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Accelerated co-Processors

* Aset of simplified execution units that can perform few operations (with respect to standard CPU) with

very high efficiency. When combined with full featured CPU can accelerate the “nomina

system.
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- Architectural integration

* Main approaches to accelerators:
» Task Parallelism (MIMD) - MIC
» Data Parallelism (SIMD) 2> GPU
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1. Copy Data 2. Launch Kernel

‘ 4. Copy Result
3. Execute

Device Memory GPU kernel
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NVIDIA GPU
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Why Does GPU Accelerate Computing?

* Highly scalable design
* Higher aggregate memory bandwidth
 Huge number of low frequency cores

* Higher aggregate computational power

* Massively parallel processors for data
processing
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PCI Express 3.0 Host Interface
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Register File (65,536 x 32-bit)
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Why Does GPU Not Accelerate Computing?

e PCI Bus bottleneck
* Synchronization weakness
* Extremely slow serialized execution
* High complexity
— SPMD(T) + SIMD & Memory Model

 People forget about the Amdahl’s law

— accelerating only the 50% of the original code, the
expected speedup can get at most a value of 2!!
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What is CUDA?

 NVIDIA compute architecture

« Quickly maturing software development capability
provided free of charge by NVIDIA

« Cand C++ programming language extension that
simplifies creation of efficient applications for CUDA-
enabled GPGPUs

 Available for Linux, Windows and Mac OS X



The Abdus Salam
International Centre
for Theoretical Physics

(CTP

IAEA

e e ey gy

PCI Express 3.0 Host Interface

SMX SMX SMX SMX SMX SMX SMX SMX
S ) O T U i e Y I (IS NN NS B IEsm fo e s ) O S TN NIEET P D DT EEEEY GO OIS G s
= =
(] (]
3 NENNEREDENNNUEED DECRONUNOEURRNNN OODONEONUUCRANED NOEDUEONUEENONED (DUCRENONENUNONDD | EOERUDENONONNUED | DEEAOEDDEEERUEED DEEREEOREREDAENR 3
(<] BENNURURNNENUNEN NORDONNNEURNUERY DOGUOEUNUUDUEENE | UNUNNUDQUNEREEED ONUDUNEGUREREELD | GUDGUNUDUNUNUEEN | DOUQONDQRUUEBANEN RERRARERERENEEDR [+
Q SERRURERNNENNEEN NENNENNRNENDENED | NUGONEEDUENEEEND UEDDENEDUNURENED (NONUDUUEEEENRENAN | GUNDUNUONGENENEN | DOUANEUOEEEDEEED ORDRGENEEREEEENR .2
o SEENIRENUNENNNED DNENONRNUNENERED (GUURONUDEEUNREND OROQRUGAEOERUEED UNODUEARUEENERED | RUGRUNERUNURENEN | NUEQUDDNEOARERER RRNREREREENERREDD o
o AERNURURANNNNNEN NNREONNDUNNEENED NODRUDODAEUNAEED DNDROUNANOURERDR NOUNOENROUAEERED | NUNRERUOUNOREENR | NUDRNOADANUEREAER RRDRARNERAENDNNEND o
3 SERNNREENNENNENE ODANNENUNEEANUNRE ANNOEEEDUOENERED DNUNCUODRGENOEAD RUEDUUEENEEEUEDND | DURNENUDNEOEENED | DOUDODEAGENRARNE DEDEOREAEREEEENR =5
S BERNUNARUNENNNEN NOURORUNNUUENNNGED (GUUAUNUNUCUNNEAN OUCANODAUOURUNEE UOOGOUANUUEOENND GUGGURUOUEUNUEED | CUEDRURNOUUREGEE DEODAGEERREERAEDM -4
g BERRARNRNNRNUANE AANEARNAEANNANND NANAANADUARUERED | UNUACONENGNENEAN AUARUEARARURAEAD | RUNDANUONENEANND | DAUDARUAUNONDUGAN ARERGREREERREENR g
B SENNUNERANANNEEN DONNORNNNUENNRED | GONNDOONENNNNEEN NNUANOUAUAEAUEED DNOGUEAGUUEANEED | DONGRDURURERRERR NDERREEAGOEREENR Ilﬂill”l”lli“l o
- NEEBIRERUENUNNED NNNNONNNEERNERED | GODDERUNEEENREEN DRNDENDOEUNDEEEE DNEDEDENONNENEED | NONDONEDUODNREEED NDDEEENDDEEDEEEND SENRNERERRNRRER =
BEENUBUNENENOREN NNDNONENNDENEEED OOUNOEENUNENONEER ODEUDEODDUDENEEED DNUGUREEORUREELN | UUDDUDERDEENEEED | NEERREEQEEEREEND EEKH”lnIBI!EﬂI
SENRURERRNNNNEEE NRNNONURERRBURED GODRNEURRNENAEED OEUAGENDUCEEOEED RUUDUEEROEEDERAD | RUNDUAUOOEONNNED | NEERAEOAUOERUEEE DBNEGEEDEREROEENR
BRANIEUNONENANED GURNENNOUEENERED | QDGOANENANONNEED ONGEOEGNENEDUEED DNDDONEDGEENERED | RODNGRDONNEDERNE | NEDRRGNNNUGREEED NERREEERAENDNREDD
ARRRUNANERNNENAN DNENONNANENRENEN | DUGOUENOUENNENNN | UNODEUGNENNREOND (DDUOUOUOENDEORER | ROUDOEUERENERUNED| NADDUUNAOUERGEER UDRRRRDEAEREEDODD
SENRARERRNNNUEED NENNORUANENNDURRD NODUNEURORREAEND ORURCEODUUEEUEED RUUDUEEROEEERRAD | RUNGURUANEONNNED | NEEDAEOAUUEENRED RGEEGEEOREREREENR
BEENURUNUNENUNEN UNANODENUNENENEN GDUONEUNUNEUANEN | DUUNCUODURENEEED RUUDUUEDOEENENLN | NUDGEAUOOUUNUEEN UOURUUANUUDPUEEN UENRNADERNEEDNEENR
EE—————— e [Ese——— Eeee—— Ee———ry Eessee——y eeseeee——— C——————
—————— e ——— [ —— e — [ —————]  SeeSee———] (— [ ——
= =
(] (]
3 3
o 2
< <
0 0
[*] ]
3 =
) g
g g
3 5
= I I I I =
 _ B® O == 000000 | =B O - 000000
SERDURRNANENNNAN | SUDNUCENENNNNAED  DRRREREREEERERNR NENBENNARNENEAEN NOGNONUNERENONNE RDGARRRGUEERERDR
SENRUEERNNENNEEN GNGNOOERUEUNEEER RERQEEERDEERNDNR SEORUERNOENRNENE GOONREANROUNEREENE | oNEQEEERRDEREEND
HORDURANANUNONEN DENNONEDUNEONNEN  ONRUDOREREEEDREDN BENDNERNNNANENEE QNENBUNNREEENEREN GUDNOEERRRENERENR
BERRERANNNANUAEN DONNEUENENEQUEEN  NOEREEEROEEDREEID BERREENANGRNENEN DNDNNENNNUUENEREE DNEREEERERERERDR
SORBUEORNUADEGED OGONRUUOEOONNGNER  DREDOEEROREDEREN BORNUENARURNEAEN DANOUAERUNNNENEE DROANEGRERERERNR
SENRURENRUENEEED NENRREERREEDDERR SEEIHBIHEIMII SENRENUARENNNENN DOOROUEDEEENENEE NDOREEEREEEREENR
g SONNUENNONNENEGEN ODENARREREEERREER RIRRRERANEERRRED SENNEEUARERNENEN RAQRERNREEEEERN SURNRENAERERRRER g
) NERBURNRRNANENEE WX BURNARRREM IIIIIll 1] NENBANNANUANUNNE NANOONUOUONENARNE DNNRRERGEEENDDENR o
3 ARARURARUNANNAEN NAGRGONNUNENNERE  RERREEED 111 IHIHEIEMIHUI BURBRRARURANEREN DRODROERREEEDDENR 3
(<] SORNENENRNADERNE  ONEEANUANUNENNEER | RORDUEERREERERIDDN ] EI BONUNNENEN OQURNORENONRNEREN NRDAOEEREEEREENR o
.2 SERRUNARUNNRNNER ONNAROERUANNEEER  RERREEENREEEDEDNR (1] ) IIIHIIIEIIII AERRURNARNARNNEE NONAEREREREREEDR .2
o SERNERARUERNANEN OORNEOENUNENEREN  RDNQEERRDEEDEENR SRNNENNNNEANENEN GRNDNOENUREDERNN ORDNEEEDRREDRRND o
o SORRANORNUANANEE GONAOUONUEEAGEER  DOEBOEEROEEDERID SERRUENANEANENEN DEENOUNNUORNUNEN DDEARERREEERDENR o
=1 SERRUNARNNANANAD NNNANEANNANEANAN | RONDAREEAEERREAD NANRENNARNANARAN NANAREANNANEERNEE DONARERRERERRRNR 5
-1 BRRBUNOERUNANNNEN NUNADOERUNUNEEER  RONRGEEREEEREDNR SRANUNANRNANNNEN OOEDOOEBUNNNUNEE | DEONEEEOEDERRENR o
o_ ANANUAEDNAANERNN  UAUNUANORANNOREN  EEODRRONERONEROR DERNURANERANUAAN UEOUURANNRENERUN . NDARRRRNERRONRDNED g
] ]
O TR e BT T EEINE FLTTRN Y T IIRF (Y B EDE NI s EEIDTY (IS DN DS Y ISR DAEEF SRR IR BTy el CEm
SMX SMX SMX SMX SMX SMX SMX




The Abdus Salam

(CTP) International Centre

for Theoretical Physics

INTEL MIC




The Abdus Salam
International Centre
(CTP for Theoretical Physics

TASK Parallelism (MIMD)

Machine A Machine B

task 0 task 1
CPU1 CPU 2 a5 8
Memory 1 Memory 2 send() recv)

network
task 2 task 3

recv() send()

Interconnection network \)
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Xeon PHI Architecture

| Xeon Phi J

| Xeon

=3

| ; Host ‘ i@inside'

CPU ™
Xeon'

PCI-Express tt QPI
\ Host intel' inside”

CPU mesmemg¥™
Xeon'

Typical Platform consists of:
1 to 2 Intel Xeon processors (CPUs)
1 to 8 Intel Xeon Phi Coprocessors per host
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Core Architecture

Up to 32 in-order cores

4 hardware threads per core

Two pipelines
- Pentium® processor family-based scalar units
- Fully-coherent L1 and L2 caches
- 64-bit addressing

e All new vector unit

Instruction Decode

Scalar
Registers - 512-bit SIMD Instructions - not Intel® SSE,
MMX™, or Intel® AVX
32K L1 I-cache - 32 512-bit wide vector registers
S— ?_caChe o Hold 16 singles or 8 doubles per register
- Pipelined one-per-clock throughput
256K L2 Cache o 4 clock latency, hidden by round-robin scheduling
of threads

— Dual issue with scalar instructions
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The Increasing Parallelism

nD ) )
. Scalar & Single-thread I o

- [(intel
More pm
Parallel | — (% J

"':" Vector & Single-thread ™

st o vesoes IR

1 10 100 1000 . 10000

More
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Execution Models: Offload Execution

* Host system offloads part or all of the computation from one or
multiple processes or threads running on host

* The application starts execution on the host

* As the computation proceeds it can decide to send data to the
coprocessor and let that work on it and the host and the
coprocessor may or may not work in parallel.

OpenMP 4.0 TR being proposed and implemented in Intel®
Composer XE provides directives to perform offload computations.
Composer XE also provides some custom directives to perform

offload operations.
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Execution Models: Native Execution

* An Xeon Phi hosts a Linux micro OS in it and can appear as
another machine connected to the host like another node
in a cluster.

* This execution environment allows the users to view the
coprocessor as another compute node.

* |In order to run natively, an application has to be cross
compiled for Xeon Phi operating environment. Intel®
Composer XE provides simple switch to generate cross
compiled code.
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Execution Models: Symmetric Execution

* The application processes run on both the host
and the Phi coprocessor and communicate through
some sort of message passing interface like MPI.

 This execution environment treats Xeon Phi card

as another node in a cluster in a heterogeneous
cluster environment.
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Intel(R) Xeon Phi(TM)

Host Process Offload Compute Model

Main()

Intel(R) Xeon Phi(TM)

HOST @

Native Compute Model

HOST

PCl Express

Intel(R) Xeon Phi(TM)

Symmetric Comp
Model

HOST

PCl Express
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f

1. Offloading a function call
#pragma offload target (mic)

\.

foo() { .... } // Compiled for mic

ﬁ Calculating Pi with automatic offloam

#pragma offload target (mic)
#pragma omp parallel for reduction(+:pi)
for (i=0; i<count; i++)

{

float t = (float)((i+0.5)/count);
pi += 4.0/(1.0+t*1);
}

\ Pi/=count /

3. Using MKL with offload

void your_hook()

{
float *A, *B, *C; /* Matrices */
#pragma offload target(mic)
in(transa, transb, N, alpha, beta) \
in(A:length(matrix_elements)) \
in(B:length(matrix_elements)) \
in(C:length(matrix_elements)) \
out(C:length(matrix_elements)alloc_if(0))
sgemm(&transa, &transb, &N, &N,

&N, &alpha, A, &N, B, &N, &beta, C
&N);
}

)
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Heterogeneous Compiler

Heterogeneous Compiler - Conceptual

Transformation Linux* Host Program  Intel ®MIC Program
/ hain() 7

Source Code {

copy code to_mic();
£0):
unload_mic();

This all
\J happens
- automatically
[E0 | when you
£0) if (mic_available())}{ issue a single
send _data_to_mic(); compile
{ start f part mic(); command
#pragma offload receive_data_from_mic();
a=>b+ g(); Jelse
f part_host():
\ U}
__attribute f part_host() ’ ’{}: ‘ f part mic()
(target (mic))) g() {fa=Db +g():} {fa =b + g mic():} |

(
{
}

GO {ae) | dh gmicO (] |
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OpenCL

* Open Compute Language
* Open, royalty-free standard for cross-platform,
* For heterogeneous parallel-computing systems

* Cross-platform. Implementations for
— ATl GPUs
— NVIDIA GPUs
— x86 CPUs
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CPU & GPU

NUMANode P#0 (16GB)
Socket P#0
L3 (20MB)
M\ | \ L L L2 L2 L 2
l L L Ll Ll L L1
L L Ll Ll Ll L1 L1
Core P#0 Core P#1 Core P#2 Core P#3 Core P#4 Core P#5 Core P£6 Core P#7
PUP#0 PUP#] PUP#2 PUP#3 PUP#4 PUP#5 PUPE£6 PUP#7

The Intel Xeon E5-2665
Sandy Bridge-EP 2.4GHz
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CPU & GPU

NUMANode P#0 (16GB)

Socket P#0

L3 (20MB)

—T m—

Core P#0 Core

PUP#0 PUI

The Intel Xeon E5-2665
Sandy Bridge-EP 2.4GHz
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CPU & GPU

NUMANode P#0 (16GB)
Socket P#0
L3 (20MB)
I Il 8] Il Ll Il 8]
- B
J1 J L J |
Core P#0 Core P21 Core P#2 Core P#3 Core P£4 Core P#5 Core P£6 Core P#7
PUP#0 PUP#] PUP#2 PUP#3 PUP#4 PUP#5 PUPE6R PUP#7

The Intel Xeon E5-2665
Sandy Bridge-EP 2.4GHz
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Higher aggregate computational power

e Do wereally...needit? ... have it available?
 Can we really exploit it?

e Remember the key-factors for performance
— Hoperations per clock cycle x frequency x #cores

— the DP power is drastically reduced if the compute capability is only
partially exploited

* How much is my GPU better than my CPU?
e Can data move from CPU2GPU and from GPU2CPU be reduced?

* For general purpose and scalable applications, both CPU and GPU
must usually be exploited



The Abdus Salam
International Centre
(CTP for Theoretical Physics

Conclusions

* Alow number of applications and scientific codes are
enabled for accelerators: some for GPU, few for Intel
Xeon Phi

* For general DP intensive applications the average
speedup is of a factor between 2x and 3x using two
accelerators on top of the CPU platform

* Fast GPU computing requires the technological
background for exploiting the compute power
available, manage the balance between CPU and GPU
along with the effort for the system management
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WORKSHOP ON ACCELERATED HIGH-PERFORMANCE
COMPUTING IN COMPUTATIONAL SCIENCES (SMR 2760)



