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/* calculate u, v and t for all triangles. */

const ml28 uu = mm mul ps(dot sse(sx, sy, sz, pX, pPY, pPz), rpa);

const ml28 vv = mm mul ps(dot sse(rdx, rdy, rdz, gx, qy, 9z),
rpa);

~ _ml28 result;

a = mm and ps(
_mm_and_ps(
#if 0 /* original code. no buck face culling */
_mm cmpgt ps( mm mul ps(a, a), eps2),
#else /* do back face culling */
_mm_cmpgt_ps(a, eps),
#endif

_mm cmpngt ps( mm add ps(uu, vv), one)

) 1

~mm and ps(
_mm cmpnlt ps(uu, zero),
_mm cmpnlt ps(vv, zero)
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def add func():

a vec([1l.0, 0, 3.0,
2, 0.3,

2.
b vec([0.1, O.

return a + b
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compiler module 1/2

from MUDA import *

def add func(a = vec, b = vec):

v

return a + b

import compiler

ast = compiler.parseFile(sys.argv[l])

print ast

Module (None, Stmt([From( 'MUDA', [('*', None)], 0),
Function(None, 'add func', ['a', 'b'], [Name('vec'),
Name('vec')], 0, None, Stmt([Return(Add((Name('a'),
Name('b'))))1))1))
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Visitor | »

compiler. (ast, CodeGenLLVM())

class CodeGenLLVM():

def visitModule(self, node):

def visitFunction(self, node): <
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llvm-py

from import *

module = .new('my module")

ty double .double()
ty int .int()
ty func .function( ty int, [ ty double, ty double ] )

func .new( module, ty func, "foobar" )

func.args[0].name = "argl"
func.args[1l].name "arg2"

entry = func.append basic block("entry")
builder = .new(entry)

tmpl = builder.add(func.args[0], func.args[1l], "tmpl")




How translation

def func():
return a + b;

python

declare @func() {
tmp = add %a,
ret 3Itmp

}

3b

LLVM IR

compiler.parseFile()

works

Function(Return (A
dd(Name(a),
Name (b)))

python ast

b

VN LR R

llvm-py C
codegen

a: int
b: int

python ast
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1
1.0
vec([1l.0, 2.0, 3.0, 4.07])

a:intiguT”’

b:loat 1qUT”

c:0O«Ac (MUDApyp [ )iquT”




a:intiqguaT”’

b:intiquT”

C.




a uUint pbUint s’
c<intaCEv guw
ap¥lhs’y¢,,

fwgVuAt cw X

>TIloM7ely¢ ,




Ags-"H

def add func(a, b):
return a + b

add func(3,2)
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def add func(a
return a + b
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from MUDA import *

def add func(a = vec, b = vec):
c =a+b
return c
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from MUDA import *

def add func(a =
C:
return c

vecE(E MUDAEY 12— )L TEEZEENT
Ws7J 2R
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class vec(object):
value = []
def add (self, b):

tmp = vec([x + v for x, y in zip(self.value,
b.value)])

return tmp
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from MUDA import *

def add func(a = vec, b = vec):
c =a+b
return c

compiler.parseFile() ASTx= {ER

Function (None,
‘add func',
'a’, 'b'],

'Name( 'vec'), Name('vec')], 0, None,
‘Assign([AssName('c', 'OP ASSIGN')],
Add((Name('a'), Name('b')))),

Return(Name('c'))]))




from MUDA import *

def add func(
c = a+ b
return c

gl?ﬁ a, b{/j: veci”fﬁtﬁj\b\%. = alloca <4 x float>

<4 x float> %a, <4 x float>* %Stmpb5

a, bjé_f:/\//—l_\}l/7_—_7)|/(1:%:ﬁ = alloca <4 x float>
<4 x float> %b, <4 x float>* %Stmpb6

'?II%;&;E l/ \\/19 (I(_—: — I\“'é‘% ] load <4 x float>* %tmp5

. load <4 x float>* 3tmpb
N % 7.

Function (None,
‘add func',
, 0, None,
Stmt ([Assign([AssName('c', 'OP_ASSIGN')],
Add((Name('a'), Name('b')))),
Return(Name('c'))]))




from MUDA import *

def add func(a = vec, b = vec):
C:
return c

at bDiNE. a bDBF?
SHEIMERE Ca:vee, b:veE&EDD | 2tmp9 = add <4 x float> $tmp7, %tmp8
5 MILT—7I)L%5|K)

Function(None,

‘add func',

'a'y, 'b'],

'Name( 'vec'), Name('vec')], 0, None,
[Assign([AssName('c', 'OP ASSIGN')],

) 1

Return(Name('c'))]))




from MUDA import *
def add func(a = vec, b = vec):
return c

CANDRA. cOBYZL?

AP vecB D TEHAD ¢H veck: $c = alloca <4 x float>

store <4 x float> %tmp9, <4 x float>* 3c

s WANES

Function(None,

‘add func',

[ ‘a', 'b'],

'Name( 'vec'), Name('vec')], 0, None,

Return(Name('c'))]))




from MUDA import *

def add func(a = vec, b = vec):
c =a+b

clE vecEIBRDTHEBDRED (EDE!

H veclc&Eh 5 stmpl0 = load <4 x float>* %c
ret <4 x float> %tmpl0

(C TP EFEBDEREDEDED

D)
Function(None,

‘add func',

'a'y, 'b'],

'Name( 'vec'), Name('vec')], 0, None,

[Assign([AssName('c', 'OP ASSIGN')],
Add((Name('a'), Name('b')))),

1))
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Z—"eh LLVM "A

S cat add.ll

define <4 x float> @add func(<4 x float> %a, <4 x float> %b) {
entry:
$tmp5 = alloca <4 x float> ; <<4 x float>*> [#uses=2]
store <4 x float> %a, <4 x float>* Itmpb5
2tmp6 = alloca <4 x float> ; <<4 x float>*> [#uses=2]
store <4 x float> %b, <4 x float>* Itmpb
$tmp7 = load <4 x float>* %tmp5 ; <<4 x float>> [#uses=1]
3tmp8 = load <4 x float>* 3JItmpb ; <<4 x float>> [#uses=1]
$tmp9 = add <4 x float> %$tmp7, %$tmp8 ; <<4 x float>> [#uses=1]
%c = alloca <4 x float> ; <<4 x float>*> [#uses=2]
store <4 x float> %tmp9, <4 x float>* 3c
2tmpl0 = load <4 x float>* %c ; <<4 x float>> [#uses=1]
ret <4 x float> %tmpl0




$ llvm-as < add.ll | opt -std-compile-opts -f | llvm-dis

+ ModuleID = '<stdin>'

define <4 x float> @add func(<4 x float> %a, <4 x float> %b) nounwind

{

entry:
$tmp9 = add <4 x float> %a, %b ; <<4 x float>> [#uses=1]

ret <4 x float> %tmp9
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$ llvm-as < add.ll | opt -std-compile-opts -f | 1llc
.text
.align 4,0x90
.globl add func

_add_func:

ret

.subsections via symbols







Agenda

Motivation

How It works

Limitation

Conclusion




def BlackScholes(S = vec, X = vec, T vec, R = vec, V = vec):
sqrtT vsqgrt(S)

dl (vliog(S / X) + (R + vec(0.5) * VvV * V) *T) / (V * sqrtT)
d2 dl - V * sqrtT

cnd dl cnd(dl)
cnd d2 cnd(d2)

exXpRT vexp(vec(-1.0) * R * T)
retCall = S * cnd dl - X * expRT * cnd d2

return retCall

BlackSholex 5 F[OIE1T U 7o & & DIFE]

EITY YV Intel Mac Core2 2.16 GHz
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lFaster

python 29.2 sec

python ->
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Investigation

subl $540, %esp

movaps %xmm0, 432 (%esp)

movaps %$xmml, 416 (%esp)

A\ Y ‘\\i p—
movaps %xmm2, 400(%esp)
L movaps %xmm3, 384 (%esp)

movss gxmm0, (%esp)

call L sqgrtf$stub

a ‘ fstpt  372(%esp)
C O eS pshufd $1, 432(%esp), %$xmm0

movss gxmm0, (%esp)
call L sqrtf$stub

\Y V4 -

* fstpt  360(%esp)

y movaps 432(%esp), %xmm0
movhlps %xmm0, %xmmO

movss gxmm0, (%esp)

call L sqgrtfs$stub

E fstpt 348 (%esp)
EX I E pshufd $3, 432(%esp), %$xmm0

movss gxmm0, (%esp)
call L sqgrtfs$stub

fstpt 336 (%esp)

Py /_\ —
movaps 432(%esp), %$xmm0
n D I ' L divps 416 (%esp), %xmmO
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350 [Insts] * 50 [kloop] = 17.5 [Mcycle}
17.5 [Mcycle] / 2.16 [GHz] =0.08 sec

*)add, mul %o lTeex{qfcRQsM
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SIMD : 4

i1 SIMD=%sh:q :>—0‘Otbey
Ns"d =xD6

MUDAIC sart, exp, logD SIMDHRHDYZEZER I N T

L5 http://lucille.atso-net.jp/blog/?p=497

5 5% {#S & 1 BlackScholeBE#AY 1,000
17 )L(lops). 5 A0Ol#ED & UK = 0.023 sec
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Swizzle
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AN + 472 + 43 + 404 = 340
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- getattr >-0

class vec():

(self, name):

assert len(name) < 5, "Invalid attribute: %s" % name

if len(name) == 1:
return self.value[d[name]]

v = vec([0.0, 0.0, 0.0, 0.01)
for (i, s) 1in enumerate(name):
if not d.has key(s):
raise Exception("Invalid letter for swizzle:", name)

v.value[i] = self.value[d[s]]

for i in range(len(name), 4):
v.value[i] = self.value[d[name[-1]]]

return v
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http://code.google.com/p/py2livm/
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