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Context

High Performance Computing (HPC)

Projected Performance Development

10 EFlopls | o More complex applications
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Problem Statement
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 How can we help developers having correct HPC applications ? :
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Problem Statement

XL
(o)
g
N
)
3
g
)
-3
®
T
o
)
<
®
(°)
O
)
-
(7]
5
<
3
0q
a
[°)
-
o
A
(a2
L
1
0
)
T
°
a.
)
(3
o)
3
()]
-~

' What is a correct application ? :
= Satisfy the specification :
|
|

|
|
, .
' = Compute what it is supposed to compute
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Problem Statement
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' What is a correct application ? :
. = Satisfy the specification :
' = Compute what it is supposed to compute :

___________________________________
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Problem Statement
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. What is a correct application ?

|
|
= Satisfy the specification :
= Compute what it is supposed to compute |

— e e e e e e e e e e e e e e e e e e e e e = = = = = — —

= Easy to use (« single pushed button »)
= Scalability

Precision (locate source of errors)
Usuability (what can be verified?)
Detection of errors as soon as possible
Heterogeneity (new class of errors)

Journée du groupe de travail LAMHA
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Parallel Programming Models

. |

° ® ® oo |
b | | e ret
Distributed Memory approach

(e.g., MPI) Shared Memory approach
(e.g., Pthread, OpenMP)
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Hybrid approach

(e.g., MPI+X with , a shared memory model)

v d
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Blocking or non-blocking
communication involving all MPI
processes of the same
communicator

MPI Barrier,

MPI Ibarrier, MPI Bcast,..

9 - 13/12/2018

Collective

OpenMP

)

Barrier and worksharing
construct

#pragma omp barrier/single/
for/sections/workshare

Journée du groupe de travail LAMHA

UPC

f w2 W

Collective communication
operations

upc_barrier, upc_wait,
upc_all broadcast,..
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Blocking or non-blocking
communication involving all MPI
processes of the same
communicator

MPI Barrier,

MPI Ibarrier, MPI Bcast,..

Collective Errors

OpenMP

)

Barrier and worksharing
construct

#pragma omp barrier/single/

for/sections/workshare

UPC

by P “i’i‘
Collective communication

operations

upc_barrier, upc_wait,
upc_all broadcast,..

Specification :All processes / threads must have the same sequence of collectives
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Existing Methods

Program  ,—— COMPILATION ™\ - EXECUTION /)

* No execution needed + Empirical
+ global view of available observation of errors
control paths s

‘ « Linked to input data set

+ Combinatory aspect + systematic

‘ (model checking) instrumentation ‘
* False positives
\- / \ / Trace

‘ + Decoupled analysis

+ Data management
+ Linked to input data
set

v d
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PARCOACH

PARallel COntrol flow Anomaly CHecker

Program

P
COMPILATION W >
g

(Front End Middle End  Back End
; PARCOACH ©) 5
Inter-procedural -
LLVM control- and data-flow _>|’LLVth|_:_>|:LL”VM:| exe
(opt) analysis (opt) (Ilc)
H + :
\_ Code instrumentation / ) T

" PARCOACH | ©

' Validation functions that
@ stop the program in case of
actual deadlock situation

.....................................

c Detection of potential deadlocks at compile-time

e Verification of potential deadlocks at execution

v d

7
12 - 13/12/2018 Journée du groupe de travail LAMHA h

inventors for the digital world



Motivating Example

K & '
Local Memory Local Memory Local Memory lﬁ | ﬂ lﬁ_

Point-to-point communication

- -~

|I,’-ﬁ
MPI Process MPI Process !
Rank 0 Rank 1 Rank 2 ﬁ | ﬂ h
S R R /

Collective communication
(MPI_Barrier, MPI_Reduce, ...)

NETWORK

v d
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Motivating Example

void c(int s) {

1f (s>2506)
MPI Barrier (com2);

else

Vv

int main( ) {

— /LK

MPI Barrier (coml);
1f(r%2)

c(s);
/x5

MPI Finalize();

v d
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Motivating Example

void c(int s) {

1f (s>2506)
MPI Barrier (com2);

else

Vv

int main( ) {

/xLx/
—_— MPI Barrier(coml);

if(r%2)
c(s);
/*..x/

MPI Finalize();

7
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Motivating Example

void c(int s) {

1f (s>2506)
MPI Barrier (com2);

else

Vv

int main( ) {

/x>

MPI Barrier (coml);
—_— if(r%2)
c(s);
/x5

MPI Finalize();

v d
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Motivating Example

void c(int s) {

1f (s>2506)
MPI Barrier (com2);

else

Vv

int main( ) {

/x>

MPI Barrier (coml);

if (rs2)
— c(s);
>

/*.*/

MPI Finalize();

v d
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Motivating Example

void c(int s) {

—_— if (s>256)
MPI Barrier (com2);

else

Vv

int main( ) {

/x>

MPI Barrier (coml);

if(r%2)
c(s);
—_—  /*.*/
MPI Finalize();
}
R—— ——

v d

g v d
18 - 13/12/2018 Journée du groupe de travail LAMHA &1,

inventors for the digital world



Motivating Example

void c(int s) {

if (s>256)

— MPI Barrier (com2);
else

— /*.*%/

int main( ) {

/x>

MPI Barrier (coml);
1f(r%2)
c(s);
—_— /*.%/

MPI Finalize();

v d
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Motivating Example

void c(int s) {

if (s>256) Deadlock
> MPI_Barrier (com2) ;
olse The machine state does not help to
detect the source of the deadlock
— /*.%/

int main( ) {

/x>

MPI Barrier (coml);
1f(r%2)
c(s);

—_—  /*./

MPI Finalize();

v d
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Motivating Example

void c(int s) {

—_—p if(s>256) Deadlock
— MPI Barrier (com2);
olse The machine state does not help to
detect the source of the deadlock
—_— /*.*/

int main( ) {

/x>

MPI Barrier (coml);
—_— if (r%2)
c(s);
—_— /*.*/

MPI Finalize();

v d
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Motivating Example

void c(int s) {

if 6) Deadlock
— MPI Barrier (com2);
olse The machine state does not help to
detect the source of the deadlock
—_— /*.*/

int main( ) {

/x>

MPI Barrier (coml);
—_— if (r%2)
c(s);
—_— /*.*/

MPI Finalize();

v d
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Static Analysis

Structure of a compiler

COMPILATION >
MIDDLE-END
Source Target
program > EF?s::TE : Intermediate code i1 BACK | ——P machine
: i o : code

Intermediate representation

e Programming language independent

e Target machine independent
Control Flow Graph (CFG)

e Models all program executions

e Right representation to study instruction flow

7
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Control Flow Graph

void c( ) {

iE( )}2 main C

MPI_Barrier(com2)5+3

else

/*...*/]- 4

} 2-MPI_Barrier

int main( ) {

3-MPI_Barrier o

/x>

MPI Barrier (coml) ;

if ()
c( );]-3

/*.L*x/
}4
MPI Finalize();

v d
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Parallel Program Control Flow Graph




Parallel Program Control Flow Graph

/
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Collective Error Detection

main

(2-MPI—Ba"ie‘) Iterated post dominance frontier (PDF+)

U : Set of nodes in PPCFG

PDF+(U) : Set of nodes that can lead both to a node in
U or not

_—eem e e e e e e e e o e o o e o e o e e e e e e = e = = wd

v d
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Collective Error Detection

main

Iterated post dominance frontier (PDF+)

2-MPI_Barrier
c

U : Set of nodes in PPCFG

PDF+(U) : Set of nodes that can lead both to a node in
U or not

PDF+({2main}) = @

v d
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Collective Error Detection

main

Iterated post dominance frontier (PDF+)

2-MPI_Barrier
c

3-MPI_Barrier ’

v d
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U : Set of nodes in PPCFG

PDF+(U) : Set of nodes that can lead both to a node in
U or not

PDF+({2main}) = @

PDF+({3c}) = {2¢, 2main}




Collective Error Detection

main

Iterated post dominance frontier (PDF+)

2-MPI_Barrier
c

U : Set of nodes in PPCFG

PDF+(U) : Set of nodes that can lead both to a node in
U or not

PDF+({2main}) = @

PDF+({3c}) = {% 2main}
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Feedback to users

1 void c(int s) { What a user can read on stderr

2

3 if (s>256)

4 MPI Barrier (com2);

5 else

6 V.

7} PARCOACH: warning:|MPI Barrier line 4|
8 possibly not called by all processes

9 int main( ) { because of|cond1tlonal(s) line(s) 14|

10

11 Ve

12 MPI Barrier (coml);
13

14 if (r%2)

15 c(s);

16 /x>

17 MPI Finalize();

18 }

v d
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Code Instrumentation

void c(int s) {

if (s>256)
¢ No warning = no instrumentation
MPI Barrier (com2);

else

/*.x/

int main( ) {

/x>

MPI Barrier (coml);

MPI Finalize();

}

—— —

v d
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Code Instrumentation

void c(int s) {

if (s>256)
CC (MPI,com2,iparrier, O) e No warning = no instrumentation

MPI Barrier (com2)x

else .
py e |f at least one warning:
} > Insert a Check Collective (CC) function
CC (imoae1,come, ic, 0) before each collective c, starting
int main( ) { with the 1st collective that may deadlock
> Insert CC (imoae1, com, 0, @ ) before exit statements and
/*.x/ some MPI functions (MPI_Abort, MPI Finalize)
MPI Barrier (coml) ;/
* imoger = Parallel programming model used
1f(rs2) * come = communicator related to ¢ (0 for OpenMP)
c(s): * i. = collective ID
* 0 = collectives that may deadlock (set generated at compile-time)
/*.K/

CC (MPI,com2,0, )
MPI Finalize();
}

L — e

v d
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Conclusion

PARallel COntrol flow Anomaly CHecker (PARCOACH)

Program
COMPILATION >
(Front End | Middle End " iBackEnd )
PARCOACH © 5
E Inter-procedural
o LLVM LLVM L I/ LLVM i
Clang control- and data-flow -V[ H ] % exe
- i (opt) analysis (Opt) i (”C) -
: + :
\_ Code instrumentation : ) T
' PARCOACH 9

' Validation functions that
@ stop the program in case of
actual deadlock situation

.....................................
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Conclusion

— e e e e e e e e e e e e e e e e e e e e e = = = = = — —

= FEasy to use (« single pushed button »)
= Scalability

= Precision (locate source of errors)

= Usuability (what can be verified?)

= Detection of errors as soon as possible
= Heterogeneity (new class of errors)

r d
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Thank you!

Follow us on www.inria.fr




