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An Overview of Xeon Phi Coprocessor I

Lecture Qutline

Following topics will be discussed

% Understanding of Xeon —Phi Architectures

% Programming on Xeon-Phi Architectures —-MKL

% Tuning & Performance — Software Threading
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MIC Architecture, System Overview
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Systems with Acceleratorsl

A set (one or more) of very simple execution units that can
perform few operations (with respect to standard CPU) with very
high efficiency. When combined with full featured CPU (CISC or
RISC) can accelerate the “nominal” speed of a system.
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Physical integration

CPU : Control Path & Data Path

CPU & ACC ALU : Arithmetic and logic units

ACC: Accumulator

H : H PC : Program counter
Architectural Integratlon Micro-Instructions (Register transfer)

Source : NVIDIA, AMD, SGil, Intel, IBM Alter, Xilinux References
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‘ Compute modes vision '

Xeon Centric MIC Centric

General purpose Codes with Highly-parallel
serial and parallel balanced needs codes
computing
Codes with highly- Highly parallel
parallel phases codes with scalar
phases

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

Source : References & Intel Xeon-Phi; http://www.intel.com/
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Intel Xeon-Phi Coprocessor architecture Overview I

Quick Glance*

¢ The Intel Xeon Phi coprocessor Architecture Overview
(Core, VPU, CRI, Ring, SBOX, GBOX, PMU)

¢ The Cache hierarchy (Details of L1 & L2 Cache)

** Network Configuration (MPSS) : (Obtain the information can
be obtained by running the micinfo program on the host. )

*» System Access

Remark : Root privileges are necessary for the destination
directories (Required for availability of some library usage for
codes such MKL)

(* = Useful for tuning and Performance)
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Intel Xeon-Phi Coprocessor architecture Overview I

*+ The Intel Xeon Phi coprocessor consists of up to 61 cores
connected by a high performance on-die bidirectional
Interconnect.

¢ The coprocessor runs a full service Linux operating system

¢ The coprocessor supports all important Intel development
tools, like C/C++ and Fortran compiler, MPI and OpenMP

“+ To Coprocessor support s high performance libraries like
MKL, debugger and tracing tools like Intel VTune Amplifier
XE.
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Intel Xeon-Phi Coprocessor architecture Overview I

*» The Intel Xeon Phi coprocessor The coprocessor is
connected to an Intel Xeon processor - the "host" - via the
PCI Express (PICe) bus.

* The implementation of a virtualized TCP/IP stack allows to
access the coprocessor like a network node.

Remark : Summarized information can be found In the
following MIC architecture from the System Software
Developers Guide and other references
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Intel Xeon-Phi Coprocessor System Access I

Quick Glance:

¢ Detalls about the system startup and the network
configuration can be found in Intel Xeon-Phi documentation
coming with MPSS

¢ To start the Intel Manycore Platform Software Stack (Intel
MPSS) and initialize the Xeon Phi coprocessor the following
command has to be executed as root or during host system
start-up:

hypack-root@mic-0:~> sudo service mpss start

Remark : The above command has to be executed as a root
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Intel Xeon-Phi Coprocessor System Access I

Quick Glance:

¢ To start the Intel Manycore Platform Software Stack (Intel
MPSS) and initialize the Xeon Phi coprocessor the following
command has to be executed as root or during host system
start-up:

hypack-root@mic-0:~> sudo service mpss start

Remark : The above command has to be executed as a root.

Details about the system startup and the network configuration
can be found in Intel Xeon-Phi documentation coming with
MPSS. For other necessary commands, refer Intel Xeon Phi
documentation
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Intel Xeon-Phi Coprocessor System Access I

Quick Glance:

assigned to the attached Intel Xeon Phi coprocessors. The IP

addresses of the attached coprocessors can be listed via the
traditional ifconfig Linux program.

hypack-root@mic-0:~> /sbin/ifconfig

Further information can be obtained by running the micinfo
program on the host.

hypack-root@mic-0:~>/sudo/opt/intel/mic/bin/micinfo
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Intel Xeon-Phi Coprocessor System Access I

Quick Glance:
hypack-root@mic-0:~>/sudo/opt/intel/mic/bin/micinfo
System Info

Host OS : Linux

OS Version : 3.0.13-0.27-default

Driver Version : 4346-16

MPSS Version : 2.1.4346-16

Host Physical Memory : 66056 MB

Device No: 0, Device Name: Intel (R) Xeon Phi (TM) coprocessor
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Intel Xeon-Phi Coprocessor System Access I

Quick Glance:

hypack-root@mic-0:~> /sudo/opt/intel/mic/bin/micinfo
Device No: 0, Device Name: Intel (R) Xeon Phi (TM) coprocessor

Device No: 1, Device Name: Intel (R) Xeon Phi (TM) coprocessor
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Intel Xeon-Phi Coprocessor System Access I

Quick Glance:

hypack-root@mic-0:~>/sudo/opt/intel/mic/bin/micinfo
Device No: 0, Device Name: Intel (R) Xeon Phi (TM) coprocessor
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Intel Xeon-Phi Coprocessor System Access I

Quick Glance:

Users can log in directly onto the Xeon Phi coprocessor via
ssh. User can get basic information abbot Xeon-Phi by
executing the following commands.

[hypack01l@mic-0]$ ssh mic-0
[hypack0l@mic-0]$ hostname
[hypack0l@mic-0]$ cat /etc/issue
Intel MIC Platform Software Stack release 2.X

To get further information about the cores, memory etc. can be
obtained from the virtual Linux /proc or /sys filesystems:

[hypack0l@mic-0]$ tail -n26 /proc/cpuinfo
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Intel Xeon-Phi
Shared Address Space Programming
OpenMP, Intel TBB
Explicit Message Passing — MPI
MKL Math Kernel Library
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MKL
Math Kernel Library
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Intel Xeon-Phi Coprocessors (Intel MKL) I

Simple way to Jobs using Intel MKL (Math Kernel Library)

Details on using MKL (11.0) with Intel Xeon Phi co-processors
can be found in references. Also the MKL developer zone
contains useful information.

Intel MKL 11.0 Update 2 the following functions are highly
optimized for the Intel Xeon Phi coprocessor:

* BLAS Level 3, and much of Level 1 & 2

» Sparse BLAS:

Some important LAPACK routines (LU, QR, Cholesky)
Fast Fourier Transformations

Vector Math Library

» Random number generators in the Vector Statistical Library

Remark : All functions can be used on the Xeon Phi, however
the optimization level for wider 512-bit SIMD instructions differs.
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Intel Xeon-Phi Coprocessors (Intel MKL) I

“ On Xeon Phi coprocessor, the following usage models of
MKL are available :

» Automatic Offload
» Compiler Assisted Offload
» Native Execution

To know more about the availability of various functions for
above usage models, Please refer MKL documents
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Intel Xeon-Phi Coprocessors (Intel MKL) I

Automatic Offload (AO):

> In the case of automatic offload the user does not have to
change the code at all.

» For automatic offload enabled functions the runtime may
automatically download data to the Xeon Phi coprocessor
and execute (all or part of) the computations there.

» The data transfer and the execution management is
completely automatic and transparent

Remark : The matrix sizes for which MKL decides to offload
the computation should be indicated in function statement.
Refer Intel MKL documents
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Intel Xeon-Phi Coprocessors (Intel MKL) I

Automatic Offload (AO) :

» Approach 1: call the function mkl mic_enable()
within the source code

» Approach 2 : Set the environment variable
MKL MIC ENABLE =1

The data transfer and the execution management is
completely automatic and transparent

Remark : If no Xeon Phi coprocessor is detected the
application runs on the host without penalty.
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Intel Xeon-Phi Coprocessors (Intel MKL) I

Automatic Offload (AO) . To build a program for automatic
offload, the same way of building code as on the Xeon host is

used:
icc -03 —-mkl file.c -o file

By default, the MKL library decides when to offload and also
tries to determine the optimal work division between the host
and the targets . In case of the BLAS routines the user can
specify the work division between the host and the coprocessor

by calling the routine

mkl mic set Workdivision (MKL TARGET MIC,0,0.5)
or by setting the environment variable

MKL MIC 0 WORKDIVISION=0.5

Both examples specify to offload 50% of computation only to
the 1st card (card #0).
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Intel Xeon-Phi Coprocessors (Intel MKL) I

Compiler Assisted Offload (CAO) : In this mode of MKL the
offloading is explicitly controlled by compiler pragmas or
directives.

Advantage :

1. A Dbig advantage of this mode is that it allows for data
persistence on the device.

2. All MKL function can be offloaded in CAO-mode. (In contrast
to the automatic offload mode.)

Remarks :

¢ For Intel compilers it is possible to use AO and CAO in the
same program, however the work division must be explicitly
set for AO In this case. Otherwise, all MKL AO calls are
executed on the host.

*» MKL functions are offloaded in the same way as any other
offloaded function.
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Intel Xeon-Phi Coprocessors (Intel MKL) I

Compiler Assisted Offload (CAO) : To build a program for
compiler assisted offload, the following command is
recommended by Intel:

#pragma offload target(mic) \
in(transa, transb, N, alpha, beta) \
in(A:length(N*N)) in(B:length (N*N)) \
in(C:length (N*N)) \
out (C:length (N*N) alloc if(0))

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

}
Remarks :. Refer Intel MKL documents
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Intel Xeon-Phi Coprocessors (Intel MKL) I

Compiler Assisted Offload (CAO) : To build a program for
compiler assisted offload, the following command is
recommended by Intel:

icc -03 -openmp -mkl \
—-offload-option,mic,1ld, \
“_IL$MKLROOT/lib/mic -W1,\
--start-group -lmkl intel 1p64 \
-lmkl intel thread \
-lmkl core -Wl1,--end-group” \
hello.c -o file

Remarks : Setting larger pages by the environment setting
MIC USE 2MB BUFFERS=16K usually increases performance. It
is also recommended to exploit data persistence with CAO. Refer
Intel MKL documents
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Intel Xeon-Phi Coprocessors (Intel MKL) I

Native Execution : In this mode of MKL the Intel Xeon Phi
coprocessor is used as an independent compute node.

To build a program for native mode, the following compiler
settings should be used:

icc -03 -mkl -mmic file.c -o file

Example code : Example code can be found under
$MKLROOT/examples/mic_ao and
$MKLROOT/examples/mic_offload

Remarks : The binary must then be manually copied to the
coprocessor via ssh and directly started on the coprocessor or
Cluster environment automatically copy the data
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Intel Xeon-Phi Coprocessors (Intel MKL) I

Native Execution : In this mode of MKL the Intel Xeon Phi
coprocessor is used as an independent compute node.

To build a program for native mode, the following compiler
settings should be used:

icc -03 -mkl -mmic file.c -o file

Example code : Example code can be found under
$MKLROOT/examples/mic_ao and
$MKLROOT/examples/mic_offload

Remarks : The binary must then be manually copied to the
coprocessor via ssh and directly started on the coprocessor or
Cluster environment automatically copy the data
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Intel Xeon-Phi Coprocessors (Intel MKL) I

Summary: Tricks for Performance

< Use asynchronous data transfer and double buffering
offloads to overlap the communication with the
computation

< Optimizing memory use on Intel MIC architecture
target relies on understanding access patterns

<« Many old tricks still apply: peeling, collapsing,
unrolling, vectorization can all benefit performance

Source : References & Intel Xeon-Phi; http://www.intel.com/
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An Overview of Intel Xeon-Phi Coprocessors I

Conclusions

* An Overview of Intel Xeon-Phi Architecture; Tuning &
Performance of Software threading- using MKL
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Thank You

Any questions ?
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