HZ 2

H = Al

Software

o #12 BES BiEE

Intel® Parallel Studio XE 2016

Intel 2 EQ0] 7 =4

PARALLEL

STUDIO XE

ir =
HE &3
o O B2 T M S ACHS} RIMTH T2 HME AAUSLE OfZ2|H0|M M 2A
=
o CIHME 52 FE Y S 2|0 MEY J=HE I & 4 FS 2t stst
= S ALE
. 085 Autee, 2tojEeig|, WE 2E Ay Y} HE S O{EHIO0|N, HZe|/Ad
S CHA, == o] O2|2 J|Et '—H52 =iy
| -
M 7ls
o AP HIESIE ZHE5I0 HEA ZE . HESH O{EHIO|N= EX ©HE S
Zo 24 TYO| O[LIZt FALYZ HEISS 5O R [,

« Intel® H|O|E{ Of'D2|ElA 715 2H0| 23 2] (Intel® DAAL) £ 2-&5t04 H|O|Ef OHEE]
BA et A 2'd (machine learning) T2 RAE

o MP| H{EMHA ALS SH2510{ MPI &S O

FEA (RO HESEE &4 32K
MK =2aidd Ste 2 M 22{AH M &4

« JEtHE -

T

O

=

0

A oS uE dHo] ERet AZESOE JHE S ULE ol2fet 2 ZEL0=
= A

ShOOE OfLE|ElA, 9|2 F& AZH AAN HF 2, AZEH 0| (K& SH Tt
SMEe (CFD) E= EM 0F) £ & JHX| S0l Sxlf 2t90| 2Rt &t It
AS AEMSHTL 0]0] Linux*, OS X* J12/1 Windows* 0| 7i2 =l =3 (O & 8™

GNU. XCode* £+ Visual Studio*) £0| AFE |11 QUCE

JE =z o|n| Mdsts AL AN A8 ¢+ U0, FE HA SEE M A =L
U= MOl ERsict o8 HHE AR XE'_ OIE4I®Xeon® ZZMAMet oI Xeon
Phi™ T Z 2 M MO A A St T 0| 7}2E (Core Count) 2F #IE] EHXIAFJ Z0| AS
Sotote §HE &85 EC|AOIM S E FAEANI|E HEHA & #{E O|C},



Intel Parallel Studio XE 2016

Intel If{2{2 ARC|Q XE K|C|M
Intel HE{E AR/RCI2 XE= 3 7HA Ol A5, 7 270 Zetst olc|dsS Ml & ELICt
(][ m P HES3 E3US
MEZ2 Clo{H ofdz2|ElA 2to|22{2|§ Z&tst C++ Y/ = Fortran Aot 2], HEHA
HEX of[c|M Zutdeiel eto|=2{2|E &8st e 2= Zto|Ex{2|et i 2H EE
I:lll:
=M & Ft HEXM0|C|M, J2|1 HEHA ZT2ma,
Z=2H MY oM HESE X|XNst U Ag|= T2 EELQ], 222}
AP E O 28
28{AH E F7 ZTZHMNY oo M 2 | E22AH EM
SajAH ofC|M MPI 23{AE & F7t 2 MY ofc|M JILMPEﬁi
2to|=22{2[, MPI Ofl2] A & §Y E5t

1972 HIE K[ 3 HO[O|E AH[A
HMZS FOHSIAIHE ME2 HOO|EL EE[A, 7 HE, O2(1 o|et A E XS MISs EFLICE O2(10 HME Aol £tet 7Hel A,
YA O2jn 52 E35tE 3HE BeE o+ U2, FAL AFSA AFUE 23 J2|1 AHE (self-help) 2ME Solf =4EH S0t
4otz ME dEs 28 4+ AUsLIChH
HEZX ofc|M
o YUAHE MFot= C++ 2 Fortran ALY HE &Sot= AE MALLE M5 &4
o J|E2H2Z XNFste= olchstr| #l2 HE 2 & HE st X2z ilFH2|E o (adding) 7t 3t
o Z|NMSIEQINE Ich £ &Hstet £ M 2to|E2[E 4ol TEO HE ALE
YA AN LHE
. YAE MFStE C++ O EE|H 0| HEHA
o YuhALU, JLetE X 2EAMAL EE Its
. OpenMP & Eaist B J|ul Hj2{Y 29 B8O = Y 2r4a 5t
Windows & Linux 0| A Intel C++ ALY E
N
22510 C++ OHEEH{IOW HEMHA HAE
(=25 £2
2524 4
c/c++ HupA I .24 1
Intel® C++ ZILIAU
T o o s +
O ((e] ((e] O + +
= — — = (@) O
=) o] L © ] =) o L © I
o = O o = o = O N =
> £ O 10 S > £ O 10 S
Windows Linux Windows Linux
0l & SPECfp®_rate_base2006 0l & SPECint®_rate_base2006
A geomean HEMHA SPEC* £ HIX|OH3
-

T4: Windows 5t=

HyperThreading = off; Linux St=
A Z E04: Intel C++ ZUFA 2] 16.0, Microsoft C/C++ XX 3t ZItaf 5T 19.00.23026,

HyperThreading 2 & (on) &EH.

x86/x64, GCC 5.2.0 8. Linux OS: 2| =3

201 HP DL320e Gen8 v2 (&= 42 AMH]) | Intel Xeon CPU E3-1280 v3 @ 3.60GHz, 32 GB RAM,

2 0f: HP BL460c Gen9, Intel Xeon CPU E5-2680 v3 @ 2.50GHz, 256 GB RAM,

QME{ ZE}0| = Linux A 22| 7.1 (Maipo), kernel 3.10.0-229.el7.x86_64. Windows

OS: Windows 8.1.. SPEC Benchmark (www.spec.org).



https://software.intel.com/en-us/c-compilers

AHEX ollc|M (A=)

Intel Parallel Studio XE 2016

A LS

Fortran ZIIY2]

Intel® Fortran ZL}g]

o YHE MFSt= Fortran OfZ2[AH 0|M HEHA
o Fortran & H|E, OpenMP*, 12|11 J|Et L4 &3 &5 X2
o MEFQI N EHEN A2t AE Jts
Windows & Linux0{| Al Intel Fortran ZI}YHE

& E6}0{ Fortran O4Z2|#H|0|H THEMHA BAE

o A= =O
(=245 £3

.64
(@) (@]
% 1.32 %
- -
= 1.07 | 1.09 =
o o
£ e N =
= g © E —
g 5223 |22 WE
= [ ) [ 9w =
= ow | O < < +— =

Windows Linux

S A geomean HEHA Polyhedron* #ix|At3

4: 5L =201 Intel Core i7-4770K CPU @ 3.50GHz, HyperThreading& off, 16 GB RAM. 2= I E 9|01: Intel Fortran Z4It2 =
16.0, Absoft 15.0.1,. PGl Fortran* 15.3, Open64 4.5.2, gFortran 5.1.0. Linux OS: 2| =3/ &2} 0[= Linux M 2|4 7.0
(Maipo), kernel 3.10.0-123.el7.x86_64. Windows OS: Windows 7, Service pack 1. Windows* Z It e A 2|X[: Absoft: -m64
-05 -speed_math=10 -fast_math -march=core -xINTEGER -stack:0x80000000. Intel Fortran Z{It2!24: /fast / Qparallel /link
/stack:64000000. PGl Fortran: -fastsse -Munroll=n:4 -Mipa=fast,inline -Mconcur=numa. Linux Z It 22| A ?|X|: Absoft-m64
-mavx -05 -speed_math=10 -march=core -XINTEGER. Gfortran: -Ofast -mfpmath=sse -flto -march=native-funroll-loops
-ftree-parallelize-loops=4. Intel Fortran Z Lt &: -fast -parallel. PGI Fortran: -fast -Mipa=fast,inline-Msmartalloc-
Mfprelaxed -Mstack_arrays -Mconcur=bind. Open64: -march=bdver1 -mavx -mno-fma4 -Ofast -mso -apo.Polyhedron
Fortran Benchmark (www.fortran.uk).

HIO|E] OfZE|EI AL} Al 2L
(machine learning) 2t0[E2{2|
Intel® O|O[|E{ OHL2|E|A T}
2l0[E2{2| (Intel® DAAL)

o ALZSH| 42 Eto|E22|E 2#&5t0] LSt HIo|H ofd2lElA et HAl 2{'d (machine
learning) HEHA 2AE

o Intel X HX| HALHOIAM =
o OO A2t 2td SRS Z JtX| Ad A7t (time-to-value) &=

3t
o 02 2 HstE ug ofdE|EA S| 5 S ZHRASHA MEISH0 O S 2[A0M T Azt B

= O Z A0l H HEHA NS

U 27§95 FLE
Intel DAAL vs. Spark MLLib
8
6
6x
",
L]
2
0
1Mx200 1Mx400 1Mx600 1M x800 1M x 1000
Table Si

TN 8 Intel HIO|E{ O Z2|ElA T4 210 22{2] 2016, CDH v5.3.1, Apache Spark v1.2.0; 3H= 9 01: Intel
Xeon X 2 M| M E5-2699 v3, 2 Eighteen-core CPUs (45MB LLC, 2.3GHz), .= E(node) & 256GB RAM; A A Al: CentOS

6.6 x86_64. Intel Xeon = 2 A M E5-2697 v3 7|Et 8-node Hadoop Z2{AE{0| M2 4T 3|7 (DAAL NormEqg & & vs. MLLib 8

Bh=),



https://software.intel.com/en-us/fortran-compilers
https://software.intel.com/en-us/intel-daal
https://software.intel.com/en-us/intel-daal

Intel Parallel Studio XE 2016

HEX of[c]M (A=)

24 ea

[ ESEI R
Intel® O§A HY 2j0|H 22|

A LS
A ZEZMMOIM MY w20 JHE Mol A EEE A 20|24 E]

M IZZ MM, E1 ME Z2MA, 122
(tune)st

ol =2 MMM £F

kl
|.|-|
Hu
ﬁm

. dETt IE S&E 28 De facto 7|" APIs
LN — |
DGEMM 85 &AE
Intel MKL vs. ATLAS*
5 (=2 8 £3)
Q
o Intel® Xeon® Processor E5-2699 v3
G 1500 -
[0}
<
s 1000 -
€
—
L
£ 500 - ./‘/‘/.,.—0—0—0—4—’—“—"“
(A
256 300 450 800 1000 1500 2000 3000 4000 5000 6000 7000 8000
Matrix size (M = N)
—4a—Intel MKL - 1 thread —e—Intel MKL - 18 threads —s— Intel MKL - 36 threads
—&— ATLAS - 1 thread —e— ATLAS - 18 threads —=— ATLAS - 36 threads

T T Intel O A 7S 2H0[ 2 212] (Intel MKL) 11.3, ATLAS 3.10.2; 5F=201: Intel Xeon Z 2 N[ A E5-2699v3, 2
Eighteen-core CPUs (45MB LLC, 2.3GHz), 64GB RAM; Intel Core Z 2 M|A{ i7-4770K, Quad-core CPU (8MB LLC, 3.5GHz), 8GB
RAM; 23 A H|: RHEL 6.4 GA x86_64.

njc|oiet Ho{Ef OfE2(7H0]d

|:|||:| l='§
= o =/

Intel®° S& s =2|0[E|E

o

*_T|_E|5

13

. ANEOZ OIBHIAE El 20f 3|, 0j2| HNstet WY 25, 1S

CIOIHM 28 A2l & 2

@- I%:II-_/'\_g IESHsE HE

« O[R[X[/ANE XM2|, Ho|H &%, 22t W AEY X2 E Eeet FHAst S X2

« AR SUSF XY, B Ol Z2MME s =Xt

Ag|E 2lolE 2z

Intel° 222 LI =5

_I',H
2
I
A
L]
i
OE
?..
Y
=
Uy

o EfA3 HBLS ol C++ HEE

o B o YN E, SA A
S
ot

atomic operation 2 Z&8t & El %” %“23' =5 _/.\_%
o BE2X 2|0 AAHUHEE HHOZ HE| T ZZ2MM &8

EEI|0H o2y 24
Intel® OpenMP

+ OpenMP 4.0 HEHA 2| M3 8l OpenMP 4.1 £7| A&
+ Intel® SSE % AVX X2

As) oy oyl
Intel® Cilk™ Plus

{22 E oY (adding) S ZHA BN

Fortran %] off A

Rogue Wave IMSL* 2}0[|E2{2|

. 3 7| YEE HE

. SF U FOE %‘-’.E— A LB A HELR A|ARIO| ASHSH MG ol AHY

. DEQIH 02|10 A8 ZEMAMUAMO £ H52 s HESHY A=

« 1000 7 O|& Qo #-5tu} A 2|E E8 MEZS FH|B Fortran O ZE2|H0|HE £ X| A 4
o Q9O Fortran +EO| & 7t53 It 715 (FEX ofC|Mof| =)



https://software.intel.com/intel-mkl
https://software.intel.com/en-us/intel-ipp
https://software.intel.com/en-us/intel-tbb
https://software.intel.com/intel-cilk-plus
https://software.intel.com/en-us/rogue-wave-imsl-fortran-library

T2HAME oicd

HERXN ofjc|d & ofef LHE =

Sk
=.

Intel Parallel Studio XE 2016

o HuE e HOE AMElE MSshs ME2 HOIE OfE2|E A JHE 20|28 2]
o OfZE[AHO|ME HEHAL HE[FZO £FHS & (tune) St= e

HEHA AfY = 20l

. oot THLol EE MO R HEIS Y A SsHE HE(SH Y A3 of=HIO|K
o MEZE2] &4 (Memory Leaks) 2t HIZ22| 02 AH= E0[5tH 5t= HEE|2F AB = TIHA
IMQA A UE
. SHFEHOOIE ME £E35H0{ CPU ¥ CPU Altt 5, HE|Z 0| &Y, OpenMP, tHEZ S&
£ (tune) AlZ
o HEMA HE HAMS MES| mpetsty| s Aol thell 27, ZE 2 AlZEst
. YA YO| AIEIHOIAE S XS 317 HIAE L #Z Co|E] £
Grouping: [Function!CaII Stack v]
HEHMN Z20jYUe : CPU Time by Utilizatione ™ Bl Overhead
Function / Call Stack and Spin Time
Intel® VTune™ Amplifier XE [1die [ Poor [0k Wideal @ Over -
E FireObjecticheckCollision
#func@0x1000e190 5.337s 0 | 2.020s
[=IFireQbject:ProcessFireCollisicnsRange oz 0=
[ . FireObject:FireCollisionCallback< F| 4025 [T N 0s
[ . FireObject:EmitterCollisionCheck<| 0.988s [Tl Os
Efunc@0x7545a064 4420 [ 0.675s
« F KX & ZEgh HWEH3L 0{=HEO| K2t 22 E O =HO| X
. HESR AYEES S TEUT S YR M
o HEO|OtH AL S8R HESI O A E
o HIZ2 AMA WE, FEMO| O|EY (loop-carried dependency) 2 EE (trip) 7H2E 24
o ZY NS Sallstx| 2 AYY CXRL F (tune) H MAE £ US
Sealability of Maximurm Site Gain Tasks Modehng Runtime Modehing
. Avg Mumberof  Avg. Task Type af Change Gaun Beretit if Checied
= Tasks: Duration: [ ReduceSte Doarhasd
I 1499999 < 00001 DH..“ e
HIE{S] %[ X3} U A E ZZ EEIO|E 0008 0,008 - pEEadad !
0040 0040 [ Redute Lock Qverhead
Intel® Advisor XE _sf(olq:vs@m: A?f??amum L] Redusce Lock Contention
;;x :;m ] Emable Task Chunking .50
125x 125x
Apply
U © O
I 62.8% Load Imbalance: 0.2324s g Waming b
[ #5.25% Runtime Overhead: 0.34353 v &:‘_‘:::’;:;:;;‘:""' g,
l 0.0% Lack Contention: Oz multi-threading. Suggestion:
Incresse task qranulanty/
duration, reduce task overhead,
Total Parallel Time: 0.4102s b or consider vectorization.



https://software.intel.com/en-us/intel-vtune-amplifier-xe
https://software.intel.com/en-us/intel-advisor-xe

Intel Parallel Studio XE 2016

Z2HME oIC|E(AH)

=2 2 A= Tl A

Intel® Inspector XE

AN L
AME5| 22| =4 (Memory Leaks) °f M2 2| &5 ofz] &
O/O|E{ 20|~ (Data Race) 2 W& 4EH (Deadlocks) & &#st7| 022

xl—o 4\_OIO

[x

289 oEf ARIE

Ot 2E HI2E (Out of Bounds) AAA 2 HZZ ZQIE| (Dangling Pointer) 2%

ID & &, Type Modules
EPL @

Sources

Data race find_and_fix_threading_errors.cpp  find_and |

Data race

Data race fi v—"."“ Source _

Data race fi Edit Source nd.

Data race fii = Copy te Clipboard nd.
=P2 i@ Data race w Explain Problem .

Data race w Create Problemn Report... nd.

Data race u

=2 AE ofic|d

Z2H ML oCiH U o2l L]
. HEIE B2 FHYOE oY X 7|

. MPIOfEZ|AO|ME == utstod

FHes

HIAIX] MEF QIE{H|O|A 2t0[E2{ 2]
Intel® MPI Library

24: 5

SHLEHS o ZE|AH 0| d5 7HS

o
pa
I
ol
T
N

— -

SO EM mefH 2 HAH o E2A0|Me I ds &Y
MM UE
o QUM = OZE|HOMO| QI X J|dt SHAE{OM O & Asc|z2
M5 =3 MPl 2to|=a]a]
ol BFA — X KoY, O 52 f = o SoE Z2 A
DIE|T0{9} LI 0| AIAHO| CfEt 2FBH hybrid X2
o = = = —
Intel MPI 2}l0|E2{2| 5.12 &% 24Tt M=

179271 ZZ M2, 6471 == (InfiniBand + O 22| &
ATH A (Geomean) MPI X[ HIX|O}T (=2 %

6471 £ = 0f| A
| E o) 5.ox O 2 [T~

it}

t0

N WA o
4.3
3.18
5.2
3.66
4.7
412

Spead-up ( times)
2.42

o -
1.70

4 bytes
m Intel MPI 5.1

512 bytes 16 Kbytes 128 Kbytes 512 Kbytes
MVAPICH2 2.1 m OpenMPI 1.8.5

F=%[0f: CPU: Dual Intel Xeon E5-2697v3@2.60Ghz; 64 GB RAM. 2IE{7{= E: Mellanox Technologies MT27500 Family

[ConnectX*-3]. 2= £ E 9| 04: RHEL 6.5; OFED 3.5-2; Intel® C/C++ Compiler XE 15.0.3; Intel® MPI Library 5.1; Intel® MPI
Benchmarks 4.1



https://software.intel.com/en-us/intel-inspector-xe
https://software.intel.com/en-us/intel-mpi-library

S AE HIC]|E(AR)

Intel Parallel Studio XE 2016

MPIEH I &AM

Intel®° E&[0|A M7 & =ET|

MPI OfZ2|AH0|ME Z 20t Y5t0 4
Als

=

MP| HEHA AHL2 512510 o 2 22 MPI &Y (20 32K A7HX]) 852 O WEH|

MPI| Performance Snapshot Summary intel

Apphic

1 fposson
MNumber of ranks: 32
Lised statistics: statstat, app_statint

Overview
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B Comp
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Peak memory consumpt

Mean memaorny consum
Perprocess memory usage affects the spplication
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Thig value is he application did NOT spend much tima ingide the Me|
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