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A Performance Centric Optimization of MP3 Encoder Programs

KEIICHI SAKAIL,#1 SHIGEO MITSUNARI,> TAKESHI NARITA,?
KEI IsHIDA,+ HirROSHI FuJirts and NOBUTOSHI SHOJIt®

The architecture of TA-32 processors, which are recently used in personal computers in
general, can execute the industry-standard x86 instruction set like CISC for binary compati-
bility. But in fact, the processors process simpler RISC micro operations instead of complex
x86 instructions, and support hyper pipelined technology and out-of-oder speculative execu-
tion. IA-32 processor also has the SIMD instructions. However, there are few compilers which
generate the code supporting the new technology, or we must use the extended C language,
if any. Therefore it is difficult to evaluate the processor exactly by the benchmark based on
the ordinary C language. Then we chose a MP3 encoder for practical application and rewrote
the main routines of the encoder by assembly language. As a result, we have achieved about
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two or three times faster optimization.
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Fig.1 Block diagram of MP3 encoding.
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void calc_pow075_C(float *xr, float *xrpow)
{
int i;
float tmp;
for( i = 0; i < 576; i++ ){
tmp = fabs( *xr++ );
*xrpow++ = sqrt( sqrt(tmp) * tmp );
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calc_powO75_FPU:

mov eax, [esp+4] ;eax=xr

mov edx, [esp+8] ;edx=xrpow

mov ecx,b576

jmp short .1p0

align 16 ;000000 1600000000
.1pO0:

fld dword [eax] ;TOS(Top Of Stack)=*xr

add eax,4 s XT++
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fabs ;Tos0o00o00ooooo
fld st0 ;TOS(=*xr) 0 push OO 0O

fsqrt ;Tos0 000000

fmulp stl,stO;*xr 0 TOSOOOO 3/20000
fsqrt ;TS0 000000 3740000
fstp dword [edx] ;TO0S O *xrpow 000000
add edx,4 s XTrpow++

dec ecx

jnz .1p0

ret
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calc_powO75_SSE:
movlps xmm7,[D_ABS] ; OO0 O0OOOOOCOO

mov eax, [esp+4] ;eax=xr

mov edx, [esp+8] ;edx=xrpow

mov ecx,576/8 ;loop unrolling O 800 /0
movlhps xmm7,xmm7

jmp short .1p0

align 16 ;000000 16000000

.1pO0:
movaps xmmO, [eax] ;xr 00 00 xmmO,xmml O
movaps xmml, [eax+16]
add eax, 32 sxr0 8000000
andps xmmO,xmm7 ;abs(), 000000 oO0OO
andps  xmml,xmm7
rsqrtps xmm2,xmm0 ; OO0 00000000
rsqrtps xmm3,xmml ;x00 1/¥ x000
mulps xmm0,xmm2 ; 0000000
mulps  xmml,xmm3 ;xx 1/V x0OV x000
rsqrtps xmm2,xmm2 ; JO0 00000000
rsqrtps xmm3,xmm3 31/ x00V Y x000
mulps xmm2,xmm0 ;V xx VvV x00
mulps xmm3 , xmm1 ;x0 3740000
movaps xmmO,xmm2
movaps xmml,xmm3
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cmpps xmmO,xmm0,0 ; JO0OOO0OOOO

cmpps xmm1,xmml,0 ;NaN O O QOO

andps xmm2,xmm0 ; D0 00000 NaN OO
andps xmm3, xmm1 ; 000o00oa

movaps [edx],xmm2 ;xmm2,xmm3 00 00 xrpow
movaps [edx+16],xmm3

add edx,32 ;xrpowl 8000000

dec ecx

jnz .1p0

ret
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y=1+b%3/(4)—b**3/(4%%2) +b*+3%5/(43%2%3)
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oooooooOoon
; JO000O0O o.7500000000000O00OOOODODOO

; 0000-0.125 <=b <= 0.125 00O OO0OOOO 3
ooooog

; 1.0 <= 00O <= 1.28125(1.01001b)

; JOoo00doooO0 = 0.875(14/16)

; 1.272727 < OO0 <= 1.625(1.101b)

; 00000000 = 0.6875(11/16)
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1.555555 < OO < 2.0
J0000oO0oO0 = 0.5625(9/16)
000000 pow075_table0 O pow0O75_tablel O OO

goo
align 16

calc_powO75_NONE:
push ebp
push ebx
push esi
push edi
mov ebx,576
jmp short .1p0
align 16

.1p0: ; €CX = X = kXr++
mov esi, [esp+4*4+4]
mov ecx, [esi+ebx*4-4]
xor edx,edx
rol ecx,9 ;cl0000000O00OO
test cl,cl
jz near .store ; DO OOOODOOO
cmp cl,255
je near .store ;NaNO [ O[O
mov edi,ecx
stc
rcr edi,1 ;000000001000
shr edi,8 ; 0009.2300
xor ebp,ebp ; DO OOO0OO0Oebp=00
cmp edi,0x00A40000 ;1.28125, 9.23 001
adc ebp,edx ; OOOOO0 cFOODOOOOO
cmp edi,0x00D00000 ;1.625, 9.23 00
adc ebp,edx ; OOO0OD0 cFODOOOOOO
movzx  eax,byte [pow075_tablel + ebpl
shl ebp,4
mul edi ; edx:eax = 37.27 000
lea edi, [eax-(1<<27)]

H

H
H

H

; 0000000000

y=1
mov esi, (1<<29) ; esi = 1.0, 3.2900
+ b*3/(4)
mov eax,edi
shl eax,1
add eax,edi ; eax = 3.2900
add esi,eax ; esi = 3.2900
— b*b*3/(4%4%2)
imul edi ; edx:eax [0 5.59 00
shl edx,?2
sub esi,edx

O30r000001000100
+ bxb*b*3%5/ (4*4x4%2%3)
eax,0x6AAAAAAA

mov ; 5/(4x%3), 0.3200

imul edx ; edx:eax [0 3.61 00
mov eax,edx

imul edi ; edx:eax [0 8.56 [
shl edx,5

add esi,edx

040+ 0000010000 100
000 esi OO (3.2900)
c1 000 (offset binary)

sub cl,127 ;00000
xor eax,eax

mov al,cl

and al,3
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sar cl,2
mov eax, [pow075_tableO+ebp+eax*4]; 0O

imul esi ;1.0 <= edx:eax < 8.0, 9.55 00
; 00000000000 IEEE754 00000

xor eax,eax ; UOO0ODODO0O (=0)

mov al,cl

add cl,cl

add al,cl ;al=0000000 (2°s comp.)

bsr ecx,edx

sub cl,23

add al,cl

add al,127 ;000000 (offset bin.)

shr edx,cl ;000000

and edx,0x007fffff

shl eax,23

or edx,eax ;or U O OO0O0OOODOO
.store:

mov edi, [esp+4*4+8] ; *xrpow++ = edx

dec ebx

jnz near .1p0O
.return:

pop edi

pop esi

pop ebx

pop ebp

ret
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01 0000000000 Intel PentiumIII 700 MHzO

MP3OOOOOOOOOOO

Table 1 Elapsed clocks for each function (Intel
PentiumIII 700 MHz).
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03 0000000000 Intel PentiumIII 700 MHz DualO
Table 3 Elapsed clocks for each function (Intel
PentiumIII 700 MHz Dual).
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Table 2 Elapsed clocks for each function (AMD Athlon

700 MHz).
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