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| DISCLAIMER

While best efforts have been used in preparing this training, Colfax International makes no
representations or warranties of any kind and assumes no liabilities of any kind with respect to
the accuracy or completeness of the contents and specifically disclaims any implied warranties
of merchantability or fitness of use for a particular purpose. The publisher shall not be held
liable or responsible to any person or entity with respect to any loss or incidental or
consequential damages caused, or alleged to have been caused, directly or indirectly, by the
information or programs contained herein. No warranty may be created or extended by sales
representatives or written sales materials.

om/how-16-10 WELCUME C fax International, 2013-2016




| COURSE ROADMAP

> HOW to Program Intel Architecture
® 01. Parallelism, specialization, guided tour — Oct 24

* 02. Programming Intel Xeon Phi (KNC, KNL) — Oct 25 g M T WHF ?

October 2016

> HOW to Express Parallelism B 5 4 s o 7B
® (3. Automatic vectorization — Oct 26 9 10 11 12 13 14 15
® 04. Multi-threading with OpenMP - Oct 27 16 17 18 19 20 21 22
> HOW to Get Performance " =---- 2

® 05. Comprehensive demo — Oct 28

. . . November 2016
® 06. Scalar & vectorization tuning — Oct 31 &l T wl h .
® 07. Multi-threading: common issues — Nov 1 ---- -
® 08. Multi-threading: memory aspect — Nov 2 6 7 8 910 11 12
® 09. Memory traffic - Nov 3 13 14 15 16 17 18 19
> HOW to Scale » EIEIEEE

¢ 10. Distributed Computing: MPI - Nov 4 ] — Webinar+remote access
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| HOW ONLINE

Course page: colfaxresearch.com/how-16-10

> Slides (including this one), code downloads

> Video of recorded sessions

> Chat (during webinars or offline)

Additional resources:

> More workshops like this one: colfaxresearch.com/training

> Video courses: colfaxresearch.com/video-courses
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GET YOUR QUESTIONS ANSWERED

Chat (current): Forums (technical):
colfaxresearch.com/how-16-10 colfaxresearch.com/discussion

o Log nRegister

2\ eoternandesmo Helo from Recife/Brazil [:0 LFAX RESEARGH
— f e P T

gaesansi Hi, Naples, laly CONTRIBUTING TO INNOVATIONS IN COMPUTING

READ LEARN | FORUMS JoIN

Infozharish Harsh from INDIA

hpetan Hello, from Texzs. Join the Conversation

radekg 1000 Hi, Poznan/Poland Welcome to Colfax Research forums, an anline community for you to engage with HPC experts, software

architects, developers, computational researchers, scientists, students and more—so you can acquire new
knowledge, share ideas, and build new relationships.

R 7rion hello, Tokyo, 0P S|
Tap our expets and you pers o el et the chalnge of opimizing appcaons on modern harcvare, Tis s
the place to browse or post questions (and get answers) related to computational science, parallel programming
and code modernization on Intel® Architecture.

Welcome aboard. Post questions today!

Email (organizational):
training@colfax-intl.com

RESOURCES
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I HANDS-ON EXERCISES AND REMOTE ACCESS

> 96 people receive a remote access token

> Virtualized Intel Xeon CPU, real Intel Xeon [student@cdt ~1$ cowsay "Welcome!® [}
. < Welcome! >
Phi coprocessor (1st gen, KNC), SWtools |- S
\ (00)\
> Can access the system the entire 2 weeks of A
the workshop asenecar 1sl) |

> Not among the 96? Stay tuned: follow along with instructor, use own
system, or wait for a seat

> Use it or lose it: if you do not log in for a while, remote access token
goes to next student on the list

colfaxresearch.com/how-16-10 RESUURCES © Colfax International, 2013-2016




§2. DISTRIBUTED COMPUTING




I COMPUTING HARDWARE

Computing Platforms

N
JE TN

Workstations Servers Clusters

Computing Accelerators

Xeon Phi” Copracessor

GPGPUs Coprocessors
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| CLUSTERS

Clusters often use Gigabit Ethernet for administration and InfiniBand for
communication.
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I PARALLEL PROGRAMMING FRAMEWORKS

Data-Parallel :
intrinsics, vector classes, automatic vectorization, array
notation, kernels

Shared Memory :
Pthreads, Threading Building Blocks, OpenMP

Message Passing :
TCP/IP, MPI
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MPI AND HETEROGENEOUS COMPUTING




I STRUCTURE OF MPI APPLICATIONS: HELLO WORLD

1 | #include "mpi.h"

2 | #include <cstdio>

3 |int main (int argc, char xargv[]) {

4 MPI_Init (&argc, &argv); // Initialize MPI envirnmnt

5 int rank, size, namelen;

6 char name[MPI_MAX_PROCESSOR_NAME] ;

7 MPI_Comm_rank (MPI_COMM_WORLD, &rank); // ID of current process
8 MPI_Get_processor_name (name, &namelen); // Hostname of node

9 MPI_Comm_size (MPI_COMM_WORLD, &size); // Number of processes

10 printf ("Hello World from rank %d running on %s!\n", rank, name);
1 if (rank == 0) printf("MPI World size = %d processes\n", size);
12 MPI_Finalize (); // Terminate MPI environment

13 }
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I COMPILING AND RUNNING MP1 APPLICATIONS ON HOST

vega@lyraj, mpiicpc -o HelloMPI HelloMPI.cc
vega@lyra% mpirun -host localhost -np 2 ./HelloMPI
Hello World from rank 1 running on lyra!

Hello World from rank O running on lyra!

MPI World size = 2 processes

> Set up MPI environment variables
> Use wrapper script mpiicpc to compile

> Use automated tool mpirun to launch
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I SCALING ACROSS A CLUSTER WITH COPROCESSORS

> MPI processes only on CPUs

> Divide data between
COPTrocessors

> Concurrent offload from
multiple host threads

> Synchronize data between
nodes with MPI

colfaxresearch.com/how-16-10

MPI AND HETEROGENEQUS COMPUTING

©)

© Colfax International, 2013-2016
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I SCALING ACROSS A CLUSTER WITH COPROGESSORS WITH MPI

T 1
> MPI processes only on CPUs | (@ T = o
> Divide data between (111111 1)
COprocessors \\ Host CPU Xeon Phi Cﬁgﬁnﬂﬁﬁl}l/
> Concurrent offload from _ —1
. OpenMP (Open!
multiple host threads Oocrltr Oocrir
. ([ ([ [[[]]
> Synchronize data between R G CTY T
. Compute node 2
nodes with MPI b prents
Other Compute
O t Nodesp t
O
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I COMPILING AND RUNNING NATIVE MPI APPLICATIONS ON COPROGESSORS

vega@lyraj, export I_MPI_MIC=1

vega@lyraj, mpiicpc -mmic -o HelloMPI.MIC HelloMPI.c
vega@lyraj, scp HelloMPI.MIC micO:~/

vega@lyraj mpirun -host micO -np 2 ~/HelloMPI.MIC
Hello World from rank 1 running on lyra-micO!

Hello World from rank O running on lyra-micO!

MPI World size = 2 processes

> Enable the MIC architecture in Intel MPI: I_MPI MIC=1
> Copy or NFS-share MPI library & executables with coprocessor
> Usempiicpc with -mmic to compile

> Launch as if micO is a remote host
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I HETEROGENEOUS MPI APPLICATIONS: HOST + COPROCESSORS

vega@lyraj, mpirun \

> -host micO -n 2 ~/Hello.MIC : \

> -host micl -n 2 ~/Hello.MIC : \

> -host localhost -n 2 ~/Hello

Hello World from rank 5 running on localhost!
Hello World from rank 4 running on localhost!
Hello World from rank 2 running on micl!
Hello World from rank 3
Hello World from rank 1 running on micO!
Hello World from rank O running on micO!
MPI World size = 6 ranks

running on micl!

> Specify Xeon executable for host processes

> Specify Xeon Phi executable for coprocessor processes
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I HETEROGENEQUS MPI APPLICATIONS: MACHINE FILE

vega@lyraj, cat hosts.txt
localhost:2
mic0:2

micl:2

vega@lyraj export I_MPI_MIC_POSTFIX=.MIC
vega@lyraj, mpirun -machinefile hosts.txt ~/Hello
Hello World from rank O running on localhost!
Hello World from rank 1

Hello World from rank 2

Hello World from rank 3 running on micl!
Hello World from rank 4 running on micO!
Hello World from rank 5 running on micO!
MPI World size = 6 ranks

running on localhost!
running on micl!

> Specify Xeon executable for host processes
> MIC executable obtained by appending I_MPI_MIC_POSTFIX
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I COMPILING AND RUNNING MP1 APPLICATIONS

1. Compile and link with the MPI wrapper of the compiler:
® mpiicc forC,
* mpiicpc for C++,
* mpiifort for Fortran 77 and Fortran 95.

2. Set up MPI environment variables and I_MPI_MIC=1

3. NFS-share or copy the MPI library and the application executable to
the coprocessors
4. Launch with the tool mpirun
® Colon-separated list of executables and hosts (argument ~host hostname),

* Alternatively, use the machine file to list hosts
® Coprocessors have hostnames defined in /etc/hosts
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COMMUNICATION PATTERNS




I PARALLEL PATTERNS

Embarrassingly parallel, reduction, fork-join.

¢¢¢¢ OO0

.
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I POINT TO POINT COMMUNICATION

1 |if (rank == sender) {

3 | char outgoingMsg[messagelLength] ;
4 | strcpy(outgoingMsg, "Hi There!");
5 | MPI_Send(&outgoingMsg, messagelength, MPI_CHAR, receiver, tag, MPI_COMM_WORLD) ;

8 |} else if (rank == receiver) {

10 | char incomingMsg[messageLength];

1 | MPI_Recv (&incomingMsg, messagelength, MPI_CHAR, sender,

12 tag, MPI_COMM_WORLD, &stat);
13 | printf ("Received message with tag %d: ’%s’\n", tag, incomingMsg);
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I COLLECTIVE COMMUNICATION: BROADCAST

int MPI_Bcast( void *buffer, int count, MPI_Datatype datatype,

—

2 int root, MPI_Comm comm );
sender
Broadcast
receiver receiver receiver receiver
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I COLLECTIVE COMMUNICATION: SCATTER

int MPI_Scatter(void *sendbuf, int sendcnt, MPI_Datatype sendtype, void *recvbuf,
2 int recvcnt, MPI_Datatype recvtype, int root, MPI_Comm comm) ;

—

sender

o )
data l

Scatter

receiver receiver receiver receiver
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I COLLECTIVE COMMUNICATION: GATHER

int MPI_Gather(void *sendbuf, int sendcnt, MPI_Datatype sendtype,
2 void *recvbuf, int recvcnt, MPI_Datatype recvtype, int root, MPI_Comm comm) ;

-

sender sender sender sender
-' data ' data ' data '

Gather

N
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I COLLECTIVE COMMUNICATION: REDUCTION

int MPI_Reduce(void *sendbuf, void *recvbuf, int count, MPI_Datatype datatype,
2 MPI_Op op, int root, MPI_Comm comm);

=g

Available reducers: max/min, minloc/maxloc, sum, product,
AND, OR, XOR (logical or bitwise).

—
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COPROCESSORS AND INFINIBAND




I PEER-TO-PEER COMMUNICATION BETWEEN COPROCESSORS

R
] System LN System
CPU — M Memor
Network T i
Bridging
onbro | {}
thernet| 9 i
PCIe > Chipset| K~ PCI PCIe ) Chipset ' PCI MIC
’ENIC e -3 : ) :
] g %
g / 2
2 2
o & &
Virtualized o Virtualized ©
Network InfiniBangd NI
Interface HCA Wemery
mic)

> Left: Gigabit Ethernet bridging on host allows to place coprocessors
on the same subnet as hosts

> Right: Coprocessor Communication Link (CCL) - virtualization of an
InfiniBand device on each coprocessor

EUPHUCESSUHS AND INFINIBAND © Colfax International, 2013-2016
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I MPI FABRIC SELECTION

http://research.colfaxinternational.com/

> MPI communication between
CPU and coprocessors as
efficient as offload

> Peer-to-peer communication
not uniform, but better than
with Gigabit Ethernet

> Control: environment
variable I_MPI FABRICS

Our publication with details:
http://xeonphi.com/papers/p2p
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I GIGABIT ETHERNET VERSUS INTEL TRUE SCALE INTERCONNECTS

> Ethernet+TCP between coprocessors slower than the hardware limit
> InfiniBand approaches the hardware limit from CPU to coprocessors

500 T 0.12 T http://research.colfaxinternational.com/
B mtt—1 % 0.10 e=e CPU - remote CPU
400} Ve g e X
2 300*\2_._:—%\ © 008 == CPU - mic0
> B vovd £ 006 v—v mic0 - micl
2 - .
T 200 : 1 E goa #=a CPU - remote micO
3 |l 27 ®—@ micO - remote mic0
100 gt g™ gt
2 0.02
0 ? 0.00 j
4B 64B 1kB 1kB 1MB 1GB

Message Size

— 20 T 5 TMI Fabric on True Scale HCA
Kl s w4l e=—e CPU - remote CPU
S 15f- : g 1 s}
z IR «—< CPU - local MIC
8
E 10+ : -~ £ v—v  CPU - remote MIC
= 20 GERAR L AR
> ) v s v e as8a w==a MIC - local MIC
2 Mm =8 MIC - remote MIC
= ! i

4B 64B 1KiB l(i(iB IMiB 1GiB

Message Size Message Size
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I INTRA-DEVICE AND INTRA-NODE COMMUNICATION

> Fabrics for messages within a single coprocessor:
> shm provides better latency, dapl — greater bandwidth

15 12 ttp://research.colfaxinternational.com/
@ 10} =4 micO - micO (dapl)
< 100 » v B 8L e=e mic0 - micO (shm)
g g o
g 3
= 5l . . A .
3 _—’——‘/ g
& 2
0 i 0 ?
4B 64B 1kB 1kB 1MB 1GB
Message Size Message Size
15 7 http://research.colfaxinternational.com/
& 61 o=e CPU - remote CPU
E\ 10L- » — Kl == CPU - micO
z £40 = CPU - remote mic0
g g 3 w=m CPU - remote mic2
T Sk e 1 ° ol
p c
oot a1}
[0} ; 0
4B 64B 1kB 1kB 1mMB 1GB
Message Size Message Size
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I INTEL OMNI-PATH ARCHITECTURE (OPA)

Intel® Omni-Path Fabric

Intel Omni-Path Fabric Performance (OSU benchmark)*
File Edit View Search Terminal Help

[ryo@c010-n0e3 ~]$ cat /sys/module/hfil/parameters/desct intr 5 14
[ryo@c010-n@03 ~]$ cat /sys/module/hfil/parameters/sdma descq cnt 12
20:
[ryo@c010-n@03 ~]$ mpirun -np 2 -ppn 1 -host c@10-n003,c010-n004 \ 4 >
-PSM -genv I MPI PIN PROCESSOR LIST=0 ~/osu_bw a 10
# 0SU MPI Bandwidth Test v5.0 ﬁ 3 9
# Size Bandwidth (MB/s) = = 8
1 1.77 z 3
2 3.54 2 5 Z 6
4 7.22 g2 5
8 14.74 3 g 4
16 26.96 ] || ——— ]
32 57.22 2
64 114.45
128 232.93 [ R L Ll
256 405.45 0 0
512 753.79 1B 32B 1KiB 1KiB 1 MiB
1024 1386.73
2048 2264.14 10 i e Size
2040 26014 Message Size (B) Message Size (B)
8192 5612.19
16384 6375.83 * Pre-production A0 hardwars and Alpha-level software
32768 8975.61
65536 9558.37
131072 12061.21
262144 12222.53 . . .
524288 12306.10
1048576 12338.90 ™
2007152 12354.31
4194304 I12379.14
[ryoece10-n003 ~1$ : ... - . . L
www.colfax-intl.com Customizged Solutions

(slide from Colfax’s presentation at SC’'15)
colfaxresearch. W EﬂPRUCESSURS AND INFINIBAND © Colfax International, 2013-2016




I INTEL XEON PHI PROCESSORS WITH INTEGRATED FABRIC

KNLF: KNL with Fabric

> Fabric integrated on CPU
® Intel Omni-Path Architecture

> Socket mount processor

*KNC image

KNL Coprocessor
> PCle add-in card

® Requires host

> Multiple KNLs in a system
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INTER-OPERATION WITH OPENMP




I HYBRID MPI+OPENMP

. . . !rrmn—mm
Using OpenMP inside of MPI processes: NSRRI

> Reduces the memory footprint

> Decreases the number of MPI ranks,
which reduces communication

Host CPU Xeon Phi Xeon Phi
Compute node 2

> May incur thread synchronization
overhead

T T T T

v-r*-r-w
[IIIIIII]\[IIIII I
COCCT OO T

Xeon Phil Xe,cn Phi
node 1)

> Optimal number of threads in MPI

processes must be established T 11
L. Opeoieopenst] [opentopenr]
empirically s S
o C
o
o
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I HYBRID MPI+OPENMP

> For MPI calls from multiple MPI threads, use -mt_mpi

\

MPI pins processes to cores and sets OpenMP affinity for them.
To tune pinning: I_MPI_PIN,I_MPI PIN DOMAIN
> To diagnose process pinning: I_MPI_DEBUG=4

\Y

> More information in the MPI Reference Manual
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I MULTI-THREADING WITHIN MPI PROCESSES

if (myRank == 0) { // Rank O has both a boss and a worker inside:
2 const int nThreads = omp_get_max_threads(); omp_set_nested(1);
3 | #pragma omp parallel sections num_threads(2)
1 {
5 | #pragma omp section
6 { DistributeWork(nOptions, option, mpiWorldSize); } // Boss
7 | #pragma omp section
8 { omp_set_num_threads(nThreads-1); // Worker in rank O:
9 ReceiveWork(option, payoff, myRank, optioncount); 1} // ...

Work Queue (managed by Boss)
[oT1[2]3]4]5T6[7]8]9 10[11]12[13[14]15]+-

—

eon Phi |

Host

Rank 0
= worker Ll
i (worker)
5 Boss =]

a7 n " ;
‘ ! w :
| .
| .
|

|

|

=== work request

Rank 2
(worker)

Rank 3
(worker)

Xeon Phi 2 ‘

next work-item
n que
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I EXAMPLE OF OPENMP AND MPI INTER-OPERATION

Number of threads per process may be a tuning parameter:

y-axis: N cells, W=2 blocks

% of £ 175
2 EEY-SY=N/W cells - M % é 150
& z S 125
4 T R
el 3 8 g
Z|ll Thread parallelism | & SSIMD parallelism g
B L
2 (automatic g
'E (OnenhiF) vectorization) 5
A~
Process | J A
allei;m 60 30 20151210 654 3 1 H
( EE. Threads per MPI process, T

Case study: this paper
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EXAMPLE: ASIAN OPTIONS, HETEROGENEOQUS DISTRIBUTED COMPUTING




I EXAMPLE: THE MONTE CARLO METHOD OF ASIAN OPTION PRICING

1) Simulate Random-Walk of Asset Price

dS(t) = uS(t)dt + oS(t)dB(t)

Using the Solution

S(t) = S(O)e(“*%f’z)tJro\/EN(o,l)

2) Perform Asian Option Price Averaging

1
<S>ari m N S(t2)7
th N ZZ; 3) Compute Discounted Pay-off
N-1 —
S = o0 (LS hogs| P = ¢ Emax{K (),
geom N i=0 Pcall = 677.TE (max {07 <S> - K})

More information: this paper
colfaxresearch.com/how-16-10 EXAMPLE ASIAN OPTIUNS, HETERDGENEOUS DISTRIBUTED BUMPUTING © Colfax International, 2013-2016
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I ASIAN OPTION PRICING: HETEROGENEOUS CLUSTERING

Heterogeneous Clustering with Homogeneous Code:
Asian Option Pricing

s1200] K
o
% s10.
S
I
g $8.00 \ I
2 ;
8 oo Done!
g ‘\ /
8
2 s4.0 3
5
2 4200 \. / ToTTET0T T7T6ED
- compute-01 compute-02
$0.00 2
$0.00 $5.00 $10.00 $15.00 $20.00 $25.00 $30.00 i
Strike price s
5
5
S
compute-02-mico
i 5
8
g 1
2, 5
5
£ S
s
E compute-02-micl J
v
2
s
2 4
(1]
B= COLFAX
Uz Coprocessors Al W C.cromized Solutions

http://xeonphi.com/papers/heterogeneous
EXAMPLE: ASIAN OPTIONS, HETEROGENEOUS DISTRIBUTED COMPUTING © Colfax International, 2013
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I HETEROGENEOUS CALCULATION WITHOUT LOAD BALANCING

const double optionsPerProcess = double(nOptions)/double(mpiWorldSize) ;
const int myFirstOption = int(optionsPerProcess*(myRank)) ;
const int myLastOption = int(optionsPerProcess*(myRank+1));

// Static, even load distribution: assign options to ranks
for (int i = myFirstOption; i < myLastOption; i++)
ComputeOptionPayoffs(option[i], payoff[il);

N e g e W N e

Set of work-items:
[0[1]2]3]4]5]6]7]8]910[11[12]13[14[15]"- -
\_\,_/\_\,_/\_\I_,_/\_\,_/

L

Host Xeon Phi 1 Xeon Phi 2
\
MPI rank 0 MPI rank 1 E MPI rank 2 } E MPI rank 3 }
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—

STATIC LOAD BALANCING

if (rankTypes[myRank] == 0) { // I am a MIC-based rank
double optionsPerProc = double(lastOptForCPUs)/double(cpuRanks.size());
myFirstOpt = int(optionsPerProc*(myGroupRank)) ;
myLastOpt = int(optionsPerProc*(myGroupRank+1.0));

} else { // I am a CPU-based rank
double optionsPerProc = double(nOpts-lastOptForCPUs)/double(micRanks.size());
myFirstOpt=lastOptForCPUs+int (optionsPerProc* (myGroupRank)) ;
myLastOpt=lastOptForCPUs+int (optionsPerProc* (myGroupRank+1.0)); }

Queue of work-items:

[0[1]2]3]4]5]6]7]8]910[11[12]13[14[15]"-*
N e, e N ~ —

— —
L 1 [ [

Host Xeon Phi 1 Xeon Phi 2

MPI rank O || MPI rank 1

[ MPIrankZ} [ MPI rank 3 }

colfaxresearch.com/how-16-10 EXAMPLE ASIAN OPTIUNS, HETERUGENEUUS DISTRIBUTED cuMPUTING © Colfax International, 2013-2016




I STATIC LOAD BALANCING: PARAMETER TUNING

10.0 e ——————— i T ———

9.0 - O tlmal load balance h

8.0 - ® 4
@

7.0 - :

6.0 i

Baseline (even load)

Too much load

Performance (109 values/s)

501 0N COProcessors

4.0 [Too much lgad

3.0 - on CPU

20 | T
1.0 - T
0.0 \\\\\\\\\‘\\H\\\\\‘\\\\\H\\‘\\\\\\\\\‘HH\HH‘HHH\H‘H\ \\\\\‘\H\\HH‘HHHH\‘HH\HH H\\\\\\\‘\\\H\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\H\\\\‘\\\\\\\\\‘\\\H\\\\‘\\H\HH‘\HHHH‘\HHHH

0.00.10203040506070809101.1121314151617 181920

Value of parameter o

e EXAMPLE: ASIAN OPTIONS, HETEROGENEOUS DISTRIBUTED COMPUTING
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I DYNAMIC LOAD BALANCING

1 if (myRank == 0) // Boss’s branch
2 DistributeWork(nOptions, option, mpiWorldSize) ;
3 else // Workers’ branch
4 ReceiveWork(option, payoff, myRank);
Work Queue (managed by Boss) Work Quete (managed by Bos
[0]1 \2\3\4\5\6\7\8\9\10\11\12\13\14\15
N —~
1
Xeon Phi 1 Xeon Phi 2 Host Xeon Phi 1 Xeon Phi 2
(" Rank 0
Rank O|| Rank 1 2 Rank 3 Rank 4 S worker Rank 1 Rank 2 Rank 3
(worker) | | (worker) (worker) (worker) i (worker) (worker) (worker)
| |
1 ! 5
next work-item  ______ work request or _ nmextworkitem work request
in queue in queue
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I PERFORMANCE WITH DIFFERENT SCHEDULING MODES

Load Balancing Optimization in Asian Option Pricing
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Even Load

Static Load Balancing
(Tuned)

Boss-Worker
(Pinning Disabled)

Boss-Worker
(Multi-threaded MPI)

Refer to the book for explanation on the last two results.
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I WHAT WE LEARNED

Session 1 Native programming for Xeon Phi

Session 2 Offload programming for Xeon Phi

Session 3 Expressing vectorization

Session 4 Expressing thread parallelism

Session 5 Optimization overview (N-body)

Session 6 Optimizing vectorization

Session 7 Optimizing multi-threading (common errors)
Session 8 Optimizing multi-threading (advanced tweaks)
Session 9 Optimizing memory access

Session 10 Distributed computing
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| PLAY IT AGAIN

HOW Series Archive
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http://colfaxresearch.com/how-series-archive

| YOUR TURN

Let us know what you think via email!
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I HOW SERIES: KNIGHTS LANDING

HOW SERIES “KNIGHTS LANDING":

PROGRAMMING AND OPTIMIZATION FOR
INTEL XEON PHI X200 FAMILY

Free 2-hour video course

colfaxresearch.com/how-knl/

LEARN MORE
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| TEXTBOOK

ISBN: 978-0-9885234-0-1 (508 pages, Electronic or Print)

Parallel Programming
and Optimization with

Intel® Xeon Phi™
Coprocessors

Handbook on the Development and
Optimization of Parallel Applications
for Intel® Xeon® Processors
and Intel® Xeon Phi"" Coprocessors

© Colfax International, 2015

HANDBOOK ONTHE
DEVELOPMENT AND
OPTIMIZATION OF
PARALLEL
APPLICATIONS FOR
INTEL XEON'
PROCESSORS
ANDINTEL*
XEONPHI"
COPROCESSORS

COLFAX INTERNATIONAL
ANDREY VLADIMIROV | RYO ASAI | VADIM KARPUSENKD

http://xeonphi.com/book
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