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HOW MANY ISSUES CAN YOU SPOT?

#include <mpi.h>
#include <stdio.h>

int main(int argc, char** argv) {
int rank, size, buf[8];

MPI_Comm_rank(MPI COMM WORLD, &rank);
MPI_Comm_size(MPI_COMM_ WORLD, &size);

MPI_Datatype type;
MPI_Type_contiguous(2, MPI INTEGER, &type);

MPI_Recv(buf, 2, MPI_INT, size - rank, 123, MPI_COMM_WORLD, MPI_STATUS IGNORE);
MPI_Send (buf, 2, type, size - rank, 123, MPI_COMM_WORLD);

printf ("Hello, I am rank %d of %d.\n", rank, size);

return O;

) At least 8 issues in this example!

@) JULICH| 4
SUPERCOMPUTING
Mitglied der Helmholtz-Gemeinschaft Forschungszentrum CENTRE




MOTIVATION

MPI programming is error prone

Portabillity errors
(just on some systems, runs, configurations)

Bugs may manifest as
e Crash

e Application hanging Error more

obvious

o Application finishes

Questions
e Why crash/hang?
e |s the result correct?

e Will the code produce the correct result on another system?

Tools help to pin-point these issues

JULICH
SUPERCOMPUTING
CENTRE

IJ JULICH

Forschungszentrum

Mitglied der Helmholtz-Gemeinschaft



TYPES OF ERRORS

"~ )
= Common syntactic errors: Tool t .
» Incorrect arguments SRl ey B
» Resource usage MUST,
» Lost/Dropped Requests . .
« Buffer usage Static analysis tool,
» Type-matchin
. Dye%dlocks ’ (DEbugger)
\ D4
4 )

» Semantic errors that are correct in terms of MPI standard, but do not

match the programmer's intention:

» Displacement/Size/Count errors
Tool to use:

Debugger)
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MUST

Next generation MPI correctness and portability checker

https://www.i12.rwth-aachen.de/go/id/nrbe

MUST reports

= Errors: violations of the MPI-standard

= Warnings: unusual behavior or possible problems
= Notes: harmless but remarkable behavior

= Potential deadlock detection

Usage

= Compile with debug information (i.e. use the -g flag)

= Run application under the control of mustrun (requires (at least) one additional MPI process)
» E.g. on JUSUF: mustrun --must:mpiexec srun --must:np -n -n 4 ./app

= Open output html report (might need to copy it to your local machine) __
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MUST EXAMPLE

#include <mpi.h>
#include <stdio.h>

int main(int argc, char** argv) {
int rank, size, buf[8];

MPI_Comm_rank(MPI COMM WORLD, &rank);
MPI_Comm_size(MPI_COMM_ WORLD, &size);

MPI_Datatype type;
MPI_Type_contiguous(2, MPI INTEGER, &type);

MPI_Recv(buf, 2, MPI_INT, size - rank, 123, MPI_COMM_WORLD, MPI_STATUS IGNORE);
MPI_Send (buf, 2, type, size - rank, 123, MPI_COMM_WORLD);

printf ("Hello, I am rank %d of %d.\n", rank, size);

return O;
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FIX 0: ADD MPI_INIT/MPI_FINALIZE

#include <mpi.h>
#include <stdio.h>

int main(int argc, char** argv) {
int rank, size, buf[8];

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI COMM WORLD, &rank);
MPI_Comm_size(MPI COMM WORLD, &size);

MPI_Datatype type;
MPI_Type_contiguous(2, MPI INTEGER, &type);

MPI_Recv(buf, 2, MPI_INT, size -rank - 1, 123, MPI_COMM_WORLD, MPI_STATUS IGNORE);
MPI_Send (buf, 2, type, size - rank - 1, 123, MPI_COMM_WORLD);

printf ("Hello, | am rank %d of %d.\n", rank, size);

MPI1_Finalize();
return O;
}
o9 .
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MUST DETECTS DEADLOCKS

7 starting date: Fri Mar 24 11:59:41 2

Details:

he application issued a set of MPI calls that can cause a deadlock! A graphical representation

is situation is available in ;

be involved). The application still run

invol nks with a debugger or abort the application (if necessary).

The application issued a set of MPI calls that can cause a deadlock! A graphical representation of this situation is available in a detailed

. References 1-2 list the involved calls (limited to the first 5 calls, further calls may
the deadlock manifested (e.g. caused a hang on this MPI implementation) you can attach to the

References of a

reference 1 rank 0:

called from:

reference 2 rank 3:

called from:

Details

ailed de...

representative process:

MPI_Recv (1st occurrence)

#0 main@example.c:15

MPI_Recv (1st occurrence)

#0 main@example.c:15

"\

Click for graphical representation of
the detected deadlock situation.

Mitglied der Helmholtz-Gemeinschaft

Y

JULICH

Forschungszentrum

JULICH
SUPERCOMPUTING
CENTRE



MUST DETECTS DEADLOCKS

The application issued a set of MPI calls that can cause a deadlock! The graphs below show details on this situation. This includes a wait-for graph that shows active wait-for
dependencies between the processes that cause the deadlock. Note that this process set only includes processes that cause the deadlock and no further processes. A legend
details the wait-for graph components in addition , while a parallel call stack view summarizes the locations of the MPI calls that cause the deadlock . Below these graphs, a
message queue graph shows active and unmatched point-to-point communications. This graph only includes operations that could have been intended to match a point-to-point
operation that is relevant to the deadlock situation. Finally, a parallel call stack shows the locations of any operation in the parallel call stack. The leafs of this call stack graph
show the components of the message queue graph that they span. The application still runs, if the deadlock manifested (e.g. caused a hang on this MPI implementation) you
can attach to the involved ranks with a debugger or abort the application (if necessary).

MPI COMM WORLD
0: MPI_Recv
comm=A, lag:l%comm:ﬁt,
3: MPI_Recv

Rank O waits
for rank 1
and wv.

main@/rwthfs/rz/cluster/home/pj416018/must-example/VI-HPS/example.c: 15

R

MPI_Recv

stack

Active MPI Call
A waits for B and C
A > B

Simple call
stack for this
example.

Message queue

T

C
A waits for B or C
A p-=-=-====- > B
~ea
C
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FIX 1: USE ASYNC RECV

#include <mpi.h>
#include <stdio.h>

int main(int argc, char** argv) {
int rank, size, buf[8];

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI COMM WORLD, &rank);
MPI_Comm_size(MPI COMM WORLD, &size);

Use asynchronous

MPI_Datatype type; receive (MPI_lIrecv)

MPI_Type_contiguous(2, MPI INTEGER, &type);

MPI_Request request,
MPI_Irecv(buf, 2, MPI_INT, size - rank - 1, 123, MPI_COMM_WORLD, &request);

MPI_Send (buf, 2, type, size - rank - 1, 123, MPI_COMM_WORLD);

printf ("Hello, I am rank %d of %d.\n", rank, size);

MPI_Finalize();
return O;
}
o9 se
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MUST DETECTS BUFFER ERRORS

4 R
Rank(s) .
2(28793) Error receive operation uses a (datatypd Size of sent messa ge la Fger py the send it matches! The first element of the send...
Details: .
_ T than receive buffer From  |References
Y, References of a representative

process:

reference 1 rank 2: MPI_Send
Representative |[(1st occurrence) called from:
location: #0 main@example-fixl.c:18
MPI_Send (1st
occurrence) called |reference 2 rank 1: MPI_Irecv

A receive operation uses a (datatype,count) pair that can not hold the data transfered by the send it matches! The first
element of the send that did not fit into the receive operation is at (contiguous)[0](MPI INTEGER) in the send type (consult
the MUST manual for a detailed description of datatype positions). The send operation was started at reference 1, the
receive operation was started at reference 2. (Information on communicator: MPI COMM WORLD) (Information on send of

. . . from: (1st occurrence) called from:
count 2 with type:Datatype created at reference 3 is for Fortran, based on the following type(s): { MPI INTEGER}) . i . i )
(Information on receive of count 2 with type:MPI INT) L mz;il;('ll@ce?lcgmple e

reference 3 rank 2:
MPI_Type_contiguous (1st
occurrence) called from:
#0 main@example-fixl.c:13

1(28792) Error A receive operation uses a (datatype,count) pair that can not hold the data transfered by the send it matches! The first element of the send...

0-3 Error IArgument 3 (datatype) is not commited for transfer, call MPI Type commit before using the type for transfer!(Information on datatypeData...
2(28793) Error The memory regions to be transfered by this send operation overlap with regions spanned by a pending non-blocking receive operation!(In...
1(28792) Error [The memory regions to be transfered b i d operation overlap~ - - == receive operation!(In...
3(28795) Error [The memory regions to be transfered by this receive operation!(In...
3(28795) Error IA receive operation uses a (datatype,count) pair that can A” d eteCtEd errors are [ element of the send...
0(28794) Error [The memory regions to be transfered by this send operation overla) 1 _ receive operation!(In...
0(28794) Error A receive operation uses a (datatype,count) pair that can not hold COI Ia psed fO roverview L element of the send...

L click to expand
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FIX 2: SAME MESSAGE SIZE FOR SEND/RECV

#include <mpi.h>
#include <stdio.h>

int main(int argc, char** argv) {
int rank, size, buf[8];

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI COMM WORLD, &rank);
MPI_Comm_size(MPI COMM WORLD, &size);

MPI_Datatype type;
MPI_Type_contiguous(2, MPI INTEGER, &type);

MPI_Request request,
MPI_Irecv(buf, 2, MPI_INT, size - rank - 1, 123, MPI_COMM_WORLD, &request);

MPI_Send (buf, 1, type, size - rank - 1, 123, MPI_COMM_WORLD);

-
printf ("Hello, | am rank %d of %d.\n", rank, size); Reduce the
L message size
MPI_Finalize();
return 0O;
}
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MUST DETECTS DATATYPE ERRORS

2(17250) Error send and a receive operation use datatypes that do not match! Mismatch occurs at (contiguous)[0](MPI INTEGER) in the send type and a...

Details:

References of a
representative process:

reference 1 rank 2:
MPI_Send (1st occurrence)
Representative |called from:
location: #0 main@example-fix2.c:18
MPI_Send (1st
occurrence) reference 2 rank 1:
called from: MPI_Irecv (1st occurrence)

A send and a receive operation use datatypes that do not match! Mismatch occurs at (contiguous)[0](MPI INTEGER) in the
send type and at (MPI_INT) in the receive type (consult the MUST manual for a detailed description of datatype positions). A
graphical representation of this situation is available in a detailed type mismatch view (MUST Output-
es/MUST Typemismatch 74088185856002.html). The send operation was started at reference 1, the receive operation was

started at reference 2. (Information on communicator: MPI COMM WORLD) (Information on send of count 1 with

. #0 called from:
type:Datatype created at reference 3 is for Fortran, based on the following type(s): { MPI INTEGER}) (Information on receive main@exam .
. ) = ple- |[#0 main@example-fix2.c:16
of count 2 with type:MPI _INT) fix2.c:18

reference 3 rank 2:
MPI_Type_contiguous (1st

e occurrence) called from:
. ™\ #0 main@example-fix2.c:13
Use of Fortran type in C,
0(17249) Erm . that do not i (MPI INTEGER) in the send type and a...
1(17248) En] datatype mismatch between [matdonot Uije of uncor:mltEd (MPI_INTEGER) in the send type and a...
3(17251) Enj . that do no atatvpe: e (MPI INTEGER) in the send type and a...
0-3 Er se nd era nd receiver nsfer, ¢ yp yp transfer!(Information on datatypeData...
Details:

References of a representative process:

Argument 3 (datatype) is not commited for transfer, call MPI Type commit before Representative location:

using the type for transfer! MPI_Send (1st occurrence) .
(Information on datatypeDatatype created at reference 1 is for Fortran, based on the called from: E?:f:?:rg;ié)riiﬁa if];[) ﬂll'_'lype_contiguous (1st
following type(s): { MPI INTEGER}) #0 main@example-fix2.c:18 . '

#0 main@example-fix2.c:13

@) JULICH| 4
SUPERCOMPUTING
Mitglied der Helmholtz-Gemeinschaft Forschungszentrum CENTRE



MUST DETECTS DATATYPE ERRORS

MPI_Send:send

Y

MPI_Type_contiguous(count=2)

MPI_Irecv:recv

\0]

[

MPI_INTEGER

MPI_INT

The application issued a set of MPI calls that mismatch in type signatures! The graph below shows details on this situation. The first differing item of each involved

communication reiuest is hiih]iihted.
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FIX3+4: CINT TYPE & USE TYPE_COMMIT

#include <mpi.h>
#include <stdio.h>

int main(int argc, char** argv) {
int rank, size, buf[8];

MPI_Init(&argc, &argv);

Use integer datatype

MPI_Comm_rank(MPI COMM WORLD, &rank); intended for C

MPI_Comm_size(MPI COMM WORLD, &size);

MPI_Datatype type;
MPI_Type_contiguous(2, MP|_INT, &type); Commit datatype

MPI_Type_commit(&type); \[ before usage

MPI_Request request,
MPI1_Irecv(buf, 2, MPI_INT, size - rank - 1, 123, MPI_COMM_WORLD, &request);

MPI_Send (buf, 1, type, size -rank - 1, 123, MPI_COMM_WORLD);

printf ("Hello, I am rank %d of %d.\n", rank, size);

MPI1_Finalize();
return O;
} o9 .
& ) JULICH | &2
SUPERCOMPUTING
Mitglied der Helmholtz-Gemeinschaft Forschungszentrum CENTRE




MUST DETECTS DATARACES IN ASYNC COMM

Data race between send and
asynchronous receive operation

0(1605) e memory regions to be transfered by
Details:

eceive operation!(In...

The memory regions to be transfered by this send operation overlap with regions spanned by a

e References of a representative process:

(Information on the request associated with the other communication:
Point-to-point request activated at reference 1)

(Information on the datatype associated with the other communication:

reference 1 rank 0: MPI_Irecv (1st occurrence)
called from:
#0 main@example-fix3.c:17

MPI INT) Representative location:
The other communication overlaps with this communication at position:(MPI INT) MPI_SB;SJ g:lsi‘ rot;:rgl'lrrence} reference 2 rank 0: MPL Type_contiguous (1st

(Information on the datatype associated with this communication: #0 main@example-fix3.c:19 ;%:;r:;nézlgﬁlig_g?ﬁ.m
Datatype created at reference 2 is for C, commited at reference 3, based on the following p o
type(s): { MPI INT})

This communication overlaps with the other communication at position:(contiguous) Eiiiﬁg;i; 1;:11111}; g: fl:([)gl._'lype_commit (1st
[0](MPI INT) :

A graphical representation of this situation is available in a detailed overlap view B L

(MUST Output-files/MUST Overlap 6893422510080 0.html).

3(1610) Error The memory regions to be transfered by this send operation overlap with regions spanned by a pending non-blocking receive operation!(In...

2(1608) Error The memory regions to be transfered by this send operation overlap with regions spanned by a pending non-blocking receive operation!(In...

1(1606) Error [The memory regions to be transfered by this send operation overlap with regions spanned by a pending non-blocking receive operation!(In...
0-3 Error [There are 1 datatypes that are not freed when MPI Finalize was issued, a quality application should free all MPI resources before calling ...
0-3 Error There are 1 requests that are not freed when MPI Finalize was issued, a quality application should free all MPI resources before calling M...
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MUST DETECTS DATARACES IN ASYNC COMM

Graphical representation of the data
race location

MPI_Send:send(buf= 0x7ffe 1308ebcc)

A

MPIL_Type_contiguous(count=2) | MPL_Irecv:recv(buf= +0x0)

\

MPL_INT

The application issued a set of MPI calls that overlap in communication buffers! The graph below shows details on this situation. The first colliding item of each involved
communication request is highlighted.
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FIX 5: USE INDEPENDENT MEMORY REGIONS

#include <mpi.h>
#include <stdio.h>

int main(int argc, char** argv) {
int rank, size, buf[8];

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI COMM WORLD, &rank);
MPI_Comm_size(MPI COMM WORLD, &size);

MPI_Datatype type;
MPI_Type_contiguous(2, MPI _INT, &type);
MPI_Type_commit(&type);

MPI_Request request,
MPI1_Irecv(buf, 2, MPI_INT, size - rank - 1, 123, MPI_COMM_WORLD, &request);

MPI_Send (buf + 2, 1, type, size -rank - 1, 123, MPI_COMM_WORLD);

printf ("Hello, I am rank %d of %d.\n", ran

Offset points to
independent memory

MPI1_Finalize();
return O;
} o9 .
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MUST DETECTS LEAKS OF USER-DEFINED OBJECTS

References of a representative process:

There are 1 datatypes that are not freed when MPI_Finalize was issued, a quality application
should free all MPI resources before calling MPI Finalize. Listing information for these Representative location:

1st occurrence) called from:
datatypes: MPI e_contiguous (1st ( .
Lyp oc cﬁTryrgnE e) c al?e d fr. or(n: #0 main@example-fix4.c:13

-Datatype 1: Datatype created aiifoxl*;ecf:qtjﬁnce 1el(ss)f_og (Ifd Ii:loirrtln]l'l;;ed at reference 2, based on the main@example-fix4.c:13 reference 2 rank 1: MPL Type_commit (1st
g type(s): & occurrence) called from:
#0 main@example-fix4.c:14

0-3 | Error [There are 1 requests that are not freed when MPI Finalize was issued, a qu lication should free all MPI resources before calling M...

reference 1 rank 1: MPI_Type_contiguous

References of a representative
There are 1 requests that are not freed when MPI Finalize was issued, a quality application should free all| Representative loca cess:
MPI resources before calling MPI Finalize. Listing information for these requests: MPI_Irecv (1st occurren
called from: ank 1: MPI_Irecv (1st
-Request 1: Point-to-point request activated at reference 1 #0 main@example-fix4.c:17 [joccu from:
#0 main c:17
= User defined objects include Unfinished non-blocking .
. Leak of user defined
= MPI_Comms (even by MPI_Comm_dup) receive is resource leak and datatype object
= MPI_Datatypes missing synchronization

= MPI_Groups
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FIX6+7: USE MPI_WAIT & FREE DATATYPE

#include <mpi.h>
#include <stdio.h>

int main(int argc, char** argv) {
int rank, size, buf[8];

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI COMM WORLD, &rank);
MPI_Comm_size(MPI COMM WORLD, &size);

MPI_Datatype type;
MPI_Type_contiguous(2, MPI _INT, &type);
MPI_Type_commit(&type);

MPI_Request request,
MPI1_Irecv(buf, 2, MPI_INT, size - rank - 1, 123, MPI_COMM_WORLD, &request);

MPI_Send (buf + 2, 1, type, size -rank - 1, 123, MPI_COMM_WORLD);
MPI_Wait(&request, MPI_STATUS IGNORE);

printf ("Hello, | am rank %d of %d.\n", rank, size); Finish asynchronous

MPI_Type_free(&type); communication

MPI_Finalize();

return 0; Deallocate datatype l JULICH | soeereonpumne
Mitglied}der Helmholtz-Gemeinschaft Forschungszentrum CENTRE




FINALLY

Information

MUST detected no MPI usage errors nor any suspicious behavior during this application run.

MUST detected no MPI usage errors nor any suspicious behavior during this application run. |

Mitglied der Helmholtz-Gemeinschaft
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No further error
detected

Hopefully this message
applies to many
applications
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RUNNING MUST - CENTRALIZED

e Slow, Centralized, Application may crash
e mustrun --np X exe
e One additional analysis process
e High overhead, < 32 processes

e Fast, Centralized, Application may not crash
e mustrun --np X --must:nocrash exe
e One extra analysis process
e Limited scalability, < 100 processes

e Fast, Centralized, Application may crash
e mustrun --np X --must:nodesize Y exe [--must:show]
e 14+ [X/(Y —1)] analysis processes
e Limited scalability, < 100 processes

e Requires shared memory communication
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RUNNING MUST - DISTRIBUTED

e Distributed, Application may not crash

e mustrun --np X --must:distributed [--must:fanin Z] exe
Layer 0: A = [X/Z]
Layer 1: B = [A/Z]

Layer k: 1

Scalability > 10000 processes
e Distributed, Application may crash

e mustrun --np X --must:distributed --must:nodesize Y [--must:fanin Z] exe
e A=[X/Y-1D]|>B=1JA/Z]| > C=[B/Z] > ...> 1
e Scalability ~ 5000 processes

e Requires shared memory communication
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