("D4b 30 F,>Hb$Db 2002 (@*"

E@*24 a<"<@H@ aB@>4b 30 F,>Hb$Db 2005 (@*"

!>"H@:46 9"2"D,&4R 7@:@*84> C@FF46F8"b K,*,D"P4b 30 F,>Hb$Db 1999 (@*"

A"8 QNJ> M@ C,FBJ$:48" 7@D,b 30 F,>Hb$Db 2005 (@*"

A@:\ #"<,:" ]>(@ 7"<,DJ> 30 F,>Hb$Db 1999 (@*"

9. )@::4&,D ;. =,:\F@> 'D,>"*" 30 F,>Hb$Db 2005 (@*"

A. Q">*D"F,8N"D" C"@ 3>*4b 30 F,>Hb$Db 1999 (@*"

/@2,L !8:\ 94&"> 30 F,>Hb$Db 1999 (@*"

),6&4* !>*,DF@> E@,*4>,>>@, 7@D@:,&FH&@ 30 F,>Hb$Db 2005 (@*"

#J*4F:"& %J8"F M@D&"H4b 30 F,>Hb$Db 2005 (@*"

)0@2,L E4>*, %"D4@$" ?$X,*4>,>>"b C,FBJ$:48"

G">2">4b

30 F,>Hb$Db 1999 (@*"

]*&"D* !DHJD 9,6>( #,:42 30 F,>Hb$Db 2002 (@*"

GJ::4@ GD,&,F 3H":4b 30 F,>Hb$Db 2002 (@*"

;@N"<<,* ;J:\*4 ;"DF4H GJ>4F 30 F,>Hb$Db 2005 (@*"

'J*<J>*JD ]6D48FF@> 3F:">*4b 30 F,>Hb$Db 2002 (@*"

G"LF4D ;":48 =*4"6, E,>,(": 30 F,>Hb$Db 2002 (@*"

* Q:,>Z GD4$J>":" B,D,R4F:,>Z & B@Db*8, FH"DT4>FH&".
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