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Motivation

|dentifying parallel regions ,
.. Remote execution
Distributed

Parallel Concurrency management
Issues Data transfers

Issues . i
Execution orchestration

Ease the development of

distributed applications

THE GOAL:

Any field expert can scale up an
application to hundreds of cores

Barcelona
Supercomputing
Ceanter

Cenlrg Macional o Suparcamoulacitn




COMPSs

> Based on sequential programming
* General purpose programming language + annotations

fiéjava" @ python’ @

> Task-based programming model
* Task is the unit of work
* Implicit Workflow: Builds a task graph at runtime that expresses
potential concurrency




COMPSs

> Infrastructure agnostic
* Same application runs on clusters, grids, clouds and containers

Python C/C++
Java

| Binding Commons l |
«
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Clusters Clouds docker ME

> Supports other types of parallelism
* Multi-threaded tasks (i.e., MKL kernels)
* Multi-node tasks (i.e., MPI applications)
* Non-native tasks (i.e., binaries)
* Nested PyCOMPSs applications
* Integration with BSC OmpSs
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PyCOMPSs Annotation

> Python decorators for task selection + synchronization API
* Instance and class methods

* Task data directions @task(returns=dict)
def wordcount(block):

@task(a=IN, b=IN, c=INOUT)
def multiply_acum(a, b, c): @task(result=INOUT)
C += a b def reduce(result, pres):

@task(returns=int)
def multiply(a, b, c):

return c + a * b def main(a, b, c):

for block in data:

@constraint(computinguUnits="2") pres = wordcount(block)
@task(file=FILE_IN) reduce(result, pres)
def my_task(x): result = compss_wait_on(result)

@binary(binary="sed”) # f = compss_open(fn)

@task(f=FILE_INOUT) # Compss_delete_fi}e(f)
def binary_task(flag, expr, f): # compss_delete_object(o)
pass # compss_barrier()




PLUTO

> The Polyhedral Model represents the instances of the loop
nests’ statements as integer points inside a polyhedron

—> Dependences [ Tiles [I FOIFI sets of ST
—> F; = FO(ST) N FI(RT)) is sent to 7(RT}),

t
> Fy = FO(ST) N FI(RT») is sent to 7(RT2),

F3 = FO(ST) N FI(RT3) is sent to 7(RT3)
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» PLUTO is an automatic parallelization tool based on the
Polyhedral Model to optimize arbitrarily nested loop
sequences with affine dependencies
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AutoParallel

A single Python decorator to parallelize and distributedly execute
sequential code containing affine loop nests

Automatic

Python decorator P U e NN =22 taskification

m M ’ . m
D from pycompss.api.parallel import parallel !Y DO €

=t =

L °% 00 ©

OO ¢ —_—1 @parallel() -

?ﬁﬂ?’ﬂm@ def matmul(a, b, c, m_size):

T for 1 in range(m_size): management 22

for j in range(m_size): —
for k in range(m_size): s

c[1][J] += np.dot(a[i][k], b[k][]])

No resource
management
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AutoParallel Annotation

> Taskification of affine loop nests at runtime

@parallel()
def matmul(a, b, c, m_size):
for i in range(m_size):
for j in range(m_size):

for k in range(m_size):
c[i][J] += np.dot(a[i][k], b[kI[]1)
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# [COMPSs AutoParallel] Begin Autogenerated code
@task(var2=IN, var3=IN, varl=INOUT)
def Si(var2, var3, varl):

varl += np.dot(var2, var3)

def matmul(a, b, c, m):

if m >= 1:
for t1 in range(0, m - 1): #i
lbp =
ubp =m - 1
for t2 in range(lbp, ubp + 1): #k

1bv =
ubv = m - 1
for t3 in range(lbv, ubv + 1): #
Sl(a[t1][t2], b[t2][t3], c[t1][t3])
compss_barrier()
# [COMPSs AutoParallel] End Autogenerated code

11




AutoParallel Architecture
@

> Decorator
* Implements the @parallel decorator

> Python to OpenScop translator
* Builds a Python Scop object from the
Python’s AST representing each affine
loop nest detected in the user function

> Parallelizer
* Parallelizes an OpenScop file and returns
its Python code using OpenMP syntax

> Python to PyCOMPSs translator
° Inserts the PyCOMPSs syntax (task
annotations and data synchronizations)

to the annotated Python code (uses
Python’s AST)

> Code replacer

* Replaces each loop nest in the initial user
code by the auto-generated code
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Cholesky
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Conclusions
and
Future Work
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Conclusions and Future Work

> AutoParallel goes one step further in easing the

development of distributed applications

* |t is a Python module to automatically parallelize affine loop
nests and execute them in distributed infrastructures

* The evaluation shows that the automatically generated codes
for the Cholesky, LU, and QR applications can achieve the same
performance than the manually parallelized versions

> Next steps
* Loop taskification: An automatic way to create blocks from

sequential applications based on loop tiles. Requires:
- Research on how to simplify the chunk accesses from the AutoParallel

module
- Extend PyCOMPSs to support collection objects (e.g., lists)

* Integration with different tools similar to PLUTO to support a
larger scop of loop nests (e.g., APOLLO)
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Thank you

@ cristianrcv/pycompss-autoparallel
@ http://compss.bsc.es/

cristian.ramon-cortes@bsc.es
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