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Agenda

• VTune™ in action on NetBurst™ Architecture

• C/C++ compiler to target Itanium™ & 
Itanium® 2 processors
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Compile a release and optimized 
binary with debug information
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Run VTune™ !

Remove Remove fpfp to to intint conversionsconversions
Limit rectangle copyLimit rectangle copy
One call to sin & One call to sin & coscos per framesper frames
Remove multiplyRemove multiply
Simplify bilinear interpolationSimplify bilinear interpolation
EtcEtc..
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Analyze, recode … and optimize!

x 7.8x 7.8
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Agenda

• VTune™ in action on NetBurst™ Architecture

• C/C++ compiler to target Itanium™ & 
Itanium® 2 processors
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First Example – Array_xor 1/4

void array_xor(int *dest, int *src1, int *src2, int
count) {
while(count--) {

*dest++ = *src1++ ^ *src2++;
}

}

> > eclecl /S //S /Faaliasing.asmFaaliasing.asm aliasing.caliasing.c
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First Example – Array_xor 2/4

.b1_9:
{   .mmi
ld4 r10=[r34],4
ld4 r8=[r33],4
nop.i 0 ;; // stop

} {   .mmi
xor r3=r8,r10 ;; // stop
st4 [r32]=r3,4
nop.i 0

} {   .mib
nop.m 0
nop.i 0
br.cloop.sptk .b1_9 ;; // stop

}

{   .mii
nop.m 0
mov ar.lc=r14
nop.i 0 ;;

}
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First Example – Array_xor 3/4

void array_xor(int * restrict dest, int * restrict
src1, int * restrict src2, int count) {
while(count--) {

*dest++ = *src1++ ^ *src2++;
}

}

> > eclecl /S //S /OwOw //QrestrictQrestrict //Fano_aliasing.asmFano_aliasing.asm no_aliasing.cno_aliasing.c
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First Example – Array_xor 4/4

.b1_3:
{   .mmi
(p16) ld4 r32=[r8],4
(p16) ld4 r34=[r3],4
(p17) xor r36=r33,r35 ;; // stop
} {   .mib
(p17) st4 [r2]=r36,4

nop.i 0
br.ctop.sptk .b1_3 ;; // stop

}

{     .mii
nop.m 0
mov
pr.rot=0x10000
sxt4 r10=r11 ;;

} {   .mii
nop.m 0
mov ar.ec=2
sxt4 r9=r10 ;;

} {   .mii
nop.m 0
mov ar.lc=r9
nop.i 0 ;; 

}
.b1_3:
{   .mii
(p16) ld4 r32=[r8],4
(p17) xor r36=r33,r35

nop.i 0
} {   .mmb
(p16) ld4 r34=[r3],4
(p18) st4 [r2]=r37,4

br.ctop.sptk .b1_3 ;;
}



13

EMEA HPTC Virtual TeamHigh-Performance Computing on Intel® Architecture

*Other brands and names are the property of their respective owners
© Copyright 2002-2003 Intel Corporation

Second Example – Word_Count 1/16

#include <xmmintrin.h>
#define FALSE 0

int word_count_1(__m64 *buf64, int size) {
int count, n;
unsigned char c, *buf;
int prev_was_letter, this_is_letter;

buf = (unsigned char *)buf64;
prev_was_letter = FALSE;
count = 0;

for(n=0;n<size;n++) {
c = buf[n];
this_is_letter = ((c>='A')&&(c<='Z'))||((c>='a')&&(c<='z'));
if(this_is_letter && !prev_was_letter) count++;
prev_was_letter = this_is_letter;

}
return count;

}

typedef unsigned long long __m64;
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Second Example – Word_Count 2/16

.b1_18:
{   .mii

ld1 r3=[r32],1
cmp.eq.unc p0,p12=r0,r0
cmp.eq.unc p0,p10=r0,r0 ;; // stop

} {   .mmi
cmp4.gt.unc p9,p8=65,r3 ;; // stop

(p8) cmp4.ge p12,p9=90,r3
nop.i 0 ;; // stop 

} {   .mii
(p9) cmp4.gt.unc p0,p7=97,r3
(p9) cmp4.gt p10,p0=97,r3

nop.i 0 ;; // stop 
} {   .mmi
(p7) cmp4.lt p10,p12=122,r3 ;; // stop
(p12) cmp4.ne.unc p0,p6=r2,r0
(p12) add r2=1,r0 ;; // stop
} {   .mib
(p10) add r2=0,r0
(p6) add r8=1,r8

br.cloop.sptk .b1_18 ;; // stop
}

7.534.424.184.01

MemL3L2L1

7.534.424.184.01

MemL3L2L1
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Second Example – Word_Count 3/16
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Second Example – Word_Count 4/16

#include <xmmintrin.h>
#define FALSE 0

int word_count_2(__m64 *buf64, int size) {
int count, n;
unsigned char c, *buf;
int prev_was_letter, this_is_letter;

buf = (unsigned char *)buf64;
prev_was_letter = FALSE;
count = 0;

for(n=0;n<size;n++) {
c = buf[n];
c &= 0xdf; // Map c to upper case by zeroing bit 5
this_is_letter = (c>='A')&&(c<='Z'); // Remove lower case test
if(this_is_letter && !prev_was_letter) count++;
prev_was_letter = this_is_letter;

}
return count;

}
00100110

00100010
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Second Example – Word_Count 5/16

7.614.634.134.01

MemL3L2L1

7.614.634.134.01

MemL3L2L1

.b1_2:

.pred.rel "mutex", p20, p21
{   .mii
(p16) ld1 r36=[r3],1
(p17) cmp4.le.unc p22,p19=65,r33
(p21) cmp4.ne.unc p0,p23=r35,r0
} {   .mmf
(p20) add r34=0,r0
(p21) add r34=1,r0

nop.f 0 ;; // stop 
} {   .mii
(p22) cmp4.lt p19,p0=90,r33
(p16) and r32=r36,r2
(p22) cmp4.lt.unc p0,p20=90,r33
} {   .mfb
(p23) add r8=1,r8

nop.f 0
br.ctop.sptk .b1_2 ;; // stop

}
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Second Example – Word_Count 6/16

#include <xmmintrin.h>
#define FALSE 0

int word_count_3(__m64 *buf64, int size) {
int count, n;
unsigned char c, *buf;
int prev_was_letter, this_is_letter;

buf = (unsigned char *)buf64;
prev_was_letter = FALSE;
count = 0;

for(n=0;n<size;n++) {
c = buf[n];
// Map c to upper case by zeroing bit 5
// And replace a comparison by a subtraction
c &= 0xdf;
c -= 'A';
this_is_letter = (c<26); // Modified case test
if(this_is_letter && !prev_was_letter) count++;
prev_was_letter = this_is_letter;

}
return count;

}
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Second Example – Word_Count 7/16

.b1_2:
{   .mii
(p16) ld1 r35=[r3],1
(p17) add r36=-65,r38
(p18) cmp4.gt.unc p20,p21=26,r39

} {   .mmf
(p23) add r8=1,r8

nop.m 0
nop.f 0 ;; // stop

.pred.rel "mutex", p20, p21
} {   .mii
(p20) cmp4.eq.unc p22,p0=r34,r0
(p16) and r37=r35,r2
(p17) zxt1 r38=r36

} {   .mmb
(p20) add r33=1,r0
(p21) add r33=0,r0

br.ctop.sptk .b1_2 ;; // stop
}

6.603.683.303.01

MemL3L2L1

6.603.683.303.01

MemL3L2L1
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Second Example – Word_Count 8/16

#include <xmmintrin.h>
#define FALSE 0

int word_count_4(__m64 *buf64, int size) {
int count, n;
unsigned char c, *buf;
int prev_was_letter, this_is_letter;

buf = (unsigned char *)buf64;
prev_was_letter = FALSE;
count = 0;

for(n=0;n<size;n++) {
c = buf[n];
c &= 0xdf;
c -= 'A';
this_is_letter = (c<26);
// Bit logic versus logic
if((this_is_letter ^ prev_was_letter) & this_is_letter) count++;
prev_was_letter = this_is_letter;

}
return count;

}
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Second Example – Word_Count 9/16

.b1_2:
{   .mmi
(p16) ld1 r39=[r9],1
(p19) xor r40=r34,r35
(p17) add r32=-65,r36
} {   .mmi
(p20) cmp4.ne.unc p22,p0=r38,r0
(p23) add r8=1,r8
(p18) cmp4.gt.unc p24,p25=26,r37 ;; // stop

.pred.rel "mutex", p24, p25
} {   .mii
(p24) add r33=1,r0
(p16) and r35=r39,r2
(p17) zxt1 r36=r32
} {   .mmb
(p25) add r33=0,r0
(p19) and r37=r40,r34

br.ctop.sptk .b1_2 ;; // stop
}

7.674.444.124.01

MemL3L2L1

7.674.444.124.01

MemL3L2L1
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Second Example – Word_Count 10/16

#include <xmmintrin.h>
#define FALSE 0

int word_count_5(__m64 *buf64, int size) {
int count, n;
unsigned char c, *buf;
int prev_was_letter, this_is_letter;

buf = (unsigned char *)buf64;
prev_was_letter = FALSE;
count = 0;

for(n=0;n<size;n++) {
c = buf[n];
c &= 0xdf;
c -= 'A';
this_is_letter = (c<26);
// Bit logic versus logic
// and remove the if
count += ((this_is_letter ^ prev_was_letter) & this_is_letter);
prev_was_letter = this_is_letter;

}
return count;

}
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Second Example – Word_Count 11/16

.b1_2:
{   .mii
(p16) ld1 r42=[r9],1
(p17) add r41=-65,r36
(p18) cmp4.gt.unc p21,p22=26,r37
} {   .mmf
(p19) xor r40=r34,r35
(p20) add r39=r32,r38

nop.f 0 ;; // stop
.pred.rel "mutex", p21, p22
} {   .mii
(p21) add r33=1,r0
(p16) and r35=r42,r2
(p17) zxt1 r36=r41
} {   .mmb
(p22) add r33=0,r0
(p19) and r37=r40,r34

br.ctop.sptk .b1_2 ;; // stop
}

6.713.693.303.01

MemL3L2L1

6.713.693.303.01

MemL3L2L1



24

EMEA HPTC Virtual TeamHigh-Performance Computing on Intel® Architecture

*Other brands and names are the property of their respective owners
© Copyright 2002-2003 Intel Corporation

Second Example – Word_Count 12/16

#include <xmmintrin.h>
#define FALSE 0

int word_count_6(__m64 *buf64, int size) {
int count, n;
unsigned char c, *buf;
int prev_was_letter, this_is_letter;

buf = (unsigned char *)buf64;
prev_was_letter = FALSE;
count = 0;

for(n=0;n<size;n++) {
c = buf[n];
c &= 0xdf;
c -= 'A';
this_is_letter = (c<26);
// Remove the & makes count all transitions, and makes count doubled at the end 
count += (this_is_letter ^ prev_was_letter);
prev_was_letter = this_is_letter;

}
// Compute real count
count = (count + 1) / 2;
return count;

}
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Second Example – Word_Count 13/16

.b1_2:
{   .mii
(p16) ld1 r37=[r9],1
(p17) add r38=-65,r8
(p18) cmp4.gt.unc p20,p21=26,r3
} {   .mmf
(p19) xor r39=r34,r35

nop.m 0
nop.f 0 ;; // stop

.pred.rel "mutex", p20, p21
} {   .mii
(p20) add r33=1,r0
(p16) and r8=r37,r2
(p17) zxt1 r3=r38
} {   .mmb
(p21) add r33=0,r0
(p19) add r35=r36,r39

br.ctop.sptk .b1_2 ;; // stop
}

6.553.663.303.01

MemL3L2L1

6.553.663.303.01

MemL3L2L1

.b1_2:
{   .mii
(p16) ld1 r37=[r9],1
(p17) add r38=-65,r8
(p18) cmp4.gt.unc p20,p21=26,r3

} {   .mmf
(p19) xor r39=r34,r35

nop.m 0
nop.f 0 ;;

.pred.rel "mutex", p20, p21
} {   .mii
(p20) add r33=1,r0
(p16) and r8=r37,r2
(p17) zxt1 r3=r38
} {   .mmb
(p21) add r33=0,r0
(p19) add r35=r36,r39

br.ctop.sptk .b1_2 ;;
}
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Second Example – Word_Count 14/16

#include <xmmintrin.h>
#include <ia64intrin.h>

int word_count_7(__m64 *buf64, int size) {
int count = 0;
__m64 c8, temp, p8 = 0;
size /= 8;

while(size--) {
c8 = *buf64++;
c8 = _mm_and_si64(c8, 0xdfdfdfdfdfdfdfdf);
c8 = _mm_add_pi8(c8,  0xc1c1c1c1c1c1c1c1);
c8 = _mm_cmplt_pi8(c8, 0x1a1a1a1a1a1a1a1a);
p8 = _m_from_int64(_m64_shrp(_m_to_int64(c8), _m_to_int64(p8), 56));
temp = _mm_xor_si64(c8, p8);
temp = _m_from_int64(_m64_popcnt(_m_to_int64(temp)));
count += _m_to_int64(temp);
p8 = c8;

}
count = (count + 8) / 16;
return count;

}
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Second Example – Word_Count 15/16

.b1_3:
{   .mmi
(p20) mov r54=r35
(p16) ld8 r53=[r9],8
(p23) popcnt r40=r38

} {   .mmi
(p19) mov r44=r35
(p21) xor r55=r36,r52
(p25) add r50=r51,r42 ;; // stop

} {   .mii
(p16) and r38=r53,r8
(p20) shrp r51=r54,r45,56
(p21) mov r36=r55

} {   .mmb
(p17) padd1 r42=r39,r3
(p18) pcmp1.lt r33=r43,r2

br.ctop.sptk .b1_3 ;; // stop
}

3.650.890.700.39

MemL3L2L1

3.650.890.700.39

MemL3L2L1
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Second Example – Word_Count 16/16

3.650.890.700.39word_count_7

6.553.663.303.01word_count_6

6.713.693.303.01word_count_5

7.674.444.124.01word_count_4

6.603.683.303.01word_count_3

7.614.634.134.01word_count_2

7.534.424.184.01word_count_1

MemoryL3L2L1function

cycles per character
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Summary – Help the compiler!
• Optimization starts with your algorithm!
• Use common sense

– Lookup tables, approximation, etc.

• Understand and avoid aliasing
– But also pointer chasing, recursion, etc.
– Use restrict keyword (/Qrestrict)

• Use (and abuse of) IPO and PGO
– IPO: Interprocedural Optimization

• /Qipo, /Qwp_ipo

– PGO: Profile-Guided Optimization 
• /Oprof_gen, /Qprof_use (*.dyn, *.dpi)

• Use compiler switches
– /O2, /O3, etc. (make experiments, then VTune, ASM)

• Use Intrinsic
– i.e. _mm_cmpeq_pi8() -> make use of pcmp1.eq, __m64, etc.
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Summary – Use the Compiler

• Push the optimizations to their highest level on modules 
giving largest contribution to CPI
– O3, HLO will invoke data prefetching, most aggressive loop 

unrolling
– Profile guided feedback + Inter procedural Inlining (pgo+ipo) work 

well together

• Use compiler reports to gain insights into automated 
optimizations
– /Qopt_report_phasephase, /Qopt_report_filefilename
– Phase = ipo, hlo, ecg (SW Pipelining), ilo, omp, or all
– Frequently doing some of the automated optimization manually and

then recompiling results in even better code
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Thank You.
developer.intel.com

http://http://www.intel.com/intelpresswww.intel.com/intelpress//

Technology Leadership
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