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Abstract Wafer-scale computer integrates multiple chiplets through advanced packaging technologies, overcoming
traditional chip area limitations to achieve computational power scaling. However, existing domain-specific designs
struggle to meet generalized computing requirements. In this study, we propose Yingtian-Lake, which is a wafer-scale
general-purpose computer targeting workload characteristics of high-performance computing and intelligent
computing scenarios. First, a decoupled computing module-interposer architecture design with standardized 1/O
interfaces enables multi-modal computing module compatibility. Second, a reconfigurable wafer-scale network
employing dynamic topology adaptation technology accommodates diverse traffic patterns. Third, a fault-aware
tolerant routing algorithm ensures service continuity during computing unit failures. Experimental results demonstrate
that the proposed reconfigurable network achieves second-level topology switching latency. The prototyped 16-
module system fabricated with TSMC 28 nm process shows 1.45 times and 1.78 times energy efficiency
improvements in high-performance linear algebra computations and deep learning inference tasks respectively, while
delivering petaflops-level performance on a single wafer. This breakthrough architecture validates the technical
feasibility of universal wafer-scale systems, establishing a scalable hardware foundation for next-generation
heterogeneous computing platforms.
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Table1 Comparison of the Key Specifications of Three

Generations of Wafer-Scale Computer in Cerebras
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Table 2 Main Technical Specifications of Tesla Dojo Wafer-

Scale Computer
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Fig. 1 Significant differences between the two load
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Fig.5 Two connection relationships between functional

modules and interconnection chips
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Fig. 7 Prototype heat removal system design of Yingtian-Lake
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Table3 Key Parameters and Engineering Selection Guide

for Heat Removal System
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Fig. 9 Illustration of replacement of high-performance computing module and intelligent computing module
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Fig. 11 Cross-interconnect chiplet layout of computing module
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Fig. 16 Topology-independent fault tolerance mechanism
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Fig. 17 Two examples of interconnection network structures
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Fig. 20 Latency-throughput curves of running neighbor traffic
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Fig. 25 Pseudocode of 5D Torus topology structure
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Fig. 27 Prototype of the wafer-scale system
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Fig. 29 Host computer software interface at transmitter
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Fig. 30 Host computer software interface at receiver

30 felo DALEE

L EORL R A Al E R BT, SEEL TR 2 O R 2%
L5 K B4 SHF, X S R B AT AR S B TR A S
R R, 4 ) T 4 T0 56 B 28 B 4 ] SR, L ALl
4 O BT B R SR Tl S U B FPGA
KUk 4 77 NS UE T R EA A R IR IT R T —A
AEAE SCHF 8 N TT AL B A 12 1 b B 2 S L ML

T B RE T SR U A AR L O A A G888 A
e A T s 1 P R A B S B T AT A

EERBAER: EXLHR BT RT H LM%
H KRB A KRESE . EZMA T 5T
o B Bt Lt 0y TAE e ARG 2R AR
H R w5 o B 6 5 A 5 2R AR R
F- AR A AR EAL 1O & T AR ; 3] F AL Bt LR
BIFLHERSAEL; MisH i T RS
For W B

2 £ x #t

[1] Theis T N, Wong H S P. The end of Moore’s law: A new beginning
for information technology [J]. Computing in Science & Engineering,
2017, 19(2): 41-50

[2] Esmaeilzadeh H, Blem E, St. Amant R, et al. Dark silicon and the end
of multicore scaling[C]//Proc of the 38th Int Symp on Computer
Architecture. San Jose, California: ACM, 2011: 365-376

[3] Lauterbach G. The path to successful wafer-scale integration: The
Cerebras story [J]. IEEE Micro, 2021, 41(6): 52-57

[4] Ma Xiaohan, Wang Ying, Wang Yujie, et al. Survey on chiplets:
Interface, interconnect and integration methodology[J]. CCF
Transactions on High Performance Computing, 2022, 4(1): 43—52

[5] Chuang Yilin, Yuan Chungsheng, Chen Jijan, et al. Unified
methodology  for  heterogeneous integration with CoWoS

technology [CJ//Proc of 2013 IEEE 63rd Electronic Components and

Technology Conf. Piscataway, NJ: IEEE, 2013: 852—859

[6] Xie J Y, Shi Hong, Li Yuan, et al. Enabling the 2.5D


https://doi.org/10.1109/MM.2021.3112025
https://doi.org/10.1007/s42514-022-00093-0
https://doi.org/10.1007/s42514-022-00093-0

HEOCRE A WM. IR R S A 2 UKL T AU L

1511

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

integration [C]//Proc of Int Symp on Microelectronics. San Diego:
International Microelectronics Assembly and Packaging Society,
2012: 254-267
Tseng Chienfu, Liu Chungshi, Wu Chihsi, et al. InFO (wafer level
integrated fan-out) Technology[C]//Proc of IEEE Electronic
Components and Technology Conf (ECTC). Piscataway, NJ: IEEE,
2016, 1-6
Chun Shurong, Kuo Tinhao, Tsai H Y, et al. Info SoW (System-on-
Wafer) for high performance computing [C]//Proc of IEEE Electronic
Components and Technology Conf (ECTC). Piscataway, NJ: IEEE,
2020, 1-6
Yu D. TSMC packaging technologies for chiplets and 3D[C]//Proc of
Hot chips: A Symp on High Performance Chips (HCS). Piscataway,
NJ: IEEE, 2021: 1-47
Lau J H. Semiconductor Advanced Packaging[M]. Singapore:
Springer Singapore, 2021
Flack W W, Flores G E. Lithographic manufacturing techniques for
wafer scale integration[C]/Proc of Int Conf on Wafer Scale
Integration. Piscataway, NJ: IEEE, 1992: 4—13
Li Peijie, Liu Qinrang, Chen Tingyi, et al. Research on the
heterogeneous integrated interconnect interface[J]. Integrated Circuits
and Embedded Systems, 2024, 24(2): 31-40 (in Chinese)

TS, XVEL, PRAES, 45, SRS R A AR aiid (] SR
AL S ARG, 2024, 24(2): 31-40)
Sean Lie. Multi-million core, multi-wafer Al cluster[C]//Proc of Hot
Chips: A Symp on High Performance Chips (HCS). Los Alamitos,
CA: IEEE Computer Society, 2021: 1-41
Pal S, Petrisko D, Tomei M. Architecting wafer-scale processors-a
GPU case study[C]//Proc of 2019 IEEE Int Symp on High
Performance Computer Architecture (HPCA). Piscataway, NJ: IEEE,
2019: 250-263
Hu Yang, Lin Xinhan, Wang Huizheng, et al. Wafer-scale computing:
Advancements, challenges, and future perspectives [J]. IEEE Circuits
and Systems Magazine, 2024, 33(1): 5281
Lie S. Wafer-scale deep learning[R/OL]. Sunnyvale, CA: Cerebras
Systems, 2019[2025-03-01]. https://old.hotchips.org/hc31/HC31_1.
13_Cerebras.SeanLie.v02.pdf
Lie S. Cerebras architecture deep dive: First look inside the
hardware/software co-design for deep learning[J]. IEEE Micro, 2023,
43(3): 18-30
Lie S. Cerebras architecture deep dive: First look inside the HW/SW
co-design for deep learning[C]//Proc of Hot Chips: A Symp on High
Performance Chips (HCS). Piscataway, NJ: IEEE, 2022: 1-34
Lie S. Inside the Cerebras wafer-scale cluster[J]. IEEE Micro, 2024,
44(3): 49-57
Lie S. Inside the Cerebras wafer-scale cluster: Cerebras systems[C]//
Proc of Hot Chips: A Symp on High Performance Chips (HCS).
Piscataway, NJ: IEEE, 2023: 1-41
Lie S. Wafer-Scale engine 3: The largest chip ever built[R/OL].
Sunnyvale, CA: Cerebras Systems, 2024[2025-03-01]. https://8968
533.fs1.hubspotusercontent-nal.net/hubfs/8968533/Datasheets/WSE-
3%20Datasheet.pdf

Lie S. Cerebras systems: Achieving industry best Al performance

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

through a systems approach[R/OL]. Sunnyvale, CA: Cerebras
Systems, 2021[2025-03-01]. https://cerebras.ai/wp-content/uploads/
2021/04/Cerebras-CS-2-Whitepaper.pdf

Lie S. Wafer-scale Al: GPU impossible performance[C]//Proc of Hot
Chips: A Symp on High Performance Chips (HCS). Piscataway, NJ:
1EEE, 2024: 1-71

Talpes E, Williams D, Das Sarma D, et al. The microarchitecture of
DOJO, Tesla’s exa-scale computer[J]. IEEE Micro, 2023, 43(3):
31-39

Talpes E, Williams D, Das Sarma D. DOJO: The Microarchitecture of
Tesla’s exa-scale computer[CJ//Proc of Hot Chips: A Symp on High
Performance Chips (HCS). Piscataway, NJ: IEEE, 2022: 1-28.
Components and Technology Conf (ECTC). Piscataway, NJ: IEEE,
2020, 1-6

Pal S, Liu Jingyang, Alam I, et al. Designing a 2048-chiplet, 14336-
core  wafer-scale of ACM/IEEE Design
Automation Conf (DAC). Piscataway, NJ: IEEE, 2021: 11831188

processor [C]//Proc

Pal S, Petrisko D, Tomei M, et al. Architecting wafer-scale processors-
A GPU case study[C]1//Proc of IEEE Int Symp on High Performance
Computer Architecture (HPCA). Piscataway, NJ: IEEE, 2019: 250—
263

Wu Jiangxing, Liu Qinrang, Shen Jianliang, et al. From SoC to
SDSoW: A new paradigm for microelectronics development[J].
SCIENTIA SINICA Informationis, 2024, 54(1): 1-19

(BRVE24, X081k, EIR, 55, I\ SoC | SDSoW: fli i & J& Ay
T[] PR (FERLE, 2024, 54(1): 1-19)

Lii Ping, Liu Qinrang, Wu Jiangxing, et al. New generation software-
defined architecture[J]. SCIENTIA SINICA Informationis, 2018,
48(3): 315-328

(EF, XUBE, SR, 45, Bi— R ARSI [T]. R
{5 R, 2018, 48(3): 315-328)

Han Yinhe, Xu Haobo, Lu Meixuan, et al. The big chip: Challenge,
model and architecture[J]. Fundamental Research, 2024, 4(6):
1431-1441

Das Sharma D, Pasdast G, Qian Zhiguo, et al. Universal chiplet
interconnect express(UCle): An open industry standard for
innovations with chiplets at package level[J]. IEEE Transactions on
Components, Packaging and Manufacturing Technology, 2022, 12(9):
1423-1431

China Electronics Standardization Association. T/CESA 1248—2023
Techical Requirement for Chiplet Interface Bus[S]. Beijing: China
Electronics Standardization Association, 2023 (in Chinese)

(rh [ Tk AR B AR Pp23. T/CESA 1248—2023 /Nt 3211
SERERZORS). Jtat: mEE T T ArERoAR 2, 2023)
Dally W J, Towles B P. Principles and Practices of Interconnection

Networks[M]. San Francisco: Elsevier, 2004: 500—536

Dong Wenkuo, born in 2002. Master candidate.
His main research interest includes interconnection
network optimization.
ECF, 2002 AF AL B LB AL AR TS
Ii] g L% R 25 A A


https://doi.org/10.1109/MM.2023.3256384
https://doi.org/10.1109/MM.2024.3386628
https://doi.org/10.1109/MM.2023.3258906
https://doi.org/10.1360/N112017-00204
https://doi.org/10.1360/N112017-00204
https://doi.org/10.1360/N112017-00204
https://doi.org/10.1360/N112017-00204

1512

HANIR S KR 2025, 62(6)

Yin Chunsuo, born in 2000. PhD candidate. His
main research interest includes interconnect
technologies for wafer-scale systems.

BR & B, 2000 R AL 1 L OF T A IR Or
6] b B R G LR

Zhang Zhimeng, born in 1999. PhD candidate.
His main research interest includes neural networks
and wafer-scale systems.

WAESE, 1999 F 4 LTS A EEATS 7
] 2 2 L B R GE.

Wang Pengchao, born in 1995. Bachelor,
engineering. His main research interests include
network-on-chip and physical layer controller
design.

FMEHE, 1995 4R A, 2% 1, TR, FEB Ty
] R b R4 |y B ae it

Sha Jiang, born in 1988. PhD. His main research
interests include computer architecture, workload
characterization, and SoC design.

b 3L, 1988 A AL P B E BSOS 1 A i
AR R G | FAEARIE AT, SoC i

Wang Mengya, born in 1992. Master. Her main
research interests include multi-chiplet system
design and simulation technologies.

EEM, I92FE W+ FRIFR I MHZ
R R GBI T RS,

D,

Zhu Mingqi, born in 1992. Master. Her main resear-
ch interests include thermal management, thermal
design, and thermal simulation technologies.
REH, 1992 4 £ 0 4. ETHTI 5 1 b #4
L AT B ESOR.

Liu Hongwei, born in 1984. PhD, senior engineer.
His main research interests include design of high-
performance processors, heterogeneous computing,
hardware security and cipher chips, and software-
designed chips.

XU B, 1984 4R A WA, SRR, F B
FEI7 1)y i Mk R AL B AR T AR
P S5 EMEE R BE SGE .

Liu Yuhang, born in 1985. PhD, associate pro-
fessor. His main research interests include compu-
ter architecture and high-performance computing.
X F AR, 1985 44 WA, BIOFE 5. A5
J7 AR R AR L m e Re T

Hao Qinfen, Born in 1969. PhD, professor.
Distinguished member of CCF, senior member of
IEEE. His main research interests include computer
architecture, Chiplet-based processor design, and
wafer-scale computing systems.

AW, 1969 4F /L. Mt H#%. CCF A& B,
IEEE &% 923 51 . FBEWF 9007 1) R HHSE LR &

Z5#h . BT Chiplet (9 40 ¥ 28 3211 & B 3t

"R



	1 相关工作
	2 映天湖的总体结构
	2.1 应用场景需求分析
	2.2 总体结构
	2.3 计算模组与互连芯粒之间的解耦设计
	2.4 散热系统与翘曲问题

	3 计算模组I/O统一化
	3.1 模组内芯粒互连标准化技术
	3.2 计算模组I/O统一化

	4 支持可重构的晶上网络
	4.1 构建互连层配置物理基础
	4.2 探索互连层重构策略设计空间
	4.3 模型性能估算

	5 晶上网络容错机制
	5.1 网络缺陷分析
	5.2 拓扑无关的容错机制

	6 实验评估
	6.1 模拟实验
	6.2 FPGA原型验证
	6.2.1 实验平台简介
	6.2.2 验证思路
	6.2.3 拓扑结构代码实现
	6.2.4 实验结果

	6.3 系统原型实现

	7 结束语
	参考文献

