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FMA AR Of|A| - Vector inner product

« Fused Multiply Add

» Vector inner product (H&{ L&)

¢ ¢ = aobo + a1b1 + ...+ an—lbn—l
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FMA AR Of|A| - Vector inner product

« =191 L E9| /skeleton/fma-example

* fma.c, run.sh

* naive
* loop unrolling
e vector instruction

* loop unroll + vector instruction
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FMA AR Of|A| - Vector inner product

* naive

( 1= 0; 1 < NUM_ELEM; ++1) {
)

c += a[1] * b[1]

}

 loop unrolling

/ 8; ++1) {

[ealeses]

[en]

[esles

H':l ’
71;

+ sb + sb + s7/;
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FMA AR Of|A| - Vector inner product

 vector instruction (fma)

vector( *b) {
__m256 a0;
__m256 bO;
~ m256 50
sO = mm256 set ps(0., 0., 0., O.

= get_time();

1 =0; 1 < NUM ELEM / 8; ++1) {
mm256_load ps(a + 1 * 8);

“mm256_load ps(b + i * 5);
_mm256_fmadd ps(ad, b0, s0);

c =s0[0] +s0[1] + sO[2] + sO[3] + sO[4] + sO[5] + sO[6] + sO[7];
et = get_twme();
print_result(c, et - st);

}

« #include <immintrin.h> 2 -mfma -mavx2 4= 0 AIL

load F24= 32byte align £/ RLO{0F gt
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FMA AR Of|A| - Vector inner product

e loop unrolling + vector instruction

1 =0; 1< NUM ELEM / (8 * 8);
_mm256_load_ps(a + 1 * 64);
_mm256_load_ps(b 64);
_mm256_load_ps(a 64
_mm256_load ps(b 64
_mm256_load ps(a 64
_mm256_load _ps(b 64
_mm256_load_ps(a 64
_mm256_load _ps(b 64
_mm256_load_ps(a 64
_mm256_Tload_ps(b 64
_mm256_load ps(a 64
_mm256_load _ps(b 64
_mm256_load_ps(a 64
_mm256_load ps(b 64
_mm256_load ps(a 64
_mm256_load_ps(b 64

I I
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_mm256_fmadd_ps(a0, s0);
_mm256_fmadd_ps(al, sl);
_mm256_fmadd_ps(a2, s2);
_mm256_fmadd _ps(a3, s3);
_mm256_fmadd_ps(a4, s4);
_mm256_fmadd_ps(a5, s5);
_mm256_fmadd ps(ab, s6);
_mm256_fmadd_ps(a7, s7);

cO sO[0] + sO[1] +
cl s1[0] + s1[1] +
c2 s2[0] + s2[1] +

+ s0[3] + s0[4] + s0O + s0[6] + sO[7];
+ s1[3] + s1[4] + s1 + s1[6] + s1[7];
+ s2[3] + s2[4] + s2 + s2[6] + s2[7];
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FMA AR Of|A| - Vector inner product

« run.sh 22 AO}A 2! Aol (M= H|W)

kjp4155@login:~/fma-example$ ./run.sh

Result : 32809.589844

N : 131072

Elapsed time : 0.000998 sec
Throughput : 0.26266 GFLOPS

Loop Unrolling
Result : 32809.957031
N : 131072
Elapsed time : 0.000610 sec
Throughput : 0.42966 GFLOPS

Vector Instruction(FMA)
Result : 32809.957031
N : 131072
Elapsed time : 0.000264 sec
Throughput : 0.99234 GFLOPS

Unrolling + Vector Instruction(FMA)
Result : 32809.925781
N : 131072
Elapsed time : 0.000164 sec
Throughput : 1.59813 GFLOPS

kjp4155@login:~/fma-example$ [}
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HA|2: Pthread matmul
- FP32 8™ £ S5k Z2IUS 2|23}

* Ayxix X Bgxn = Cuyxn

— — V'K
* G = ailblj + aizsz + ...+ aiKbKj — Zk=1 aikbkj
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Pthread matmul

« /skeleton/HW2 Of £0{Zl T TES 2IX|Q| & C|HEL|= SAlsH 4
e cp -r /skeleton/HW2 ~/
 Makefile, run.sh, main_ref,

« make £ AOIAO0| 7t55t== Makefile S A&

[lka
08t

2 9|5t pun.sh ATZIEEZ A2
o WO TE= T2 FM0| Ar2t310] 1712 A E0HS /Mdol dE Hal2
- WCH TEE Yol HE HA2 2| Hdstst= A0 =R

J

e mat_mul.cpp 2t£3F

|
« mat_mul 42| QX2 O num_threads 7HQ| A2|=0H2 MAES A
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Pthread matmul - /8t 0j| A}

e make Hdo =z BIE

kjp4155@Llogin:~/HW2$ 1s

main.cpp Makefile mat mul.cpp mat mul.h run.sh util.cpp uttil.h
kjp4155@Llogin:~/HW2$ make

g++ -std=c++11 -03 -Wall -march=native -c -o util.o util.cpp

g++ -std=c++11 -03 -Wall -march=native -c -o mat_mul.o mat_mul.cpp
g++ -std=c++11 -03 -Wall -march=native -lm -pthread main.cpp util.o mat mul.o -o main
ka4l55@logln ~/HW2$ 1s

main main.cpp Makefile mat _mul.cpp mat mul.h mat _mul.o run.sh wutil.cpp util.h util.o
kjp4155@login:~/HW2$ |

* run.sh, run_performance.sh, run_validate.sh 22 22l

e srun = Soff ALt =EN|A A

05

She FHE

kip4155@login;:~/HW2$ cat run.sh
#!/bin/bash

lve numactl --physcpubind 8-39 ./main $@
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Pthread matmul - /8t 0j| A}

kjp4155@login:~/HW2_answer$ ./run.sh -v -n 5 -t 3 512 512 512
Options:

Problem size: M = 512, N = 512, K = 512

Number of threads: 3

Number of iterations: 5

Print matrix: off

Validation: on

Initializing... done!
Calculating...(iter=0
Calculating...(iter=1

.018954
.016933

.016062
.015967

1ter=3
1ter=4

Calculating...
Calculating...
Validating...
Result: VALID
Avg. time: 0.016804 sec

Avg. throughput: 15.974154 GFLOPS
kjp4155@Llogin:~/HW2 answer$ |}

( ) ©

( ) ©
Calculating...(iter=2) 0.016106

( ) ©

( ) ©
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Pthread matmul - At of|A|

« Jrun_performance.sh S A3l 4134
« srun 2 Sof| A4t = E0f|A A3list= HUMHE
« 20 thread, 10 iteration, 4096 x 4096 x 4096 2= Al3H

- d5 Bt Al ALEY YE

kjp4155@login:~/HW2$ ./run_performance.sh
Options:
size: M = 4096, N = 4096, K = 4096
Number of threads: 20
Number of iterations: 10
Print matrix: off
Validation: off

Initializing... done!
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Pthread matmul - /8t 0j| A}

« /run_validate.sh S A}235} AI3H
« srun 2 S| ALt =E0|AM Alist= AHUMHE
« 107l2] test case

+ B WL Al AT Y

kjp4155@login:~/HW2$ ./run_validate.sh
Options:
Problem size: M = 831, N = 538, K = 2304
Number of threads: 26
Number of iterations: 1
Print matrix: off
Validation: on

Initializing... done!
Calculating...(iter=0) 1.167624 sec

Validating...
Result: VALID
Avg. time: 1.167624 sec
Avg. throughput: 1.764383 GFLOPS
Options:
Problem size: M = 3385, N = 1864, K = 3494
Number of threads: 9
Number of iterations: 1
Print matrix: off
Validation: on
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Pthread matmul - 2134 0| A|
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* -h: help
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Pthread programming

« A2|E MM pthread create
e https://man7.org/linux/man-pages/man3/pthread create.3.html

« CtE AP E Z& Oi7]: pthread_join

e https://man7.org/linux/man-pages/man3/pthread join.3.html

_num_threads) {

A
M

pthread t thread;
pthread_create(&thread, NULL, mat_mul_thread, NULL);
pthread joun(thread, NULL);
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https://man7.org/linux/man-pages/man3/pthread_create.3.html
https://man7.org/linux/man-pages/man3/pthread_join.3.html

Pthread programming

« A2|E MM pthread create

https://man7.org/linux/man-pages/man3/pthread create.3.html

ra Y 1
| |

pthread create() pthread_create()

A
L 4

A ) 1
4 |

pthread_create()

[ ]
L4 1

program execution

https://www.dcc.fc.up.pt/~edrdo/CP1819/notes/slides/pthreads.pdf
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https://man7.org/linux/man-pages/man3/pthread_create.3.html

Pthread programming

- CfE A8|E Z= Oi7[: pthread_join

https://man7.org/linux/man-pages/man3/pthread join.3.html

pthread_join(thl) pthread_join(th2)

main()

thl

h 4
——

IRCER S o W ?_‘

program execution

https://www.dcc.fc.up.pt/~edrdo/CP1819/notes/slides/pthreads.pdf
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https://man7.org/linux/man-pages/man3/pthread_join.3.html

Pthread programming

e Hint: 2+ A2|E7} 21} A
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Pthread matmul - ™7} 7|&

0x
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A SHAM 7&-|I 50%

(@]
P22 NMK Y A2 E J4-0f Tisl v 58S F01 4L &

Z 107112] test case Z A<t 0| &

ON
ujo
Ofm
=
i
[
Q'E

=z

M, K 2t2t2 2048 0|3}.
2= 7H~= 407} O|st.

|>

A4~ 50%

1= = 20thread AFZ, 10 iteration, 4096 x 4096 x 4096 7|= 200 GFLOPS &4 A| BtA
71 O|5t= ds0f Bl2sh Ha £

tho| 22| 03 (v M)

ex. 100 GFLOPS 24 A8 s A4 A8t 20
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. AYSZ 807 AFBSIYS T, 1- 407HO| AN|S S ALR SRS T} HI2FH 2N 2 A50]
Zotstert
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= & 407l0| X| 2t logical core= 807O|Ct,
|5HM run.sh T 2| numactl --physbind £&2 0-39 Of|A] 0-792 BH1ES A
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Pthread matmul -

ZolA

« mat_mul.cpp Bt +E7ts

° El—OI:%l.

O

0%t

- 270 LE0M 5 &F

« BIEAl F0{Z runsh =

o

=
=]

—

2 37|0f Cholf E0| U2 H2E & A

ofAl & A

srun 22 Atk e EO0A
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« ARE0t A2 E VS 2 O, Atts et L2 =0 VS A
- OlA RE= Q! A= 171 + SdE A&E 100, S 2709 A=
2|0 M = ALhS otA| 282 1719 A2 E2 2o

—
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« BtEX| F0{2l num_threads O[5t2| A2 =5 ALESHES 1616
3

. Bl O B2 AP CSE ALRSHA A0 0SS £

L — —

« Pthread 0|2|2| H&E3} BHAl (OpenMP, MPI, OpenCL §) A2 22

Al
- Vector instruction £ Al 7t

O el A =00 M AHlLths s ATHTHH 0@l A2 = JH4-0f ZZEhElC
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Az S

« 2219 T C|HAE2|0| ~/submit/HW2 C|2HE2| 44

« 55t mat_mul.cpp Tt 2 ClAIE2| LHO| At

kjp4155@Llogin:~$% 1s ~/submit/HW2
mat_mul.cpp
kjp4155@login:~$

 check-submit SEI2|E| E&

kjp4155@login:~$% check-submit
Username: kjp4155

HW1 probl.txt : X file not found
HW1 prob2.txt : 0K

HW1 main.cpp : X empty file
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Pthread matmul {4

o OJA| B9t= /skeleton/HW2-ans Of =H|o} =

e mat_mul.cpp
 ~ 330 GFLOPS
e mat_mul 4096.cpp
 ~ 600 GFLOPS
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Pthread matmul s

« mat_mul.cpp

. ZtAZEVIZSHE c o ARES
2

L0 Al

Thread O

Thread 1

Thread 2

Thread P-1

C A
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Pthread matmul s

« mat_mul.cpp

. ZtAZEVIZSHE c o ARES
2

LES=0f Al

Thread O

Thread 1

Thread 2

Thread P-1

C A

WIS
§48 THUNDER Research Group .,L‘é ‘
5 Seoul National University
PELERIEL RS LJ

/‘3))(4




Pthread matmul s

* mat_mul.cpp

« 2 A2 BV ZAlE C 9 YREES LR Al
=

't L nt _num_threads)
_A, B
_M, N

num_threads

. num_thre

[i], NULL, mat_mul_thread,

> num_threads:

[i]
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Pthread matmul s

* mat_mul.cpp

num_threads) ;
ITILESTIZE)
JTILESIZE) {

kk += KTILESIZE)

kk + KMTILESIZE:; hk++)
ii; i < ii + ITILESIZE; i++)
[i = H + Kk]:

= jj; j < jj + ITILESIZE; j+=1)
+ j] += ar * B[k * N + j];
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Pthread matmul a4

 mat_mul_4096.cpp

loop unrolling + vectorization (AVX2) 4&

M 37|17t 29| 24501 02 ¥

T O - O T - O

validation & E1} 225t

A2 J7|17F 2HE0 = R0 AR 7ts
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