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INTEL ADVISOR: INSIGHTS FOR ACCELERATION

Part of Intel Parallel Studio. Responses to the hardware challenges:

More Cores

Intel multi-core ) Threading Workflow .©‘
Wider Vectors

S 256t Intel SIMD AVX512

s s - ) VeCtor WOrkﬂOW
enabling

Memory hierarchies

) ) Roofline Workflow
complexity

More acceleration is coming...
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. P Summary  © Survey & Roofline ™t Refinement Reports O Annotation Report & Suitability Report

g v p(’ff. Why \'O
+ = Function Call Sites and Loops é |, Self Time | TotalTimew Type o >
Issues Vectonization

INIHOOY

+ O [loop in setQueen at nqueens_senal.cpp:131] 1 0.25051 5453 Scalar 0@ loop with fu

Threading Advisor — multi-core
. « | _scrt_common_main_seh 0.000s| 54535 B Function
performance and correctness design ot e

O [loop in solve at nqueens_senal.cpp:155) 0.000s! 5.453s B Scalar O loop with fun

+ Scalability, task scheduler and imbalance 7 s o M Fencion

-7 [loop in setQueen at nqueens_serial.cpp:103) 2.768s 2.768sEl Scalar € loop withm

modeling ( |
® | Elapsed time: 6215 | ¥ Not Vectorized |2

Data Dependencies “what-if" analysis T e

B Summary < Survey & Roofline  ®! Relinement Reports () Anaotation Report 8 Susitability Report

Site Location Loop-Camied Dependencies Stndes Distribution ACcess Pattern Max. Site Footpnnt
- . N . . ¥ . g ¢ ¥ . :
Scalability of Maximum Site Gain Tasks Modeli 19 Runtime Modeli g [loop in L0ive at nquéeens seralcppc] . ORAW.T AWART AWAWT No information avallable No information available No information avi

Avg. Number of Avg. Task Tyne af Fiiamge . :

Tasks: Duration: [ Reduce Site Overhead Dependencies Report | ¢ Recommendations
1499999 < 0.0001= e :

] Reduce Task Overhead 37 semidrt ooy iy o S S
0.008x 0.008x i S { Site Name ¢
0,040 0.0440x [] Reduce Lock Overhead Ml raliel site info " woive | nqueens_serialepp : :
0.200x 0.200x% 3 . S > NGUEENs_Senalepd 1nqueens senalexe

—I Tx (1499999] —I Tx (< 0.0001 SJ D REdLICEiLDCk Contenticn s SOl ngueens_seralcpd 1 ngueens_senalexe
x 3 P Write after read dependen solv ngueens senalcpp aueens seralexe
35 - [] Enable Task Chunking e e CtpmcEy " il e
125x 125x

LIEL) 8IS LUMLLXE ]

Sample Annotations

m = W @ - n o ff Locking
T = ANNOTATE LOCK ACQUIRE{}:
CPU Count Body {) B o

I 62.8% Load Imbalance: 0.2324s Warning - ANNOTATE T.OCK RELEASE ()} :

| 85.2% Runtime Overhead: 0.34955 v & Current tasks are too fine-grain, // Do-Bll Counted loops, one task
and not effective for ANNOTATE SITE

I 0.0% Lock Contention: Os rulti-threading. Suggestion: For (I = T T +4)

Increase task granularity, N s A AL dot 5
duration, reduce task overhead, ANNCTATE ITERATION TASK (task):

Total Parallel Time: 0.4102s or consider vectorization, {statement; }
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INTEL ADVISOR : VECTORIZATION WORKFLOW

Intel® Xeon® Intel® Xeon® Intel® Xeon® Intel®° Xeon® Intel® Xeon® Intel® Xeon® Intel® Xeon® Intel® Xeon Intel® Xeon
processor processor processor processor processor processor processor Phi™ Phi™ processor
64-bit 5100 series 5500 series 5600 series code-named code-named code-named coprocessor & coprocessor
Sandy Bridge Ivy Bridge Skylake Knights Corner Knights
EP EP EP Landing?

SIMD Width 128

Vectorize & Thread or Performance Dies

Threaded + Vectorized can be Much Faster Together than Either Alone <« Vectorized
& Threaded

‘Automatic’ Vectorization is Not Enough
Explicit pragmas and optimization are often required

THREADING + VECTORIZATION
UPT0 130X FASTER ON BENCHMARK

10° Binomial Options Per Sec. SP
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INTEL ADVISOR: VECTORIZATION WORKFLOW  pescmmma

Elapsed time: 501.19s . E
INTELADVISOR 2019

Summary % Survey & Roofline | ® Refinement Reports

Vectorized Loops Compute Perform... # ®/| Instruction Set
+|[=]" Function Call Sites and Loops Type : . .
Vector ...| Efficiency Gain ... VL. Self GFLOPS |FP Mask ...| Traits

izati ' *SIMD
Vectorization Advisor — AVX
. =0 [loop in gmeplusplus:simd::get_phase<float Vectorized (Body)  AVX512 119 4 6.794] FMA; Gath...
a n a lys I S to O l =17 loop in gmeplusplus::simd::transpose<fl¢ Vectorized (Body... AVX512 3.07x 16. Extracts; ...

40 loop in gmeplusplus:simd:transpose<flo Vectorized (Body)  AVX512 16 Extracts; G...

ANIT4C0Y

=0 [loop in gmeplusplus:simd::transpose <flo Vectorized (Remai... AVX512 8 Gathers; Ty..

|
|
|
~
;

[
F
F
F
F
F
F
F

3 = - =0 [loop in gmeplusplus:simd::transpose <flo Vectorized (Peeled) AVX512 8 Gathers; Ty..
° | n teg rat I O n W I t h I n te l C O m p I le r p e rf m O d e l1 #0 [loop in gmeplusplus:TrialWaveFunction:ac Vectorized (Remai... AVX512 1.17% 16 0.0571 18.0%0  Gathers; In...‘
- = O H =0 [loop in [MKL BLAS] Vectorized (Body) AVX512 16 2716.065@E> 100.0% 0 FMA
SIMD / Mask register profiling

w

Source | Top Down | Code Analytics | Assembly | ¥ Recommendations | & Why No Vectarization?

. . Inefficient memory access
c Ineffective peeled/remainder loop(s) present patterns presemw

EX p l. i C i t p rog ra m m i n g m O d e l. a.d V i S e: S h OW All or some source loop iterations are not executing in the loop body. Improve performance by moving Reorder loops

source loop iterations from peeled/remainder loops to the loop body.

- g " .
d O | fIX It? Align data r:glfgg}:\ésnainder loop(s)

Ona nf tha mamnrv arraceas in tha eniirra Innn dnas nnt start at an antimallv alinnad addrace Present

Site Location Loop-Carried Dependencies | Strides Distribution | Access Pattern | Site Name

All Advisor-detectable issues: C++ | Fortran [loop in fPropagationSwap at IbpSUB.cpp:1247] No information available 33%_ Mixed strides loop_site_60 cop trip
Recommendation: Vectorize user function(s) inside loop //a P FT*

blue color yellow: O R ons
These user-defined function(s) are not vectorized or inlined by the compiler: fraction of unit stride “fixed" stride fraction of irregular (variable stride) accesses

apollo: :common: :math: : Linesegment2d: :distanceto() accesses accesses ratio

apollo: :common: :math: :linesegment2d: : length()
apollo: :common: :math: : linesegment2d: :projectontounit() Memory AC(GSS paﬁerns RepOI't

apollo: :common: :math: :vec2d: :distanceto()

apollo: :common: :math: :vec2d: :innerprod() ID St”de Type SOUFCG Slte Name Va”able

apollo: : common: :math: :vec2d: :operator-()

<To fix: Do one of the following:

* Enforce vectorization of the source loop by means of SIMD instructions and/or cre| 174 g =1 o s mIEY

[ Target | Directive 1bv([3*m], ¥Xmax) ;
| Source loop | #pragma simd or #pragma omp simd 104 e 3 3. 11

| . —— - : v[3*m+l], Ymax);
Inner function definition or declaration | #pragma omp declare simd = 23! L

: 2 . e : by [ 3%m+?2 Zmax) ¢
e lfusingthe Ob or inline-level compiler option to control inline expansion v[3m+2], Zmax);

T 0;1 Unit stride lbpSUB.cpp:1253 loop._site_60 Ibf,lbsy
Exariph ) -289559; -274359; -14477; -13717; -13679; 723; 302519; 303279 Variable stride  IbpSUB.cpp:1253  loop_site_60

#pragma omj
int f (int x 1 3 v = Y

{

return x

INTEFEXPERIENCE DAY ' 1;53 fSwapPalr _(l‘;f‘[il*lbsitelength + 1%lbsy.nq + m + half], lbf[ilnext*lbsitelength + 1¥lbsy.nd




INTEL ADVISOR : ROOFLINE AND MEMURY WURKFI.UW

 Deep memory hierarchies

characterization and simulation e
 Visually intuitive modeling B e

« Highlights poor performing loops
 Shows performance ‘headroom’ for

each loop
* Shows likely causes of bottlenecks
* Suggests next optimization steps | E T S G« PR

Static Instruction Mix
mory:8  Compute: 13 Mixed

‘ns present

Roofline model proposed by Berkeley Lab, by Williams, Waterman, Patterson:
http://www.eecs.berkeley.edu/~waterman/papers/roofline.pdf
Cache-aware Roofline model: Upgrading the loft”
) (Ilic, Pratas, Sousa, INESC-ID/IST, Thec Uni of Lisbon)
INTEL EXPERIENCE DAY http://www.inesc-id.pt/ficheiros/publicacoes/9068.pdf {




INTEL ADVISOR : CUSTOMER STORIES

University
*THE REAL SCIENCE

schlumhepgep A:V\_%;E .‘ *g%\?gsibirsk
' ToTAL

=

» Los Alamos
NATIONAL LABORATORY
EST.1943

CGG =i GENCI
Passion for Geoscience %OAK RIDGE

National Laboratory

Sandia
National
Lahoratories
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INTEL ADVISOR : KEY SPECIFICATIONS

Processors Compilers
* |A-32 or Intel® 64 architectures  Compilers from Intel
« SSE2 or later SIMD instruction sets: e Microsoft Visual C++* compiler
Intel® Advanced Vector Extensions, * GNU Compiler Collection (GCC)*
Intel® Advanced Vector Extensions 2, e Other compilers that follow the same standards
Intel® Advanced Vector Extensions 512,
and more Development Environments and Interfaces
* Run as stand-alone applications
Operating Systems * Integrated with Microsoft Visual Studio*
 Windows « Command Line interface
* Linux « Python API

* macOS (viewer only, no data collection)

Programming Languages
s C

e CH++

* Fortran

INTEL"EXPERIENCE DAY



INTEL ADVISOR

Q. Intel Advisor
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https://software.intel.com/en-us/advisor




