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A Analysis Type

8 Basic Hotspots Hotspots by CPU Usage viewpoint (change) @

© Analysis Target .
& Analysis Target Analysis Type | | B8 Collection Log | [[EESIGWNERE | o% Bottom-up| | «% Calle

B Basic Hotspots Copy -
B Algorithm Analysis Identify your most fime-consuming source code. This analysis type cannot be Baused Time s
A, Basic Hotspots used to profile the system but must ither launch an application/process or
A Advanced Hotspats attach to one. This analysis type uses user-mode sampling and tracing
- Concurrency collection. Learn more (F1)

A Locks and Waits

-~ HPC Performance Characterzation (previe | Cpu sampling interval, mg; =

OpenMP Analysis. Collection Time —: 3.366

dg”g:;‘:gf;';’;;?;r“ Oan S — Serial Time (outside any parallel region) : 0.283s (3.7%)
g ¥;;né)r(vp£cﬁc§§; < 2 Anslyz OpenhdP regions Parallel Region Time 3.072s (91.3%)
A, TSX Hotspots o Estirnated Ideal Time 1745z (51 .8%)
etails
o By S atpots OperhP Potential Gain ©: 1327s (30.4%) &

~-f CPU/GPU Concurrency

-~ GPU Hotspots

-~ Disk Input and Output
-4 Custom Analysis

Top OpenMP Regions by Potential Gain

This section lists OpentiP regions with the highest potential for performance improvement.
The Potential Gain metric shows the elapsed time that could be saved if the region was
optimized to have no load imbalance azsuming no runtime overhead.

CpentdP Region OpentdP Potential Gain £1] OpentdP Region Time
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Top OpenMP Regions by Potential Gain

This gection liste OpenMP regions with the hishest potential for performance mprovement.
The Potential Gain metric shows the elapsed time that could be saved if the region was
optimized to have no load imbalence assuming no runtime overhead,

OperfdP Region OpeniP Potential Gain %) OpenhdP Region Time
Function 7 Call Stack Effective Time by Utilization Spin FidFrinesbornperalel it ramek a072s

Oidle @ Poor Ok @ deal B Over

Imbalance or Serial Spinning (OpenP)

P FindPrime
b _kmp_join_call Oz 1.23=
» _kmp_fork barrier Oz 1.2 Top OpenMP Resions by Potential Gain

Thiz section lists OpenhdP rezions with the highest potential for performance improvement.
The Potential Gain metric shows the elapsed time that could be saved if the region was
optimized to have no load imbalance azzuming no runtime overhead.

OpentdP Rezion OpentdP Potential Gain (%) OpenhdP Region Time
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15 def main():

16 logging.basicConfig()

17 start = time.time()

18 doLog()

19 stop = time.time()

20 print('run took: $.3f' § (stop - start))
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PCA Performance Boost
Using Intel® DAAL vs. Spark* MLLib

5 7X
ex 6X

2 ]

0

1M x 200 1M x 400 1M x 600 1M x 800 1M x 1000
Table Size

‘Configuration Info - Versions: Intel” Data Analytics Acceleration Library 2016, COH v5.3,1, Apache Spark® v1.2.0; Hardware: Intel” Xeon™ Processor E5-2699 v3,2
Eighteen-care CPUs (45MB LLC, 2.3GHz], 128G of RAM per nade; Operating System: Cent0S 6.6 x86_64. PCA nermalized input.

Software and workloads used in performance tests may have been optimized for Intel micropr rformance tests, such as SYSmark
and MabileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any of those factars may cause
the results to vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including the
perfarmance of that product when combined with other products. *Other brands and names are the property of their respective owners. Benchmark Source: Intel

Speedup
=

Corporation.

Optimization Notice: Intel’s compilers may or may not optimize 1o the same degree for non-intel microprocessors for optimizations that are not
unigue to Intel microprocessors, These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizaticns. Intel does not
guarantee the avalability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel
Microprocessor-dependent optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel
microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more infarmation
regarding the specific instruction sets covered by this notice. Notice revision #20110804 ,




127 I)L° DAAL Wi EEE

Java ROV R—IRO—REBETH.

= Java.Python, C++ SIS ISR Ut

ALGORITHMS

. MACHINE LEARNING o Bu SUNMARY STATISTICS




'f/T)l«® MKL ICIENIS N f=1%sE
A= Za—F)L - RYrT— 7(DNN)

= ABEDRHEZIRML Bz OB EE S X T 4
= BOHDNDEICDITEN. FNENTERZNIEZ LT

ERDZa2—F )L XybT—UTIIHIMBEZHRZ D2VEN HS
BN Z DERZRE — ABD N HDRHEHRZ S

Deep Learning

DNN TIEOVE2a—2—B B I HIMBEXZZFH TN TETS

Bl H DERERH - YO BN XD EFE
I .

AAGEEIER>LOTAARESL WV I X EZER
*ﬁ?‘él\/‘\/\‘\/—ﬁioﬁgfﬁLlﬁb\'rﬁﬁﬁ%ﬁﬂ? HE8: NTT DATA (A& 93T AR OE S R XER)

(http://www.nttdata.com/jp/ja/insights/trend_keyword/2013110701.html)




DNN DEEICERAINSI—RRINEIL—LD—2

L]
- alre
L]
\ N Caffe Caffe
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, 4 — / D Deep learning framework Caffe is a deep learning framework made with expression, speed. and modularity in mind. Itis

by the BVLC developed by the Berkeley Vision and Learning Center (BVLC) and by community contributors.
: ‘Yangging Jia created the project during his PhD at UC Berkeley. Caffe is released under the BSD
7 I/ — ! : I ’ — Created by 2-Clause license.
Yangging Jia
Lead Developer Check out our web image classification demo!
- E{% E &‘ Fﬁ 3— 5 Evan Shelhamer
(B 15K B amk Uy Etites

-~ — “ > ; i ;

-~ Expressive architecture encourages application and innovation. Models and optimization are

— 1 — J 4 % % defined by configuration without hard-coding. Switch between CPU and GPU by setting a single flag

to train on a GPU machine then deploy to commaodity clusters or mobile devices.
Extensible code fosters active development. In Caffe’s first year, it has been forked by over 1,000

developers and had many significant changes contributed back. Thanks to these contributors the
framework tracks the state-of-the-art in both code and models.

— AY V4 A N W4 AY V4
W S ® Speed makes Caffe perfect for research experiments and industry deployment. Caffe can process
a ( ! / J i over 60M images per day with a single NVIDIA K40 GPU*. That's 1 ms/image for inference and 4
ms/image for learning. We believe that Caffe is the fastest convnet implementation available.

Hi B8 http://caffe.berkeleyvision.org/




Y7 JL° MKL (DNN BE

Caffe/AlexNet performance on 2-socket o 2 O O) MEE % r%_ ﬁ{ t

Intel® Xeon® E5-2699 v3 processor-based system

> NIUN)Lbeas{bic kD,
FEIAEC—-ROHEL
> BFEONEIE—RO&E

Out-of-the-box  m Intel Optimized

75

Performance, images per secand
. _
3

Training Scoring

Configuration Info - Hardware: Intel® Xeon® Processor ES-2659 v3, 2 fourteen-core CPUs (35MB LLC, 2.3GHz), Intel® Turbo Boost N A/_\ \
Technology off, Intel® Hyperthreading Technaology off, E4GE of RAM; Operating System: « =axBE_E4: AVX 2 ,LX o) pp -lj \/ I\ 5

Softwmre and workloads used in performance tests may have been cptimized for performanie only on Intl microprocemors. Ferformands tests, sich as5¥Smark and

MobileMark, are measured using specific omputer systems, components, software, operations andfunctons. Any change to any of thos factors may cause the resuis o 79D t W .|j. % .|j. I\
wvary. Wou should consuit other information and performand tests to assist youin fully evaluating your contemplated purchases, induding the performane of that produt / — i
whan comibsined with other producs. * Other brands and namasars the proparty of their raspactive cwnars. Benchmark Soure: intel Corporation

Smization Notice: InteFs compil ot may not cptimize to the =me degree for non-intel microprocessors for optimizetions that are not unigue to Intel N 42
microprocessors Thess optimimticns include SSE2, SSE3, and SS5E3 instruction sets and other optimizstions Intel does the svsilability, funchioneity, or ( H asWe l l _LX IF)
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lloap at stl_numeric.hi247 instd .. [] @ 1Assumed dependency... 015051 0.150s1 49 Scalar B wector dependence preve .. N
< B - : - >

Source W g
Line Source Total Time LoopTime | % |~ IlE I:”-'It L 4
3504 forttime_ (stl);
S g1 i AVX |-60% |8
3506 B for (nl = 1; nl <= i_ l; +nl) 00105 1
[loop at loopstl.cpp:3S06 in s273_]
No loop tramsformations were applied
Ay f100p | 4

pi <=1 : ) 0.0105 | 01605 |

[loop at loopstl.cpp:3509 in s273_]
Vectorized AVX Loop processing Floatd2; Float6d; Intd2 data typeis) having Inserts; Extracts; Hasked St
Selected (Total Time): 0.0105 v
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Loops ‘ L]

| Where should I add vectorization and/or threading parallelism? &

summary B # Refinement Reports B MAP Source: Driver.c

Vector Issues

Intel

& Annotation Report /] Suitability Report

v & Some target modules are compiled with inline debug information disabled
Suggestion: rebuild the modules with the /debuginline-debug-info option enabled.

=) [Fopsed e o) [ERTT] [T

FILTER: | All Modules ~| |All Sources v

Self Time~w | Total Time

Vectorized Loops
Vector ISA
S5E2

| Gain Estimate | VL (Vector Length)
| 2.85% 2
1.42x 2

Instruction Set... ]
Traits | Data T...

Float22...
Floate4 ||

A

| Efficiency
[~100% _

V.
Loop Type ‘ Why No Vectorization? }v
Si

ect... | Effidency | G

S0 [loop in matvac at Multiply. ...
=0 [loop in main at Driver.c:145]

4

Source v

Line
£

[leop in matvec at Multiply.c:55] [ @ 2 Assumed de..

[0 | ¢ 1 Assumed de..

Source

102405 @EED 102405 @B Vectorized:... 8 1 vector

>=100%: Achieved Vectorization Efficiency
Achieved Vectorization Efficiency = (Estimated Gain/Vect
Estimated Gain = 2.85x
Vector Length = 2
Orange color = Achieved vectorization efficiency is higher
for original scalar loop

A This simplified formula does not account for additional spef
microarchitecture or ISA code generation

a3 int iz

a4

a5 for (1= 0: 0 < sizel;
45 blil = 0;

47

i) {

NEFERE I8

A5 VEREL—F 32/t

~ (50%): Reference Efficiency for original scalar loop
Reference Efficiency = (1x/Vector Length) * 100%
] (100%): Theoretical Maximum Vectorization Efficiency
Maximum Vectorization Efficiency = (Theoretical Maximu
Theoretical Maximum Gain = Currently selected Vector L{
Selected (Total Time):
R

0.0635

>=100%: Achieved Vectorization Efficiency
Achieved Vectorization Efficiency = (Estimated Gain/Vector Length) * 100%
Estimated Gain = 2.85x
Vector Length = 2

™ Orange color = Achieved vectorization efficiency is higher than reference efficiency
for original scalar loop

/M This simplified formula does not account for additional speed-ups related to
microarchitecture or ISA code generation

« (30%): Reference Efficiency for original scalar loop
Reference Efficiency = (1x/Vector Length) * 100%

2l (100%): Theoretical Maximum Vectorization Efficiency
Maximum Vectorization Efficiency = (Theoretical Maximum Gain/Vector Length) * 100%;

Theoretical Maximum Gain = Currently selected Vector Length = 2
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10 for (1=0; 1i<NUM; 1i++) { 1 wvoid addvec (int num, float
- 1757 — ﬁa’— 11 ali] = 1%10; *c, float *a, float *b)
I S . .
ROFIREIELDD K | & i oo
_ 14 for (j=1; J<NUM; J++) { 4 for (1=0; i<num; 1i++) {
Lg_ﬁ{ﬁ?%ﬁ{%b &éb\ﬁﬁﬂlb\ 15 aljl = alj-1]1 + x; 5 c[i] = ali] + bl[i];
16 } 6 }
LE¥J, 70
Loops ‘ & | Vectorlssues Self Timew Total Time Loop Type Why Mo Vectorization?
[Ea[s] [leop in fCalcinteraction_ShanChen at IbpFOR..., 1 % 1Ineffective peeled/remainder loop( .. 0,854 0.894<) Peeled/Remain...
[loop in fGetSpeedSite at IbpGET.cpp32i] [ | & 2Ineffective peeled/remainder loop(.. 0.756; 079650 Vectorized (Bo.. ‘
4|0 [loop in fPropagationSwap at IbpSUB.cpp:13.. [| @ 2 Assumed dependency present 0.673s 1.988s0  Scalar B vector dependence preve...

Issue: Assumed dependency present
The compiler assumed there is an anti-dependency (Write after read - WAR) or true dependency (Read after write - RAW) in the loop. Improve performance
by investigating the assumption and handling accordingly.

() Recommendation: Confirm dependency is real Confidence: ¢ Need More Data
There is no confirmation that a real dependency is present in the loop. To confirm: Run a Dependencies analysis.

e 10




17 JL° Advisor Ic&B TR /N1 XKERE

Issue: Assumed dependency present
The compiler assumed there is an anti-dependency (Write after read - WAR) or true dependency (Read after write - RAW) in the
loop. Improve performance by investigating the assumption and handling accordingly.

(>) Enable vectorization
Potential performance gain: Information not available until Beta Update release
Confidence this recommendation applies to your code: Information not available until Beta Update release
The Correctness analysis shows there is no real dependency in the loop for the given workload. Tell the compiler it is safe
to vectorize using the restrict keyword or a directive.

ICL/ICC/ICPC Directive IFORT Directive Outcome
#pragma simd or #pragma omp simd | IDIRS SIMD or !SOMP SIMD | Ignores all dependencies in the loop
#pragma ivdep IDIRS IVDEP Ignores only vector dependencies iwhich is safest)
Read More:

e User and Reference Guide for the Intel C++ Compiler 15.0 > Compiler Reference > Pragmas > Intel-specific
Pragma Reference =
o ivdep
o omp simd

TA)7 AUKBDEEBROABEMEN RIS b ZHIT TLWBIEE.
1> 7 JL° Advisor |FEIERZIRHELF T,
ZZ Tl #pragma simd *° #pragma ivdep DERAEIREINEL 7=

Optimization
N 1l




XEY= TR INF2—2fRT

and/o eading = r3
i D
x Survey Report S\ ‘

Elapsed time: 8,525 || Wectorized || Mot Vectorized | FILTER: |Al
Function Call Sites and Loops & | @ Vectorlssues Vectorization?
=Y [loop at fractal.cpp:179 in <lambdal>zop... ' 4 High v 5 12,020s @8 Collapse Collapse

oop pp bd o | d 8 o d (Bod

1+ [loop at fractal.cpp:179 in <lambdal>:o... ' 2 Data type co... 0,000s | 0,163s| Peeled

1O [loop at fractal.cpp: 179 in <lambdal=zo... ¥} % 2 Datatype co... 0,000s | 0,576s1 Remainder
i+ O [loop at fractal.cpp:177 in <lambdal>zoper... [ ' 2 Datatypeco.. 0,010s1 12,030 B Scalar
€

2.2 Check Memory Access Patterns

i ——— [Check Memory Access Patterns] ZfEFEL T.

acc mar

reported problems. X:EU—°77‘[ZZ * /\C)Q—\/%ﬁ@*}ﬂzijo
=]

Command Line
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Loops Vector Issues

DI TlE 84% A IEA=vr I
SRR IN == B &A%

Vectorized Loops
Vector ISA| Efficiency
[loop in fGetEquilibriumF at IbpSUB.cp... ¥ 2 Inefficient memory access patterns present  AVX ~56%% S f A y L - Jj E a 5 — t
-
O [loop in fPropagationSwap at IbpSUB.cp... & 2 Assumed dependency present tru Ctu re O rra x —
) [loop in fSiteFluidCollisionBGK at IbpBG ...

J [loop in LO_OUTPUT]
40 [loop in fSiteFluidCollisionBGK at IbpBG ...

[loop in fCollisionBGK at IbpBGK.cpp:840] = @ 1 Ineffective peeled/remainder loop(s) present AVE @
[loop in fGetOneMassSite at IbpGET.cpp: ... @ 1 Ineffective peeled/remainder loop(s) present AVE ’ﬁt
¥ Recommendations | & 16% /84% /0% Mixed strides " I
= 16%:percentage of memaory instructions with unit stride or stride 0 accesses
Unit stride (stride 1) = Instruction accesses memory that consistently changes
There is a high of percentage memory instructions with irregular (variable or random) stride a D e e =ation Folit Sration

Stride 0 = Instruction accesses the same memaory from iteration to iteration
Improve performance by investigating and handling accordingly.

7oi percentage of memory instructions with fixed or constant non-unit

D a4% f i i ith fixed i

() Recommendation: Use SoA instead of AoS Confidence: @ Low shidelaccesses

Constant stride (stride M) = Instruction accesses memory

by M elements from iteration to iteration

items that can be accessed by an ordinal index. You can organize this data as an array of Exarmple: for the double floating point type, stride 4 means the memory
structures (AoS) or as a structure of arrays (SoA). While AoS organization is excellent for ac_l;::lhress ic.iesssd by this instruction increased by 32 bytes, (4*sizeof{double}}
wiI each ieration

An array is the most common type of data structure containing a contiguous collection of|

encapsulation, it can hinder effective vector processing. To fix: Rewrite code to organize
using SoA instead of AoS.

@B 0%: percentage of memory instructions with irregular (variable or random)
stride accesses

Irregular stride = Instruction accesses memory addresses that change by an
unpredictable number of elements from iteration to iteration
Typically cbserved for indirect indexed array accesses, for example, alindex[i]]

[ gather (irregular) accesses, detected for vip)gather® instructions on AVX2
Instruction Set Architecture
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Intel Advisor XE 2016

" Where should | add vectorization and/or threading parallelism? O

= Elapsed time: 12.61s | [ Vectorized =@ Mot Vectorized EINNE Al Modules v B All Sources b4

Summary & SIS L # Refinement Reports & Annotation Report

B [loop in fGetEquilibriumF at IbpSUB.c.. | || Data type conversions present 0.355s0 0.355s1 Vectorized (Bo...
lloop in fCollisionBGK at lbpBGK.cpp: .. [ Qllneﬂ“ectwe peeled/remainder ...  0.047s] 0.0475 | Vectorized (Re... ANK
[loop in fGetFracSite athpGET.cpp:19... [] | @ 1Possible inefficient memory a.. 0.020s | 0.0205 | Vectorized Vers... ANK

= AT IL® AVX TRIMUES N IR D S ERRE TUIETESIIL—7
ICTEDEL T
FENCRENIC. B OMRZHER T HETHERMREFRDHBL
MTIET,

e 23
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Parallelized  Yectorized AT AV NAF—TRE AV TILe I1/O70tyH —ICRESN AV BELICEL T it o0
. . Oty H—AICAZEORBILZTIHRVIEDBOET  CHUlIF > TIL® RN)—Z> 4 SIMD HEERS®S 2.
_— Scalar AT IL® RN)—Z2 % SIMD AR S 3. 1> T IL® RN)—3> 4 SIMD H5E@S 3 HER DAL ORBEL
. VL | e cingeTveas DZELET A>T UG AT 1 ZOF Oty H —ICBL T WD R ZREL ORI A F13RER
S = SingleThead  Scalar HVLFEE A ARROT /07Oy Y —KEORE L. 1> TIL°e 1070ty —TOEB%EH
— .~ RELTVET AV TIL RMIO7 —F T I Fv—ICRESNAVRELDAHNCD. AV TFILe *1o070
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2000 o9 o0 o2 2om3 TrLY R HAREBRL TS
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1T ILIATORIEE,
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