MEASURING THE DURATION OF A MATRIX PRODUCT
IS HARDER THAN YOU THINK

Tom Cornebize, Arnaud Legrand
Laboratoire d'Informatique de Grenoble

8 October 2020, XUG meeting, The Internet



CONTEXT

Predictive simulation/emulation of an application. —
SIM=RID
)

Case study: High Performance Linpack (HPL), famous
MPI benchmark (Top500). https://halinria.fr/ hal-02096571
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Which one is wrong? Simulation model, platform calibration, or

platform mis-configuration/unstability?

DGEMM takes 95% of HPL = need a lot of care for good predictions.
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WHEN AND WHY DOES MY PLATFORM
CHANGE?



PERFORMANCE NON-REGRESSION TESTS
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PERFORMANCE NON-REGRESSION TESTS
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Performance, but also frequency and temperature.
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RANDOMIZATION OF THE SIZES



BRIEF OVERVIEW OF OUR CODE

experiments = read_expfile()

A = init_matrix()

B = init matrix()

C = init_matrix()

for (m, n, k) in experiments:
start = time()
mat_prod(A, B, C, m, n, k)
duration = time() - start
write(m, n, k, duration)
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SHOULD WE RANDOMIZE THE SIZES?

M, N ~ U(1,4096), K € {128,256, 512}

How should we measure the three different values for K, separately?
Or all at the same time, shuffled?

4/10



SHOULD WE RANDOMIZE THE SIZES?

M, N ~ U(1,4096), K € {128,256, 512}

How should we measure the three different values for K, separately?
Or all at the same time, shuffled?

DGEMM peak performance on CPU 0 of dahu-3

=iseparated
29 shuffled

28

27

4T

128 256 512

Performance (Gflop/s)

4/10



SHOULD WE RANDOMIZE THE SIZES?

M, N ~ U(1,4096), K € {128,256, 512}

How should we measure the three different values for K, separately?
Or all at the same time, shuffled?

DGEMM peak performance on CPU 0 of dahu-3 Frequency on CPU 0 of dahu-3
2.204

=iseparated =iseparated
29 shuffled shuffled

— 2.15
@

S28 N

2

el o

= 2.10/
g )

< ]

©

E27 g_

8 £ 2.05]
[

o

26

o |k

128 256 512 128 256 512 {128,256,512}
K K

Most likely explanation: cache effets = different arithmetic intensity.
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RANDOMIZATION OF THE DATA




INITIALIZATION OF THE MATRIX

mode val(r)
init_matrix(Mm, N): 0 0
S = M=N 0.987 0.987
matrix = malloc(S) 1 1
for i in [0...S-1]: sequential | i/(S—1)
matrix[i] = val(i) random | ~U(0,1)

return matrix
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S = M=N 0.987 0.987
matrix = malloc(S) 1 1
for i in [0...S-1]: sequential | i/(S—1)
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return matrix

Does it matter?
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SHOULD WE RANDOMIZE THE CONTENT OF THE MATRIX?

DGEMM durations on the CPU 0 of dahu-1 (matrices of size 2048x2048)
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Evolution of DGEMM durations on the CPU 0 of dahu-1 (matrices of size 2048x2048)

0.700 S . ey,
$0.675
s Matrix content
% 0.6504 0,9%7
5 0.625. © random
a

0.6004

0 100s 200s 300s
Timestamp

6/10



SHOULD WE RANDOMIZE THE CONTENT OF THE MATRIX?

Evolution of DGEMM durations on the CPU 0 of dahu-1 (matrices of size 2048x2048)

0.700
$0.675
c
.2 0.6501
F=1
o
5 0.6254
a

0.600; ’

0 100s 200s 300s
Timestamp

Matrix content
e 0

@ sequential
© random

6/10



SHOULD WE RANDOMIZE THE CONTENT OF THE MATRIX?

Evolution of DGEMM durations on the CPU 0 of dahu-1 (matrices of size 2048x2048)

0.700

70.675

c

S 0.650;

=1

e

5 0.625

o
0.600/

0 100s 200s 300s
Timestamp

Evolution of the frequency on the CPU 0 of dahu-1

) e I
&’ QA'*WJ‘M#VWF
g21
[} Sy ¥
g2 Al T
200s 300s
Timestamp

Matrix content
e 0

@ sequential
© random

Matrix content
e 0

©0.987

ol

® sequential
® random

6/10



SHOULD WE RANDOMIZE THE CONTENT OF THE MATRIX?

Evolution of DGEMM durations on the CPU 0 of dahu-1 (matrices of size 2048x2048)

0.700;4
7 0.675;
c
,g 0.650¢
©
5 0.625]
a

0.600/

0 100s 200s 300s
Timestamp
Evolution of the frequency on the CPU 0 of dahu-1

- o - s
& 2 %J‘P v
>
21 —_—
c e Fea R o,
g hieC M R
g’ i 2 N,
100s 200s 300s
Timestamp

Matrix content
e 0

® sequential
© random

Matrix content
e0

® sequential
® random

Possible crazy explanation: bit flips consume more energy.
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TESTING THE HYPOTHESIS: APPLYING A MASK TO THE RANDOM VALUES

exponent fraction

sign (1p1 b\tp (52 bit)
T T 1
63 52 0
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TOOLS AND METHOD




AUTOMATION IS KEY

- Experimental objects: several C programs for making measures
(DGEMM performance, network performance...), Simgrid for
making simulations.
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METHOD IS KEY

Data analysis: mostly Python in Jupyter notebooks, but also R.

9/10



METHOD IS KEY

Data analysis: mostly Python in Jupyter notebooks, but also R.
Laboratory notebook: Org Mode.
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