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I. Research Project Overview
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Description

Project Title
Collective Communication SW Optimization for AI Accelerators 
(National research project funded by the Korean Government)

Organization
－ETRI (Project Leader)
－HyperAccel (Korean NPU company)
－MangoBoost (Korean DPU company)

Period 5 year (From April 2026 through 2030)

Goal
To develop a vendor-neutral collective communication library, called 
KCCL that supports K-AI accelerators as well as NPUs, PIMs, DPUs 
and other AI accelerators
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II. Background - Growth of AI Models and Users

AI models and AI users are growing explosively.

So we need much larger cloud systems built on AI accelerators.

* An overview of large AI models and their applications(Visual Intelligence ‘24)
Growth trend in AI users

Growth trend in AI model size
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II. Background - AI Accelerators

AI cloud systems are moving from GPU-centric designs to
integrated, heterogeneous AI accelerator systems.

The Korean government and industry are joining forces to build globally competitive 
next-generation AI accelerators — Korea-developed NPUs, PIMs, and DPUs.

AI model
Training & 
Inference

Graphics Processing Unit (GPU) Neural Processing Unit (NPU)

Google TPU

Data Processing Unit (DPU)Processing-In-Memory (PIM)

* AI accelerators are semiconductors designed for high-speed, high-efficiency AI training and inference.
6
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II. Background - Hyperscale AI Computing

The hyperscale AI model runs across computing nodes and accelerators using TP/PP/EP.
It is partitioned once, and then the nodes frequently communicate to synchronize data.

So the communication becomes the bottleneck, and AI accelerator utilization is degraded.
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Node #0

Legend

Bottleneck

AllReduce

AllGather

Send/Recv

AllToAll

Node #1

Large AI model
LLM / Vision
100B+ parameters

Model 
partitioning 

Inference result
Output Tokens
Generation done

* TP: Tensor Parallelism, PP: Pipeline Parallelism, EP: Expert Parallelism
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II. Background - Collective Communication Basics

So we need high-performance collective communication software 
to relieve these bottlenecks.

Collective communication is a communication pattern 

where a group of accelerators exchanges, combines, and shares data.

AllReduce (SUM)

Node #0

A

Node #1

B

Node #2

C

Node #3

D

Node #0

A+B+C+D

Node #1

A+B+C+D

Node #2

A+B+C+D

Node #3

A+B+C+D

Before All-Reduce 

After All-Reduce 

An AllReduce Example

A large-scale cloud system equipped with 
AI accelerators

Representative 
collective 

communication

• AllReduce
• AllGather
• ReduceScatter
• Scatter
• Gather
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※ Each node has a partial sum, and after AllReduce every node has the same total sum.

Part I



14th Annual MVAPICH User Group (MUG) Conference

II. Background - Collective Communication SW Trends

〮〮〮

Intel MPIMPICH

〮〮〮

MPI-based CCL Vendor-specific CCL

RCCLNCCL OneCCL HCCL

• Supports heterogeneous systems and large-
scale clusters

• Covers full distributed communication, 
including P2P

• Optimized for a single vendor's accelerators
• Provides low-latency, high-bandwidth by 

utilizing the vendor's HW architecture

There are two types of CCL SW: 
one is MPI-based CCL, and the other is vendor-specific CCL.

Global trends South Korea trends

Trends in vendor-specific CCL

• This vendor SW stacks can lead to the 
vendor lock-in problem.

• There is no general-purpose CCL that works 
across heterogeneous AI accelerators.

• Current R&D projects focus mainly on 
per-chip performance.

• Multi-NPU support works only within a node.
• However, the heterogeneity across 

NPU/PIM/DPU products is rapidly growing.
9* CCL: Collective Communication Library
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II. Background - Motivation for KCCL

High performance

It aims to deliver world-
class CCL performance on 
South Korean AI chips.

High scalability

It aims to scale stably as 
accelerators and nodes 

grow.

Maximized utilization

It aims to run CCL 
efficiently across NPU, PIM, 

and DPU.

Vendor neutrality

It aims to support diverse 
South Korean AI chips.

So we propose KCCL, a collective communication optimization 
SW for South Korean AI accelerators.

Low scalability

Scalability of the current 

CCL is limited for large-

scale cloud systems.

Low resource utilization

It does not support 

heterogeneous AI chips.

Vendor lock-in

The high performance CCL 

SW stack depends on a 

single vendor.

Low performance

There is no high-

performance CCL SW for 

South Korean AI chips.

Currently, there is no collective communication SW 
that integrates and optimizes South Korean AI accelerators.

10

Problem

Solution
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II. Background - Consortium and Execution Strategy

• K-NPU / K-PIM SDK
• Intra-node comm. optimization
• K-NPU–K-DPU RDMA support
• Technology commercialization

South Korean NPU vendor
(Co-research institute)

• K-DPU SDK
• Inter-node comm. optimization
• K-NPU–K-DPU RDMA 

implementation
• Technology commercialization

South Korean DPU vendor
(Co-research institute)

• Vendor-neutral architecture
• Baseline source code
• Open-source release
• Overall project management
• Integration & validation

ETRI
(Lead institution)

RDMA technical support

NPU RDMA 
development

K-NPU / K-PIM SDK

Intra-node CCL optimization 
components

K-CCL SW

Core collective 
communication SW

K-DPU SDK

Inter-node CCL optimization 
components
K-CCL SW

Core collective 
communication SW
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ETRI is the lead institution, and HyperAccel, a South Korean NPU vendor, 
and MangoBoost, a South Korean DPU vendor, are the co-research institute.
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III. HW/ SW Architecture

We design a plug-in-based, vendor-neutral CCL architecture 
to support AI accelerators from multiple vendors.

Key attributes
Resource
efficiency

High 
performance

High 
scalability

Vendor
neutrality 12

AI services Chat
AI

Agent AI
Code

gen. AI
Multi-

modal AI

Domain-
specific 

AI
Robotics

Auto. 
driving

⋯

AI frameworks PyTorch/ vLLM/ …. 

KCCL: Collective Communication Library

L2. CCL framework 
and plug-in functions

CCL interface framework AI accelerator CCL plug-in

L4. AI workload-
aware CCL 
optimization

AI workload awareness
distributed-parallel optimization 

for AI models

L3. CCL core 
functions

Intra-node 
optimization

Inter-node 
optimization

NPU-driven
networking

AI framework
integration

common functions 
and programming 

model

L1. SDKs for AI 
accelerators

Application 
SW

CCL
SW

HW K-PIM K-DPUK-NPU
3rd party 

AI accelerators

K-NPU / K-PIM SDK K-DPU SDK 3rd party SDK

AI accelerators from 
various vendors
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IV. Research Outputs

K-NPU/ K-PIM SDK 
providing low-level APIs

for intra-node collective communication

K-DPU SDK 
providing low-level APIs

for inter-node collective communication

KCCL
a collective communication optimization SW for heterogeneous AI accelerators, 

which is built by optimally combining these low-level APIs.
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→ To achieve the goal of this research, we derived 6 research topics.
Each topic will be explained from the next page.
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V. Research Topic 1 | Resource Utilization Maximization Technology

Collective communication technology for joint optimization of 
data movement, computation, and synchronization across K-AI accelerators

(Problem) Resource efficiency & system performance ↓

(Conventional) Accelerator-specific communication (Proposed) Accelerator-unified collective communication

(Effect) Resource efficiency & system performance ↑

▪ The collective communication across heterogeneous 
K-AI accelerators is not possible

▪ The unified CCL execution across heterogeneous AI 
accelerators will be possible, with CCL-level 
optimization

▪ HyperAccel has started developing a PIM-integrated 
NPU device in Korea

SDK

Driver

RDMA

K-DPU

KCCL

NPU

SDK

Driver

DMA

PIM

K-NPU K-PIM

NPU

K-NPU

SDK

Driver

DMA

CCL x

SDK

Driver

RDMA

CCL x

K-DPU

SDK

Driver

CCL x

PIM

K-PIM

providing common 
CCL APIs

14

KCCL KCCL
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(Conventional) Vendor-dependent collective communication (Proposed) Vendor-neutral collective communication

V. Research Topic 2 | Vendor-Neutral Collective Communication Technology

▪ Vendor-dependent runtime and CCL SW stack

▪ CCL SW re-implementation required for new 
accelerator

▪ Vendor-neutral runtime and CCL SW stack

▪ No CCL SW re-implementation required for new accelerators

▪ HW abstraction will be provided by the CCL framework 
and plug-in architecture 

Collective communication technology based on a CCL framework and plug-in architecture

(Problem) Closed vendor ecosystem limits 
the AI infrastructure scalability ↓

(Effect) Open vendor ecosystem improves 
the AI infrastructure scalability ↑

HW

KCCL 

KCCL API

KCCL Core

KCCL framework

Vendor H
CCL plug-in

Vendor M
CCL plug-in

Vendor S
CCL plug-in

Third-party 
CCL plug-in

HyperAccel
NPU

MangoBoost
DPU

Samsung PIM

AI Chip

Third-party
Accelerator

Vendor H 
NPU SDK

Vendor M 
DPU SDK

Vendor S 
PIM SDK

Third-party
SDKCUDA (NVIDIA SDK)

NVIDIA GPU NVIDIA DPU

ROCm (AMD SDK)

NCCL

NCCL API

NCCL Core

NCCL
RCCL API

RCCL Core

RCCL

AMD GPU
AMD

Pensando DPU

HW HW

Plug-in
architecture
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(Conventional) CPU-driven communication (Proposed) Device-driven communication

V. Research Topic 3 | Device-Driven Collective Communication Technology

▪ Intra-node communication

- Devices generate collective commands and manage device state

- Data moves directly device-to-device, lower latency

▪ Inter-node communication

- There are no buffer copies through CPU memory

(Effect) Host overhead & communication latency ↓

▪ Intra-node communication

- CPU generates collective commands and manages device state

- Data detours device → CPU → device, adding latency

▪ Inter-node communication

- There are buffer copies through CPU memory

(Problem) Host overhead & communication latency ↑

reduce host
overhead

Collective communication optimization technology that 
removes CPU-centric bottlenecks for intra- and inter-node communication

Host-driven communicator creation/managementLegacy CCL

CPU

NPU #0

PCIe Switch

NPU #1 NPU #2 DPU

Node 1 Packet mgmt.
& sync

Buffer copy
& mgmt.

High 
scalability

CPU

NPU #0

PCIe Switch

NPU #1 NPU #2 DPU

Node 2

Inter-node communication

…

…

NPU #0

PCIe Switch

NPU #1 NPU #2 DPU

Node 1

Zero-copyDirect D2D comm.

CPU

NPU #0

PCIe Switch

NPU #1 NPU #2 DPU

Node 2

NPU-driven communicator creation/managementK-CCL

CPU

…

…

16

Part I



14th Annual MVAPICH User Group (MUG) Conference

(Conventional) NPU-based collective communication (Proposed) NPU–PIM-based collective communication

V. Research Topic 4 | PIM-Based CCL Acceleration Technology

* PIM (Processing-In-Memory): performing computation inside memory 
instead of moving data to the compute unit

▪ Collective operations cause frequent data movement 
between DRAM and NPU processors

▪ Large data transfers are required for simple reductions

- High-performance NPU units should be utilized for simple reductions

▪ Collective operations no longer cause data movement 
between DRAM and NPU processors

- since reductions run inside the DRAM–PIM

▪ Small data transfers are required for simple reductions

- High-performance NPU units can be utilized for AI inference jobs

Collective 
operation

Collective operation offloading technology using PIM to minimize data movement

Inference 
computation

(Problem) Latency & power consumption ↑, system efficiency ↓

NPU

MPU
(Matrix Processing Unit)

VPU
(Vector Processing Unit)

Interconnect

SRC1 DSTSRC2

(Effect) Latency & power consumption ↓, system efficiency ↑

NPU

MPU
(Matrix Processing Unit)

VPU
(Vector Processing Unit)

Interconnect

SRC1 DSTSRC2

LPDDR5-PIM

PIM-accelerated
reduction

DRAM
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(Conventional) Host-memory-based RDMA communication (Proposed) Direct DPU–NPU P2P RDMA communication

V. Research Topic 5 | P2P RDMA Technology Between DPU and NPU

▪ Direct data transfer is performed between NIC and
NPU 

- Peer-to-peer DMA between DPU and NPU

▪ PCIe bandwidth is not wasted

▪ Indirect data transfer is performed between NIC and
NPU 

- NIC → host memory → PCIe switch → NPU

▪ PCIe bandwidth is wasted

(Effect) Host overhead & latency ↓, bandwidth efficiency ↑(Problem) Host overhead & latency ↑, bandwidth efficiency ↓

Host Memory

CPU

PCIe Switch NPUDPUFrom/to 
Network

From/to 
Network

Host Memory

CPU

NPUNIC PCIe Switch

NPU/DPU P2P 
RDMA support

Direct inter-node communication technology using K-DPUs
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NPU SW stack

DPU HW 

KCCL

NPU HW
Peer-to-Peer
Data transfer

(NPU memory as RDMA MR)

libibverbs

IB kernel stack NPU
kernel driverRequest NPU memory

pinning

DPU SW 
PeerDirect or DMABuf

※ This technology will be designed to be compatible with the 

standard RDMA software stack. 18
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(Conventional) Static network control approach (Proposed) Dynamic network control approach

V. Research Topic 6 | Network Congestion Control Technology

* UEC (Ultra Ethernet Consortium): next-generation high-performance Ethernet standards for AI/HPC data centers

▪ Fixed congestion control

- Limited adaptation to changing network conditions (e.g., 
DCQCN)

▪ Fixed-path routing

- Traffic congestion concentrates on specific paths

- e.g., ECMP-based routing

(Problem) Network utilization ↓, latency ↑

Sender

Sender

Switch

Burst Incast

Receiver…

Sender

Sender

Switch Receiver…

Congestion 
feedback

Throughput

Underutilized 
after feedback

* DCQCN: a RoCE-based data center congestion control algorithm

* ECMP (Equal-Cost Multi-Path): multi-path traffic distribution routing

▪ Dynamic congestion control

- User-defined dynamic congestion control (e.g., PCC)

▪ Multi-path routing with packet spraying

- Congestion mitigation through per-packet path distribution

- e.g., packet-spraying-based routing

(Effect) Network utilization ↑, latency ↓

Congestion Events: 
ECN/RTT/ACKs

INT/Packet trimming

Feedback

Leaf switch 0 Leaf switch 1 Leaf switch 2

Spine switch 0 Spine switch 1 Spine switch 2

N0 N1 N2 N3 N4 N5 N6 N7 N8 N9
N1

0

N1

1

* RTTCC (Round Trip Time Congestion Control): RTT-based dynamic network 
congestion control

Inter-node communication optimization technology based on UEC standards

Network congestion

Throughput

Avg. Throughput ↑

RoCE v2

Embedded processor (ARM)

PCC (Programmable
Congestion Control)

DCQCN RTTCC

User-defined CC algorithm

TX data path

RX data path

…

Leaf switch 1 Leaf switch 2

Spine switch 0 Spine switch 1 Spine switch 2

N0 N1 N2 N3 N4 N5 N6 N7 N8 N9
N1

0

N1

1

Network 
Bottleneck

Leaf switch 0

Throughput High 
Throughput
Fluctuation

Throughput

Stable
Throughput

Multi-path 
routing

Dynamic 
congestion

control
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▪ The Korean government has launched the development of KCCL, 
a collective communication SW that supports not only K-AI accelerators 
but also third-party accelerators

▪ We have just begun this five-year journey for KCCL, and we look forward to 
your interest and support

20

VI. Conclusion
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I. Research Overview

ETRI

• Focus: Single Rack-Scale CXL Memory Pool / 
Intelligent CXL Switch

• Approach 1. CXL SHM-Based AllGather

• Approach 2. iMEX-Based Collective Communicat
ion (Intelligent CXL Switch-Based)

The Ohio State University

• Focus: Beyond Rack-Scale CXL Memory Pool

• Approach 1. Improving collective communicatio
n performance using a beyond rack-scale CXL 
memory pool device

• Approach 2. Demonstration applications showca
sing CXL-based collective communication

Item Description

Project Title
Enhancing MPI Collective Communication Performance Using 
CXL Shared Memory and an Intelligent CXL Switch

Organization ETRI, OSU (The Ohio State University) Joint Research

Period 2 year (From September 2023 through Aug. 2025)

Goal
To improve the MPI inter-node collective communication performance 
in a multi-node environment connected by CXL

Part II



II. Motivation
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Comparison of Inter-Node Communication Latency

▪ In a traditional rack using Ethernet and InfiniBand, the communication latency between 
processes running on remote nodes is 2–4 μs and about 1 μs, respectively.

▪ However, in a CXL 3.1-enabled rack, that latency can be reduced to 300–400 ns.

Part II



III. Proposed Approach
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• # of Communication :𝒏𝟐 (pairwise comm.)
• Communication Latency : 2-4 𝝁𝒔 (100 GE)

Communication 
• # of Communication : 𝒏
• Communication Latency : 300-400 𝒏𝒔

(CXL Switched DDR) 

• MPI Computation performed on CPU
• # of Computation :𝒏

Computation
• MPI Computation performed on Dedicated Accelerator
• # of Computation : 𝟏

• Low Main Memory Utilization • High

Memory Pool

Main memory (512GB) N Computing Node

MPCXL memory pool (512GB) 𝑛 : # of Processes

: Data Movement

(AS-IS) Conventional Collective Communication

Data-Intensive Applications of AI and HPC fields

(TO-BE) Proposed Collective Communication

All-Reduce

Total 
3TB

Intelligent CXL Switch (iMEX)

MP

N1

N2

N0

N3

MP

N1

N2

N0

N3

time

Network Switch

MPI 
Compute

N1

N2

N0

N3

N1

N2

N0

N3

Total 
4TB

MPI 
Compute

MPI 
Compute

MPI 
Compute

time
Prob. 1

Prob. 2

Prob. 3
CXL Memory Pool 

Manager

Appro. 1

Appro.3

MPI Computation 
Accelerator

Appro. 2

※ Appro.3. MVAPICH2 optimized for iMEX

▪ We proposed iMEX (intelligent CXL-based Memory EXpander)
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IV. Intelligent CXL Switch-based Collective Communication - Design

▪ We design and implement the 

• iMEX CXL Switch, which consists of an MPI operation accelerator

• reducescatter and AllReduce utilizing iMEX

25※ r : CPU reduction operation ※ sr : CXL switch reduction operation 

Conventional. Network-Based Collective Communication

0 1 2 3

Proposed. iMEX-Based Collective Communication 

0 1 2 3

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

CXL
SHMEM sr (     ,    ,    ,    )1 1 1 1 sr (     ,    ,    ,    )2 2 2 2 sr (     ,    ,    ,    )3 3 3 3 sr (     ,    ,    ,    )4 4 4 4

4 8 12 16

Expect performance improvement by reducing
• the number of communications
• the CPU overhead by offloading MPI computation 

to the switch’s accelerator

※ sr: intelligent CXL switch’s reduction operation

time

0

0

1

1

2

2

3

3

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

r (     ,    ,    ,    )
= 4

1 1 1 1 r (     ,    ,    ,    )
= 8

2 2 2 2 r (     ,    ,    ,    )
= 12

3 3 3 3 r (     ,    ,    ,    )
= 16

4 4 4 4

(e.g., ReduceScatter, sum)

(e.g., ReduceScatter, sum)
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▪ We define the offloading and result packet structures of the iMEX CXL switch

▪ We extend MVAPICH2 2.3.7 to leverage the iMEX CXL switch

▪ This research was accepted at IEEE CLUSTER 2026＊ and will be presented next month

CXL Switch
iMEX CXL Switch

with CoCoA
Fabric 

Manager

Host 
Node

Host 
Node

Host 
Node

Host 
Node

MLD

Logical Dev0

Logical Dev1

Logical Dev2

GFAM
Node

x’
Nodey’

Node
z’

DRAM
Node

x
Nodey

Node
z

NVM

CXL Host Layer

CXL Switch Layer

CXL Device Layer

SLDs

MLD:   Multi Logical Device
SLD:    Single Logical Device
GFAM: Global Fabric Attached Memory

ACC

↓number of communications
↓CPU computation workload on each node

Offloading Packet Structure 

Result Packet Structure 

iMEX-Based Collective Communication Architecture

Gathering data into the accelerator

Collective operation on the accelerator (e.g., 
SUM/MIN/MAX)
Broadcasting collective operation result

Issuing offloading command

ACC MPI communication and computation accelerator

*SEON YOUNG KIM, et al. "CoCoA: An In-CXL Switch Collective Communication Accelerator." 2026 IEEE CLUSTER. (Accepted)

IV. Intelligent CXL Switch-based Collective Communication - Implementation

Part II



▪ We improved memory utilization for AI and HPC systems by using the 
CXL memory pool

▪We enhanced collective communication performance with the MPI accelerator 
in the iMEX CXL switch

▪ Through these two approaches, we developed technologies that can contribute 
to improving the performance of AI and HPC applications

27

V. Conclusion
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Contact: ahnhy@etri.re.kr

mailto:ahnhy@etri.re.kr
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