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ABSTRACT
This paper proposes an automatic MPI ABI (Application Binary
Interface) translation library builder named MPI-Adapter2. The
container-based job environment is becoming wide-use in com-
puter centers. However, when a user uses the container image in
another computer center, the container with MPI binary may not
work because of the difference in the ABI of MPI libraries. The
MPI-Adapter2 enables to build of MPI ABI translation libraries au-
tomatically from MPI libraries. MPI-Adapter2 can build MPI ABI
translation libraries not only between different MPI implementa-
tions, such as Open MPI, MPICH, and Intel MPI but also between
different versions of MPI implementation. We have implemented
and evaluated MPI-Adapter2 among several versions of Intel MPI,
MPICH, MVAPICH, and Open MPI, and found that MPI-Adapter2
worked fine except for Open MPI ver. 4 binary on Open MPI ver. 2,
because of the difference in MPI object size.
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1 INTRODUCTION
The next generation of computer center computing will use cloud
and on-premise center systems, and users can run their jobs to
multiple computer centers and cloud systems on demand without
modifying the application execution environment. To realize the
execution environment, container-based job execution is needed
for execution portability between the cloud and the center systems.
Container technology enables OS and system software portability.
However, MPI libraries do not always have binary compatibility
among various HPC systems. Application Binary Interface (ABI) or
execution environment depends on their implementations.
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To realize the ABI portability, there are MPI ABI translation
libraries such as MPI-Adapter[1], wi4mpi[2], and MPItranporine[3].
However, these related works need to describe or implement all
MPI functions. The MPI standard has been advancing to version 4.0.
The number of MPI functions and objects is increasing, e.g., MPI
1.1=130, MPI 2.2=299, MPI 3.1=412, and MPI 4.0=467 functions.1
Also, each implementation has extended ones, e.g., MPIX_ prefixes.
So this is not easy to apply many combinations of MPI library
combinations.

It is not easy to build them by hand. It should be built automati-
cally. Therefore, we started to develop MPI-Adapter2.

We have developed MPI-Adapter2. It generates whole combina-
tions of MPI adapters from MPI header files and their implementa-
tions automatically. This paper presents the MPI-Adapter2.

2 THE DESIGN OF MPI-ADAPTER2
The goal of MPI-Adapter2 is to build MPI ABI translation libraries
automatically. In this sense, how to make them automatically is an
issue to solve. There are two types of automatic building methods
to develop. One is to build MPI ABI translation libraries, and the
other is to make multiple combinations of the libraries. This section
discusses the two types of methods.

2.1 Building MPI ABI Translation Libraries
Automatically
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Figure 1: MPI Object Value of MPICH2 and Open MPI

To automatically build an MPI ABI translation library, we need
to know the MPI function prototype definitions and MPI object
information (ex. MPI_Comm and MPI_Datatype) from each MPI
implementation because the numbers of functions and the MPI
objects implementation may differ from others.

Figure 1 shows an example of conversion between Open MPI
objects and MPICH2 MPI objects. Looking at the figure 1 we can
see that the C and FORTRAN languages can have different imple-
mentations. In C language, MPICH2 implements as an int type, but
1by counting begin{funcdef} in MPI forum original TeX source
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Open MPI implements as a pointer to a structure. In FORTRAN,
MPICH2 and Open MPI are both implemented with int type, but
with different values for the same MPI Objects.
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Figure 2: Implementation Process of MPI-Adapter

The MPI-Adapter2 also uses the MPI-Adapter method to convert
the implementation differences of MPI objects. It then extracts
and substitutes the values of individual MPI objects from the MPI
implementation. The MPI-Adapter method worked fine among
Open MPI, Intel MPI, MPICH, MVAPICH, and HP MPI libraries.[1]

Figure 2 shows the implementation process of MPI-Adapter. As
an ABI conversion library function, the Conversion-Skeleton Code
in the center of Fig. 2 is developedmanually, and the original(source)
and target(destination) ABI information is acquired programmat-
ically from "mpi.h" and the MPI implementation and converted.
However, we have to build the Conversion-Skeleton Code and to
get ABI information automatically for MPI-Adapter2.

2.2 Applying Many Combination of MPI
Versions and MPI implementations

2.2.1 MissmatchingMPI versions betweenOriginal and Target. Users
usually develop their MPI programs with various MPI implementa-
tions and their versions, then compile them into executable binaries
and execute them. In these cases, old applications used old stan-
dards at the time, and new applications used MPI functions of the
latest standards.

When we use an MPI-ABI conversion library, problems may
occur due to the combination of theMPI standards of the application
development environment and execution environment.

If the application development environment and execution en-
vironment have the same MPI version, or if the target is a newer
MPI specification, the application can run on the upper version
of the MPI implementation. However, if the MPI standard of the
execution environment is older than the development environment
one, problems may occur.

Whether some problem occurs or not depends on the MPI func-
tions used by the application. There are two ways to avoid them.
The first way is extracting what MPI functions the application bi-
nary used and examined. The second way is detecting when an MPI
application calls the functions during application runtime. How-
ever, extracting and examining the MPI functions used from the
application execution binary causes a delay in the start of execution.

Therefore, we decided to use the second way. If an MPI applica-
tion calls un-implemented MPI functions, MPI-AdapterII outputs
an error and stops the program.

2.2.2 Missmatching Runtime Library Implementations between Orig-
inal and Target. MPI implementations currently exist in Open MPI-
based and MPICH-based implementations.

Regarding the Open MPI implementation, the basic MPI Object
definition is the same, but it depends on Open MPI versions. If A
is different in the definition of version A.B.C., Open MPI may not
keep backward compatibility.[5]

Although the basic MPI Object definition is the same, there are
problems at runtime due to changes in the configuration of the
dynamic link library which are different names and differences
in the structure sizes in the MPI-Object in C language. There is
a problem between Open MPI ver.2 and Open MPIver.3 or later
because some MPI-Object structure sizes are different. In this case,
there is a problem that an MPI program will crash.

In the case of the MPICH system, there is a WG to keep ABI
among MPICH and derived implementations, and the WG says that
they will mutually keep ABI compatibility. [4]

2.3 Design Overview
To develop MPI-Adapter2 using MPI library information, it is neces-
sary to know the list of MPI functions and the prototype definition
in C language.

For this reason, for C language, the implementationMPI function
prototypes and MPI-Objects of each MPI library are automatically
generated from mpi.h in principle. However, some Open MPI in-
ternal implementations are unknown in mpi.h and are generated
individually. (e.g. size of MPI object structure of Open MPI)

As for FORTRAN, there is mpif.h, but it does not contain the
prototype definition like in C language, so the API specification
is created by extracting it from the source code of the MPI library
implementation.

The procedures for realizing mpi-adapter2 are shown below.

(1) Creates a list of MPI libraries generated by MPI-Adapter2.
This list describes the MPI header information, the location
of the mpicc, and the nickname.

(2) Extracts MPI(PMPI, MPIX) API prototype and MPI object
definitions for C language mpi.h (For FORTRAN language,
from MPI library implementation)

(3) Automatically generates conversion sources (Conversion
Skeleton Code) from conversion-source MPI to conversion-
destination MPI for each argument of each prototype defini-
tion. At the same time, checks whether each argument is an
MPI object or not, and finds the definition from source and
destination MPI implementation.

(4) In the Conversion Skeleton code, there are exceptions de-
pending on the function, so deal with them separately. (MPI_Alltoallw,
MPI_Waitall, MPI_Startall, etc.)

(5) Functions in the ABI conversion list pre-define for each
MPI object, and expand using symbols with the prefixes
of the original(source) and target(destination) MPI library
implementations added.

(6) Prepares a function array (MPI global function array) by
merging and ORing MPI function names from all MPI imple-
mentations to be converted in the MPI library lists.

(7) The MPI global functions array contains function pointers
to the destination MPI functions in the Conversion Skeleton
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Code generate code that calls the functions in the MPI global
functions array. At the MPI-Adapter2 program initialization,
the MPI-Adapter2 extracts the provided MPI functions from
the destination MPI library symbol information. If an MPI
function exists, MPI-Adapter2 stores the MPI function point-
ers to the MPI global function array. If it is not registered,
the MPI-Adapter2 stores the function pointer which outputs
an error and exits.

(8) Outputs Makefiles to build MPI-Adapters with the combina-
tions of MPI library implementations.

(9) Generates MPI library implementation definitions automati-
cally to make MPI-Adapters by the make command.

3 MPI ADAPTER2 IMPLEMENTATION
To automatically generate the MPI-Adapter2 code for each MPI
library, we implementedMPI-Adapter2 using the scripting language
Perl for text processing. Although the implementation is different
for both the C and the FORTRAN languages, we implemented using
the same processing method.

MPI-Adapter2 automatically generates conversion sources (Con-
version Skeleton Code) of conversion-source MPI and conversion-
destination MPI for each argument of each prototype definition.
An outline of this conversion is as follows.

• After parsing the arguments of the MPI prototype defini-
tion and outputting the ABI conversion code to call the
conversion-destination MPI function

• ABI conversion function arguments from conversion-source
MPI to conversion-destination MPI are implemented when
the arguments are not pointers, and exceptions such as arrays
are handled by individual patterns.

• ABI conversions of return values and pointers from conversion-
destination to conversion-source are processed after calling
the destination MPI function.

• Return the return value after ABI conversion
Fig. 3 shows the sample output of MPI ABI Conversion Skeleton

Codes.

���������	�
��
������
����	�����	 ���������
��	 �
�����������	 �
��	�������	�	��� ��	�	�������	 ���	����	

	��������
  �
  !�"���

��	 ������� ���
��	 �
�������������	 �
��	��������	�	��� ��	�	��������	 ���	�����	 	���������
  �
  !�#

��	�����
����$�� ���
�%����
���	����������� �

�
����$�� ���
�%�������
��	 �
�����!����!��

�
����$����	��
��	!��

�
����$�������	�	������	�	���!��

�
����$����	����	!��

�
����$�� ���
�%�	���	��!��

�
����$������
  ��
  !�!�!"

&

���������	�
��
��
 ��'� ���
�%������
����$�� ���
�%���������	�(� ���
�%���� ���)!����

�*������
����$�� ���
�%��������*��������)!�#�

+�����������
 ��'����,��-��.!�//������������,��-��.!

������)�00����,��-��.!���	����
 ��'����,��-��."

+�����

+�����������
 ��'�����1221�!�//�������������1221�!

������)�00�����1221�!���	����
 ��'�����1221�"

+�����

#�

��	���������)!"

&�&

+��������
����$����	����)!�����)!


 ��'������	�	�����
����$�������	�	�����������	�	��� ���)!�#�

+�����������
 ��'����$�1��-.3!�//������������$�1��-.3!

������)�00����$�1��-.3!���	����
 ��'����$�1��-.3"

+�����

+�����������
 ��'����$�14�-.��1��-.3!�//������������$�14�-.��1��-.3!

������)�00����$�14�-.��1��-.3!���	����
 ��'����$�14�-.��1��-.3"

5����6

Figure 3: Sample Output of MPI ABI Conversion Skeleton
Codes

4 EVALUATION OF MPI-ADAPTER2
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Figure 4: Evaluation Enviromnent

As the evaluation of MPI-Adapter2, we evaluated MPI ABI mu-
tual portability using the PingPong benchmark and NAS Parallel
Benchmarks. We also evaluated MPI ABI portability in a container
environment using Singularity. The system used as the evaluation
environment was Oakbridge-CX (OBCX) of the Information Tech-
nology Center of the University of Tokyo (Fig. 4).

Fig. 5 shows theMPI library implementations used for evaluation.
The rightmost column in Table 3 shows the number of functions
developed by MPI-Adapter2. The number of functions defined in
MPI Ver.3.1 is 412, but the number of functions expanded has in-
creased because some MPI functions, such as the PMPI prefix MPIX,
were also included. In this evaluation, we could not prepare the
TCS-compatible OmniPath MPI library implementation due to an
install problem, so we evaluated it on a single node using a shared
memory device.
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Figure 5: Evaluation List of Target MPI Implementations

4.1 MPI PingPong Benchmark
In this section, we use the MPI PingPong benchmark to measure
the overhead of MPI ABI conversion. Due to space limitations, we
show the results for Open MPI ver.5.0 and Intel MPI.

Figure 6 shows the results when using various MPI libraries as
source MPI running on Open MPI ver5.0 as destination MPI. From
Fig. 6, we can see that the performance trend is the same as Open
MPI ver5.0, and the overhead of MPI ABI conversion is a maximum
of 30ns and negligible.

Figure 7 shows the results when using various MPI libraries
running on Intel MPI. From Fig. 7, we can see that the performance
trend is the same as Intel MPI, and the overhead of MPI ABI con-
version is a maximum of 20ns and negligible.
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Figure 6: MPI PingPong Benchmark on Open MPI ver5.0
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Figure 7: MPI PingPong Benchmark on Intel MPI

4.2 NAS Parallel Benchmark
n this section, we show the results of mutual execution using the
NAS Parallel Benchmark to evaluate the ABI execution portability
of MPI-Adapter2.

TheNAS Parallel Benchmarks is a code created as a NASA system
benchmark and consists of eight types of programs: BT, CG, EP, FT,
IS, LU, MG, and SP. Only IS is written in C language and the other
seven programs are FORTRAN.

We evaluated all NAS Parallel Benchmark (Class A) programs
with the number of processes from 1 to 32 (BT, SP up to 25) and all
combinations of MPI library implementations.

As a result of the evaluation, only the IS benchmark ompi4 bi-
nary failed with a segmentation fault in the ompi2 environment (5
programs of IS (2, 4, 8, 16, 32 processes) out of all 46 benchmarks).

In the other cases, we confirmed that the calculation results were
correct for all benchmarks and all combination sets of MPI libraries.
The reason is the difference in structure sizes that make up MPI
Object in C language. In addition, ompi5 does not have a problem
because ompi5 changed the structure size to the same as ompi2.

Among these execution results, as evaluation examples, the con-
version destinations are shown in Figures 8, 9, 10, and 11, respec-
tively. These results also include the results of native execution and
are the results of up to 32 processes on one node of OBCX.

In the evaluation of ABI conversion to Open MPI ver.5 in Fig. 8
and Fig. 9, although the compiled MPI execution environment is
different, the execution results show almost the same tendency, and
there is no particularly slow result compared to native execution.
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Figure 8: NAS Parallel Benchmarks on Open MPI v5.x(1)
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Figure 9: NAS Parallel Benchmarks on Open MPI v5.x(2)

In the evaluation of ABI conversion to Intel MPI in Fig. 10 and
Fig. 11, the execution results show almost the same tendency even
though the compiled MPI execution environment is different, and
no particularly slow result was seen compared to native execution.

4.3 MPI ABI Portability Evaluation on
Container

This section evaluates ABI portability in the Container environment.
I used Singularity as a Container and created a Container using
Ubuntu (Ubuntu 22.04.1 LTS). This time, we use Singularity as a
Container with Open MPI 4.0.5 and PMB (Pallas MPI Benchmark)
on Ubuntu 22.04.1 LTS, and ABI portability is evaluated using MPI-
Adapter2.

The modules libelf-dev, libpciaccess0, libxml2-dev, gfortran, and
libquadmath0 were required when running Open MPI executable
binaries on MPICH (gcc+gfortran) on the host. For this reason, We
added these modules to the Singularity image with apt-get and ran
it. (Container image: ubuntu.sif)
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Figure 10: NAS Parallel Benchmarks on Intel MPI(1)
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Figure 11: NAS Parallel Benchmarks on Intel MPI(2)

Figure 12 shows the execution command line and running result.
At the execution, we can run the PMB benchmark execution binary
by the Open MPI ver. 4 mpicc on the MPICH host execution envi-
ronment using the command line " /opt/mpich/bin/mpirun -np 16
/work/opt/local/apps/singularity/3.9.5/bin/singularity exec /singu-
larity/ubuntu.sif /opt/bin/mpi-adapter -s ompi4 -d mpich /opt/PMB-
MPI2.2/SRC/PMB-MPI1 Pingpong".

We can see that the execution binary of Open MPI on Container
(ubuntu.sif) works well with MPICH runtime on the host.

5 SUMMARY
This paper describes MPI-Adapter2 which keeps ABI portability
between MPI libraries. MPI-Adapter2 automatically generates an
ABI conversion library from the mpi.h file for ABI compatibility
between these MPI libraries. As a result of evaluation with Intel
MPI, MPICH, MVAPICH (2 types), and Open MPI (3 types), we
showed that all kinds of NAS Parallel Benchmark can run well
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Figure 12: MPI-Adapter2 Execution Result on Singularity

while ensuring mutual ABI compatibility. Also, we found that MPI-
Adapter2 worked fine using Singularity container images and shows
that container images with MPI binaries can keep binary portability
among computer centers with different MPI libraries.

The method used in this paper was applied to MPI this time, but
we can apply it to other libraries.

For future works, we will proceed with practical evaluations with
more application binaries. We will also make use of MPI-Adapter2
not only to ensure ABI compatibility but also to expand the re-
placement functions of unsupported functions in the conversion
destination in a plug-in format as an extension of user convenience.
(Example: MPI_Count support), and replacing the specified MPI
function with a user-written function (e.g., MPI collective commu-
nication algorithm).
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