






• Low-level communication library that abstracts diverse networking technologies. 

• Developed by the OFI Working Group (subgroup of OpenFabrics Alliance – OFA)

• Defines interfaces that enable a tight semantic map between applications and underlying fabric services

• Co-designed with fabric HW providers and application developers with a focus on needs of HPC users. 

• Supports multiple communication semantics, is fabric and HW implementation agnostic, leverages the existing RDMA open-source community.

• Designed to minimize the impedance mismatch between apps including middleware such as MPI, SHMEM, data storage - and fabric hardware. 

• Target high-bandwidth, low-latency NICs, with a goal to scale to tens of thousands of nodes

http://www.openfabrics.org/
https://ofiwg.github.io/
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memhooks userfaultfd (uffd) kdreg2

Libfabric core
Part of Linux distributions (kernel 

module)
HPE Developed – ships with HPE Slingshot 

Host Software and HPE Github as open source

Track memory allocation/free Handle page faults in user space
Enable applications where memhooks & uffd 
don’t work and be a single monitor standard

Today’s default (version 12.0.x 
and older)

Required with NCCL and RCCL to 
avoid memhooks/CUDA deadlock

Optionally installed prior to release 12.0 SHS.  
Possible default in future releases.

Memory registered by provider as it is 
passed by application, with intercepts 

to know if present in the cache

Lazy, on-demand registration when 
memory is accessed.  Operates at the page 

level (fine-grained)

Uses the kernel to atomically notify user-space of 
invalidation memory registrations. Relies on kernel 

MMU notifier functionality.



FI_MR_CACHE_MONITOR memhooks

÷ ÷

1024

FI_MR_CUDA_CACHE_MONITOR_
ENABLED 1

FI_MR_ROCR_CACHE_MONITOR_
ENABLED 1

FI_MR_ZE_CACHE_MONITOR_EN
ABLED 1

0





NIC NIC

MPI Library

Libfabric provider Libfabric provider

MPI Library

Put with 
Immediate Data

MPI_Isend

Initiating NIC processes 
command and sends 

packet to target

Main memory 
command queue

Low latency
MMIO path

High rate PCIe 
read path

Append

MPI_Irecv

Main memory 
command queue

Event 
queue

MPI_WaitMPI_Wait

Event 
queue

Response

Request

Target NIC performs 
matching and writes 
data to user buffer

fi_tsend fi_cq_read fi_cq_readfi_trecv







Transmit Context FI_CXI_DEFAULT_TX_SIZE 512 16384

Receive Context FI_CXI_DEFAULT_RX_SIZE 512 15360
cxi:core:cxip_recv_pte_cb():2432<warn> Flow control EQ full

Completion Queue FI_CXI_DEFAULT_CQ_SIZE 1024 ---

libfabric:88194:cxi:core:cxip_cq_eq_progress():544<warn> Cassini 

Event Queue overflow detected.
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Recv posted

Message arrives

Wait called

Matching

RDMA

Wait returns

Computation

Recv posted

Message arrives

Wait called
RDMA

Wait returns

Computation
Matching

Without Hardware Matching With Hardware Matching

Reduced
runtime



FI_CXI_RX_MATCH_MODE HARDWARE

FI_CXI_OFLOW_BUF_SIZE (2MB)

FI_CXI_REQ_BUF_SIZE (2MB)

FI_CXI_REQ_BUF_MIN_POSTED
FI_CXI_REQ_BUF_MAX_CACHED
FI_CXI_REQ_BUF_MAX_COUNT





MessageFirst packet only

Normal response Match

Get requests

HW Issues Get Cmd

Get Req Generated

Get responses

Initiator-SW posts 
Rendezvous Put

Put

Match



2048 Threshold to use rendezvous protocol.  Can increase if it is more efficient 
to use a put operation for all the data

2048

0
(or default)

1024 16384



FI_CXI_RX_MATCH_MODE=SOFTWARE

FI_CXI_RDZV_PROTO= alt_read

FI_CXI_RX_MATCH_MODE=HARDWARE (or leave as 
default as of 12.0) or FI_CXI_RX_MATCH_MODE=HYBRID

Set sysfs variable “rdzv_get_en” in kernel space by 
privileged user (such as SLURM or PALs) – refer to docs 





(same)

(same)

(same)

(Memory cache monitor) memhooks (same)
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• Always capture a libfabric log with FI_LOG_LEVEL=warn FI_LOG_PROV=cxi

• To see environment that is overridden or what HMEM types have been enabled use FI_LOG_LEVEL=info

• If debug is desired, build opensource with –debug-enabled and use FI_LOG_LEVEL=debug

– This can show conditions that are not errors, operations that are posted, and memory regions that have been 
allocated. All of which can be used to verify if there is an application usage or provider error.

– Superchatty and can hurt performance – lose compiler optimizations
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