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Intel Xeon Phi

B Multi-Threaded
Wide SIMD

Intel Teraflops Research Chip (Polaris, 200x-2007 rr.)
80 cores, 80 routers, self-correction system

Display Interface

L2 Cache

Intel Larrabee (200X-2010 rr.) - -

GPGPU: x86, cache coherency, 1024-bit ring bus, 4-way SMT, Larrabee GPU
(SIGGRAPH, 2008)
pa3paboTka oTmeHeHa B 2010 .

Single-Chip Cloud Computer (SCC, 2009)
48 P54C Pentium cores, 4x6 2D-mesh of tiles (2 cores)

Memory Controller
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Texture Logic Fixed Function

System Interface

Intel MIC (Intel Many Integrated Core Architecture)
Kel-KOorepeHTHbIM MyAbTUNPOLLECCOp C 0bLWen NamaTbo,
annapaTHaa MHOronoTo4yHocTb (4-way SMT),

LUMPOKME BEKTOPHbIE pernuctpbl (512 6mT)

O Knights Ferry (2010): 32 in-order cores, 4-way SMT, ring bus, 750 GFLOPS

L Knights Corner/ Xeon Phi (2011): 22 nm, >= 50 cores
O Knights Landing (2"9 gen., 14 nm, 2013): 74 Airmont (Atom) cores, bootable

O Knights Hill (379 gen., 10 nm)



Intel Knights Corner micro-

bonbwe 50 agep Pentium P54C:
L x86 ISA, in-order, 4-way SMT, 512-bit SIMD units

d Cache: 32 KB L1 data/i-cache, coherent L2 cache (512 KB),
[IBYCTOPOHHSAS KONbLEeBanA WNHa

KonbLeBas WKWHA: ABYCTOPOHHASA

Mogkntoyaetca Yepes wmnHy PCl Express

cnmin (oak): Intel Xeon Phi 3120A
O Cores: 57 4-way SMT (core #57 for OS only!): 224 threads
O RAM: GDDR5 6 GiB

O Intel Compiler:
$ source /opt/intel cluster/bin/iccvars.sh intel64

architecture
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Instruction Decode

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

512K L2 Cache

!

— Ring —

https://software.intel.com/sites/default/files/manaqged/ee/4e/intel-xeon-phi-coprocessor-quick-start-developers-quide.pdf

https://software.intel.com/en-us/articles/intel-xeon-phi-coprocessor-codename-knights-corner



https://software.intel.com/en-us/articles/intel-xeon-phi-coprocessor-codename-knights-corner
https://software.intel.com/sites/default/files/managed/ee/4e/intel-xeon-phi-coprocessor-quick-start-developers-guide.pdf

Moacuet npoctbix uncen (serial version)

int is_prime_number(int n)

{
int 1limit = sqrt(n) + 1;
for (int i = 2; i <= limit; i++) { Yucno onepauymm
if (n % i == @) return 0; ()(Vﬁi)
}
return (n > 1) ? 1 : 0;
}
int count_prime_numbers(int a, int b)
{
int nprimes = 0;
if (a <= 2) { /* Count '2' as a prime number */
nprimes = 1;
a = 2;
}
if (a % 2 ==0) /* Shift 'a' to odd number */
a++;
/* Loop over odd numbers: a, a + 2, a + 4, ... , b */ [lpoBepKa BCeX HEYETHbIX Yncen
for (int i = a; i <= b; i += 2) { B nHTepBane [a, b]
if (is_prime_number(i))
nprimes++;
}

return nprimes;



Moacuet npoctbix uncen (OpenMP)

int count_prime_numbers_omp(int a, int b)

{
int nprimes = 0;
/* Count '2' as a prime number */

if (a <= 2) {
nprimes = 1;
a = 2;

}

/* Shift 'a' to odd number */
if (a % 2 == 0)
a++;

#pragma omp parallel

{
/* Loop over odd numbers: a, a + 2, a +4, ... , b */
#pragma omp for schedule(dynamic, 100) reduction(+:nprimes)
for (int i = a; 1 <=b; 1 +=2) {
if (is_prime_number(i))
nprimes++;
}
}

return nprimes;



Moacuet npoctbix uncen (OpenMP)

int count_prime_numbers_omp(int a, int b)

cnmic (oak.cpct.sibsutis.ru)

{

int nprimes = 0; _ System board: ASUS Z10PE-D8 WS (Dual CPU)
/* Count 2% as a prime number */ CPU: 2 x Intel Xeon E5-2620v3 (2.40GHz, Haswell, 6 cores)
if (a <=2) { RAM: 64 GiB, DDR4 2133 Mhz (4x8 GiB, 4x8 GiB)

gp”';‘?s =1 Coprocessor: Intel Xeon Phi 3120A (Cores: 56 4-way SMT, RAM: GDDRS5 6 GiB)

- J

} ) : )
/* Shift 'a' to odd number */ $ icc -std=c99 -Wall -02 -fopenmp -c primes.c -o primes.o
if (a % 2 == 0) $ icc -o primes primes.o -1m -fopenmp

a++;
#pragma omp parallel
{

/* Loop over odd numbers: a, a + 2, a+4, ... , b */

#pragma omp for schedule(dynamic, 100) reduction(+:nprimes)

for (int i = a; 1 <=b; 1 +=2) {

if (is_prime_number(i)) $ export OMP_NUM_THREADS=12
nprimes++, $ ./pr‘imes

} Count prime numbers in [1, 3000000 ]
} . Result (host serial): 216816
return nprimes; Result (host parallel): 216816

} Execution time (host serial): 1.213376

Execution time (host parallel): 0.103723
Speedup host serial/host omp: 11.70




Moacuet npoctbix uncen: Xeon Phi offload (serial)

#include <offload.h>

double run_phi_serial()

{

#ifdef _ INTEL_OFFLOAD

printf("Intel Xeon Phi devices: %d\n", _Offload _number_of devices());

#tendif

int n;
double t = wtime();
#pragma offload target(mic) out(n)

{
}
t

n = count_prime_numbers phi(a, b);
= wtime() - t;

printf("Result (phi serial): %d\n", n);
return t;

CTpyKTypHbIUN 610K 8bi2pyrcaemca (offload)
ANA BbINOJIHEHUA Ha conpoueccop

TpebyeTca yKa3aTb:

06beKTbl, KOTOpble HEOBX0AMMO CKONMPOBATb
B NamMATb conpoueccopa nepea, BbinosiHeHMnemM 610Ka (in)

06bEeKTbl, KOTOpPble HEOBX0AMMO CKONMMPOBATb U3 NAMATH
conpoueccopa nocne BbinoaHeHnem 610Ka (out)



Moacuet npoctbix uncen: Xeon Phi offload (serial)

__attribute ((target(mic))) int count_prime_ numbers phi(int a, int b)

{

int nprimes = 0;

/* Count '2' as a prime number */
if (a <= 2) {

nprimes = 1;

a = 2;

}

/* Shift 'a' to odd number */
if (a % 2 == 0)
a++;

/* Loop over odd numbers: a, a + 2, a + 4,
for (int 1 = a; i <=b; 1 += 2) {
if (is_prime_number(i))
nprimes++;
}

return nprimes;

®YHKUMU U NnepeMeHHble, A0CTYN
K KOTOPbIM OCYLLECTB/IAAETCA HA conpoLleccope,
nomeyaroTca aTpubyrom

__attribute  ((target(mic)))

(eemepozeHHas Komnuaayus)



Moacuet npoctbix uncen: Xeon Phi offload (serial)

__attribute  ((target(mic))) int is_prime_number(int n)

{
int limit = sgrt(n) + 1;
for (int 1 = 2; i <= limit; i++) {
) o - ®yHKLUM U NnepeMeHHble, JoCTyn
if (n%1==29) K KOTOPbIM OCYLLLECTBAAIETCA Ha conpoLeccope,
) return @; nomeyaroTca atpubyrom
return (n > 1) ? 1 : 0; __attribute_ ((target(mic)))
}

(eemepoceHHas Komnuaayus)



Moacuet npoctbix uncen: Xeon Phi offload (serial)

int main(int argc, char **argv)

{

printf("Count prime numbers in [%d, %d]\n", a, b);
double thost_serial = run_host_serial();

double thost_par = run_host _parallel();

double tphi_serial = run_phi_serial();

printf("Execution time (host serial): %.6f\n", thost_serial);
printf("Execution time (host parallel): %.6f\n", thost_par);
printf("Execution time (phi serial): %.6f\n", tphi_serial);

printf("Ratio phi_serial/host serial: %.2f\n", tphi_serial / thost serial);
printf("Speedup host serial/host omp: %.2f\n", thost serial / thost _par);

return 0; $ export OMP_NUM THREADS=12
$ ./primes
Count prime numbers in [1, 3000000 ]
Result (host serial): 216816
Result (host parallel): 216816
Intel Xeon Phi devices: 1

Result (phi serial): 216816
Execution time (host serial): 1.213118
Execution time (host parallel): 0.103338

Ha ganHom Tecte aapo Intel Xeon Phi 3120A Execution time (phi serial): 18.831396

Ratio phi _serial/host serial: 14.86

B ~15 pa3 meaneHHee agpa Intel Xeon E5-2620 v3 Speedup host serial/host omp: 11.74




Noacuet npoctbix uncen: Xeon Phi offload (OpenMP)

double run_phi_parallel()
{
#ifdef _ INTEL_OFFLOAD

printf("Intel Xeon Phi devices: %d\n", Offload number_ of devices());
#endif

int n;

double t = wtime();

#pragma offload target(mic) out(n)

n = count_prime_numbers_phi_omp(a, b);
t = wtime() - t;

printf("Result (phi parallel): %d\n", n);
return t;



Noacuet npoctbix uncen: Xeon Phi offload (OpenMP)

__attribute ((target(mic))) int count_prime_numbers_phi omp(int a, int b)

{
int nprimes = 0;
/* Count '2' as a prime number */

if (a <= 2) {
nprimes = 1;
a = 2;

}

/* Shift 'a' to odd number */
if (a % 2 == 09)

a++;
/* Loop over odd numbers: a, a + 2, a+4, ... , b */
#pragma omp parallel
{

#pragma omp for schedule(dynamic, 100) reduction(+:nprimes)

for (int i = a; i <=b; i +=2) {

if (is_prime_number(i))
nprimes++;

}

}

return nprimes;



Noacuet npoctbix uncen: Xeon Phi offload (OpenMP)

int main(int argc, char **argv)
{
printf("Count prime numbers in [%d, %d]\n", a, b);
double thost serial = run_host _serial();
double thost _par = run_host parallel();
double tphi_serial = run_phi_serial();
double tphi_par = run_phi parallel();

printf("Execution time (host serial): %.6f\n", thost serial);
printf("Execution time (host parallel): %.6f\n", thost_par);
printf("Execution time (phi serial): %.6f\n", tphi_serial);
printf("Execution time (phi parallel): %.6f\n", tphi_par);

printf("Ratio phi serial/host serial: %.2f\n", tphi serial / thost_serial);
printf("Speedup host serial/host omp: %.2f\n", thost serial / thost_par);
printf("Speedup host omp/phi omp: %.2f\n", thost_par / tphi_par);
printf("Speedup host serial/phi omp: %.2f\n", thost serial / tphi_par);
printf("Speedup phi_serial/phi omp: %.2f\n", tphi_serial / tphi_par);

return 0;



Noacuet npoctbix uncen: Xeon Phi offload (OpenMP)

int main(int argc, char **argv)

{

printf("Count prime numbers in [%d, %d]\n", a, b);
double thost serial = run_host _serial();

run_host _parallel();

double tphi serial = run_phi_serial();

run_phi parallel();

double thost par =
double tphi par =

printf("Execution
printf("Execution
printf("Execution
printf("Execution
printf("Ratio phi_

printf("Speedup phi_serial/phi omp: %.2f\n", tphi_serial / tphi_par eeIiiskaelahtil=uaT0IloT=Y ot oW I ANNNC1-1o 5151212

return 0;

time
time
time
time

(host serial): %.6f\n", thost serial)
(host parallel): %.6f\n", thost_par);
(phi serial): %.6f\n", tphi_serial);

(phi parallel): %.6f\n", tphi_par);

$ cat .

/launch.sh

#!/bin/sh

# Host
export

# Xeon
export
export

OpenMP
OMP_NUM_THREADS=12

Phi OpenMP
MIC_ENV_PREFIX=MIC
MIC_OMP_NUM_THREADS=224

./primes

serial/host _serial: %.2f\n", tphi_serial / thost_serial);
printf("Speedup host serial/host omp: %.2f\n", thost serial / thost_par);
printf("Speedup host omp/phi omp: %.2f\n", thost_par / tphi_par);
printf("Speedup host serial/phi omp: %.2f\n", thost serial / tphi p

Phi-OpenMP-Bepcua Ha 224 noToKax B 23 pa3a bbicTpee
nocneposaTtesibHon Phi-Bepcuu

Phi-OpenMP-Bepcna megneHee Host-OpenMP-Bepcun B ~7 pa3

$ ./launch.sh

Execution time (host serial): 1.213278
Execution time (host parallel): 0.104636
Execution time (phi serial): 18.021162
Execution time (phi parallel): 0.770084
Ratio phi_serial/host serial: 14.85

Speedup host _serial/host omp: 11.60
Speedup host _omp/phi omp: 0.14
Speedup host _serial/phi omp: 1.58
Speedup phi_serial/phi omp: 23.40



Xeon Phi: npuBAa3sKa notokos K agpam (affinity)

$ cat ./launch.sh Execution time (host serial): 1.213139

#!/bin/sh Execution time (host parallel): ©0.108063
Execution time (phi serial): 18.027308

# Host OpenMP Execution time (phi parallel): 0.541261

export OMP_NUM_THREADS=12 Ratio phi_serial/host_serial: 14.86
Speedup host serial/host omp: 11.23

# Xeon Phi OpenMP Speedup host omp/phi omp: ©.20

export MIC_ENV_PREFIX=MIC Speedup host_serial/phi_omp: 2.24

export MIC OMP_NUM_ THREADS=56 Speedup phi_serial/phi omp: 33.31

export MIC_KMP_AFFINITY=verbose

./primes

OMP: Info #204: KMP_AFFINITY: decoding x2APIC ids.

OMP: Info #205: KMP_AFFINITY: cpuid leaf 11 not supported - decoding legacy APIC ids.

OMP: Info #149: KMP_AFFINITY: Affinity capable, using global cpuid info

OMP: Info #154: KMP_AFFINITY: Initial OS proc set respected:
{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44
,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85
,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,
120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150
,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,18
1,182,183,184,185,186,187,188,189,190,191,192,193,194,195,196,197,198,199, 200, 201, 202,203,204, 205,206, 207,208,209,210,211,2
12,213,214,215,216,217,218,219,220,221,222,223,224}

OMP: Info #156: KMP_AFFINITY: 224 available 0S procs

OMP: Info #157: KMP_AFFINITY: Uniform topology

OMP: Info #159: KMP_AFFINITY: 1 packages x 56 cores/pkg x 4 threads/core (56 total cores)
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Xeon Phi: npuBAa3sKa notokos K agpam (affinity)
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Xeon Phi: npusasKka notoKos K agpam (affinity)

KMP_AFFINITY: pi thread @ bound to 0S proc set {1}
KMP_AFFINITY: pi thread 1 bound to 0S proc set {5}
KMP_AFFINITY: pi thread 2 bound to 0S proc set {9}
KMP_AFFINITY: pi thread 3 bound to 0S proc set {13}

KMP_AFFINITY: pi thread 54 bound to 0S proc set {217}
KMP_AFFINITY: pi thread 55 bound to OS proc set {221}

Core O Corel Core 2 Core 3 Core 4 Core5 Core 55
cores(HWthreads) EHAHEH EBHBEEH BABE BAPE BAPE BARE - OEBEB
OMP threads: 0 1 2 3 55

Default Affinity



Xeon Phi: npusasKka notoKos K agpam (affinity)

$ cat ./launch.sh Execution time (host serial): 1.213125

#!/bin/sh Execution time (host parallel): 0.103671
Execution time (phi serial): 18.028928

# Host OpenMP Execution time (phi parallel): 0.482872

export OMP_NUM_THREADS=12 Ratio phi_serial/host_serial: 14.86
Speedup host serial/host omp: 11.70

# Xeon Phi OpenMP Speedup host_omp/phi_omp: 0.21
export MIC_ENV_PREFIX=MIC Speedup host_serial/phi_omp: 2.51
export MIC_OMP_NUM_THREADS=56 Speedup phi_serial/phi_omp: 37.34
export MIC_KMP_AFFINITY=granularity=fine,balanced

./primes

fine, balanced

Core 0 Corel Core 2 Core 3 Core 4 Core5 Core 55
cores(HWthreads: EEHEHEH EBHEEH BABE ODEBE GBAEE BEBE - OHBBB

OMP threads: 0 1 2 3 55



Xeon Phi: npusasKka notoKos K agpam (affinity)

$ cat ./launch.sh
#!/bin/sh

# Host OpenMP
export OMP_NUM THREADS=12

# Xeon Phi OpenMP
export MIC_ENV_PREFIX=MIC
export MIC_OMP_NUM_THREADS=56

export MIC_KMP_AFFINITY=granularity=fine,compact

./primes

Core 0

Cores(HWthreads): [HHEHE ECHEE BBHBE CEBEBE BABEBE OEBABEHE

Prtt

OMP threads: 012 3

Corel

Prtt

4 56 7

f

8

Core 2

Execution time (host serial): 1.213115
Execution time (host parallel): ©.103378
Execution time (phi serial): 18.030468
Execution time (phi parallel): 1.478703
Ratio phi_serial/host_serial: 14.86
Speedup host serial/host omp: 11.73

Speedup host omp/phi omp: 0.07
Speedup host_serial/phi_omp: 0.82
Speedup phi_serial/phi omp: 12.19

fine, compact

Core 3 Core 4 Core5 Core 13

ofi]2]3

f

55



Xeon Phi: npusasKka notoKos K agpam (affinity)

$ cat ./launch.sh
#!/bin/sh

# Host OpenMP
export OMP_NUM THREADS=12

# Xeon Phi OpenMP
export MIC_ENV_PREFIX=MIC
export MIC_OMP_NUM_THREADS=56

export MIC_KMP_AFFINITY=granularity=fine,scatter

./primes

Core 0

Corel

Core 2

Execution
Execution
Execution
Execution
Ratio phi

time (host serial): 1.213140
time (host parallel): 0.108781
time (phi serial): 18.024953
time (phi parallel): 0.551100
serial/host serial: 14.86

Speedup host serial/host omp: 11.15
Speedup host omp/phi omp: ©.20
Speedup host_serial/phi_omp: 2.20
Speedup phi_serial/phi omp: 32.71

fine, scatter

Core 3 Core 4

Core5 Core 55

Cores(HWthreads: HHAHBE BABE BOEE GOEE GEEE GEBEE - OBBB

f

OMP threads: 0

f

1

f

2

f

3

f

55



Xeon Phi: npusasKka notoKos K agpam (affinity)
NUM_THREADS =120

fine, scatter: core_id = thread_id % ncores

Core0 Corel Core 2 Core 3 Core 4 Core5 Core 55
Cores (HWthreads: EHAEHE EBAEE BAEE OBEE OBEEE GRAEE - OHBB
OMP threads: 0 56 112 1 57 113 2 58 114 3 59 115 nodes: 8x3 + 48x2 = 120 55 111
fine, balanced:
Core0 Corel Core 2 Core 3 Core4 Core5 Core 55
Cores(HWthreads): [HHEEB BHBEEB BOHHEEB CEBEHE BRABE BABE - COEHHB
OMP threads: 01 2 3 4°5 6 7 8 910 11 nodes: 8x3 + 48x2 = 120 118 119
fine, compact:
Core0 Corel Core 2 Core 3 Core4 Core5 Core 29
Cores(HWthreads): FEEHEHEH EBABE BDABE OEBE GBEEE BDEBEE - DOBBB

rrt o1ttt ottt 1t R

OMP threads: 01 2 345 6 7 8 910 11 nodes: 30x4 = 120 116117 118119



3aaaHue

= PeanunsymnTte Bbl4YUC/IEHNE ONpPeAEeNIEHHOro MHTerpasaa MeToaom NPAMOYronbHUKOB Ha Intel Xeon Phi
(wabnoH pasmelleH B Katanore _task_integrate):

1. Bbirpysure BbinonHeHne pyHKUMmM integrate_phi_omp Ha conpoueccop

2. ®yHKumto integare_phi_omp peannsyinte Ha OpenMP



