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struct Adder {

static inline int Apply(const int a, const int b) {

return a + b;

}

};

struct Subtractor {

static inline int Apply(const int a, const int b) {

return a - b;

}

};

template <class Operator> int ApplyBinary(const int a, const

int b) {

return Operator::Apply(a, b);

}
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ApplyBinary<Adder>:

leal (%rdi,%rsi), %eax

ret

ApplyBinary<Subtractor>:

movl %edi, %eax

subl %esi, %eax

ret
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-">"$6*7181)'1$)1,'5'&?@$9')':"$

=( ;0>$%&'$( 05,+./&)0( ?5G( +&%$>$*/G( *$'/?/)24( 5/*/9( H25( '2H.0*( c-H":$.(—

+?/*( /@( %0)24( H2%&.24( *0( %+'.$)$**+9( 0--0.0&".$( /@-@0( H+56L+9( %;+.+%&/( .0H+&2( %(

-0)G&631(0(&0;A$(&./'/056*29('(*0-/%0*//<(b?*0;+1()+A*+(-+-2&0&6%G(+-&/)/@/.+'0&6(

;0;(+>/%&;"(H":$.01(&0;(/(.0H+&"(%(*/)<(w25+(%?$50*+(*$%;+56;+(+-&/)/@08/9x(

! Q%-+56@+'0*/$( :"*;8//( y( zFz{Fm1( '( ;+&+.+9( -./)$*G3&%G( /*%&.";8//(

-.+8$%%+.01("%;+.G3#/$(@0-+5*$*/$(H+56L+,+(+HM7)0(?0**24<(

! [$05/@08/G()*+,+-+&+>*+%&/<(

! b-&/)/@08/G(+H4+?0<

w"?"&(+-/%0*2(-+%5$?*/$(?'$<(

'%5H)O5E)*, 9&(0(B("(C&(!")1 q&0( +-&/)/@08/G( -+@'+5G$&( /%-+56@+'0&6( .$%".%2(

)*+,+G?$.*+,+( -.+8$%%+.0( ?5G( -+?,+&+';/( H":$.0( ;( %5$?"3#$)"( ;0?."( '+( '.$)G(

+&./%+';/(&$;"#$,+<(p5G(.0H+&2(/%-+56@"3&%G(?'0(H":$.0(— ?5G(&$;"#$,+(/(%5$?"3#$,+(

;0?.+'<( =( *0>05$( .0H+&2( -.+,.0))2( %+@?07&%G( -+&+;( ?5G( +>/%&;/( H":$.01( '( ;+&+.+)(

'2-+5*G$&%G( >/%&;0( %5$?"3#$,+(H":$.01( '( &+( '.$)G( ;0;(-.+,.0))0( .0H+&0$&( %( &$;"#/)(

H":$.+)<(O+%5$(+;+*>0*/G(+&./%+';/(&$;"#$,+(;0?.0(-.+,.0))0(A?7&(+;+*>0*/G(.0H+&2(

?.",+,+(-+&+;01(/(H":$.2()$*G3&%G()$%&0)/<(R0;0G(+-&/)/@08/G1(;(%+A05$*/31(*$(?050(

%$.67@*24("5">L$*/9('(-.+/@'+?/&$56*+%&/<(

UB")9)O5E)*, (AG($51 Q@-@0( +%+H$**+%&$91( %'G@0**24( %( )$&+?+)( +H4+?0(

&.$",+56*/;+'( ?5G( @05/';/( \-+?.+H*$$( %)< 2.4^1( '2@+'2( ;( H":$.0)( H"?"&( -.+/@'+?/&6%G(

?5G(?5/**24(-+%5$?+'0&$56*+%&$9(&+>$;<(!++&'$&%&'$**+1(*$&(*$+H4+?/)+%&/('2>/%5G&6(

-+5*+%&63( 0?.$%( ?5G( ;0A?+9( &+>;/( '( H":$.$<( p+%&0&+>*+( '2>/%5/&6( $,+( +?/*( .0@( ?5G(

-$.'+9( &+>;/( '( -+%5$?+'0&$56*+%&/1( 0( ?056L$( 5/L6( "'$5/>/'0&6( $7( *0( $?/*/8"<( q&+(

-+@'+5G$&( +H+9&/%6( H$@( )*+A$%&'0( +-$.08/9( ")*+A$*/G( ?5G( ;0A?+,+( ;0?.0( /( @0)$&*+(

"%;+.G$&(.0H+&"<(

-"A"$B(9',4("$

d0?0>0( @05/';/( '( ?0**+)( %5">0$( H"?$&( /)$&6( %5$?"3#"3( :+.)"5/.+';"<( p0*(

&.$",+56*/;(ABC %(&+>;0)/('(&.74)$.*+)(-.+%&.0*%&'$<(p5G(;0A?+9(&+>;/(&.$",+56*/;0(

*$+H4+?/)+('2-+5*/&6(*$;+&+."3(+-$.08/3(*0?(N&+9(&+>;+9(/(*$;+&+.2)/('$5/>/*0)/1(

-./>7)(/(&+>;01(/('$5/>/*2(G'5G3&%G(H/5/*$9*+(/*&$.-+5/.+'0**2)/1(/%4+?G(/@(@*0*/G(

@*0>$*/9(*0('$.L/*04(&.$",+56*/;0<(

UAG($, ">%#0(HK&)351 =( +%*+'$( 05,+./&)0( @05/';/( '( -.+,.0))$( /%-+56@"$&%G(

)+?/:/8/.+'0**0G( '$.%/G( 05,+./&)0( %-/%;0( 0;&/'*24( .7H$.( \!|[^1( +-&/)/@/.+'0**0G(
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?5G(.0H+&2(%(&.$",+56*/;0)/<

=( %5">0$( &.$",+56*/;0( /)$$&%G( &./( 5/*//( — AB, BC /( AC<( p5G( +H4+?0( /(

H/5/*$9*+9(/*&$.-+5G8//(*0(&0;+)(&.$",+56*/;$(H25(-./?")0*(%5$?"3#/9(05,+./&)x(

1. b&%+.&/."$)(&+>;/(&.$",+56*/;0(-+('2%+&$( \-"%&6(+&%+.&/.+'0**2$(&+>;/(

— pn)

2. }/*/G(p0p2 — ?5/**0G1(5/*//(p0p1, p1p2 — ;+.+&;/$(

3. =-5+&6(?+(@*0>$*/G('2%+&2(&+>;/(p1 /*&$.-+5/."$)(H/5/*$9*+(-+(-.G)2)(

p0p2, p0p11(?05$$(— -+(-.G)2)(p0p2, p1p2.

Z>G)"%3"#>5, (AG($C)351 Q@-@0( )*+A$%&'0( .0@5/>*24( ;+*:/,".08/9( '+@*/;0$&(

@0?0>0( *0-/%0*/G( *$;+$,+( "*/'$.%056*+,+( _+H4+?>/;0( &.$",+56*/;+'`1( ;+&+.29( H"?$&(

+?*+'.$)$**+( /*&$.-+5/.+'0&6( *$%;+56;+( .0@5/>*24( '$5/>/*( /( '2-+5*G&6( *$;"3(

+-$.08/3( *0?( ;0A?+9( &+>;+9( '*"&./( &.$",+56*/;0<( O./( N&+)( *0?+( ">/&2'0&61( >&+(

:"*;8//(+H4+?0(5/*//(/(+H.0H+&;/ &+>$;(H"?"&('2@2'0&6%G( %+&*/(&2%G>(.0@1(-+N&+)"('(

N&+)( )$%&$( *$+H4+?/)0( %$.67@*0G( +-&/)/@08/G<( b?*0;+1( /%-+56@+'0*/$( L0H5+**+,+(

)$&0-.+,.0))/.+'0*/G( -+@'+5G$&( *0)( *0-/%0&6( *$;"3( :"*;8/3( _0H%&.0;&*+,+(

+H4+?>/;0`<( b*0( -./*/)0$&( '( ;0>$%&'$( L0H5+**+,+( 0.,")$*&0( ;50%%21( %+?$.A0#/$(

:"*;8//(L0,0(/('2-+5*$*/G(*$;+$9(+-$.08//(?5G(;0A?+9(&+>;/<(!0)/(;50%%2(%+H/.03&%G(

/@(*$+H4+?/)24(%+%&0'5G3#/4(_;/.-/>/;+'`— ;50%%+'1(+&'$>03#/4(@0(/*&$.-+5G8/3(/(

%+?$.A0*/$( ;0;+9-&+( +?*+9( '$5/>/*2<( !&.";&".0( /%-+56@"$)24( +H.0H+&>/;+'

-.$?%&0'5$*0( *0( ./%"*;$ 1<( =( @0'/%/)+%&/( +&( '2H.0**+,+( :"*;8/+*050( +&./%+'#/;0(

/%-+56@"$&%G(+?/*(/@(N&/4(+H.0H+&>/;+'<(R0;/)(+H.0@+)1(-+'&+.$*/$(;+?0()/*/)056*+1(/(

@0(%>7&(L0H5+**+,+()$&0-.+,.0))/.+'0*/G(/(/%-+56@+'0*/G(?/.$;&/'2(WXYWXF(?+%&/,0$&%G(

-.0;&/>$%;/(-+5*+$(+&%"&%&'/$(5/L*/4(/*%&.";8/9('('24+?*+)(;+?$<

3. +?-;<F1,19$3AA<?C0:,@3G

[/%< 1. Q$.0.4/G(+&./%+'#/;+'
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O+5">$**0G('(.$@"56&0&$(-.+,.0))0(%-+%+H*0(+H$%-$>/'0&6(Uu-~u(;0?.+'('(%$;"*?"(

?5G(?'"4(/%&+>*/;+'(+%'$#$*/G(%(.0@.$L$*/$)(vJ��oU�~(/(&.$)G %5+A*2)/(+HM$;&0)/1(

@0*/)03#/)/('(%"))$(L$%&"3(>0%&6(N;.0*0(*0(-.+8$%%+.$(�XmFY(y�kF(W�(�a�u1(/%-+56@"G(

5/L6(+?*+(G?.+<(w250(-.+/@'$?$*0(%$./G(@0)$.+'(-.+/@'+?/&$56*+%&/('( @0'/%/)+%&/(+&(

.0@5/>*24(*0%&.+$;(-.+,.0))2('/@"05/@08//(/(-0.0)$&.+'(;+)-/5G8//<(

>"."$6C*'&'3(<''$4+&C'9D*+0("$

e+)-/5G&+.(-+@'+5G$&(%+H/.0&6(-.+,.0))"(%(.0@5/>*2)/(+-8/G)/<(w25+(/@">$*+(

'5/G*/$( *$;+&+.24( /@( */4( *0( %;+.+%&6( -.+,.0))2( — '( >0%&*+%&/1( >$&2.$( ".+'*G(

+-&/)/@08//( %;+.+%&/( -O0, -O1, -f]( /( -fJ<( R0;A$( H250( .0%%)+&.$*0( +-8/G( -ffast-math, 

';53>03#0G(+-&/)/@08//(.0H+&2(%(>/%50)/(%(-50'03#$9(@0-G&+9(;+&+.2$()+,"&(-+'5$>6(

-+&$.3( &+>*+%&/1( -funroll-Y��g{1( .0@'+.0>/'03#0G( 8/;52( %( -+%&+G**2)( ;+5/>$%&'+)(

L0,+'(/( -funswitch-Y��g{1(-.$+H.0@"3#0G(8/;521('(;+&+.24(-.+'$.G$&%G(*$(@0'/%G#$$(+&

8/;50("%5+'/$1('(?'0(8/;50(?5G(.0@*24(.$@"56&0&+'(-.+'$.;/<(

O0.055$56*+( -.+'+?/5+%6( %.0'*$*/$( %;+.+%&/( .0H+&2( -.+,.0))2( %(

/%-+56@+'0*/$)(%+H%&'$**+9(H/H5/+&$;/()0&./8(/('$;&+.+'(-+(%.0'*$*/3(%(H/H5/+&$;+9(

Eigen3. 

e53>/ ;+)-/5G&+.0:

-Fstack-protector -funsafe-loop-optimizations -fPIE -mtune=native -

march=native -fomit-frame-pointer -DGOURAUD_SHADING -DAFFINE_TEXTURES

-DDUMB_NORMAL_CLIPPING

w25/( -.+/@'$?$*2( /@)$.$*/G( .0H+&2( -.+,.0))2( *0( .0@5/>*24( ".+'*G4(

+-&/)/@08//( %( &$%&+'+9( %8$*+9<( [$@"56&0&2( +&.0A$*2( *0( ./%"*;$ 2<( [$@"56&0&2(

-+;0@2'03&( '5/G*/$( ".+'*G( +-&/)/@08/9( *0( ;0>$%&'+( ;+*$>*+,+( )0L/**+,+( ;+?0( -./(

0;&/'*+)( /%-+56@+'0*//( L0H5+**+,+( )$&0-.+,.0))/.+'0*/G<( b%+H$**+( 4+.+L+( N&+(

'/?*+( *0( 0;&/'*+( /%-+56@"3#$9( N&/( '+@)+A*+%&/( '*$L*$9( H/H5/+&$;$( '$;&+.+'( /(

)0&./8<( R0;A$( N&+&( ,.0:/;( ?$)+*%&./."$&( -./.+%&( -.+/@'+?/&$56*+%&/( -./(

/%-+56@+'0*//( '$;&+.*24( /*%&.";8/9( -.+8$%%+.0( ?5G( .0H+&2( *0?( )0&./80)/( /(

'$;&+.0)/<

Z0( ./%"*;$( &0;A$( '/?*+1( >&+( ".+'$*6( +-&/)/@08//( -fu( ?07&( *0( '24+?$( ;.09*$(

)$?5$**29(/%-+5*G$)29(:0951(0(".+'*/(-f](/(-fJ(-.0;&/>$%;/(*$+&5/>/)2(-+(%;+.+%&/<(

q&+(%'G@0*+(%(&$)1(>&+(-fJ(?+H0'5G$&(;( -f](5/L6(*$%;+56;+(*$H$@+-0%*24(+-&/)/@08/91(

;+&+.2$(-.+G'5G3&%G(4+.+L+(&+56;+('(%-$8/:/>$%;/4(%5">0G4<(
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[/%< 2. !.0'*$*/$(+-&/)/@08/9(%;+.+%&/

=( ?056*$9L$)( '%$( /@)$.$*/G( -.+'+?/5/%6( *0( ".+'*$( +-&/)/@08//( -fJ( %(

-./)$*$*/$)( '*$L*$9( H/H5/+&$;/1( >&+( -+@'+5G5+( N::$;&/'*+( .0@'+.0>/'0&6( ;+?1(

%,$*$./.+'0**29( %( -+)+#63( L0H5+*+'1( '%&.0/'0&6( *$H+56L/$( :"*;8//( -.G)+( '( ;+?(

'2@2'03#$9(-.+8$?".21(/(+-&/)/@/.+'05+(-.+>/$("@;/$(*+(*$/*&$.$%*2$(?5G(*0%()$%&0(

\'( >0%&*+%&/( +-$.08//( *0?( '$;&+.0)/( /( )0&./80)/1( ;+&+.2$( '+( '*$L*$9( H/H5/+&$;$(

+-&/)/@/.+'0*2(%(-./)$*$*/$)(0%%$)H5$.*24('%&0'+;^<

w250( &0;A$( .0%%)+&.$*0( .+56( ?+-+5*/&$56*24( +-&/)/@08/9( ?5G( '2H.0**+9(

;+*:/,".08//<([$@"56&0&2(-./)$*$*/G .0@5/>*24(+-&/)/@08/9(-./'$?$*2(*0(./%"*;$ 3.
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b-&/)/@08/G( -funroll-Y��g{( %>/&0$&%G( %-+.*+91( -+%;+56;"( -.+,.0))0( *0>/*0$&(

@0*/)0&6( H+56L$( )$%&0( '( -0)G&/( \/( '( ;NL$( -.+8$%%+.0^1( /( %+'.$)$**2$( -.+8$%%+.2(

;+*'$9$.*+(+-&/)/@/."3&(-+?+H*2$(8/;52<(=(/&+,$('(:/*056*2$(-0.0)$&.2(%H+.;/(H25/(

?+H0'5$*2( -ffast-math -funswitch-Y��g{1( >&+( %+,50%*+(/%%5$?+'0*/3(-+5+A/&$56*+('5/G$&(

*0(%;+.+%&6(-.+,.0))2<(

>"-"$#)*10C+9D<'D$*147*E0"$

!.0'*/'05/%6( ;0>$%&'+( ;0.&/*;/( /( %;+.+%&6( .0H+&2( -.+,.0))2( -./( /%-+56@+'0*//(

.0@*24( %-+%+H+'( /*&$.-+5G8//( &$;%&".( — 0:/**+,+( /( -$.%-$;&/'*+,+<( !.0'*$*/$(

%;+.+%&/(-./'$?$*+(*0

,.0:/;$ 4.

[/%< ax(!;+.+%&6(/*&$.-+5G8//(&$;%&".

!.0'*/'050%6(%;+.+%&6(.0H+&2(-./(/%-+56@+'0*//(&.74('/?+'(+&%$>$*/G(-+(*+.)05G)x(

[/%< 3. p+-+5*/&$56*2$(+-&/)/@08//(;+)-/5G&+.0
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! b&%"&%&'/$(+&%$>$*/G(

! V."H+$(+&%$>$*/$(\H$@(">7&0(-$.%-$;&/'2^(

! b&%$>$*/$(%(">7&+)(-$.%-$;&/'2

!

! [/%< �x(!;+.+%&6(%(+&%$>$*/$)(-+(*+.)05G)

[$@"56&0&2(-.$?%&0'5$*2(*0(./%"*;$(�<

Q@( ,.0:/;0( '/?*+1( *0%;+56;+( %"#$%&'$**29( -./.+%&( %;+.+%&/( ?07&( +&%$>$*/$( -+(

*0-.0'5$*/3( *+.)05/<( !5$?"$&( ">/&2'0&61( >&+( -./( /%-+56@+'0*//( ,."H+,+( +&%$>$*/G(

-.+G'5G3&%G( ?+%&0&+>*+( @0)$&*2$( ?$:$;&2( /%>$@*+'$*/G( ,.0*$9( &$51( ;+&+.2$(

-.+$8/."3&%G( *0( N;.0*( H5/A$( ;( $,+( ;.0G)<( =( /&+,$1( 5">L$( /%-+56@+'0&6( +&%$>$*/$( %(

">7&+)(-$.%-$;&/'21(>&+H2(*$(&$.G&6('(;0>$%&'$(;0.&/*;/.

>"A"$F+)'0+,()'1"$

=(-.+,.0))$(%.0'*/'05+%6(;0>$%&'+(.0@5/>*24(05,+./&)+'(&+*/.+'0*/Gx(

! w$@(">7&0(+%'$#$*/G(

! O5+%;0G(&+*/.+';0(

! R+*/.+';0(-+(V".+(

! R+*/.+';0(-+(T+*,"

!.0'*/'05+%6( ;0;( ;0>$%&'+( ;0.&/*;/1( &0;( /( %;+.+%&6( .0H+&2( -.+,.0))2( -./(

'2H.0**+9(&+*/.+';$<([$@"56&0&2(-+(%;+.+%&/(.0H+&2(-.$?%&0'5$*2(*0(,.0:/;$ 6.
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p5G( '2%+;+-+5/,+*056*+9( )+?$5/( &+*/.+';/( -+( T+*,"( /( -+( V".+( *$( H"?"&(

'/@"056*+( %/56*+( .0@5/>0&6%G1( 4+&G( &+*/.+';0( -+( T+*,"( )$?5$**$$( -+>&/( '( ?'0( .0@0<(

O5+%;0G( &+*/.+';0( *$( ?07&( H+56L+,+( -./.+%&0( ;0>$%&'0( -+( %.0'*$*/3( %( +&%"&%&'/$)(

&+*/.+';/1( *+( -./( N&+)( ?07&( H+56L+$( -0?$*/$( -.+/@'+?/&$56*+%&/<( =( /&+,$1(

+-&/)056*2)/( ?5G(-./5+A$*/G( .$056*+,+( '.$)$*/( +;0@05/%6( ?'0( .$A/)0(— +&%"&%&'/$(

+%'$#$*/G(;0;(&0;+'+,+(/(&+*/.+';0 -+(V".+1(?03#0G(4+.+L$$(;0>$%&'+(&+*/.+';/<(

&'$B0-50H@9?$4;13$;<;IJ?@37

!"#$%&'"3&( *$%;+56;+( '+@)+A*24( -"&$9( .0@'/&/G( &0;+,+( .0%&$./@0&+.0<( =+-

-$.'241()+A*+(H25+(-.$?-+5+A/&6(>&+(-+%5$?"3#/$(;0?.2(*$(H"?"&(%/56*+(+&5/>0&6%G(

+&( -.$?2?"#/4( /( ;NL/.+'0&6( /4< b?*0;+1( N&+( '.G?( 5/( ?05+( H2( H+56L+9( -./.+%&( ;(

-.+/@'+?/&$56*+%&/1(-+%;+56;"(;0)$.0(-+56@+'0&$5G(+H2>*+(?'/,0$&%G(-+%&+G**+<(

p.",/)(-"&7)(+-&/)/@08//(-.+,.0))2(G'5G$&%G(.0%-0.055$5/'0*/$('/@"05/@08//<(

=( >0%&*+%&/1( )+A*+( H25+( H2( %+@?0&6( -"5( -+&+;+'( /( .0%-.$?$5G&6( @0?0>/( '/@"05/@08//(

+HM$;&+'( /5/( ?0A$( &.$",+56*/;+'( )$A?"( */)/<( b?*0;+1( *0-/%0*/$( -.+,.0))2( ?5G(

'/@"05/@08//( %( -0.055$56*2)/( '2>/%5$*/G)/( '24+?/5+( @0( .0);/(;".%+'+9( .0H+&21( &0;(

;0;( %+-.GA$*+( %( H+56L/)/( %5+A*+%&G)/( -+( +-&/)/@08//( ;NL/.+'0*/G( /( ?+%&/A$*/G(

%/*4.+*/@+'0**+%&/( -+&+;+'( '+( '.$)G( '/@"05/@08//( \'( >0%&*+%&/1( -.+'$.;/( c-H":$.0^1(

$%5/(">/&2'0&6(>&+(.$@"56&0&(?+5A$*(?0'0&6 '2/,.2L '(%;+.+%&/<(Z0;+*$81()+A*+(H25+(

H2(+-&/)/@/.+'0&6(%&.";&"."(4.0*$*/G(%8$*21(*0-./)$.1(.$05/@+'0&6(*$;+&+.29('/?(�K-

?$.$'0<( =( >0%&*+%&/1( .0%%)0&./'05+%6( ���-?$.$'+ taj1( +?*0;+1( +*+( H25+( %+>&$*+(

*$+-&/)056*2)( -+( -./>/*0)( *$+H4+?/)+%&/( -+5*+9( .$,$*$.08//( -./( /@)$*$*//(

-+5+A$*/G(+HM$;&+'<(

[/%< 6. !;+.+%&6(&+*/.+';/
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K,2<LI?@3?

=( 4+?$( .0H+&2( *0?( -.+$;&+)( H250( .0@.0H+&0*0( -.+,.0))0( ?5G( H2%&.+9(

'/@"05/@08//( &.74)$.*24( %5+A*24( %8$*( %( +%'$#$*/$)( /( &$;%&"./.+'0*/$)1( +-/%0*2(
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