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The Parallel Challenge

libraries

compiler directives

OpenMP OpenACC

programming languages

parallelizing compilers
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dikernel:
Domain-
ndependent
Computational
Kernel

eCharacterizes the computations
carried out in a program without
being affected by how they are

coded

e[-xposes multiple levels of
parallelism
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DOMAIN-SPECIFIC
CONCEPT LEVEL
(problem solving methods

and application domain)

DOMAIN-INDEPENDENT
CONCEPT LEVEL
(programming practice)

SEMANTIC LEVEL

(control flow and
data dependence graphs)

SYNTACTIC LEVEL

(abstract syntax tree)

EXT LEV
(ASCII code)

M. Arenaz et al. XARK: An Extensible Framework for
Automatic Recognition of Computational Kernels.
ACM Transactions on Programming Languages and
Systems, 30(6), 2008.
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Standard statement-based IR

°
FoToToo Yo 1
| BBO ;
_____________________________________ : i = 0; i
iBB1 |
t = O;O(:Q)

l.for (1 = 0; 1 < n; 1i++) {

2. t = 0;

3. for (J = 0; 7 < m; J++) {
4. t =t + A[1][73] * x[J];
5. }

0. vIii] = t;

7.}
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3uilding the KIR (1)

________________

_____________________

t = 00
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Building the KIR (lI)

ROOT EXECUTION SCOPE

ES for; (Fig. 1, lines 1-7)

< tgp; >
scalar assignment

ES_for; (Fig.§1, lines 3-5)

<tgpy~>
scalar reduction

<YBB4 ~
regular assignment
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3uilding the KIR (and 11l

ROOT EXECUTION SCOPE

ES for; (Fig. 1, lines 1-7)

<tgp; >
l.for (i = 0; 1 < n; 1i++) { scalar assignment
2. t = 0;
3. for (j = 0; 7 < m; Jj++) { ES_for; (Fig.}1, lines 3-5)
4. £ =t + ATL1[3] * x[3];
S, J <1igpy >
0. v[ii] = t; scalar reduction
7.}

<YBB4~
regular assignment

COMPUTER

J.M. Andion et al. A Parallelizing Compiler for Multicore Systems. SCOPES 2014. qu*.‘??t*!.*ﬂi TURE GROUP >‘ -< UNIVERSIDADE DA CORUNA



Outline

Motivation: The Parallel Challenge

KIR: A diKernel-based IR

Automatic Partitioning driven by the KIR
Experimental Evaluation

Conclusions

J.M. Andién et al. A Parallelizing Compiler for Multicore Systems. SCOPES 2014. GAf i e S UNIVERSIDADE DA CORURA



Outline

Motivation: The Parallel Challenge

KIR: A diKernel-based IR

Automatic Partitioning driven by the KIR
Experimental Evaluation

Conclusions

J.M. Andién et al. A Parallelizing Compiler for Multicore Systems. SCOPES 2014. GAf i e S UNIVERSIDADE DA CORURA



Automatic Partitioning driven by the KIR (l)

ROOT EXECUTION SCOPE

ES for; (Fig. 1, lines 1-7)

<tgp; >
l.for (i = 0; 1 < n; 1i++) { scalar assignment
2. t = 0;
3. for (j = 0; 7 < m; Jj++) { ES_for; (Fig.}1, lines 3-5)
4. £ =t + ATL1[3] * x[3];
S, J <1igpy >
0. v[ii] = t; scalar reduction
7.}

<YBB4~
regular assignment
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Automatic

Partitioning driven by the KIR (II)

l.for (1 = 0; 1 < n;
2. t = 0;

3. for (j = 0;

4. t =1t + A
5. }

6. v[ii] = t;

7.}

spurious diKernel-level

dependence

1++) |
m; J++) |
[J] * x[J1>
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ROOT EXECUTION SCOPE

ES for; (Fig. 1, lines 1-7)

regular assignment
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Automatic Partitioning driven by the KIR (lll)

ROOT EXECUTION SCOPE

ES for; (Fig. 1, lines 1-7)

<tgp; >
l.for (i = 0; 1 < n; 1i++) { scalar assignment
2. t = 0;
3. for (j = 0; 7 < m; Jj++) { ES_for; (Fig.}1, lines 3-5)
4. £ =t + ATL1[3] * x[3];
S, J <1igpy >
0. v[ii] = t; scalar reduction
7.}

<YBB4~
regular assignment
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Automatic Partitioning driven by the KIR (and V)

ROOT EXECUTION SCOPE
ES for; (Fig. 1, lines 1-7)
e 1.#pragma omp parallel for
scalarassBilgnment 2. shgred (A, >.<’ y) pr%vate (t,1,3)
3.for (1 = 0; 1 < n; 1i++) |
4. t = 0;
ES_for; (Fig J1, lines 3-5 | . .
for; (Fig nes 3-5) 5. for (J = 0; 7 < m; J++) {
6. t =t + Al1]([J] * x[J]7
<1igpy > 7 }
scalar reduction ) ,
8. y[l1i] = t;
9.}
<YBB4~
regular assignment
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1.The KIR: a diKernel-based IR
dikernels
dikernel-level dependences
execution scopes
2.Automatic Partitioning Technique
coarse-grain parallelism

global OpenMP parallelization strategy

COMPUTER

J.M. Andiién et al. A Parallelizing Compiler for Multicore Systems. SCOPES 2014, GAf i e S UNIVERSIDADE DA CORURA



Future Work

Locality exploitation techniques
Fine-grain parallelism

Many-core architectures such as GPUS

J.M. Andion et al. Locality-Aware Automatic
Parallelization for GPGPU with OpenHMPP Directives.
HLPP 2014 & International Journal of Parallel
Programming (to appear)
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