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An Overview of Multi-Core Processors I

Lecture Outline

Following topics will be discussed

\/

** Understanding of Multi-Core Architectures

\/

% Programming on Multi-Core Processors - OpenMP

\/

*%* Tuning & Performance — Software Threading
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Intel Xeon-Phi Coprocessor . Architrecturg
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Intel® Xeon Phi™ Architecture Overview I
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Core Architecture Overview I

Scalar
Unit

Scalar Vector
Registers Registers

32K L1 I-cache
32K L1 D-cache

512K L2 Cache

60+ in-order, low power IA cores in a ring
interconnect
Two pipelines
> Scalar Unit based on Pentium® processors
» Dual issue with scalar instructions
> Pipelined one-per-clock scalar throughput
SIMD Vector Processing Engine

4 hardware threads per core

> 4 clock latency, hidden by round-robin scheduling
of threads

> Cannot issue back to back inst in same thread
Coherent 512KB L2 Cache per core
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‘ Xeon Phi Hardware i

% X16 PCle 2.0 card in Xeon host system
> Up to 60 cores, bi-directional ring bus
» 1-2GB GDDR5 main memory

% CPU cores

> 1.2GHz, 4-way threading
> 512-bit SIMD vector unit Source : References & Intel Xeon-Phi;
> 32KB |_1’ 256KB L2 http://www.intel.com/

< Xeon-Phi coprocessor capacity 8GB;

> processor :Xeon Phi 5110P; memory channel interface speed:
5.0 Giga Transfer/ Sec (GT/s); 8 memory controllers, each
accessing two memory channels, used on co-processor
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MIC Intel Xeon Phi Ring '

% Each microprocessor core is a
fully functional, in-order core
capable of running 1A
instructions independently of
the other cores.

% Hardware multi-threaded cores

% Each core can concurrently run
instructions from four processes
or threads.

% The Ring Interconnect
connecting all the components
together on the chip

JW¥0a0

JiW ¥aan
JiW ¥aan

Source : References & Intel Xeon-Phi:; http://www.intel.com/

C-DAC hyPACK-2013 Multi-Core Processors : An Overview


http://www.intel.com/
http://www.intel.com/

Intel® Xeon Phi™ Coprocessor Arch — System SW Perspective I

» Large SMP UMA machine — a set of x86 cores to manage
> 4 threads and 32KB L11/D, 512KB L2 per core
> Supports loadable kernel modules — we’ll talk about one today

» Standard Linux kernel from kernel.org
> 2.6.38 in the most recent release
> Completely Fair Scheduler (CFS), VM subsystem, File I/0O

» Virtual Ethernet driver— supports NFS mounts from Intel® Xeon
Phi™ Coprocessor

+ New vector register state per thread for Intel® IMCI
> Supports “Device Not Available” for Lazy save/restore

» Different ABI — uses vector registers for passing floats
> Still uses the x86_64 ABI for non-float parameter passing (rdi, rsi, rdx ..)

C-DAC hyPACK-2013 Multi-Core Processors : An Overview 8



Execution Modes I

Intel ® Xeon Phi™

Intel® Xeon
Coprocessor

Native

< Card is an SMP machine running Linux

< Separate executables run on both MIC
and Xeon
> e.g. Standalone MPI applications
<+ No source code modifications most of
the time

> Recompile code for Xeon Phi™
Coprocessor

Autonomous Compute Node (ACN)

X3

*

Intel® Xeon Phi™

Intel® Xeon
Coprocessor

0

Offload

“main” runs on Xeon
Parts of code are offloaded to MIC
Code that can be

> Multi-threaded, highly parallel

> Vectorizable

> Benefit from large memory BW
Compiler Assisted vs. Automatic

> #pragma offload (...)
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Optimization Framework I

A collection of methodology and tools that enable the developers to
express parallelism for Multicore and Manycore Computing

Objective: Turning unoptimized program into a scalable, highly parallel
application on multicore and manycore architecture

Step 1: Leverage Optimized Tools, Library J

Step 2: Scalar, Serial Optimization /Memory Access

Step 3: Vectorization & Compiler

Step 4: Parallelization J

[ Step 5: Scale from Multicore to Manycore }

Source : References & Intel Xeon-Phi; http://www.intel.com/
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Keys to Productive Performance on Intel ® MIC Architecturel

** Choose the right Multi-core centric or Many-core
centric model for your application

*»*Vectorize your application (today)
» Use the Intel Vectorizing compiler
+* Parallelize your application (today)
» With MPI (or other multi-process model)

» With threads (via Intel (R) CilkTM Plus, OpenMP?*,
Intel (R) Threading Buildig Blocks, Pthreads, etc.)

**Go asynchronous

Source : References & Intel Xeon-Phi; http://www.intel.com/
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‘ Xeon Phi : Programming Environment '

Performance

< Vectorization is key for performance
»Sandybridge, MIC, etc.
» Compiler hints
» Code restructuring
<« Many-core nodes present scalability
challenges
» Memory contention
» Memory size limitations

Source : References & Intel Xeon-Phi; http://www.intel.com/
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‘ Xeon Phi : Programming Environment '

+» Shared Address Space Programming (Offload, Native,
Host)
OpenMP, Inetl TBB, Cilk Plus, Pthreads

« Message Passing Programming
(Offload — MIC Offload /Host Offload)

(Symmetric & Coprocessor /Host)
»  Hybrid Programming
(MPIl — OpenMP, MPI Cilk Plus MPI-Intel TBB)

4

4

L)

L)

Source : References & Intel Xeon-Phi; http://www.intel.com/
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Options for Thread Parallelism I

B ‘_ Ease of use / code
| ' maintainability

Intel® Math Kernel Library

Intel® Threading Building Blocks /\

Intel® Cilk™ Plus

-

OpenMP*

Pthreads* and other threading libraries

-

Programmer control

Source : References & Intel Xeon-Phi; http://www.intel.com/
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Programming on Systems with
Co-processors & Accelerators —
An Overview of OpenMP
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Xeon Phi : Programming Environment '

+» Shared Address Space Programming
(Offload, Native, Host)

OpenMP, Inetl TBB, Cilk Plus, Pthreads
+» Message Passing Programming
(Offload — MIC Offload /Host Offload)

(Symmetric & Coprocessor /Host)

< Hybrid Programming

(MPIl —OpenMP, MPI Cilk Plus MPI-Intel TBB)

Source : References & Intel Xeon-Phi; http://www.intel.com/
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MPI Prog. Models for Xeon systems with MIC I

Offload

¢ Intel ® MIC Architecture or host
CPU as an accelerator

O

MIC Offload
(direct acceleration)

** MPI ranks on the
host CPU only

s Messages
into/out of the
host CPU

s Intel ® MIC
Architecture as
an accelerator

Host Offload

(reverse
acceleration)

** MPI ranks on the
MIC CPU only

** Messages
into/out of the
MIC CPU

% Host CPU as an

accelerator

MPI

*¢* MPI ranks on several co-processors
and/or host nodes
** Messages to/from any core

Co-processor-only

** MPI ranks on the
MIC CPU only

s Messages
into/out of the
MIC CPU c/o host
CPUs

s Threading
possible

Source : References & Intel Xeon-Phi;

Symmetric

** MPI ranks on the
MIC and host
CPUs

** Messages into/
out of the MIC
and host CPUs

** Threading
possible

C-DAC hyPACK-2013
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Offload Code Examples I

« C/C+ Offload Pragma

#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/(1.0t*t);
}

pi/ = count;

& C/C++ Offload Pragma

#pragma offload target(mic)
in(transa, transb, N, alpha, beta) \
in(A:length(matrix_elements)) \
in(B:length(matrix_elements)) \
inout(C:length(matrix_elements))

sgemm(&transa, &transb, &N, &N, &N,
& alpha, A, &N, B, & N, &beta, C &N);

« Fortran Offload Directives
IdirS omp offload target(mic)
ISomp parallel do
doi=1,10
A(i) = B(i) * C(i)

enddo

% C/C++ Language Extension
class_Cilk_Shated common {

int datal;

int *data2;

class common *next;

void process();

}

_Cilk_Shared class common obj1, obj2;
_Cilk_spawn _offload objl.process();
_Cilk_spawn _offload obj2.process();

Source : References & Intel Xeon-Phi; http://www.intel.com/
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Options for Parallelism — OpenMP* I

« Compiler directives/pragmas based threading constructs
> Utility library functions and Environment variables

+ Specify blocks of code executing in parallel

#pragma omp parallel sections

#pragma omp section r

#pragma omp section

A

#pragma omp section

< Fork-Join Parallelism:
> Master thread spawns a team of worker threads as needed
» Parallelism grow incrementally

Master Thread Parallel Regions

Source : References & Intel Xeon-Phi: http://www.intel.com/
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OpenMP* Pragmas and Extensions

« OpenMP* pragmas in C/C++:

fpragma omp construct [clause [clause]...]

< Large robust specification that #pragna omp parallel sections
. {
includes #pragma omp section
> Para”el sections and taSkS BinomialTemplate<F32vec8, float>(callResult, S,
> Parallel loops X, T R}’ V> N, NUM_STEPS)

#pragma omp section

> Synchronlzatlon pOIntS #pragma offload target(mic:0)

critical sections in(s, X, T:length(N))
. out (MICExpected, MICConfidence:length(N))
barriers (
. t lo(S, X, T, MICE ted, MICConfid H
> Atomic and ordered updates montecario }Xpec € onfidence)

> Serial sections within parallel code

<+ Extension to support offloading — OpenMP* 4.0 RC2
> Use #pragma omp target or #pragma offload from Intel LEO
> Either syntax works, no performance differences

Source : References & Intel Xeon-Phi; http://www.intel.com/
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OpenMP* Worksharing Construct I

Sequential code

OpenMP* parallel
region

OpenMP* worksharing
construct

for (i = 0; i < N; i++) a[i] = a[i] + bI[i];

#pragma omp parallel
{

int id, i, Nthrds, istart, iend;

id = omp get thread num() ;
Nthrds = omp get num threads() ;
istart = id * N / Nthrds;

iend = (id + 1) * N / Nthrds;

for (i = istart; i < iend; i++)
a[i] = a[i] + bI[i];
}

#pragma omp parallel
#pragma omp for
for (i = 0; i < N; i++) a[i] = a[i] + b[i]l;

Source : References & Intel Xeon-Phi; http://www.intel.com/
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Shared, Private and Reduction Variables

« Default Rules
> Variables defined outside the parallel region are shared
> Variables defined inside the parallel region are private

< Override the defaults
> Theprivate (var) clause creates alocal copy of var for each thread
> Loop indices in a parallel for are private by default

« The reduction (op:1list) clause is a special case of shared

> Variables in “list” must be shared in the enclosing parallel region
A local copy of each reduction variable is created and initialized based on the op (0 for “+”
Compiler finds reduction expressions containing op and uses them to update the local copy
Local copies are reduced to a single value and combined with the original global value

#pragma omp parallel reduction(+ : sum_delta) reduction(+ : sum_ref)
{
float local_sum_delta = 0.0f;
for(int i = @; i < OptPerThread; i++)
{
ref callReference;
delta = fabs(callReference - CallResult[i]);
local_sum_delta += delta;
sum_ref += fabs(ref);

}

sum_delta += local_sum_delta;

Source : References & Intel Xeon-Phi; http://www.intel.com/
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OpenMP* Performance, Scalability Issues I

Manage Thread Creation Cost
> Create threads as early as possible, Maximize
the work for worker threads
> |A threads take some time to create, But once
they’re up, they last till the end

Take advantage of memory locality, use

NUMA memory manager
> Allocate the memory on the thread that will
access them later on.
> Try not to allocate the memory the worker
threads use in the main thread

Ensure your OpenMP* program works

serially, compiles without openmp*
> Protect OpenMP* API calls with _OPENMP,
> Make sure serial works before enable
OpenMP* (e.g. compile with —openmp)

Minimize the thread synchronization
> use local variable to reduce the need to access
global variable

Source : References & Intel Xeon-Phi:;
http://www.intel.com/

#fpragma omp parallel for
for (int k = 0; k < RAND N; k++)
h Random[k] = cdfnorminv ((k+1.0)/(RAND N+1.0));

#pragma omp parallel for
for (int opt = 0; opt < OPT N; opt++)
{
CallResultList[opt]
CallConfidencelList[opt]

}

0;
0;

#pragma omp parallel
{
#ifdef _OPENMP
int threadID = omp_get_thread_num();
#else
int threadID = 0;
#endif
float *CallResult = (float *) scalable_aligned_malloc
(mem_size, SIMDALIGN);
(float *) scalable_aligned_malloc
(mem_size, SIMDALIGN);

float *PutResult

}

#ifdef _OPENMP

int ThreadNum = omp get max threads();
omp_set num threads (ThreadNum) ;

#telse

int ThreadNum = 1;

#endif

C-DAC hyPACK-2013
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OpenMP* Offload Environment Variables I

Set/Get the number of coprocessor threads from the host
> Notice that omp get max thread target ()return 4*(ncore-1)
» Use omp set num threads target () omp get num threads target ()

> Protect under #ifdef _ INTEL _OFFLOAD,

Access coprocessor environment variables from the host processor
> Firstdefine MIC ENV PREFIX=MIC
> Issue export MIC OMP NUM THREADS=240 on the host
> OpenMP sets the coprocessor max threads to 240
> Host OpenMP threads still take the cues from OMP NUM THREADS
Initial Stack Size on the device is default to be 12MB
> Use MIC STACKSIZE to override the default size for main threads in coprocessor
> UseMIC OMP STACKSIZE to change the default stack size for worker threads
Compile OpenMP codes by adding ~openmp compiler flag.

Use KMP AFFINITY=“compact,granularity=fine” for thread pinning.

Source : References & Intel Xeon-Phi; http://www.intel.com/
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Intel Xeon-Phi : OpenMP | Prog. Model I

“* OpenMP parallelization on an “Intel Xeon + Xeon
Phi coprocessor machine” can be applied in
four different programming models.

» Realized with Complier Options

C-DAC hyPACK-2013 Multi-Core Processors : An Overview
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Intel Xeon-Phi : OpenMP | Prog. Model I

“* Four Models with different programming models

» Native OpenMP on the Xeon host
» Serial Xeon host with OpenMP offload
» OpenMP on the Xeon Host with OpenMP offload

» Native OpenMP on the Xeon Phi coprocessor

C-DAC hyPACK-2013 Multi-Core Processors : An Overview 26



Intel Xeon-Phi : OpenMP | Prog. Model I

s+ Remark :

» OpenMP threads on Xeon Host and OpenMP
threads on Xeon Phi do not interface each other
and when an offload/pragma section of the code
IS encountered

» Offloaded as a Unit and uses a number of
threads based on available resources on Xeon
Phi coprocessor

» Usual semantics of OpenMP Constructs apply
on Xeon host and Xeon-Phi Coprocessor

C-DAC hyPACK-2013 Multi-Core Processors : An Overview 27



Intel Xeon-Phi : OpenMP | Prog. Model I

s+ Remark :

» Offload to the Xeon Phi coprocessor can be
done at any time by multiple host CPUs until the
filling of the available resources.

> If there are no free threads, the task meant to be
offloaded may be done on the host.

» For offload schemes, the maximal amount of
threads that can be used on the Xeon Phi
coprocessor is 4 times the total number of cores
minus one, because one core Is reserved for
the OS and its services.

C-DAC hyPACK-2013 Multi-Core Processors : An Overview o8



Intel Xeon-Phi : OpenMP | Prog. Model I

+* Threading

and affinity

» |Important Considerations for OpenMP threading

and affinity are the total number of threads that
should be utilized and the scheme for binding
threads to processor cores.

» The Xeon Phi coprocessor supports 4 threads per

core.

» Using more than one core Is recommended.

» When running applications natively on the Xeon

Phi the fu
» On Xeon

| amount of threads can be used.

nost, benefit from hyper-threading exists.

C-DAC hyPACK-2013
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Intel Xeon-Phi Coprocessor : MPI on Cluster I

Threading and affinity : Settings :

Settings Description
OpenMP on host without HT 1 X ncore-host
OpenMP on host with HT 2 X ncore-host
OpenMP on Xeon Phi in native mode 4 x ncore-phi
OpenMP on Xeon Phi in offload mode 1 x ncore-phi-1

« If OpenMP regions exist on the host and on the part of the code offloaded to
the Xeon Phi, two separate OpenMP runtimes exist.

C-DAC hyPACK-2013 Multi-Core Processors : An Overview 30



Intel Xeon-Phi : OpenMPI Prog. Model I

* Threading and affinity

» Environment variables for controlling OpenMP
behavior are to be set for both runtimes

For example

> the KMP AFFINITY variable which can be used to

assign a particular thread to a particular physical
node. For

> Intel Xeon Phi it can be done like this:
» export MIC ENV PREFIX=MIC

C-DAC hyPACK-2013 Multi-Core Processors : An Overview
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Intel Xeon-Phi : OpenMPI Prog. Model I

+* Threading and affinity
export MIC ENV_ PREFIX=MIC

#specify affinity for all cards
export MIC KMP AFFINITY=...

#specify number of threads for all cards
export MIC OMP NUM THREADS=120

#specify the number of threads for card #2
export MIC 2 OMP NUM THREADS=200

#specify number of threads and affinity for card #3
export MIC 3 ENV="OMP NUM THREADS=60 |
KMP AFFINITY=balanced"

C-DAC hyPACK-2013 Multi-Core Processors : An Overview 32



Intel Xeon-Phi : OpenMPI Prog. Model I

Threading and affinity

One can also use special API calls to set the
environment for the coprocessor only, e.g.

omp set num threads target()

omp set nested target()

C-DAC hyPACK-2013 Multi-Core Processors : An Overview
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Intel Xeon-Phi : OpenMPI Prog. Model I

Loop Scheduling

“* OpenMP accepts four different kinds of loop
scheduling - static, dynamic, guided & auto.

¢ The schedule clause can be used to set the loop
scheduling at compile time.

*» Another way to control this feature is to specify
schedule(runtime) in your code and select the loop
scheduling at runtime through setting the
OMP SCHEDULE environment variable

C-DAC hyPACK-2013 Multi-Core Processors : An Overview 34



Intel Xeon-Phi : OpenMPI Prog. Model I

Scalability

% Use -collapse directive to specify how many for-
loops are associated with the OpenMP loop construct

4

L)

»» Another way to improve scalability is to reduce barrier
synchronization overheads by using the nowait
directive.

4

L)

» Another way to control this feature is to specify
schedule(runtime) in your code and select the loop

scheduling at runtime through setting the
OMP SCHEDULE environment variable

L)
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Intel Xeon Phi Coprocessor — OpenMP framework I

The easiest and (arguably) the most productive
way to exploit threading parallelism with an Intel
Xeon Phi is to use OpenMP.

C-DAC hyPACK-2013 Multi-Core Processors : An Overview
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Intel Xeon Phi Coprocessor — OpenMP framework I

% OpenMP — Programming on Shared Address
Space Platform

¢ Cluster of Multi-Core Processor Systems (Nodes)
— Use MPI & OpenMP programming

N/

“+ Each Node has single /multiple Intel Xeon Phi Co-
processor to use OpenMP.

N/

“* Node Topology : Each node contains a shared-
memory environment with several processor
sockets, each socket containing several physical
cores which, in turn, are divided into several
logical cores.

C-DAC hyPACK-2013 Multi-Core Processors : An Overview 37
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Intel Xeon Phi Coprocessor — OpenMP framework I

Each memory bank is usually attached to
processor socket

Each memory bank usually resides closer to some
of the cores in the topology and therefore access
to data laying in a memory bank attached to
another socket is generally more expensive.

Uniform Memory Access (SMP) and Non-Uniform
Memory Access (NUMA) systems exist. (NUMA)
can create performance issues If threads are
allowed to migrate from one logical core to
another during their execution.
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Intel Xeon Phi Coprocessor — OpenMP framework I

Each memory bank is usually attached to
processor socket

Each memory bank usually resides closer to some
of the cores in the topology and therefore access
to data laying in a memory bank attached to
another socket is generally more expensive.

Uniform Memory Access (SMP) and Non-Uniform
Memory Access (NUMA) systems exist. (NUMA)
can create performance issues If threads are
allowed to migrate from one logical core to
another during their execution.
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Intel Xeon Phi Coprocessor — OpenMP framework I

*» Thread Affinity : Consider binding OpenMP
threads to logical and physical cores across
different sockets on one compute node.

“ The layout of this binding in respect to the node
topology has performance implications depending
on the computational task and is referred as
thread affinity.

“* The thread affinity interface of the Intel runtime
library can be controlled by using the
KMP AFFINITY environment variable or by using

a proprietary Intel API.

C-DAC hyPACK-2013 Multi-Core Processors : An Overview 40



Intel Xeon Phi Coprocessor — OpenMP framework I

X KMP AFFINITY

=[modifier, ... ]<type>[,<permute>] [ ,<offset>]]

modifier default=noverbose, respect, granularity=core
type default=none

balanced,compact,disabled,explicit,none,scatter
permute default=0.

>=0,integer.Not valid with offset default=0.
Offset default=0

>=0,integer.Not valid with type=explicit,none,disabled

The most important affinity types supported by Intel Xeon Phi
are balanced, compact, none, scatter

C-DAC hyPACK-2013 Multi-Core Processors : An Overview a1



Example: Thread Affinity I

'SOMP PARALLEL DO DEFAULT (NONE) &
' SOMP SHARED (A,B,C) &
!SOMP PRIVATE (i, 7, k) &
DO j=1,n
DO k=1,n
DO i=1,n
C(i,J)=C(i,J)+A(1i,k)*B(k,])
END DO
END DO
END DO
!SOMP END PARALLEL DO

C-DAC hyPACK-2013 Multi-Core Processors : An Overview
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Programming on Systems with
Co-processors & Accelerators —
Results & Performance Issues

C-DAC hyPACK-2013 Multi-Core Processors : An Overview

43



Intel Xeon-Host : Benchmarks Performance I

Host : Xeon (Memory Bandwidth (BW) - Xeon: 8 bytes/channel * 4
channels * 2 sockets * 1.6 GHz = 102.4 GB/s)

Xeon Phi Co-Processor Bandwidth

Xeon-Phi coprocessor capacity 8GB; processor Xeon Phi 5110P;
memory channel interface speed: 5.0 Giga Transfer/ Sec (GT/s); 8
memory controllers, each accessing two memory channels, used
on co-processor. each memory transaction to GDDR5 memory is 4

bytes of data, resulting in 5.0 GT/s * 4 bytes or 20 GB/s per
channel.

C-DAC hyPACK-2013 Multi-Core Processors : An Overview
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PARAM YUVA-II Intel Xeon- Node Benchmarks(*) I

Xeon Node Memory Bandwidth :
8 bytes/channel * 4 channels * 2 sockets * 1.6 GHz = 102.4 GB/s)

Experiment Results : Achieved Bandwidth : 70 % ~75 % Effective bandwidth
can be improved in the range of 10% to 15% with some optimizations

Node : Intel-R2208GZ; Intel Xeon E52670; Core Frequency : 2.6GHz; Cores per Node :
16 ; Peak Performance /Node : 2.35 TF; Memory : 64 GB;

Data Size No. of Cores Sustained Bandwidth
(MegaBytes) (OpenMP) (GB/sec)
1024 16 72.64

(*) = Bandwidth results were gathered using untuned and unoptimized
versions of benchmark (In-house developed) and Intel Prog. Env

Source : http://www.intel.com; Intel Xeon-Phi books, conferences, Web sites,
Xeon-Phi Technical Reports

http://www.intel.in/content/dam/www/public/us/en/documents/perfo
rmance-briefs/xeon-phi-product-family-performance-brief.pdf

C-DAC hyPACK-2013 Multi-Core Processors : An Overview

45


http://www.intel.com/
http://www.intel.com/
http://www.intel.com/
http://www.intel.com/
http://www.intel.com/
http://www.intel.com/
http://www.intel.com/

PARAM YUVA-II Intel Xeon- Phi Benchmarks(*) I

PARAM YUVA-II Xeon Phi Co-Processor Bandwidth

s Xeon-Phi coprocessor (PARAM YUVA-II) capacity 8GB; processor Xeon Phi
5110P; memory channel interface speed: 5.0 Giga Transfer/ Sec (GT/s); 8
memory controllers, each accessing two memory channels, used on co-
processor. Each memory transaction to GDDR5 memory is 4 bytes of data,
resulting in 5.0 GT/s * 4 bytes or 20 GB/s per channel.

¢ Peak Electrical bandwidth 320 GB/s. (16 total channels provide a maximum
transfer rate 320 GB/s)

s Our experiments indicated that 40% of the peak is achieved. Effective
bandwidth in the range of 50 to 60% of peak memory bandwidth can be
achieved with some optimization.

(*) = Bandwidth results were gathered using untuned and unoptimized
versions of benchmark (in-house developed) and Intel Prog. Env

Source : http://www.intel.com; Intel Xeon-Phi books, conferences, Web sites,
Xeon-Phi Technical Reports

http://www.intel.in/content/dam/www/public/us/en/documents/perf
ormance-briefs/xeon-phi-product-family-performance-brief.pdf
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PARAM YUVA-II Intel Xeon- Phi Benchmarks(*) I

Bandwidth : Peak Electrical bandwidth 320 GB/s. (16 total channels provide a
maximum transfer rate 320 GB/s)

Experiment Results : Achieved bandwidth is 40% of the peak & it can be increased

in the range of 50% to 60% of peak memory bandwidth.

Data Size No. of Cores Sustained Bandwidth o
(Mega bytes ) (OpenMP) (GB/sec)(*) ( 'I_VO' '
OptImIZ(JtIOI’IS are
1024 8 33.47 carried-out to use
16 68.59 OpenMP threads
30 98.23 & Intel Prog. Env)
40 118.22
50 136.56
60 138.22

(*) = Bandwidth results were gathered using untuned & unoptimized versions of benchmark (in-
house developed) and Intel Prog. Env

Source : http://www.intel.com; Intel Xeon-Phi books, conferences, Web sites, Technical Reports
http://www.intel.in/content/dam/www/public/us/en/documents/performance-
briefs/xeon-phi-product-family-performance-brief.pdf
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PARAM YUVA-II Intel Xeon- Phi Benchmarks(*) I

Bandwidth : Peak Electrical bandwidth 320 GB/s.

maximum transfer rate 320 GB/s)
Experiment Results : Achieved bandwidth is 40% of the peak & it can be
increased in the range of 50% to 60% of peak memory bandwidth on some nodes
of PARAM YUVA (ycn213, ycn210, ycn212)

Data Size No. of Cores ( MPI & Sustained Bandwidth
(Megabytes) 120 OpenMP threads) (GB/sec)(*)
2048 ycn213(mic-0) 137.108
ycn213(mic-1) 137.654
ycn210 (mic-0) 138.697
ycn210 (mic-1) 137.712
ycn212 (mic-0) 137.819
ycn212 (mic-1) 132.085

( No optimizations are carried-out to use Intel MPI| & OpenMP threads Prog. Env

(%) =

(16 total channels provide a

(*=No
optimizations are
carried-out to
use OpenMP
threads & Intel
Prog. Env) CDAC
P-COMS
software is
used.)

Speedup results were gathered using untuned and unoptimized versions of
benchmark (in-house developed) and Intel Prog. Env
http://www.intel.in/content/dam/www/public/us/en/documents/performance-
briefs/xeon-phi-product-family-performance-brief.pdf
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PARAM YUVA-II Intel Xeon- Phi Benchmarks(*) I

Peak Performance : Single Precision : 2129.47 Gflops/s
Peak Perf: 1.1091 GHz X 60 cores X 16 lanes X 2

No. of Cores = 60

Peak Perf. of Single Core = 35.49 GigaFlop/s

Experiment Results for Single Precision
Addition of Two Vectors(*)

Type of Optimization | No. of Cores Sustained Perf in
OpenMP threads Gflops
No Vectorization 1 0.195
Vectorization 1 17.256
1 1(4) 28.435

(*=No
optimizations are
carried-out to use
OpenMP threads
& Intel Prog. Env)
Intel MKL
Libraries are
used.)

(No optimizations are carried-out to use OpenMP threads & Intel Prog. Env)

(*) = Speedup results were gathered using untuned and unoptimized
versions of benchmark (in-house developed) and Intel Prog. Env
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PARAM YUVA-II Intel Xeon- Phi Benchmarks(*) I

Peak Performance : Single Precision : 2129.47 Gflops/s

No. of Cores = 60

Experiment Results for
Single Precision Addition of Two Vectors(*)
No. of Cores / Thread Affinity Sustained Perf in
OpenMP threads Gflops
4 COMPACT 66.7
8 COMPACT 133.69
16 COMPACT 266.89
37 COMPACT 482.85
64 COMPACT 1001.84
120 COMPACT 1804.25
240 COMPACT 1892.66

(*=No
optimizations are
carried-out to use
OpenMP threads &
Intel Prog. Env)
Intel MKL Libraries
are not used

(No optimizations are carried-out to use OpenMP threads & Intel Prog. Env)

(*) = Speedup results were gathered using untuned and unoptimized
versions of benchmark (in-house developed) and Intel Prog. Env
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PARAM YUVA-II Intel Xeon- Phi Benchmarks(*) I

Peak Performance : Single Precision : 2129.47 Gflops/s
No. of Cores = 60

Experiment Results for
Single Precision Addition of Two Vectors(*)
No. of Cores / Thread Affinity Sustained Perf in
OpenMP threads Gflops
1 SCATTER 66.69
g SCATTER 133.69
16 SCATTER 231.60
37 SCATTER 480.29
64 SCATTER 947.53
120 SCATTER 1795.33
240 SCATTER 1893.56

(*=No
optimizations are
carried-out to use
OpenMP threads
& Intel Prog. Env)
Intel MKL Libraries
are not used . )

(No optimizations are carried-out to use OpenMP threads & Intel Prog. Env)

(*) = Speedup results were gathered using untuned and unoptimized
versions of benchmarks (in-house developed) and Intel Prog. Env
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Any questions ?
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