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INTRODUCTION: STATE OF MPI
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IO

RMA

Sessions

ABI
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Hück, Alexander, Tim Jammer, Joachim Jenke, and Christian Bischof. "Investigating the usage 

of MPI at argument-granularity in HPC codes." In Proceedings of the 30th European MPI 

Users' Group Meeting, pp. 1-11. 2023.

User Adoptions
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Implementations

• Limited by DOE 

fundings.

• Burdened with feature 

implementation.

• Depended upon by 

vendors and users.

• Monolithic MPI – user 

cannot easiliy vibe-

code around.
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MPI Forum
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IS MPI TOO BIG TO 

MEET THE FUTURE?

HPC at crossroads

Re-visiting the ideal of subsetting MPI



CORE MPI
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CORE MPI

CORE MPI IS NOT:

▪ “MPI-1” -

which denies 30 years of progress

▪ “A mere subset” -

which can be subjective and 

arbitrary

We identify 3 core MPI principles

RATHER:

▪ It’s a structure

❖with principles and axes

❖ helps users / developers / forum

❖ to organize MPI

❖ to extend MPI



PRINCIPLE #1
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MPI IS COLLECTIVE
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client / server

master / worker

task dispatching

event driven

MPI

dynamic discovery assumed collective



THE ADVANTAGE OF ASSUMED COLLECTIVE 
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• Simpler to program

• Code is more explicit

• More efficient and performant

• Effective when the collective assumptions hold

• Suitable for dedicated and controlled facility (e.g. HPC)
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Message ordering and matching is the missing physics.

MPI_Send MPI_Recv

MPI_Recv

MPI_Send

• Point-to-point messaging is dynamic in nature.

• It can be used to implement most dynamic designs.

• But it’s key role in MPI is to support collective.

• Pt2Pt to Collective is like body to soul.
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Bulk synchronous parallel (BSP) is the native MPI pattern.

synchronization

computation

synchronization

computation

computation

computation

computation

computation
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Extending MPI by Perturbation to Assumed Collective Agreement

RMA

MPI_Win_create()

MPI_Win_fence()

Put/Get

MPI_Win_fence()

MPI_Win_free()

Dynamic Processes

MPI_Comm_spawn()

MPI_Intercomm_merge()

/*

 * Conventional

 * MPI Algorithms

 */

MPI_ANY_SOURCE

MPI_ANY_TAG

MPI_Probe

Inter communicators

MPI Sessions

∙∙∙

Caution: perturbation 

may lead to state 

jump



PRINCIPLE #2
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MPI IS ABSTRACT
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• MPI’s success is attributable to its abstraction and portability 

• The blocking MPI_Send / MPI_Recv is a good example:

MPI_Send MPI_Recv

The operation is only defined by its completion state.
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• Blocking operation cannot express concurrency

• Nonblocking extension enables the expression of concurrency

• Communication can happen concurrently to processors and 

overlapping is critical for performance

MPI_Isend

computation

MPI_Wait

MPI_Irecv

computation

MPI_Wait

Extending MPI by Progressive Exposure of Internal States

Initiated State

Completion State
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Message Mode

eager

rendezvous

MPI_Bsend

MPI_Rsend

MPI_Ssend

Persistent Requests

Initialized State

Active State

Completion State

preparations

Nonblocking

 Collectives

The principle: Abstract by default, Extend to break abstraction by necessity

impl makes         

wrong choice

when:
request is 

expensive

when:
BSP is 

unblanced

when:



PRINCIPLE #3
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MPI NEEDS TO BE COMPLEMENTARY
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• MPI is the de facto runtime for HPC

• But alternative runtimes exist. MPI can either support them or 

be challenged by them.

• Supporting alt. runtime is conflicting to the prev. principles.

• To assume the role as a runtime foundation, MPI need to

• Bootstrap alternative runtimes

• Be interoperable, do not compromise

• Be complementary

• Overcome “not invented here” syndrome

• Vice versa, advice for alternative runtimes:

• MPI has a lot to offer, and it is mature. Leverage MPI. Don’t 

always try to replace MPI and then end up reinventing MPI.



24

MPI+Threads

 Users unable to tell MPI 

about threads

 Unnecessary 

synchronization compromises 

concurrency

 Expose interoperable 

streams

Zhou, Hui, Ken Raffenetti, Yanfei Guo, 
and Rajeev Thakur. "MPIX stream: an 

explicit solution to hybrid MPI+ X 

programming." In Proceedings of the 29th 
European MPI Users' Group Meeting, pp. 

1-10. 2022.

MPI Progress

 Tasks depend on progress 

engine manage async operations

 MPI progress is opaque

 Managing MPI requests adds 

complexity and overhead

 Unable to centralize progress 

affects performance

 Expose interoperable MPI 

progress

Zhou, Hui, Robert Latham, Ken Raffenetti, 
Yanfei Guo, and Rajeev Thakur. "MPI 

progress for all." In SC24-W: Workshops of 

the International Conference for High 
Performance Computing, Networking, 

Storage and Analysis, pp. 425-435. IEEE, 

2024.

MPI Datatypes

 MPI derived datatypes are 

an efficient high-level data 

layout abstraction but 

inaccessible to the user

 The power is constrained by 

implementation

 Users are unmotivated to 

use MPI datatypes

 Expose interoperable 

datatype access via IOVEC

Zhou, Hui, Ken Raffenetti, Yanfei Guo, 
Thomas Gillis, Robert Latham, and 

Rajeev Thakur. "Designing and 

prototyping extensions to the Message 
Passing Interface in MPICH." The 

International Journal of High 

Performance Computing Applications 
38, no. 5 (2024): 527-545.
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• This last principle, interoperability, is the key to sustain MPI 

into the future.

• As the computing architecture and scientific applications shift, 

there will be more and more new design patterns and critical 

optimizations that MPI will struggle to support. It is unscalable 

if we depend on MPI to keep growing to support the future.  

• With interoperability, MPI serve as a foundation runtime, we 

support more innovations, diversity, and competitions, and we 

spread the development burden of sustaining the future.
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Zhou, Hui, Robert Latham, Ken Raffenetti, 
Yanfei Guo, and Rajeev Thakur. "MPI 

progress for all." In SC24-W: Workshops of 

the International Conference for High 
Performance Computing, Networking, 

Storage and Analysis, pp. 425-435. IEEE, 

2024.

• Collective is the native expression for 

MPI operations

• But relying on MPI implementations is 

not scalable and sustainable

• Limits on operation types

• Limits on specific optimizations

• Burdens on MPI developers

• By providing sufficient interoperability, 

MPI can support user-defined 

collective algorithms on top of MPI 

that matches native performance!



MPI CORE SET



A STRAWMAN CORE SET
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A STRAWMAN CORE SET – CONT.
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MPI PROPOSAL CASE STUDIES



USER-LEVEL FAILURE MITIGATION (ULFM)
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• Easily acceptable: 

ULFM as a perturbation

synchronization

Compute

synchronization

Compute
Resilient barrier +

Communicator Repair

failure!

• Difficult to impossible: 

• Universal failure model

• General resilient operations

• Unexpected failures ( ) 

break the assumed collective 

agreement

• Robust and performant 

resilient operations are 

impossible

Losada, Nuria, Patricia González, María J. Martín, George Bosilca, Aurélien 

Bouteiller, and Keita Teranishi. "Fault tolerance of MPI applications in exascale 

systems: The ULFM solution." Future Generation Computer Systems 106 (2020): 

467-481.



STREAM-TRIGGERED MPI COMMUNICATION
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Bridges, Patrick G., Derek Schafer, Jack Lange, James B. White III, Anthony Skjellum, Evan 

Suggs, Thomas Hines, Purushotham Bangalore, Matthew GF Dosanjh, and Whit Schonbein. 

"Co-Design and Evaluation of a CPU-Free MPI GPU Communication Abstraction and 

Implementation." arXiv preprint arXiv:2602.15356 (2026).

• Goal: CPU-free GPU synchronization

• Interoperable extension: GPU stream

• Abstraction extension: Matching Stage

Difficulties:

• Too specific

• Too experimental

2nd thoughts:

• Where is the 

urgency? 

• Why not MPI+NCCL?

• Need interop over 

stream and network



33

The Core MPI Structure

IN SUMMARY



Q & A
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