No. SIG 16(ACS 12) goooooooooooooooobobooooo

SIMDOOOODDODOOOooDoon

O 0 ot o o o off
O o o offf o o Ot

00000000o0oooooo sSIMDOOOODOOOOOO00O000000000ooooonoon
SIMDOOOOOOO0O0OO0OO0O0O00O00O00O00O00DO000O000O0O000O0O000O000O00OO0
gooooo sSIMDOOOOOOO0OO0O0O0O0OO0OO0O0000000000000000000000
go0o0ooooooooooOOO0O0OO0O0O000000000000000000000000000
0ooo0o0oo0ooO0bDO0o0O0O000O0D00O00O0O0DOO0O000O0DOO0 SIMDOODOO
goooooooooooooOoDOOOOOCOOOOOOOOOOoOooooooooooooooo
goo0o0oopoooooooooobooooOoOOOOOOOOOOOOOOODbOOOO0O0O0DOO0O0O0O
ooooooooogod

Design and Implementation of SIMD Benchmark

MITSUGU SUZUKI,t DAISUKE OGAWA,tt TOMOKI MUROTATt
and TAN WATANABE!

Development of compiler optimization techniques for extended SIMD instruction sets for
media processing is on going task, and efficient use for those instructions are currently lim-
ited. Though a compiler user must know appropriate coding that can extract the advantage
of SIMD instructions, such coding are different according to designs of compilers. Conversely,
test programs that can be used for deciding design items and verifying a compiler will help
the designer. We designed, implemented, and evaluated a set of benchmark programs, where
the set is concentrated on survey of utilization for extended SIMD instruction sets by compil-
ers. Examples consisting of basic operation patterns such as averaging values, and processing
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patterns in real application programs are presented.
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Fig.1 Examples of SIMD instructions.
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Fig.2 An example of comparison instructions in SIMD

oxa1bs/|

0x0000 ‘ 0x0000 ‘ oxffff

‘ 0xc5cf ‘ Oxeeb4 ‘ 0xcO0b5

instruction sets.

ooo0oooUooUooooooo N/MOOOO

SIMDOOOOODOOOOooooooooooo
ooooooMOOOOOOODOODOOOOOOO
goooobooooooooooobooooonoooo
ooooobooooooooooooosooog 16
goooooooooooooobobooooooo
OOO00O00O00O0OOintegral typeD OO OOOOO
goooobooooooooooooooooooon
O00oo0oo0o0ooO0oooooooo 2o3)0on
goooboooooooobooobooooooooo
0000000000 0oOoooooo SIMDOOO
gooooboboooooooobooobooooooooo
oobooo1o0o0o000

oooosIMDOOOOOODODOOOODOOODOO
gooobobooooooooooboobooooooo
goboNOOOooooo

SIMDOOOOOO0OO0OO0O0O00O0 97

N=64

‘Oxc3‘Oxe6‘OXCS‘OXCB‘OxbO‘Oxe9‘Oxc3‘Oxcb‘

‘Oxbo‘Oxbd‘Oxe9‘0xe7‘0xc3‘0xb5‘0xcb‘0xd7‘

‘Oxce‘oxaB‘Oxc7‘Oxc8‘Oxbd‘oxe7‘0xb5‘0xd7‘

M=8

0xc5c3 ‘ 0xb0e9 ‘ 0xc3cb ‘

e

0xc3cb ‘ 0xc5c3 ‘ 0xb0e9 ‘

| oxcies |

‘ 0xc3e6 ‘

M;w
03 DpoooOoooOoooooo
Fig.3 Examples of shuffling and mergeing instructions.
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Fig.4 An example of particular reduction instruction.
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#define AVE(x,y) (((x)>>1)+((y)>>1)+\\
) 1 (y))&1))
struct {
short r, g, b, a;
} *ul, *u2, *u3;

short *vl, *v2, *v3;

for (i = 0; i < M; i++) // (A)
*v1++ = AVE(xv2++, *v3++);

for (i = 0; i < M; i++) // (B)
vi[i] = AVE(v2[il, v3[il);

for (i = 0; i < M; i +=4) { // (©)

vi[i] = AVE(v2[i], v3[il);

vi[i+1] = AVE(v2[i+1], v3[i+1]);
vi[i+2] = AVE(v2[i+2], v3[i+2]);
v1[i+3] = AVE(v2[i+3], v3[i+31); }

for (i =0; i <M-3;i+=4){ // (D
v1[0] = AVE(v2[0], v3[0]);
vi[1] = AVE(v2[1], v3[1]);
vi[2] = AVE(v2[2], v3[2]);
v1[3] = AVE(v2[3], v3[3]);
vl += 4; v2 += 4; v3 += 4; }
for (i = 0; i < M; i++) { // (E)

ullil.r = AVE(u2[i].r, u3[i]l.r);
ullil.g = AVE(u2[il.g, u3[il.g);
ui[il.b = AVE(u2[il.b, u3[il.b);
uifil.a = AVE(u2[il.a, u3[il.a); }
05 SIMDOOOODOOOOOOO
Fig.5 Examples of SIMD optimizable loops.
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typedef struct array_t{

unsigned int cdt, col, pos, neg;

} array;
int 1lsb = (-r) & r;
alh+1].cdt = “( “r | 1sb);
alh+1].col = “("a[h].col | 1sb);
alh+1].pos = ( alhl.pos | 1sb) << 1;
a[h+1] .neg = ( alh]l.neg | 1sb) >> 1;

r = a[h+1].col & ~“(al[h+1].pos | a[h+1].neg);
h++;

06 N-queens 0OOO0OOOOOO
Fig.6 A solution with iteration for the N-queens problem.
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#define ABS(X) (((X)>0)7(X):-(X))
int funcO(unsigned char *a, int sum, int sz){
int i; wunsigned char v;
for(i=0; i<SIZE; i++, a++){
v = *a;
/* 00 (@0(e) ODODO 10 %/ 3}
return sum; }

(a) sum += (v < 128) ? v : 256 - v;

(b) sum += 128 - abs(128-v);
(c) sum += 128 - ABS(128-v);
(d) sum += (v < 128) ? v : (unsigned char) (-v);

(e) sum += (v < 128) ? v : (unsigned char)("v + 1);
07 000000000 OOOOOOOO0OOOOOSsadd
Fig.7 An example code from an image-format

transformer (sad).
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const unsigned int multipliers[32] ={
0,32768,16385,10923,8193,6554,5462,4682,
4097,3641,3277,2979,2731,2521,2341,2185,
2049,1928,1821,1725,1639,1561,1490,1425,
1366,1311,1261,1214,1171,1130,1093,1058 };

unsigned int quant5 (
intl16_t * coeff,
const int16_t * data,
const unsigned int quant )

{ const unsigned int mult = multipliers[quant];
const unsigned short quant_m_2 = quant << 1;
const unsigned short quant_d_2 = quant >> 1;
int sum = 0; unsigned int i;
for (i = 0; i < M; i++) {

int16_t acLevel = datal[il;
if (acLevel < 0) {
acLevel = (-acLevel) - quant_d_2;
if (acLevel < quant_m_2) {
coeff[i] = 0;
continue; }
acLevel = (acLevel * mult) >> 16;
sum += acLevel; // sum += |acLevell|
coeff[i] = -acLevel;

} else {
acLevel -= quant_d_2;
if (acLevel < quant_m_2) {

coeff[i] = 0;

continue; }
acLevel = (acLevel * mult) >> 16;
sum += acLevel;
coeff[i] = acLevel; } }

return sum; }
(2) 00000

const unsigned short multipliers[32] ={
0,32767, .... }; // (b)(c) OOO

int16_t acLevel, acLevel2;

acLevel = ((data[i] < 0) ? -datal[i] : datalil)
- quant_d_2;
acLevel2 = (acLevel * mult) >> SCALEBITS;
sum += ((acLevel < quant_m_2) ? 0 : acLevel2);
coeff[i] = ((acLevel < quant_m_2)
7?0
: ((data[i] < 0) ? -acLevel2 : acLevel2));

(b) for 0000 SIMDODODOOOO 1

int16_t acMskl, acMsk2, acLevel;
acMskl = (data[i] < 0) ? -1 : 0;
acLevel = ((datal[i] & ~acMsk1)|((-data[i]) & acMsk1))
- quant_d_2;
acMsk2 = (acLevel < quant_m_2) ? -1 : 0;
acLevel = (acLevel * mult) >> SCALEBITS;
sum += “acMsk2 & acLevel;
coeff[i] = ~acMsk2 & (((-acLevel) & acMskl)
| (acLevel & (“acMsk1)));

(c) for 0000 SIMDODOOODO 2

08 U0OOO0ODODODOODOODquantsd
Fig.8 An example code from a motion picture
compressor (quant5).
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int funcO(unsigned char *a, int sum, int sz){
int i; wunsigned char v;
int s;
for(i=0, s=0; i<SIZE-15; i+=16, a+=16){
s += abs(128-a[0]); s += abs(128-alll);
s += abs(128-a[2]); s += abs(128-al3]);

s += abs(128-a[14]); s += abs(128-a[15]); }
sum += 2048 - s;
for(; i<SIZE; i++, a++){
v = *a;
sum += 128 - abs(128-*a); }
return sum; }
09 070000sad00O0000C0COOOOOOODOO
Fig.9 A transformation of the example code in Fig. 7
(sad) aimed to particluar reduction instruction.
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(1) J000ooOoOooooooooo
for (i=0;i<SIZE;i++,a++) {
v = *a; sum += 128 - abs(128 - v) }
(2) J0000O0O000ooOOoOoOoOoooO
for (i = 0; i < SIZE; i++, at+)
sum += 128 - abs(128 - *a)
(3) JOo0o0oooOooooooooog
for(i=0,p=a;i<(SIZE-(SIZE&15));i+=16,p+=16){
v = *p; sum+= 128 - abs(128-v);
v = *(p+1); sum+= 128 - abs(128-v);

v = x(p+15); sum+= 128 - abs(128-v);}
(Hoooo /« 0000 =/
(4) OO000DOOOOODoOoOOoOoOO
for(i=0,p=a;i<(SIZE-(SIZE&15));i+=16,p+=16){
sum += 128 - abs(128-%p);
sum += 128 - abs(128-*(p+1));

sum += 128 - abs(128-*(p+15));
(2) 0000 /«+ 0000 DOOOOO */
(5) (&) 00DO0O0O0ODDDOOO
for(i=0,p=a;i<(SIZE-(SIZE&15));i+=16,p+=16){
sum+= 128 - abs(128-*p) + 128 - abs(128-x*(p+1))

(6) ()0 1280 160 000000O0ODO
for(i=0,p=a;i<(SIZE-(SIZE&15));i+=16,p+=16){
sum -= abs(128-*p);
sum -= abs(128-*(p+1));

sum += 2048;}
(7) (5) 0 12800000
for(i=0,p=a;i<(SIZE-(SIZE&15));i+=16,p+=16){
sum -= abs(128-*p) + abs(128-*(p+1))

sum += 2048;}
(8) (6) DDOODDOOOOD
for(i=0,p=a;i<(SIZE-(SIZE&15));i+=16,p+=16){
tmpsum += abs(128-%*p);
tmpsum += abs(128-*(p+1));

sum += 2048-tmpsum; tmpsum = 0;}
(9) (8 0 tmpsum 000000000
for(i=0,p=a;i<(SIZE-(SIZE&15)) ;i+=16,p+=16, tmpsum=0){
tmpsum += abs(128-%*p);
tmpsum += abs(128-*(p+1));

sum += 2048-tmpsum;}
(10) (7 ODO0ODOOoooOoOoO
for(i=0,p=a;i<(SIZE-(SIZE&15));i+=16,p+=16){
tmpsum = abs(128-*p) + abs(128-*(p+1))

sum += 2048-tmpsum; tmpsum=0;}
(11) (10) O tmpsum 000000000
for(i=0,p=a;i<(SIZE-(SIZE&15)) ;i+=16,p+=16,tmpsum=0){
tmpsum = abs(128-*p) + abs(128-*(p+1))

sum += 2048-tmpsum;}
010 0 70000sad000000O00O (¢)00O0O0D0OOO
ooo
Fig.10 Transformations for the operation pattern (c) of
the example in Fig. 7 (sad).
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int funcO(unsigned char *a, int sum, int sz){

int i; wunsigned char v;

experimentation. for(i=0; i<SIZE; i++, a++){
G SIMD 00000 ooooooo VoS e
Intel icc ver. -axW -03 -03 sum += (v < 128) 7 v : 256 - v
8.1 if (sum > BREAKPOINT) break; }
gee ver. 4.0.0 | -O6 -ftree-vectorize | -O6 return sum; }
_msse2 011 0 70000sad0D0OODOO
Fig.11 A derivative of the example in Fig.7 (sad).
02 070000sad000000OmsecO
Table 2 Execution times for the example in Fig.7 (sad).
god goood
0oo @ ®) © @ ©
(1) 8600/15230 4380/ 6280 4390/ 6280 20040/14790 10880/15440
2) 8500/15410 | 4390/ 6350 | 4390/ 6350 | 19990/15260 | 10880/15140
(3) 5500,/13290 4390/ 5710 4390/ 5700 13470/13490 5490/13480
(4) 5490/13260 4400/ 5720 4400/ 5720 13440/13460 5490/13290
(5) 6120/13750 | 5590/ 6010 | 5590/ 6010 | 13750/13750 | 6180/13900
(6) 5610/ 4880 | 5610/ 4890
(7 5610/ 5740 | 5610/ 5740
(8) 5520/ 4990 | 5510/ 4990
(9) 5530/ 5000 | 5530/ 5000
(10) 5520/ 6100 | 5510/ 6100
(11) 5520/ 6100 | 5520/ 6090
OSIMD 0000000000000 O0/000000000D0D0D0ODOOOOO0
goooOooOob0 obobobooo
poboobooOoooboooOoO0oO0O0ooooO0oOoOoooooo
03 011 0000bsad00000O0O0msecO
Table 3 Execution times for the example in Fig. 11 (bsad).
ooo goooo
ooo (a) (b) () (d) (e)
(1) 8420/14840 8300/ 8320 8290/ 8320 14280/14550 8420/15280
(2) 8090/14840 8270/ 8310 8270/ 8310 14640/14970 8080/15260
(3) 4450/10350 | 4600/ 4610 | 4600/ 4610 | 10450/10530 | 4470/10390
(4) 4460/10300 4100/ 4630 4100/ 4630 10340/10530 4440/10200
(5) 4950/10820 4540/ 4970 4540/ 4970 11020/10890 5120/11130
(6) 4580/ 3930 | 4590/ 3930
(7) 4590/ 4910 4590/ 4910
(8) 4600/ 4020 | 4600/ 4010
9) 1130/ 4010 | 1130/ 4020
(10) 4590/ 4980 4590/ 4980
(11) 1130/ 4980 | 1130/ 4980

oooo 2000
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04 0O 80000quant50000000 msecO
Table 4 Execution times for the example in Fig. 8 (quant5).
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