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Abstract The number of large-scale language model parameters is growing exponentially, which puts forward higher
requirements on the arithmetic density and communication efficiency of the acceleration card, and promotes the rapid
development of new architectures, such as single-card multi-core, multi-chip and multi-communication entities.
Sunway Al acceleration card adopts four-core group on-chip Ring bus architecture, but in the large model training, the
data communication volume is large, and the traditional Ring collection communication method faces the core
bottlenecks such as the double limitation of single-core group memory capacity and transmission bandwidth, low
collection communication efficiency, and the inability to overlap the communication and computation. In this paper,
the optimization framework of SW-IntraCC (Sunway-intra collective communication) is proposed by adopting the
concept of software-hardware collaborative design to break through the above limitations through the three-tier
storage architecture. First, the three-tier storage architecture is constructed based on on-chip high-speed Ring network,
which expands the memory capacity of a single core group by up to four times and increases the host-accelerator card
transmission bandwidth by 2.5 times; Second, an intra-chip cross shared communication (CSC) algorithm is designed
with interleaved memory access patterns, implementing CSC-AG (CSC-AllGather) and CSC-RS (CSC-
ReduceScatter) operators optimized for large model training. Benchmark results demonstrate that CSC achieves 2.15
times higher communication efficiency compared with conventional collective primitives. Finally, a bidirectional
operator fusion strategy is proposed to enable communication-computation overlap, yielding a 59% improvement in
communication performance after optimization.

Key words collective communications; Sunway Al acceleration card; SW-IntraCC; communications optimization;
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Fig. 9 CSC-AG algorithm in the four-core group
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Fig. 10 Bidirectional operator fusion for overlapping methods in communication computing
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Fig. 12 Host-accelerator card transfer performance under

different storage architectures
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Table 3 Experimental Data of CSC-AG for Communi-
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Table 4 Experimental Data of CSC-RS for Communication
Calculation Overlapping
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WEHIRR/KB  EREE/s EEIRws IE E A%
2048 54 19 35
4096 98 32 33
8192 184 58 32
16384 347 116 33
32768 631 209 33




1344 HENTR SR E 2025, 62(6)
I PEREUL 25 FI I R ARAE T 5% Kok, iRk it — 2 FE

34 IS TEAEEE S AR

A SCHESE B BT E 58 B R R A 5, O P AG
GPT-NeoX 20B, LLaMa 70B i /£ £ Rl k& 5t T
(AR ALV 7, S5 1 ST 3000 A P B A AR AR 5% S
TR

Table S Expected Performance of the Intra Card Comm-
unication Training

x5 FREBEFENSHTEMEL

AR EfE A FERRs ARk fys Bl
Ring-TP 1.28 3.52 6.1
GPT-NeoX 20B B
WA @A G CSC-TP 0.80 220 3.8
Ring-TP 1.15 5.75 34.9
LLaMa 70B B
WA EA R CSC-TP 0,71 3.56 21.6

5 P Y GPT-NeoX 20B # i I - %4k 4 0.4 T
tokens™™, LLaMa 70B # 8U i Il 25 804 & 1.2 Wiy 5
TR ZRE0E 2 T tokens™. 3 5 FP 8 1 f7 &R A%
4t Ring .95 T RN TP £ A 18 15 AG I RS X 1 #8
() S B[], 55 2 47 3R 0 FH BLIA) /il G )5 Y CSC Rk
HEAT AR P38 15 % R 9 B[R] AR AF 5 T LLE 2,
SR AR SCHR i B il CSC Bk, o8 A A
GPT-NeoX 20B A1 Il Zx il 11 5 B 6] AT L5 24 2.3 K5
#£> LLaMa 70B BAUYI SR S AT LT 249 13.3 K.

4 BERE

AR SCER R H R BE N R (SW-ATD) 7 K58 7 4k
BRAE 55 v AT 1) 00 A7 25 o S M-8l LR R A
FNERBEFIFHE K, BE I ICEES S0 0
L, 4 SW-IntraCC AL AUAESE . 1ZHE 223 o 4 a2 3 1
A BRI = A, B T T A Al v A
() 0 A7 25 (0], FEAA S0 T 010 o B AL v
Gy BN, RAE LR T IR S T — B R I B AL
FERY R N I8 (5 SR, 1% 588 B v /b 3E {5 T Y 4R T
T CSC-AG 5 CSC-RS #y v [l BF, XL 1] 38 5 fill 45
(38 {5 THA & O VLR A AT BT TR S A A 5%
RAEAT 7 R TR 8, DA TG it T e A A5 2.

ST 48 L2 W, SW-IntraCC 75 HI U AE N
RS E PR RE R L 48 Ring BIE 0 215 £5, %
Y1 AF B B TR 4%, WL R AL e
F 2.5 1% EERIAAE R — DT 59%. X — i
SRy R 0 B S AR R A T B PR B T A
FH AR L7 T 2 25 A A R 7 2, Ao Dk Al 2 A 4R

583 SW-IntraCC 2 11, H8 AL A [F) 3% 5 T 38 M
PEFE P, DUAR HHEIZ 098 TAE P ml A 3] SDAA
.

TEEREER: AR L RN R w5 £ 695K
FHHBEEEL;ARE ZASA T >L LS
Fe LB FT R AW KGR ARE NE KAET

P 35T IS BOE L

2 % x #

[1] Wang Rui, Zhang Liuyang, Gao Zhiyong, et al. Progress in research
on large models for edge-oriented intelligence[J/OL]. Computer
Research and Development, [2025-02-07]. http://kns.cnki.net/kcms/
detail/11.1777.TP.20250127.0921.006.html (in Chinese)

(EA, IRERVE, Rk, 45, T 4 Rem R R 9T e [J/OL].
TP 5 & B, [2025-02-07]. http: //kns.cnki.net/kcms/detail/
11.1777.TP.20250127.0921.006.html)

[2] DeepSeck-Al. DeepSeck-R1: Incentivizing reasoning capability in
LLMs via reinforcement learning[J]. arXiv preprint, arXiv:
2501.12948, 2025. DOI: 10.48550/arXiv.2501.12948

[3] Ouyang S, Dong D Z, Xu Y M, et al. Communication optimization
strategies for distributed deep neural network training: A survey[J].
Journal of Parallel and Distributed Computing, 2021, 149: 52-65.
DOI: 10.1016/j.jpdc.2020.11.005

[4] Weingram A, Li Y, Qi H, et al. xCCL: A survey of industry-led
collective communication libraries for deep learning[J]. Journal of
Computer Science and Technology, 2023, 38: 166—195

[5] NVIDIA. NVIDIA DGX-1 System Architecture White Paper
2017 [R/OL].[2024-12-30] .https://images.nvidia.cn/content/pdf/dgx1-
system-architecture-whitepaperl.pdf

[6] Tipparaju V, Nieplocha J, Panda D K. Fast collective operations using
shared and remote memory access protocols on clusters[C]//Proc of
Int Parallel and Distributed Processing Symposium. Washington, DC:
IEEE Computer Society, 2003: 10

[7] Pabst S, Koch A, StraBer W. Fast and scalable CPU/GPU collision
detection for rigid and deformable surfaces[J]. Computer Graphics
Forum, 2010, 29(7): 21452154

[8] XuQ, Jeon H, Annavaram M. Graph processing on GPUs: Where are
the bottlenecks? [C]//Proc of 2014 IEEE Int Symp on Workload
Characterization (IISWC). Piscataway, NJ: IEEE, 2014: 140—149

[9] Next Platform. The system bottleneck shifts to PCI-express[R/OL]
[2017-07-14]. https://www.nextplatform.com/2017/07/14/system-

bottleneck-shifts-pci-express/

[10] Huang Tongtong, Chen Hao, Wu Chenfei, et al. Application of

physical implementation scheme for Concurrent multi-die

optimization[J]. Electronics Applications, 2023, 49(8): 30-35 (in
Chinese)


https://doi.org/10.48550/arXiv.2501.12948
https://doi.org/10.1016/j.jpdc.2020.11.005
https://doi.org/10.1007/s11390-023-2894-6
https://doi.org/10.1007/s11390-023-2894-6
https://doi.org/10.1111/j.1467-8659.2010.01802.x
https://doi.org/10.1111/j.1467-8659.2010.01802.x

B ESE A . SW-IntraCC: — Rl If 1) H1 LR BE IR 15 DA 388 14 4 55 3 £ L)

1345

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(EIBIE, B, RUR K, %, Concurrent multi-die optimization 4L
Br SRR L], B TR B, 2023, 49(8): 30-35)

Zeng Ronghao. Research on multi-target tracking and behavior
analysis based on maritime[D]. Xi’an: Xi’an Electronic Science and
Technology University, 2023.
001428 (in Chinese)

(RE ey, HE T AR 2 HARBRER ST TR 5T (D). P92 74
G FRHE K2, 2023, DOI: 10.27389/d.cnki.gxadu.2023.001428)

DOI:10.27389/d.cnki.gxadu.2023.

Yu Minghui. Research on model transplantation and optimization
based on domestic smart chip[D]. Hangzhou: Hangzhou University of
Electronic Science and Technology, 2024. DOI:10.27075/d.cnki.ghzdc.
2024.000968 (in Chinese)

(i B M . B [ 7 4 RS0 A A 0 B AL A 8 £k Y F 5 (D] b
I BTN B F B K 2%, 2024, DOIL: 10.27075/d.cnki.ghzde.2024.
000968)

Zhao Yulong, Zhang Lufei, Xu Guochun, et al. SDAA: Runtime
system for Sunway intelligent acceleration card[J]. Journal of
Software, 2024, 35(12): 5710—5724 (in Chinese)

(B E e, ol &, VPR, 45, SDAA: I v HI R e in i (19328 17
IFRGELT]. A4, 2024, 35(12): 5710-5724)

Wikipedia. RDMA over converged Ethernet[EB/OL]. Wikipedia, the
2017[2024-12-01]. https://en.wikipedia.org/w/
index.php?title=RDMA_over Converged Ethernet&oldid=782744462

free encyclopedia.

Vaswani A, Shazeer N, Parmar N, et al. Attention is all you
need[C]//Proc of the 31st Conf on Neural Information Processing
Systems (NIPS 2017). Long Beach, CA: Curran Associates Inc, 2017:
5998-6008

Sergeev A, Balso M D. Horovod: Fast and easy distributed deep
learning in TensorFlow [J]. arXiv preprint, arXiv: 1802.05799, 2018
Shoeybi M, Patwary M, Puri R, et al. Megatron-LM: Training multi-
billion parameter language models using model parallelism[J]. arXiv
preprint, arXiv 1909.08053, 2019

Huang Y, Cheng Y, Bapna A, et al. GPipe: Efficient training of giant
neural networks using pipeline parallelism[C]//Advances in the 32nd
Conf on Neural Information Processing Systems (NeurIPS 2019).
Vancouver, CA: Curran Associates Inc 2019: 8—14

Narayanan D, Harlap A, Phanishayee A, et al. PipeDream:
Generalized pipeline parallelism for DNN training [C/OL]//Proc of the
27th ACM Symp on Operating Systems Principles. New York: ACM,
[2025-01-15]. https://doi.org/10.48550/arXiv.1806.03377, 2019

Li S, Xue F, Li Y, et al. Sequence parallelism: Long sequence training
from system perspective [C]//Proc of the 61st Annual Meeting of the
Association for Computational Linguistics. Toronto, Canada: 2021:
2391-2404

Gao Yiqin, Luo Zhiyu, Wang Yichao, et al. Evaluation and
optimization of operating system for domestic supercomputing [J/OL].
Computer Science, [2025-02-11]. http://kns.cnki.net/kcms/detail/50.
1075.tp.20240925.1330.007.html (in Chinese)

GRIRIG, BT, £, 45 T [ [ 1 A B RGeiT i 5 i)
FLII/OL]. 355 HLE 2%, [2025-02-11]. http: //kns.cnki.net/kems/
detail/50.1075.tp.20240925.1330.007.html)

[22]

[23]

[24]

[25]

[26]

[27]

Li M, Andersen D G, Park J W, et al. Scaling distributed machine
learning with the parameter server[CJ//Proc of the 11th USENIX
Symp on Operating Systems Design and Implementation. Berkeley,
CA: USENIX Association, 2014: 583—598

Traff J L. Optimal, non-pipelined Reduce-scatter and Allreduce
algorithms[J]. arXiv preprint, arXiv: 2410.14234, 2024
Wasi-ur-Rahman M, Lu X, Islam N S, et al. HOMR: A hybrid
approach to exploit maximum overlapping in MapReduce over high
performance  interconnects[C]/Proc  of the Int Conf on
Supercomputing (ICS). New York: ACM, 2014: 33-42. DOL
10.1145/2597652.2597684

Ba J, Kiros J R, Hinton G E. Layer normalization[J]. arXiv preprint,
arXiv: 1607.06450, 2016

Black S, Biderman S, Hallahan E, et al. GPT-NeoX—20B: An open-
source autoregressive language model[J]. arXiv preprint, arXiv:
2204.06745, 2022

Touvron H, Martin L, Stone K, et al. Llama 2: Open foundation and

fine-tuned chat models [J]. arXiv preprint, arXiv: 2307.09288, 2023

Zhao Yulong, born in 1984. PhD candidate. His

main  research interest includes artificial

intelligence infrastructure software.
BER, 1984 FF 4L LT A ERBTR DY
1] 2 N T B ik A A

Gu Yangqing, born in 1992. Master. His main

research interests include high-performance

computing and operating systems.
o5 36 9B, 1992 4F Ak A . EHRT ST I 18]
PERETHEE . AE R 4.

Tian Songtao, born in 1983. Bachelor. His main

research interests include high-performance
computing and operating systems.

B, 1983 4EE . %+ FEI T NS
PEREI L BRE R 4.

Wu Chunzhi, born in 1991. PhD candidate. His
main research interests include space launch
equipment assurance and deep learning algorithms.
KREE, 191 F A4 W LBFFE A EEFTT
I6) o UL K R e A B L R ) Bk

Tang Lingtao, born in 1994. PhD. His main

research interests include machine learning,

privacy protection, and intelligent operating
systems.

B R, 1994 4 A [ TS5 [ Bl
e o] | BRAARIP B REERAE R GE.


https://doi.org/10.27389/d.cnki.gxadu.2023.001428
https://doi.org/10.27389/d.cnki.gxadu.2023.001428
https://doi.org/10.27389/d.cnki.gxadu.2023.001428
https://doi.org/10.27075/d.cnki.ghzdc.2024.000968
https://doi.org/10.27075/d.cnki.ghzdc.2024.000968
https://doi.org/10.27075/d.cnki.ghzdc.2024.000968
https://doi.org/10.27075/d.cnki.ghzdc.2024.000968
https://doi.org/10.1145/2597652.2597684

1346

R R S AR 2025, 62(6)

Zhang Lufei, born in 1986. PhD, senior engineer.
His main research interests include high-
performance computing, operating systems, and
machine learning.

SETE, 1986 AF A T, g T AR, d2
SOT MmO R R AR RS Hla .

Qin Xiaojun, born in 1975. PhD. Full senior
engineer. His main research interests include
system security, software vulnerability analysis,
and artificial intelligence.

FRRE, 1975 . Wt IER R LR, £
WFFET7 1) R R G 4 AR a5 o BT . A

T RE.

Liu Xin, born in 1979. PhD, professor. Her main
research interest includes parallel algorithms and
applications.

X &, 1979 AL W, BERY AL RSy
1) by JFAT Sk B HE R

Chen Zuoning, born in 1957. PhD, PhD
supervisor, Academician of Chinese Academy of
Engineering. Her main research interests include
software  theory, operating systems, and
information security.

BRZET, 1957 4F A4 Wi, AW, opE L
FEBe Bt . FZHTETT e AR EE | AR R
R P SN S



	1 卡内通信研究背景与动机
	1.1 多通信实体现状
	1.2 大模型训练通信场景
	1.3 性能瓶颈分析

	2 SW-IntraCC设计实现
	2.1 基于片上环网的三级存储架构
	2.2 采用交叉共享访存的片内通信算法
	2.3 双向算子融合的通信计算重叠方法

	3 性能评估
	3.1 主机-加速卡传输性能测试
	3.2 CSC算法性能测试
	3.3 通信计算重叠测试
	3.4 训练预期性能分析

	4 总结展望
	参考文献

