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MUST – MPI CORRECTNESS CHECKER



#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 0;

} 

HOW MANY ISSUES CAN YOU SPOT? 

At least 8 issues in this example!



• MPI programming is error prone

• Portabillity errors

(just on some systems, runs, configurations)

• Bugs may manifest as

• Crash

• Application hanging

• Application finishes

• Questions

• Why crash/hang?

• Is the result correct?

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

• Tools help to pin-point these issues

MOTIVATION

Error more
obvious



TYPES OF ERRORS



• 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)



#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 0;

} 

MUST EXAMPLE



#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, I am rank %d of %d.\n", rank, size);

MPI_Finalize();

return 0;

} 

FIX 0: ADD MPI_INIT/MPI_FINALIZE



MUST DETECTS DEADLOCKS



MUST DETECTS DEADLOCKS



#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, 2, type, size - rank - 1, 123, MPI_COMM_WORLD);

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

MPI_Finalize();

return 0;

} 

FIX 1: USE ASYNC RECV

Use asynchronous
receive (MPI_Irecv)



MUST DETECTS BUFFER ERRORS



#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, I am rank %d of %d.\n", rank, size);

MPI_Finalize();

return 0;

} 

FIX 2: SAME MESSAGE SIZE FOR SEND/RECV

Reduce the
message size



MUST DETECTS DATATYPE ERRORS



MUST DETECTS DATATYPE ERRORS



#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;    

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

MPI_Finalize();

return 0;

} 

FIX 3+4: C INT TYPE & USE TYPE_COMMIT

Use integer datatype
intended for C

Commit datatype
before usage



MUST DETECTS DATARACES IN ASYNC COMM



MUST DETECTS DATARACES IN ASYNC COMM



#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;    

MPI_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", rank, size);

MPI_Finalize();

return 0;

} 

FIX 5: USE INDEPENDENT MEMORY REGIONS

Offset points to
independent memory



MUST DETECTS LEAKS OF USER-DEFINED OBJECTS



#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;    

MPI_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, I am rank %d of %d.\n", rank, size);

MPI_Type_free(&type);

MPI_Finalize();

return 0;

} 

FIX 6+7: USE MPI_WAIT & FREE DATATYPE

Finish asynchronous
communication

Deallocate datatype



FINALLY



• Slow, Centralized, Application may crash

• mustrun --np X exe

• One additional analysis process

• High overhead, < 32 processes

• Fast, Centralized, Application may not crash

• mustrun --np X --must:nocrash exe

• One extra analysis process

• Limited scalability, < 100 processes

• Fast, Centralized, Application may crash

• mustrun --np X --must:nodesize Y exe [--must:show]

• 1 + 𝑋/(𝑌 − 1) analysis processes

• Limited scalability, < 100 processes

• Requires shared memory communication

RUNNING MUST - CENTRALIZED



• Distributed, Application may not crash

• 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

• Distributed, Application may crash

• mustrun --np X --must:distributed --must:nodesize Y [--must:fanin Z] exe

• 𝐴 = 𝑋/(𝑌 − 1)  𝐵 = 𝐴/𝑍  𝐶 = 𝐵/𝑍  …  1

• Scalability ~ 5000 processes

• Requires shared memory communication

RUNNING MUST - DISTRIBUTED 



QUESTIONS


