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= Compilers:

= Hardware

compilers on Windows*, Linux* and Mac 05*X operating systems as measured using the Spec2006 benchmark.

= For more information about the SPEC2006 benchmark, visit www specongit

Performance tests and ratings are y
tests. Any difference in system hardware or software design o configuration may affect actual performance. Buyers should consult other sources of information to evaluate the
performance of systems or components they are considering purchasing. For more information on performance tests and on the performance of intel products, refer to
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This graph shows how Intel compilers can provide impressive performance improvements over leading
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“Using the Intel Math Kernel Library on
the Surfit surface fitting program, | was
able to get 15-20% speedup on a single
processor Pentium 4 system and 30%

speedup using two threads on a dual-
core Pentium system”

M.V. Dmitrievsky
Surfit Author

1
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2 MEK'! Fourier .| Statistical

Applications

Intel® Math Kernel Library

Linear Algebra
9 Fast Vector

Transforms || Li Library'

¢ Sparse Sohlers'
v ScalAPALK 2

- \] Tshared Memary (SMP)
] 2pistributed Memory (Cluster)

Optimized Mum-Core Performance
on shared & distributed memory systems
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“I recently compared Intel IPP to the open
source library zlib. | observed a
considerable performance improvement
(at least 10-15%) using IPP compared to

zlib on the latest Intel processors. I've
concluded that we should migrate our open
source part of the project to utilize IPP"

Vadim Kavaleroy
Investment Analyst
Susquehanna International Group
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Digital Media lf Web/Enterprise Data || Embedded
Scientific/Technical
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| Intel® Integrated Performance Primitives
Free Code Samples
15 Function Domains
Images and | Communications & Data
Video Signal Processing Processing

« Signal Processing + Data
¥ Rudio Coding Compression

v JPEG/|PEGZO00 f v Cryptography
¥ Video Coding v ¥ Siring processing
¥ Computer Vision Cogn ¥ Matrix f Vector
¥ Ray-Tracing / 4

Rendering
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“We're excited about the potential of
Intel* Threading Building Blocks to bring
scalable performance automatically,

without requiring us to update our code
to support the latest multi-core processor,

Gerry Hawkins -
Maya Team Leader
Media & Entertainment
Autodesk

| Application Seeking Multi-threaded
Performance and Scalability

Intel® Threading Building Blocks
Highly Optimized C++ Templates for Parallelism

Parallel Thread-safe Low Level
Algorithm Concurrent Threading
Templates Containers Functions

" parallel for ¥ hash maps ¥ scalable memory
reduce ¥ gueues allocator
« scan (prefix) v vectors ¥ synchronization
" while primitives
in ¥ global time
stamp
¥ task scheduler

Optimized, Scalable
Multi-Core Performance
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a1 5— 10.0 DRFTLIIDIREE (SV)

_ . $ cat -n main.cpp
ARATA9I DIRFEEE (L, O AL ET= (X 1 #include <iostream>
'J:J7E#(:~ 77°'J’7'T:/3>é{$(:5_ﬁf)\ a— 2 int foo(const char *);
Y—O—FRNDIEIFTLEFEEGOEEHEEL 3 int main() {
FELTWAEFZEHETE 4  char*y=NULL;
* C++ B&U Fortran A—H—I2k3B%. £LT. 2 f:dr%czg;.« fooly):
AEY=THoRR, Iy IT7—F—1\—o0—, 71 '
OpenMP* #AREIZDL\TD T/ \wT EHHR—k

* OpenMP APl B&UT—HEFEDOHBEEZRR $ cat -n test.cpp
1 #include <string>
2 int foo(const char * widget) {
W/ HREAREIZES>TD AW 3 return(std::strlen(widget));
— 200 L L OBENGI—T 0T - T5—%FRH 4}
—  C/C++ B&U FortragEEEU)%%ﬁEéIEL(l—*f—l:
M453%.1(B): OpenMP EEF) $ icc -diag-enable sv3 main.cpp test.cpp
LREAREFICE>TD A YR & QA: main.cpp(5): error #12143: [SV] "y" is
- RESR#BLIS—EHRE B 24TIR DHEShTY uninitialized
ENEH) N - L test.cpp(3): warning #12086: [SV] header-file
- %?%fggf%-fﬁ%?%ﬁgé’gé; TIFES ORM containing the declaration of intrinsic "strlen"
should be included or forward declaration is
wrong
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a2/ (45— 10.0 O Mudflap HHR—Fk
BRRERAA—DRIEIL. AV (S5—IZ&YA 2V RRIL AV RSN,
Ny TF—F—N—JO—OREHRE—TDEREHEET .,

t -n of-calc. . .
$ cat -n of-calc.c $ icc —o t-mudflap of-calc.c of-main.c -fmudflap

1 #include <math.h> —Imudflap
2 void calcSqrt(double *a, int N){
- . . $ ./t-mudflap
3 for (int i=1;i<N;i++) R,
4 a[il=sart( (double)i ); mudflap violation 1 (check/write):
5 return: zlirznee_:81177545175.621017 ptr=0x7fff5bc461d0
6} pc=0x2aaaaaae74al location="of-calc.c:4
$ cat -n of-main.c (calcSqrt)"
1 #include <stdio.h> /usr/lib64/libmudflap.so.0(__mf_check-+0x41)
2 void calcSqrt(double *a, int N); [Ox2aaaaaae74al]

- - /t-mudflap(calcSqrt+0x8a) [0x40187c]
3 int

int mainQ) { /t-mudflap(main+0x3b5) [0x401c5d]
4 double a[10]; Nearby object 1: checked region begins 1B after
5 for (int i=0;i<10;i++) { and ends 8B after

. . mudflap object 0x136ad320: name="of-
6  a[i] = (double) i; main.c:4 (main) a‘
7 3} bounds=[0x7fff5bc46180,0x7fff5bc461cf]
. size=80 area=stack check=0r/10w liveness=10

8 caleSart(a.11); alloc time=1177545175.621003
9 return O; pc=0x2aaaaaaebfcl

10 }
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HPO — NA/RD+— 2R 1\5L )L - HPO [2/$74—=

— R EIZTOYTIL
AITTARAY BEUASLILESR
IA32/4TFIL® 64/ 1A64 S RT LRITOEH LLNVAISLSAH— DIL—T#F L

BLURGSAH— =t5

* LUTOATLav%EER
-03 —Q[a]x[P,T,N..]
-parallel —O3

* FoKHFHLWLWTH AL —HLO DEDRIRSAH—
(ML= RE 1D XS —T D)
— 1A32 BLUVAUTIL® 64 SRATFLTIL—TEHLE
AL, NUMILE, £=1E. IPF TA—KRT7AERL,
* BFRELEDOLYRWEEER
s FiEltEIN-T)T7ILa—RXYELEN-IFIE
* KYUBMEBMLTILFALYR-a—F
* b —TEH
* 1 DI T=RIMVE LR FHEDARMETIL
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HPO Dl
b LR— (REER)

subroutine matmul(a,b,c,n)
real£8), dimension(n,n) - - B"l':lRtR"lLLll_lEfLQIOZ(ES% (col. 7) : OpenMP DEFINED LOOP WAS

High Level Optimizer Report (matmul_)
matmul.f90(4): (col. 1) : LOOP WAS VECTORIZED.

c=0.d0 14 matmul.f90(7): (col. 3) : PERMUTED LOOP WAS VECTORIZED
'$omp para”e| do 15 LOOP INTERCHANGE in loops at line: 7 8
. Loopnest permutation (123 ) -->(132)
do i=1,n 16
do j:1,n 17 Block, Unroll, Jam Report:
(loop line numbers, unroll factors and type of transformation)
do k=1,n 18
- .. . . Loop at line 7 blocked by 111
c(j,)=c(,H+a(k,D)*b(j,k
(‘I ) (J ) ( ) (J ) Loop at line 8 blocked by 111
enddo Loop at line 6 blocked by 111
enddo Loop at line 6 unrolled and jammed by 4
enddo Loop at line 8 unrolled and jammed by 4
end
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#LLY C++ Hlst
EoLHLLI T L

BRBESN=ARBBRRICESO T, JUBLDRBEILDAIEEMEFIRH#:
* mMLELfz EH R
* EH IZ&kYmELIzA>S51 2 BR
* mELF= EH &IHZA—ETIL
* MLELI-RBEIEDATEEHS, ERDEBED LG LRTIERBIEANE SN BEARGE
* gcc* C++ [TRLTRLLIza—FH A X/T—EH 14X
* KYBLDAFED ATREN
* HLWLWA T3z -f[no-]exceptions
— FE2— | R(yFELTEA
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Fortran — 2003 Dk

* C LOEBMMRRE
(A AHBEHES2—)L 1SO_C_BINDING LU BIND(C) EH)
- BEMHOBWEEERET TV r—ar OERETREIC

e ISO_FORTRAN_ENV #i#AA#BEHES1—IL
— BHEMOEN:-O—T 1T 2XiE

- EFEH#A 170

— EXLGLT—2DHEHAA . EEHLIUFAN LN TA—IVADMRA L
e std03 FI+ILbATay

— Fortran 2003 3R#&HFIS D2 H

- TRTSR—DEENEET VT HEMDHRE
(GEMIL, V) —R/—rESBLTZEW)
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A2TIL® C++/Fortran aA>v/\{5—

BE{ELR—b

j—(ib<EEE':E%ﬁj_éo)(:M\§t T Meon Mar 26 17:03:08 2007 - Sampling Results [127.0.0.1] - X =0
RERE Rt SHzzz= @ Gl &% W D E

Line Instructicns

o« W\OaAUSAT—A BIREANT-E | meer s
EhmEibEEZR L=, F-ELE |, T —

for(3=0;3<NUM; j++) {

b\of:h\éﬁa— or (K DUM; )
c 91 = e[i] [3] + alil (kK] * blk] [i];

hd 770IJ7_:/3>0)5>9’{A./< (4] e (<] [ [»] (4] [ D
7T—7>Z§ﬁiéﬁé%'ﬁ§§§fﬂu Size Tame Clockticks | DSETUCELONS | o)yt icks per Instructions Retired (CPT)

Retired

- Selected R... 37.52% 37.36%

hd 4)7__)|/® VTune™ /\077]__7> 1H1ti'1=.= d 0 3
Z'Tj‘%’f"j'_ Linux> Hﬁ':;[’)s Console | ™I Opt Report =
a—KH D hotspot (BT B Ay a hpo_threal - |

t_:)él\’f§4’}‘ fhome/dlanders/src/autop/multiply_d.opt

HPO Threadizer Report (multiply_d)

multiply d.c(8:2-8:2):PAR:multiply d: loop was not parallelized: existence of parallel dependence
multiply_d.c(11:4-11:4):PAR:multiply_d: proven FLOW dependence between c and a.

proven ANTI dependence between a and c.

multiply_d.c(9:4-9:4) :PAR:multiply_d: loop was not parallelized: existence of parallel dependence
multiply_d.c(11:4-11:4):PAR:nultiply_d: proven FLOW dependence between c and a. 3

(KX [ [r)
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VTune™ 7ZF+354H¥— Linux™ it
TN S—IFERER T

L L® s, S, ¥
1. /r/T)[/ :I//\/rj —c://\/r I Mon Mar 26 17:03:08 2007 - Sampling Results [127.0.0.1] ] 3 =08

L
/ EETLTE X fifél@'@"e‘el
2. 412TIL® VTune™ 7+54 s

-

q Inst ti
H—%#MAL T, hotspot Zi&t |"™" Clockticks | I
’ 8 For (1=0; i<MNUM; i++) [ 0.06%
1.05% 0.83%

Y—ARE21—Ta—F{T%#ER :
4. ATEFNETAAVEIYIL e
T AV A5—DORBILLR—+
ERT

[ [+) [«] [ [+)

Size Hame Clockticks InsRi-:;\:Aic::dms Clockticks per Instructions Retired (CPI)
°e__ — L 8= Y
5- I/TI_\ Flh* J\ lm\Eéné{&ﬁ IE - Belected R... 37.52% 37.36%

ARETIV (S HFEZE
Thiahot=CEAVHIER

6. KEENLZLEDLMNOTNNDIES
[%. OpenMP* X ZEHE A

100.00%

ole [ Opt Report 22

_

Jhome/dlanders/sre/antop/multiply_d.opt

—_ - S

7 ) J: L) = Enﬂglj ‘/7 I\l'b ITfJ\j-E HPO Threadizer Report d)

E‘Z multiply_d.c(8:2-8:2) ' PAR:multiply_d: loop was not parallelized: existence of parallel dependence

multiply_d.c(11:4-11:4) :PAR:multiply_d: proven FLOW dependence between c and a.
., = S 3

8_ 4/7-)b® Zb\y[\a'-l\yj)—'cn proven ANTI dependence between a and c.

o =z multiply_d.c(9:4-9:4) PAR:multiply_d: loop was not parallelized: existence of parallel dependence

Sow =.

/‘Ja’éﬁﬁu:c\ multiply_d.c(11:4-11:4) :PAR:multiply_d: proven FLOW dependence between c and a. -

(] [ [+]
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e BMMARBIEHEBICKY. /OTILITEIZMTIZ
= DY \47—36‘060‘"547“5')—0)3'2%
*SATI)—BIVaAVINA5—(LEIZkYT
e C++ HiFlk: A1TIL® RALYTAVT -EILTA2F-T0OY
I C++ BRDREIF—FR(C
e Fortran: En-#tkae
e MZ<DIETE R HEE

Yto—LYBLRKDU=/Z17FT,
SHB R F 2 FEH 5L <S/=S0: www.intel.co.jp/jp/software/products/
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o &2 Express your Parallelism with it
Compiler ® - . ags Comri
Intel® C++ Compiler Professional Edition S
Source Code = é
.l @
Intel® C++ Compiler Professional Edition Threading
Intel* C++ Compiler Intel® Threading Intel® Integrated Intel® Math Building Blocks
_ _ p Building Blocks Performance Primitives Kernel Library
;;L%ZI‘J __:E’ E@J}E Optimization & Threading C++ Library Optimized Functions| Optimized Functions — q
Gt :;7\)}} OpenMP*, for Parallelism for Multimedia For Math Processing === a
S—I%. 84D Auto-Parallelization, Viectorization, | Parallel Algorithms, Audio, Video, BLAS, LAPACK, et intel
Mac OS* X PGO, IPO & HPO Optimization Containers, Imaging, JPEG Sparse Solvers, :;ne rated
- . Synchronization Speech, Data Fast Fourier erformance
E’??_f LSS Security Primitives Compression Transforms, Primitives
° Stack frame runtime error checking MTask 5‘:;’“”'::' Sig;]:nal :roces:ing Ue;tc; ":Iath» ‘
. . Static verifier for buffer overflow emory Allocation ryptography atistics P
zEZ;;;?jlz v and OpenMP AP verification o i
Wji-ndows;l”lﬁ& GNU Mudflap (Linux* / Mac 05%) =
lel
Lin UX*uﬁﬁ( | | Intel L—‘
HYET, U ".'E}Qéerne.
Highly Optimized Application
with Improved Thread Performance and Security __gﬁ.og
\_ W, -—_—:‘;': '
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A>T IL® Fortran av/8f5— - FA7zyiaFIL-T T3y

54735 —4RE
INBAUTIL®
Fortran a/X
15—, LD
Mac OS* X
BREICIFEN
TWET,

Fa7zyiari:
IFqLavizlE
Windows*}ft&
Linux*jRAH%
HYET,

Express your Parallelism with
Intel® Fortran Compiler Professional Edition

Source Code |
~

Intel® Fortran Compiler
Professional Edition

Intel* Math
Kernel Library

Intel® Fortran Compiler
Optimization & Threading Optimized Functions
For Math Processing

BLAS, LAPACK,
Sparse Solvers,
Fast Fourier
Transforms,
Vector Math,
Statistics

OpenMP*,
Auto-Parallelization, Vectorization,
PGO, IPO & HPO Optimization

Security

Static verifier for buffer overflow
and OpenMP API verification

__|
-

Highly Optimized Application |

with Improved Thread Performance and Security

Intel”
Fortran
Compiler

IMSL*
SA4TS5U—(%
r7oozyiasi-
IFq>av

IMSL R4
#MAZDH
FELTVLET,
(Windows D#)
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