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About me

Research assistant @ CNCA-CeNAT since August 2016.

Academics
2016 Bachelor in Electrical Engineering from UCR.
2020 Master degree in Computer Science from TEC.
HPC skills

High Performance Python.
Research interests

Computational Seismology.
Earth Sciences.
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Introduction

An oxymoron

Lonely Together (Avicii feat. Rita Ora)
Acompáñame a estar solo (Ricardo Arjona)
Virtual reality
”A joke is actually an extremely really serious issue.” - Winston
Churchill
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High Performance Python
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Introduction

Why trying it out anyway?
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Introduction

Why trying it out anyway?

Solution Estimated time

Teach C programming to Leo A few months
Translating Leo’s program to C A few weeks
Make Leo’s program parallel with mpi4py less than a week
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Introduction

Python is pretty popular
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Introduction

Basic
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Myths It cannot run as fast as C

It cannot run as fast as C
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Myths It cannot run as fast as C

Myth 1: It cannot run as fast as C

### test.py
a = 10
b = 20
c = a + b
### end test.py

$ python -m dis test.py

1 0 LOAD_CONST 0 (10)
3 STORE_NAME 0 (a)

2 6 LOAD_CONST 1 (20)
9 STORE_NAME 1 (b)

3 12 LOAD_NAME 0 (a)
15 LOAD_NAME 1 (b)
18 BINARY_ADD
19 STORE_NAME 2 (c)
22 LOAD_CONST 2 (None)
25 RETURN_VALUE
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Myths It cannot run as fast as C

Myth 1: It cannot run as fast as C

I/O operations
Core 
operations

Figure: Common workload pattern in HPC
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Myth 1:It cannot run as fast as C
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Myths It cannot run as fast as C

Myth 1: It cannot run as fast as C

Numpy
Numba
Wrappers
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Myths It doesn’t support threads

It doesn’t support threads
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Myths It doesn’t support threads

Myth 2: It doesn’t support threads

GIL
Global Interpreter Lock
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Myths It doesn’t support threads

Myth 2: It doesn’t support threads

A mental experiment
def gauss(n):

count = 0
for i in range(n+1):

count += 1

def matmul(n):
m1 = np.empty((n,n))
m2 = np.empty((n,n))
m3 = m1.dot(m2)
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Myths It doesn’t support threads

Myth 2: It doesn’t support threads

Numpy and similar
well-behaved modules.
threading module
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Myths No one else is doing it

No one else is doing it
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Myth 3: No one else is doing it
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Myths No one else is doing it

Myth 3: No one else is doing it

(At least) 34 projects that
provide parallelism in the
Python programming
language.
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The Real Problem
Hiding complexity that doesn’t go anywhere
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Rumors Dummy objects that screw up memory
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Rumors Dummy objects that screw up memory

Dummy objects that screw up memory

import numpy as np

n = 100000
rand = np . random . random ( n∗n )

count = 0
for i in range ( n ) :

count +=
np .sum( rand [ i ∗n : i ∗n+n ] )

import numpy as np

n = 100000

count = 0
for i in range ( n ) :

count +=
np .sum( np . random . random ( n ) )
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Rumors Dummy objects that screw up memory

Dummy objects that screw up memory
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Rumors Dummy objects that screw up memory

Dummy objects that screw up memory

What’s my program doing?

What’s the interpreter doing?

What’s the computer doing?

What about 
The OS?
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Rumors Hey, use Numpy!

Hey, use Numpy!

def l oca te even ts ( events , s t a t i o n s ) :
l o c a t i o n s = [ ]
for event in events :

m in er r = math . i n f
for x in range ( x i , x f +dx , dx ) :

for y in range ( y i , y f +dy , dy ) :
for z in range ( z i , z f +dz , dz ) :

for A in np . arange ( A i , A f+dA , dA ) :
err accum = 0
for s k , s v in s t a t i o n s . i tems ( ) :

r = math . s q r t ( math .pow( x−s v [ 0 ] , 2) + math .pow( y−s v [ 1 ] , 2) + math .pow( z−s v [ 2 ] , 2 ) )
A calc = A ∗ math . exp(−B∗ r ) / r
err accum += math .pow( A ca lc − event [ s k ] , 2)

i f err accum < min er r :
m in er r = err accum
loc = [ event [ ’ event ’ ] , x , y , z , A, err accum ]

A obs = sum ( [ math .pow( event [ s ] , 2) for s in s t a t i o n s . keys ( ) ] )
l oc [−1] = 100.0 ∗ math . s q r t ( l oc [−1] / A obs )
l o c a t i o n s . append ( loc )

return l o c a t i o n s
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Rumors Hey, use Numpy!

Hey, use Numpy!

What’s my program doing?

What’s the interpreter doing?

What’s the computer doing?

What about 
The OS?
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But... there’s hope! Emerging Technologies

Just In Time Compilers

HOPE
Numba
PyPy
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But... there’s hope! Emerging Technologies

Domain Specific Languages

Allow solutions to be expressed in the idiom and at the level of
abstraction of the problem domain.
Not Turing-complete necessarily.
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A dose of technical realism
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A dose of technical realism

A dose of technical realism

I/O operations Core 
operations

Interpreter startup

Guillermo Cornejo (CeNAT) High Performance Python February 2nd, 2018 47 / 50



A dose of technical realism

A dose of technical realism
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Conclusions

1 KISS: our scientific colleges program in Python, so we do.
2 Python is a well-suited language for HPC environments, but

programming requires a lot of effort.
3 HPC Python programmers must study the technology to handle

the different abstraction levels at which problems arise.
4 This is an exciting research field, any volunteers?
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