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1. Tony

a. Intro to OpenSHMEM and this project

2. Rebecca

a. Overview of Rust

b. Rust calling OpenSHMEM
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http://www.openshmem.org/

RustySHMEM Project Motivation

• OpenSHMEM is a PGAS library
– Interconnects (e.g. Infiniband, GNI, OPA); 

shared memory (e.g. knem, xpmem)
– Point-to-point RDMA and Contexts
– Teams and Collectives
– Atomics, locks
– Dynamic memory management

• Open specification
• Community driven
• Various implementations

– SBU / OSSS, Open-MPI, SOS, MVAPICH2-X
– OSHMPI
– Vendor: Cray/IBM/…

• Project
– Funding: DOD / LANL
– Interfacing with OpenSHMEM using newer 

languages:
• Rust
• Go!

– Goals:
• Memory Safety
• Security
• Speed
• Usability

UCF2021: Rust & OpenSHMEM
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• Reference Implementation
– Communications: UCX
– Wireup: PMIx
– Collectives: SHCOLL (Duke/Rice collab)

• Plan to move to UCC
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● Reference OpenSHMEM 1.4 ++ Implementation
○ Open Source Software Solutions
○ LANL
○ Stony Brook U
○ Rice U / Georgia Tech

● UCX for communications
○ User and contributor

UCF2021: Rust & OpenSHMEM

 

$ oshrun -np N program

OpenSHMEM

PMIx server

PE #0PMIx client

UCP

cma    knem   xpmem

{
  ucp_put_nb   ucp_worker_flush     ucp_atomic_post     ...

GNIIBV

UCT

shmem_long_put   shmem_quiet      shmem_long_atomic_add ...

● http://www.openucx.org/

● https://github.com/openshmem-org/osss-ucx

● https://pmix.github.io/pmix/

● http://www.open-mpi.org/

● https://github.com/pmix/prrte

http://www.openshmem.org/

OpenSHMEM API

Abstr. Comms API

  shmemc_put     shmemc_quiet         shmemc_add64      ...

PE #N-1

UCX

Tony Curtis (SBU), Howard Pritchard (LANL)

● PMIx for startup, 
resilience

● Program launch via
○ mpiexec: 

Open-MPI
○ PMIx Reference 

RunTime 
Environment

■ PRRTE

Collectives API

Job scheduler
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Rust meets OpenSHMEM

Proof of Concept interface with OSHMEM
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• Rust is a new language to sit where C/C++ 
used to
– Looks a bit like Java/C++
– Efforts to insert into Linux kernel & userland
– https://doc.rust-lang.org/book/
– Because it has useful safety guarantees 

(motivation)
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Rust Prioritizes Safety
● Ownership rules and borrow checker prevent 

undefined behavior, e.g.
○ Dereferencing null or dangling pointers
○ Reading uninitialized memory
○ Data races
○ Use-After-Free
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C code with globals 
and raw pointers
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Unsafe Rust Superpowers
● Dereferencing raw pointers
● Calling unsafe functions (e.g. C FFI)
● Accessing/Modifying mutable static variables
● Implement unsafe traits
● Accessing union fields
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std::vec::Vec Implementation
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Raw Pointers
Valid Invalid

Dereferencing arbitrary memory location is 
undefined behavior
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Unsafe Drop Example
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Dynamic Array Initialization
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Unsafe Functions vs. Unsafe Blocks
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Unsafe Function Contracts
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Unsafe Function Contracts
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Generating FFI
● rust-bindgen generates interface to call C/C++ 

library functions
○ libclang parses and type checks C/C++ header 

files

● All FFI functions are unsafe

UCF2021: Rust & OpenSHMEM
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Before: After:
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Future Work
● Generic Functions

○ Infer SymmMem struct parameter type using 
reflection 

● Assessing Rust’s FFI Overhead
● Direct Rust/UCP interface
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• Thanks to

– DoD/LANL/OSSS/SBU and all project partners

– NSF for SBU’s ookami cluster

• https://www.stonybrook.edu/ookami/

– And of course, Rebecca, for wading bravely into this project
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