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Instructor-led 1-day or 4-days training, at
your office or at Colfax facility in
Sunnyvale, CA

Eclick here to leam more

1-Day Parallel Programming Boot Camp

For software engineers and architects, providing an overview of parallel programming frameworks
and optimization guidelines for multi-core CPUS (Intel® Xeon®) and many-core coprocessors (Intel
Xeon Phi™)

« Discussions about three layers of parallelism: SIMD, Threads, Cluster environment
« Tips for quick porting/development of HPC software applications
« Real-life examples of code and optimization techniques
« Hardware solution and corresponding software implementations, APIs, and frameworks

4-Days Parallel Programming Workshop
For the developer who wants to hit the ground running with the modern multi-core CPUS (Intel®
Xeon®), many-core coprocessors (Intel Xeon Phi™) and leading software development tools:

« Hardware installation
* MPSS tools and the Linux environment on the Intel® Xeon Phi™ coprocessor

« Exploring differences in serial vs. parallel programming / processing / hardware usage

« Accelerated clusters

« Optimizations of vector arithmetics, memory traffic, thread parallelism and communication
« Using the Intel® Math Kernel Library

colfaxresearch.com/knl-webinar
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Colfax Research

Fluid Dynamics with Fortran on Intel

COLFAX RESEARCH ottane Dewloer'sInaductianto | X600 Pl copreasies

the HGST Ultrastar Archive Hato SMR

CENTRIBUTIVG T8 INNONATIONS S OMERTINE

Configuration and Benchmarks of
Peer-to-Peer Communication over
* Gigabit Ethernet and Infinibiand in 3
Cluster wi n Phi
Interview with James Reinders: future
of Intel MIC architecture, paralle]
programming, education

| Featured video
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The HOW (Hands On Workshop) Series
FREE ONLINE TRAINING

Code modernization and optimization for

Intel Xeon Processors and Intel Xeon Phi Coprocessors

Starts April 18

Register Now >>
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Xeon Phi” Coprocessor
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A Knights Landing (KNL)*
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KNLt 41 DWER: 21U

o ;K36 1)L ZTILTLIC 2 DOWIBO7 (85t 76 O7)
o XY a AV A=A IMILZBE. D L2 Tvvia

<16 GiB MCDRAM, ~ 400 GB/s

PCle
CORE|CORE| |cORE }COR.E coRE|cORE| |coRE|cORE| |coRE|cORE| |coRE|cORE
L2 L2 L2 L2 L2 L2
core|core| |core|core| |core|core| lcore|core| |core|core| |core|core
L2 L2 I3 36 TILES |7 L2 L2
core|core| |core|core| |core|72 CORES core| |core|core| |core|core
L2 L2 L2 || L2 L2

DDR4 CONTROLLER

DDR4 CONTROLLER

<384 GiB DDR4, ~90 GB/s

CORE|CORE| [CORE|CORE

CORE|CORE| |CORE|CORE

CORE|CORE| |cORE|CORE
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7714 =T+1— cpuinfo

BT AALYRISEE T B/ECXEB) B ZIRIET ReH ELH B
— ALWREZVJICED L2 FvviaxEtBIE3
cpuinfo (A>T IL°® MPI 5173 —D#EE) ZFAL THF vy aZHBL TVWAIT7ERETES

user@knl% cpuinfo

KMP_AFFINITY (127 J)L® O /NAZ—) £7zld oMP PROC BIND (GCC AV /NA1Z—) ZfEATS

user@knl% export KMP AFFINITY=compact
user@knl% export OMP PROC BIND=close

colfaxresearch.com/knl-webinar INTA—IVRICEBTRER © Colfax International, 2013-2016
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a7 JL VPU
KNLT EDROT7ICIE 2 DOXRIKNLEEIZ vk (VPU) B’ H 3
RINMESINTOWAEWI—RDORFI)ILT1—

SP = 512wk LY RXH—/32 Ewh X 2VPU=32SIMD L —>
DP —» 512 Ewbh-LXZ—/64EYE X 2VPU=16SIMD L—>

( 512 Pywh+L 22— = 16 SP £7-I2 8 DP

EEmd [T TTTTTTTTTTTITT] 32/16 SIMD L —> (SP/DP
Frvia L o ALwyRZEIC x32)

\ _J
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KNLt THR—=FINB3XRI8ILGBSEYE

o A TILe PRI AR RTK)L -
TURXFTay 512 (1T IL° AVX-512)
» 512EVRRIMNL LI RZ—
» N\—RIITICLBF v —/AFryFI—,

DP BRI Y R— Y TSX
> GCCARL DRI /31 5—THH R~ Coswr o]
o 127 IL° AVX2 LLF Cave || avke |||
_m
» LA —E—RigfE AVX 2= Mg
=1}]
» 12T IL® Xeon® Oy —¥ 3
NT1FI)—EHi
o E5-2600 E5-2600v3 KNL
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127 I)L° AVX-512 DEERE

Knights Landingt: R¥ID-1> 7 )L® AVX-512 Wit 7Oty H—
o 1> T )L® AVX-512F (BEARED)
» ZLDAUTILAVX2 35D 512 Evh LY R4 —1L5E
o 12T JL° AVX-512CD (FRE&EH D)
» MRBUVLHEGRE (Bl:£E=>7)
o 1>7)L® AVX-512ER (388 S LU WD D)
» EBHREE (exp.rcp B KU rsqrt) D AR—k
° 42T )L° AVX-512PF (FUT7 T vF&ans)
» AFXvyE—[FvF—BOS)TTvF
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127 )L° AVX-512 Y R— DR E

/proc/cpuinfo T T IL® AVX-512 DTS = FESR

user@knl% cat /proc/cpuinfo
flags :
clflush

fpu

dts

vme de pse TscC

tsc arch perfmor

eagerfpu pni

ssed 1

lahf 1Im abm

pclmulgdg dte

ssed 2 x2 C

3dnow
ept

flexpriority

rdseed adx avx512pf ax

acpi mmx fxsr sse

msr pae mce cx8 apic sep m

C/C++ BEBIF U HELICKDRERR T 2 bAEE: b7 O 2 BTV

colfaxresearch.com/knl-webinar
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127 I)L° AVX-512CD: EXNT S L

1[// Colfax [IeB%E 4.04 @ worker.cc

2[void Histogram(const float* age, int* const hist,
3 const int n, const float group width,
4 const int m) {

5

6 for (int i = 0; 1 < n; i++) {

7 const int j= (int) ( agel[i] / group width );

8 hist[j]++;

9 }

10| }

user@knl% cat worker.optrpt

Ue—2 ROMUEDHH—F: D8 (scatter) HERINELS
)x—7 NINEDHR—b: &8 (gather) HERINFELL

)I—72 #15300: JIL—HIRINILIESNELT:

(Z# nist:)
(Z# nist:)

KNLT EDRIN LGS
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HBEEROY R—k

° 158

o WL

° WEFIR
fBEDM E

° {ERE

° MXEREDRKIE:

° 2723 (exp)

° 2728 (rcp HKU rsqrt)
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1>7)L° AVX-512 OfEM: 2 27 7O—F

BEIRIR8IL1L:
° AVNAS—IZKBRIMLE
° BHEMA BV BIAYNTILT BT
° FTaLOT«T=FRALFa—=>Y

1
2
3
4
5
6
7

double A[vec width], B[vec width];
/] ...

// COIN—=TZEENTNLEENS

for(int 1 = 0; i <
vec_width; i++)
A[i]+=B[i];

1
2
3
4
5
6
7

colfaxresearch.com/knl-webinar

double A[vec width], Bl[vec width];
1) oo

// BAREIBRANTNILE

~ m512d A vec = mm512 load pd(A
~_m512d B _vec ~mm512 load pd(B
A vec = mm5l12 add pd(A vec,B ve
~mmb512 store pd(A,A vec);

) ;
) ;
c)

’

TOUSIVIICETRER

BRI AR IR ILL:
° HABBERICE BRI
° HEAHBERERRICHIE
° BIEEAHRINS
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ATIL AV NAF—=DA T IL° AVX-512 HR—F
A2FIL® AV IN1S5—15.0 L EIZ1>TIL® AVX-512 fsstzwh & R—

user@knl% icc -v

user@knl% icc -help

® _xMIC-AVX512: KNL* @7 (F.CD.ER.PF ZHR—kK)
© -xCORE-AVX512: I3RD-1>TF)L°® Xeon® 7Ot wH—[@ElT (F.CD.DQ.BW.VL Z1H7K—F)
o -XCOMMON-AVX512: KNLt BLU1>TI)L°® Xeon® Ot wH—ii& (F.CD ZHHR—hH)

THRI—FR
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GCC DT> TI)L° AVX-512 HR—p
GCC 4.9.1 U EIF1>TIL° AVX-512 aastvhEHR—K

user@knl% g++ -v
gcc 4.9.2 (GCC)
user@knl% g++ foo.cc -mavx512f -mavx5l2er -mavx512cd -mavx512pf

BEAXRNGBEIMARINED T R—h: -02 el -03 ZENN

7\// ...foo.cc ...//
for(int i=0; i < n; i++)
B[i] = A[i] + B[i];

N

w

user@knl% g++ -s foo.cc -mavx512f -03
user@knl®% cat foo.s

vmovapd -16432 (%rbp, srax), zmmO

vaddpd -8240 (%$rbp, $rax), %zmmO, %zmmO

vmovapd %zmm0O, -8240 (%rbp, $rax)

colfaxresearch.com/knl-webinar TOISIVIICETRER © Colfax International, 2013-2016
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TN 21ME

This is an early version of the Loop Analytics lab; iLwil be
‘enhanced with more infarmation over time.
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KNLT D XE)—{&RK
o A I\w/r—® MCDRAM £ X7 Ly DDR4 (V7 wh) ANDEET7 It X
o MCDRAM % Cache. Flat. £7=l& Hybrid E—R THIB T3

->7)L® Xeon Phi™ =A 16GiB BA 384GiB
Oty — 400GB/® ~ 90GB/#) (STREAM)

DDR4
RAM
(AT LXEU-)
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MCDRAM XE—E—F

Flat €E—F
® MCDRAM & NUMA
J—ReLTHbNn3
° MCDRAM DOfERIZ

Cache E—F
® MCDRAM [Z LLC &L T
‘khns
° HE)T MCDRAM HfEMA
Iha

Hybrid €—F
® Flat €E—F¥& Cache E—F
DEAEDLYE

® tb=(Z BIOS TIEERIRE

a—H—HiHIE
CPU
DDR4
NUMA
NODE 0
NODE 1

CPU
DDR4

NUMA
NODE 0

Cache
MCDRAM

DDR4

NUMA
NODE 0

NUMA

NODE | - Mgs%zM|
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MCDRAM D/N\NT7#—=I X

DDR ¥ MCDRAM DO iggEL 1T > > —

MCDRAM

DDR gD LR MCDRAM FiHIED LR

HiEE
BREHNMELVLSEIX MCDRAM DIEFSH DDR KDHEL 1T —T.
7 LIMRAM DIF5H' DDR KOBEL 17> — gmmm

HE#: > 7 )L ISC 2015 KNLY EFFEEE (pdf) R
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Numactl
° T LD NUMA /—RICEET 2iEER= S

user@knl% # All-to-All @D Flat E—F
user@knl$% numactl -H
available: 2 nodes (0-1)

n

node 0 cpus: ...all cpus
0 size: 98207 MB

node

node 0 free: 94798 MB
node 1 cpus:

node 1 size: 16384 MB
node 1 free: 15991 MB

o 7 )/r—3>% MCDRAM (Z/N-T R (Flat/Hybrid)

user@knl% gcc myapp.c -o runme -mavx512f -02
user@knl% numactl -membind 1 ./runme
// ...MCDRAM LETERITHROT7 A )r—>3>...//

colfaxresearch.com/knl-webinar MCDRAM %2F|B§ 370553245 © Colfax International, 2013-2016




Memkind Z-1 7 31)—¥% hbwmalloc
hbwmalloc & Memkind 517 3')—IC&DFET MCDRAM EICEIDHTRZEH TES

1 |#include <hbwmalloc.h>

2 |const int n = 1<<10;
s |// MCDRAM ADEIOYT
4 |double* A = (double*) hbw malloc (sizeof (double) *n);

s|// mm malloc DREIEAEVeposix memalign Z{ERA
6 |double* B;
7 |int ret = hbw posix memalign((void*) B, 64, sizeof (double) *n);

o|// hbw free THRIK
10 |hbw_ free (A); hbw free(b);

Fortran TDEIDYT

1 |REAL, ALLOCATABLE :: A(:)
2 | /DECS ATTRIBUTES FASTMEM :: A
3 |[ALLOCATE (A(1:1024))

colfaxresearch.com/knl-webinar MCDRAM %2F|B§ 370553245 © Colfax International, 2013-2016




Memkind 5 735)—¥ hbwmalloc ZFIBLTa>/NTIL

C/C++ 7 )r—oarx AV IN1ILT 355

user@knl% icpc -lmemkind foo.cc -o runme
user@knl% g++ -lmemkind foo.cc -o runme

Fortran 7 ) —>3>%# 0 IN1ILT B5E:

user@knl% ifort -lmemkind f00.f90 -o runme
user@knl% gfortran —-lmemkind foo0.f90 -o runme

Memkind 217 Z)—DHA =) —Zhkl&.
http://memkind.github.io/memkind/ D5 AF oI 5E
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XEJ-FE(F XE)—% 16GB LA TFIC
16GB L FH? PENITEBZH?
lm\ lc;u
numactl Memkind Cache E—F
o TOJSLEE%E o FEITHIEEICHKTE ® 0S| MCDRAM 0D
MCDRAM TZ1T 9 BXE)—% MCDRAM EREEEES
o I—REBRE IBIDST o I-REBFE
e Memkind OFEUHL %
BNd23%EHD
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KNLt Q4 18R

o Xya AV A=A IMIEDT—2OBRFAEEHIEMINS
o XS a2 TO All-to-All. Quadrant .Sub-NUMA K X1 > i8{E

<16 GiB MCDRAM, ~ 400 GB/s

CORE|CORE| [CORE|CORE

PCle

CORE |CORE CORE |CORE

CORE|CORE

I

CORE |CORE

L2

1)

L2 L2

1L7)

2,

CORE |CORE

CORE |CORE

CORE|CORE | ) .|CORE |CORE

L2

L2

CORE |CORE

CORE |CORE

L2

L2

L 36 TILES 2

CORE |CORE

CORE |CORE

core|\/2 CORES Jeopg

CORE |CORE

CORE |CORE

L2

L2

L || L

L2

L2

DDR4 CONTROLLER

DDR4 CONTROLLER

<384 GiB DDR4, ~90 GB/s

CORE |CORE

CORE |COR.E

CORE|CORE| |cORE|CORE

CORE |CORE

CORE |CORE
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95 A 2—F—R: All-to-All
DERT T 4L IR )— (TD) EXEU—DOBICT 714 =T1—%L

: E tilel [tile] [tilel [tile] [tile] [tile E I
. § M@ (@ @ (@ (@ @ é !
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ANTFIAFIHIE (OpenMP*) MPI + OpenMP*
node node
1 | #pragma omp parallel 1 |stat = MPI_Init(); %O MMJ];%ITI
> [ { 2 |1/
3 /o OpentPr ALoF 3 | #pragma omp parallel
4+ | #pragma omp parallel 4 | {
5 -{: 5 // - NUMA node 2} NUMA node 3!
// (MPTrank 2) | | (MPTrank 3)
6 s [}
7 1 VA
s | T s [MPI_Finalize();
user@knly, OMP_NUM_THREADS=4,72 user@knl), mpirun -host knl \
user@knly, OMP_NESTED=1 > -np 4 ./myparallel_app
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The HOW (Hands On Workshop) Series
FREE ONLINE TRAINING

Code modernization and optimization for

Intel Xeon Processors and Intel Xeon Phi Coprocessors

Starts April 18

Register Now >>

CEIEDHBHIEIESH ST ATy TILTEELY

colfaxresearch.com/how-series
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Parallel Programming

and Optimization with
Intel® Xeon Phi™
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COLFAX INTERNATIDNAL
ANDREY VLADIMIROV | RYD ASAI | VADIM KARPUSENKD
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Fluid Dynamics with Fortran on Intel

COLFAX RESEARCH ottane Dewloer'sInaductianto | X600 Pl copreasies

the HGST Ultrastar Archive Hato SMR

CENTRIBUTIVG T8 INNONATIONS S OMERTINE

Configuration and Benchmarks of
Peer-to-Peer Communication over
* Gigabit Ethernet and Infinibiand in 3
Cluster wi n Phi
Interview with James Reinders: future
of Intel MIC architecture, paralle]
programming, education
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