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Outline

How fastis CPU?
Applicationcharacteristic
Toolsavailablein PSNC
Roofline model
Example EULAG

To Do Do To I»




o .

QPSNC‘:E’) POZNAN SUPERCOMPUTING AND NETWORKING CENTER

© e —

o Do Do Do To I»

What determinesperformance

How fast is CPU?

How fast data can be moved?

Application characteristic (CRidund or memorybound)

Performance optimization for one application may not work for the other
Running benchmarks helps to understand limitations of the hardware

Profiling code helps to understand application performance characteristic (and
limitations)
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CPUboundvs Mem-bound

Computebound¢ time to completetaskis determinedby thespeed numberof CPUs

Memory-bound - time to completetaskis determinedby the memorylatencyand/or
bandwidth

Nowadayst islesslikelyto havejust one componenbeingresponsibleor the time
requiredto completetask

Howeverstartingfrom multicore era, thememorylatencyand bandwidthbecame
important bottleneck
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How to runfaster - cache

Increasing distance from CPU = greater access time

/Example: \

L1: 32 kB, latency 3 cycles

L2: 256 kB, latency 10 cycles

L3: 8MB, latency 40 cycles

DRAM: 16GB, latency 200 cycles
DISK: 1TB, latency 1.000.000 cycles

Size of memory \ /

4 )

Cache hiti data found in cache

Cache miss i data not found in cache, thus must be copied from lower memory level
Capacity miss i cache runs out of space for new data

Conflict miss i more that one item is mapped to the same location in cache

B o aaa——

A
v
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How to runfaster ¢ cont.

Instruction
Fetch |
. . Decode
A Pipelining Execute Non-Pipelined
I Multiple stepsin oneoperation fetch, decode Clock
execute memory, write back Instruction
i Dependenciesandbranchingmayaffectthe o
pipeline S Pipelined
A Instructionlevelparallelism(superscalar T
. . . . . IF | 1D | EX MEM
I Multiple instructionsexecutedat the sametime \ F 1D | EX MEM
. . ) IF | ID | EX
i Loopunroling ©F o e
. IF | ID WB
A Multicore F D ws
IF MEM| WB
T I i Ni IF MEM | WEB
I Combinesachespipeliningand superscalars . viewi| w8 |
EX MEM| WB
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Fast andslow operations

In terms of cost

Fast andnexpensiveadd, multiply, sub, fma (fusedmultiply add)
Medium: divide, modules sqrt

Slow trans gupportin newer CPUsand GPU$

Veryslow. power

To Do Do To I»

To

Uselinearalgebra (BLAS, LAPACK) iauadh libraries(Intel MKL)
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Codeoptimization

A Usemath, BLAS, LAPAKaries(for effcient math routines, to utilize max. ofpipelininginstructions
A Efficientcodeis often not veryportable (performances decreasecamongdifferent architecture$
A Usecompilersoptimizations(but O | y6§dirhize everything
A Profileyourcode
A Useaccelerator{GPU}¥ andcoprocessorgintel Phi)
A Write genericcode+ specializedernels
MKL singlecorevsnaive | MKL (pto 28coreg vs
singlecorespeedup naivesinglecore
speedup
matrix (2048x 2048) 52x 543«
product
Cholesky(4096) 12x 190«

decomposition
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Assesingerformancec strongvs.weakscaling

A Strongscaling fixed problemsize measurespeedupwith more processors
I Example WRK climatemodellingapplication

A Weakscaling test fortime for fixed problemsizeper numberof processors
I Example LINPACK benchmarkpre efficientwith more memory

=
=)
T

Wallclock time [sec]
a’\)
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To Do o

To o

Assesingerformancec time vs FLOPS

Doesexecutiontime giveenoughinformation aboutapplicationperformance?
FLOPS/show manyfloating points operationper secondcanyour codedo?

Peakperformanceg clockrate * numberof singlefdouble precisionaddand or muls
per clockor FMA

i E.g2.0GHz * 8 FLORIlbck= 16 GFLOP/s

I Canneverbereach(dataload/ store)
Suistainedperformanceg applicationdependant
DoesFLOP/givesenoughinformationabout performance?
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Intel Xeon E5 2697 v3 ] s
Elsl2lsledl |€:]2lzledlkzelel <] 2 selolc |2

A 2.6 GHz (3.6 GHz Turbo) ANHEERHNEEE [ EHHHRGEHEE
A 14 cores AHHE S R HHHEE 2 BHHREEBHE
A Theoretical performance ~63BFlops TRE T, T2k Bl .
A Memorybandwidth68 GB/s B e I I B
A AVX2 e (st [5]¢]e ol lelsle |

o e fefs] [ e

DDR DDR

4 xdoublel [ | XXXXXXX XK |
8 xfloat | [ [ [ | XXXXXXXXXXXX[TTTT]
32xbyte [ [ [ [ [ [ [T VTP I TP PPPPLT T T TTTTTTEET]

01234567

201705-24

XXXXXXXXXXXX XXX

31
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~

221 6 YAl ¢ aathiBiiir dliczédodych

A

To Io Io

650 Gflopsonly for FMA (ang.fused multiplyado) ® & 4 <&

325 Gflopsfor the other operations
~10flops/ B

for (single precision floal) & Q &(¢) dGconstants) 2 flops, 8 B
68 GB/s, 27 G(single precision float)/s, < 9 G(double precision float)s
Vectorizationg SIMD
Multithreadingg 14 cores

201705-24

12
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Hardware performanceounters

Set ofspecialpurposehardwareregistersto store countsof hardwarerelated activities
Canhelpin spottingthe applicationbottlenecks

Allowfor low-level performanceanalysisandtuning, thoughimplementationmaybe
somehowdifficult

Examples
I Cachamisses
I Branchmispredictions
I Memorylatencyand bandwidth

o o Do Do
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Dataaccess

Acrossnodesand tomainmemory

Dataaccesdime is measuredn terms of bandwidthandlatency
Streambenchmark

Latencyisthe startuptime for memory important for short memorytransfers
Time satency+ lenght bandwidth

To Do Do To I»

To

Solution¢ cachememoryand multithreading
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bl NJtRI Al R2al(RCSKYS yI 113420
Intel ParallelStudio XE 2013 2y 2 ¢ al | R2ait LWy

A Kompilatory PARAI-I.EL
C++
C++ 11, CODpenMP4.1, automatycznavektoryzacja STUDIO XE
Fortran

Fortran IV/77/90/95/2003/2008, DO CONCURREDIenMP4.0
A Biblioteki
Intelt al 6K YSNYySt JAONINERB oLyGaStt avY]

zestaw zoptymalizowanych funkcji z dziedzin algebry liniowej (BLAS, LAPACK), traGsBmzhLlsiEcNBLUronowych, funkcji
aidlrdeaidedl yeOKs T F3FRYyASZ 601 aye oK

RogueWavet IMSLT FortranNumericalLibrary
zestaw zoptymalizowanych komercyjnych bibliotek z dziedziny analizy numerycznej oraz statystyki

(intel

LyGaStt s5Fidk 'yreedaodoa ! OO0OSEt SNIGA2Y [AONINE O6LYyGSEt 511 [0
oAbt ARGS I T 6ASNI 2n0OF Fdzy102$ pel2NidadestysS & prepbokeSshy dz Y
A1l 02t 0

Intelt IntegratedPerformancePrimitivesé Ly G §f 1t Lt t
1Sadlg FE3IA2NBGYsg R2 LINJ SGgl NI |
L y (i TreddingBuildingBlocks
Y2RSt G62NI SyAl LINBIANI Ysg Nboy2fS
RIFy@OK A 2LISNIO2A aedyOKNRBYyAIl dz2znoe

g e
GNI yaTF2N)XYI 028> Y2RSt26FyAST gSNEBTF
YAIFI aé&3ayl Osgs 20mhdys s> 12Y

oal IIGJ(B(ClILﬂ YeAttTGBA1Zdz T/HENd SN RR 2 @y"u%
K t S3

3
o g I NBR2gA&1dz Nkgy?2
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bl NIt RIT Al R2a0RCSY S yI 1F&az2ol OK

Intel Parallel{ 0 dzZRA 2 HAmMT -9 oyleyz2gall R2aiGt LWYI
A bl NI tRIALI
L y G\Gdindt Amplifier XE
profilerl-thxll-OaA Nk gy2t ST0@0OK 06/t : Dt:p geLRalroz2ye o Ay G S
gelz2Ni eadlyatr /t! s éll-fZél-ty AL R2&aiGt Lz R2 LI YAt OA
Intelt Inspector
debuggel 2 Rdz dzOF GsAl 2n08 Tyl eaR26FyAS 0OtRsg [ 6ANDTHyeOK ae
LI YAt OA
Intelt Advisor

YyENIt RTAS 6aLRYIlIIF2N0S wdidirgzaci2iNA IT I Q&I SHBR dtd WYR ] BRSY 2 «

2NI 1T YSi2Re 10sNB LRY23InN T gAt1aieo geRlFa2y216 2NI1T &gl
LydStt ¢NI OBollettgf £ 8T SNJ | YR

profilerR€ I LIt A1 O2A N gsy2t SIVEOK p&12NJ 8aiGdz2N0O08OK G&YALY

LT gt 2no0e oK Yyl |y|f)\ t 12YdzyAll O2A 2NJI ()I-flyéd 20C

Y20f Ag21 OA LN} O& gal R2gS2 dzy2df AgAl O6FRIYAS gASE124a1!

201705-24 16
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t NI S3t DR yINItRIT A 6aLR2Yl 3 20608 OK LIN.

To To To To Io Io Io I

2Ré6dz RYA26S a1 12t SyAS R20G&801 nOBagley I NI t F
Intel ParallelStudio XE

Intel C++ & Fortraompilers

OpenMP4

Intel MKL

Intel Vtune

Miejsce: PCSS

Zapisyhttps://szkolenia.man.poznan.pl

201705-24 17



'&PSNC:’) POZNAN SUPERCOMPUTING AND NETWORKING CENTER

© e —

Performancemodelling

A How tomeasureperformance
I Executiortime

I Energysage

Different modelsto choose

Theold way (whendatamovementwas notsoexpensivé : FLOPSshow many
floating points operationper second

Performancemaybe memorylatencyor memory-bandwidthboundratherthan
computebound

Performancemodellingis usedto determinebestpossibleperformance onyour
hardware oesexecutiontime tell it?)

Do Do Do Do
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The Roofline Model

A PmaX—AppIicabIe peak performangassuming data comes from L1 cache

A l=/ 2YLldzol GA2ylf AyiSyahdl everthe slawest data path NJ
dziAf AT SR 6a0KS 020G0Gf SyS0O1¢€0

s 1 =WI/Q
s Wi FLOPs
s Q - bytes

A b.=Applicable peak bandwidtof the slowest data pathtilized
A Estimated performance:

AP=minP_ |*b)
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The Roofline Model

performance P

[FLOP/sec]
N
7 bound based on bs
4 —
bound based on Pmax
2
19 some program
1/2 - x € runonsome input
1/4 —
T 1 T T 1 _>
1/4 1/2 1 2 4 8 operational
Pmax/bs intensity | [FLOP/byte]
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The Roofline Model

performance P

[FLOP/sec]
N
7 bound based on bs
4_
bound based on Pmax

2 X dgemm
1_
1/2 —
1/4 —

/ T 1 T T 1 .>
1/4 1/2 1 2 4 8 operational
Pmax/bs intensity | [FLOP/byte]
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The Roofline Model

Methodology

s 1o construct roofline plots we need to measure three code specific quantities: W, Q
and T

s Measuring W and Q

s How to measure it?
s Code analysis
s Hardware Performance Counters
s Instrumentation
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Code analysis

Methodology

s Considetthe daxpyroutine | = 2/24 =1/12

for(j = 0; j < 10j++)

for(i=0;i < n3i++) om0
cfi] = af] + bf] * scalar > GrLOP

s Quantities for the double precision Q>=24GB

W =2n

Qr>=16n

Qw>= 8n

Q =Qr+Qw>= 24n
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Intel Xeon CPIES52697 v3

Haswelll4 cores 1.2 2.6 GHz3.2 - 3.6GHzurbo)

32 kB L1 data cache per core
256 kB L2 cache per core
35MB L3 cache per chip
DDRI memory interface

256 bit SIMD FBnit - AVX
~325GFLOP/s DP peak

T T2|(T1| T2||T1 | T2||T1| T2 T1T2T1T2T1T2:
1

P|/P|P|P PP |P|
1

L1D || L1D |{ L1D || L1D L1D |[ L1D |[ L1D |,
L2 L2 L2 L2 L2 L2 L2 i
L3 :

; |

Memory Interface I

___________ =
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NvidiaTesla K20m

Kepler GK110 K20m 2496 cores 6.6 GHz
13 SMX units with 192 cores each

1.25 MB L2 cache

1.17 TFLOP/s DP peak

PCI Express

3:1 SP:DP performance

o Do Do Do To I»




