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Motivation




Technological Limits. For Example: Memory Wall H L R ]:5
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Figure 1: The memory subsystems can not keep up with the development of the floating-point performance. !

lhttps://doi.iececomputersociety.org/10.1109/MM. 2024 . 3373763/
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Physical Limits. For Example: Power Draw H L R ]:5
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Figure 2: The power draw of the TOP500 increased significantly.
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Manufacturing Limits. For Example: Feature Sizes

Table 1: Semiconductor manufacturers with a high-end logic fab.

HLR|[S

180 nm 130nm 90 nm 65nm 45nm/40nm __ 32nm/28nm 22nm/20 nm 16nm/14nm 10nm/7nm/5nm
SilTerra

X-Fab

Dongbu HiTek

ADI ADI

Atmel Atmel

Rohm Rohm

Sanyo Sanyo

Mitsubishi Mitsubishi

ON ON

Hitachi Hitachi

Cypress Cypress Cypress

Sony Sony Sony

Infineon Infineon Infineon

Sharp Sharp Sharp

Freescale Freescale Freescale

Renesas (NEC) Renesas Renesas Renesas

Toshiba Toshiba Toshiba Toshiba

Fujitsu Fujitsu Fujitsu Fujitsu

TI T T TI

P: P: P. Panasonic Panasonic

STMicroelectronics ST™M ST™M ST™M ST™M

HLMC HLMC HLMC HLMC HLMC

umc umc umc umc umc

IBM IBM 1BM IBM 1BM IBM

SMIC SMIC SMIC SMIC SMIC SMIC SMIC

AMD AMD GlobalFoundries GF GF GF GF

Samsung S g S S S Samsung Samsung Samsung
TSMC TSMC TSMC TSMC TSMC TSMC TSMC TSMC TSMC
Intel Intel Intel Intel Intel Intel Intel Intel




Manufacturing Limits. For Example: Suppliers

High-NA-EUV-Lithography:

Taiwan Semiconductor Manufacturing Company (TSMC) relies on
Advanced Semiconductor Materials Lithography (ASML) relies on
Zeiss optics and

Trumpf lasers

HLR|[S



Post-Moore and the Crystal Ball H L R IS

® CPUs and GPUs will be there for many years.

® Certain algorithms will benefit from specialized accelerators.
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The Cerebras Wafer-Scale Engine in Numbe




Cerebras WSE-3 H L R Is

Important numbers [2]:
® 900000 processing elements (PEs)

® 125 PetaFLOPs
(Al Performance)

® 44 GB on-chip SRAM
® 1,2Tbit/s system I/O

® 46250 mm? silicon area

Figure 3: Cerebras Wafer [1]
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Cerebras WSE-3 Use Cases

H LR[S

Table 2: Performance Comparison for CS-3, H100, and B200. The FP8 and FP16 numbers are peak FLOPS in PetaFLOPS [3].

System FP8 FP16 Power (kW) FP8/W FP8/W/$ FP16/W FP16/W/$
CS-3 250 250 46 5.43 1.09 5.43 1.09

H100 64 32 41.6 1.54 1.10 0.77 0.55

B200 216 108 429 5.03 3.35 2.52 1.68

CS-3 Advantage

vs. H100 3.9x 7.8x - 3.52x 1.00x 7.05x 2.00x

vs. B200 1.16x 2.31x - 1.08x 0.32x 2.15x 0.65x
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The Cerebras Wafer-Scale Engine in Structu




Cerebras Wafer-Scale Engine (WSE) H L R IS

E_AE,_AE .. AH,_AE,_AE,_

Figure 4: Schematic Wafer Layout (Image by Cerebras)
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Cerebras Wafer-Scale Engine (WSE)

Fabric Router

onramp

Processor

i

Memory

Figure 5: Single PE (Image by Cerebras)
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Algorithmic Design Choices?

® Exploit the core features of the WSE:

® Massive parallelism
® Extremely fast on-chip nearest-neighbor communication (non-uniform access time)

= What problem (sizes) can be effectively computed with these constraints?
= We need to rethink algorithms with these features in mind!
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What Have We (FCG@HLRS) Done Lately?




Our Research: Algorithm (Naive) H LR IS

4. Compute

2. Partition

1. Stage 3. H2D

Host Worker

7. Result 5. D2H

6. Aggregate

Figure 6: SpMV execution pipeline with the WSE.
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Our Research: Results

28

29

HLR|[S

Problems:

® Host communication is extremely expensive

109

Time (s)
=
b

compared to on-chip communication
® Data locality on the chip is not exploited

= Constraints on the algorithm and problem

‘2 s > o 42 X N ©
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Number of PEs

—e— Parallel (compute+memcpy) —+— SDK overhead
=— Preprocessing (serial) Only compute
—— Postprocessing (serial)

Figure 7: Time breakdown
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Our Research: Results
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Problems:

® Host communication is extremely expensive
compared to on-chip communication

® Data locality on the chip is not exploited

= Constraints on the algorithm and problem

SpMV for the
Cerebras Wafer-Scale Engine
neels pociishuistavnndol epcc
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Further Work




Further Work H L RIS

Problem constraint: Massive computing power per memory unit = Algorithms that reuse data multiple times

Algorithm constraint: As much structured data as possible; how to deal with unstructured data?
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More Features to Exploit H L R IS

Figure 8: Streaming on the WSE

April 23, 2026 Researching and Working with the Cerebras Wafer-Scale Engine - WSSP41 Page 21



More Features to Exploit H L R :[S

Using higher-level languages to ease development!
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More Features to Exploit

Using higher-level languages to ease development!

For example: SPADA [4]

April 23, 2026

HLR|[S
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Promising Approaches H L RIS

® Simulation of physical systems, e.g., engineering, based in Euclidean space. [5]

® Exploiting data locality, for example, by compiler features. [6]
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