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Growth of computer performance

An era without 
Dennadôs scaling along 
with reduced Mooreôs 

law and Amdahlôs law is 
in full effect. 

Motivation
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Motivation

Å Charles E. Leiserson et al. ,Thereôs plenty of room at the Top: What will drive computer performance after Mooreôs law?. Science368, eaam9744(2020). DOI:10.1126/science.aam9744

Å John L. Hennessy and David A. Patterson. 2019. A new golden age for computer architecture. Commun. ACM 62, 2 (February 2019), 48ï60. https://doi.org/10.1145/3282307

Better Software and algorithms 

Domain Specific Architectures 

and Languages

4
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ALCF AI Testbed

ÅInfrastructure of next-generation 
machines with AI hardware accelerators

ÅProvide a platform to evaluate usability 
and performance of AI4S applications

ÅUnderstand how to integrate AI systems 
with supercomputers to accelerate 
science

Cerebras CS-2 SambaNova DataScale 
SN30

Graphcore 
Bow Pod64

GroqRackHabana 
Gaudi1

https:// www.alcf.anl.gov/alcf-ai-testbed
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ÅCerebras: 2 CS-2 nodes, each with 850,000 
Cores, compute-intensive models

ÅSambaNova: DataScale SN30 8 nodes 
(8 SN30 RDUs per node) - 1TB mem per 
device, models with large memory footprint 

ÅGraphcore: Bow Pod64 4 nodes 
(16 IPUs per node) - MIMD, irregular 
workloads such as graph neural networks

ÅGroqRack: 8 nodes, 8 GroqNodes per node - 
inference at batch 1

ÅHabana Gaudi1:  2 nodes, 8 cards per node - 
On-chip integration of RDMA over Converged 
Ethernet (RoCE2), scale-out efficiency

Cerebras CS-2 SambaNova DataScale 
SN30

Graphcore 
Bow Pod64

GroqRackHabana 
Gaudi1

ALCF AI Testbed
https:// www.alcf.anl.gov/alcf-ai-testbed
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Von Neumann vs spatial architectures

ü Limitations of Traditional Architectures

ü Heavy data movement  leads to Increased 

Energy Cost in GPUs

ü Rise of domain-specific dataflow inspired 

architectures

7



SPATIAL RECONFIGURABLE ARCHITECTURES
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ü Program is represented as a graph 

ü This program graph is mapped on the architecture 
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Cerebras CS2

SambaNova 

Cardinal 

SN30

Groq 

GroqRack

GraphCore 

GC200 IPU

Habana

Gaudi1
NVIDIA A100

Compute Units 850,000 Cores 640 PCUs 5120 vector ALUs 1472 IPUs
8 TPC + GEMM 

engine

6912 Cuda 

Cores

On-Chip 

Memory

40 GB L1, 1TB+ 

MemoryX

>300MB L1

1TB
230MB L1 900MB L1

24 MB L1

32GB

192KB L1

40MB L2

40-80GB

Process 7nm 7nm 7 nm 7nm 7nm 7nm

System Size

2 Nodes 

including 

Memory-X and 

Swarm-X

8 nodes (8 

cards per node)

9 nodes 

(8 cards per 

node)

4 nodes 

(16 cards per 

node)

2 nodes

(8 cards per 

node)

Several systems

Estimated 

Performance of 

a card (TFlops)

>5780 (FP16) >660 (BF16)
>250 (FP16)

>1000 (INT8)
>250 (FP16) >150 (FP16)

312 (FP16), 156 

(FP32)

Software Stack 

Support

Tensorflow, 

Pytorch

SambaFlow, 

Pytorch
GroqAPI, ONNX

Tensorflow, 

Pytorch, PopArt

Synapse AI, 

TensorFlow and 

PyTorch

Tensorflow, 

Pytorch, etc

Interconnect Ethernet-based Ethernet-based RealScale 
TM

IPU Link Ethernet-based NVLink
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5ƛǊŜŎǘƻǊΩǎ 5ƛǎŎǊŜǘƛƻƴŀǊȅ ό55ύ ŀǿŀǊŘǎ 

support various project objectives from 

scaling code to preparing for future 

computing competition to production 

scientific computing in support of strategic 

partnerships.

Allocation Request Form

Getting Started on ALCF AI Testbed:
 
!ǇǇƭȅ ŦƻǊ ŀ 5ƛǊŜŎǘƻǊΩǎ 5ƛǎŎǊŜǘƛƻƴŀǊȅ ό55ύ 
Allocation Award

AI Testbed User Guide

Cerebras CS-2, 
SambaNova Datascale SN30, 
GroqRack and 
Graphcore Bow Pod64 
are available for allocations 

 
5ƛǊŜŎǘƻǊΩǎ 5ƛǎŎǊŜǘƛƻƴŀǊȅ ό55ύ 

Allocation Award

https://www.alcf.anl.gov/science/directors-discretionary-allocation-program
https://www.alcf.anl.gov/alcf-ai-testbed
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Recent Publications

Å LLM-Inference-Bench: Inference Benchmarking of Large Language Models on AI Accelerators
Krishna Teja Chitty-Venkata, Siddhisanket Raskar, Bharat Kale, Farah Ferdaus, Aditya Tanikanti, Ken Raffenetti, Valerie Taylor, Murali 
Emani, Venkatram Vishwanath, "LLM-Inference-Bench: Inference Benchmarking of Large Language Models on AI Accelerators," 2024 
IEEE/ACM International Workshop on Performance Modeling, Benchmarking and Simulation of High-Performance Computer Systems 
(PMBS), Atlanta, GA, USA, 2024.

Å Toward a Holistic Performance Evaluation of Large Language Models Across Diverse AI Accelerators
Murali Emani, Sam Foreman, Varuni Sastry, Zhen Xie, William Arnold, Rajeev Thakur, Venkatram Vishwanath, Michael E Papka, Sanjif 
Shanmugavelu, Darshan Gandhi, Hengyu Zhao, Dun Ma, Kiran Ranganath, Rick Weisner, Jiunn-yeu Chen, Yuting Yang, Natalia Vassilieva, 
Bin C Zhang, Sylvia Howland, Alexander Tsyplikhin. 2024 IEEE International Parallel and Distributed Processing Symposium Workshops 
(IPDPSW)

Å GenSLMs: Genome-scale language models reveal SARS-CoV-2 evolutionary dynamics 
MaximZvyagin,AlexanderBrace,KyleHippe,YuntianDeng,BinZhang,CindyOrozco Bohorquez,AustinClyde,BharatKale,DaniloPerez 
Rivera,HengMa,Carla M.Mann,MichaelIrvin, J. GregoryPauloski, LoganWard, ValerieHayot, MuraliEmani,SamForeman, 
ZhenXie,DiangenLin,MaulikShukla,Weili Nie,JoshRomero,ChristianDallago,ArashVahdat,ChaoweiXiao,ThomasGibbs,IanFoster,               
James J.Davis,Michael E.Papka,ThomasBrettin,RickStevens,AnimaAnandkumar,VenkatramVishwanath,ArvindRamanathan       
** Winner of the ACM Gordon Bell Special Prize for High Performance Computing-Based COVID-19 Research, 2022, 

  DOI: https://doi.org/10.1101/2022.10.10.511571

Å A Comprehensive Evaluation of Novel AI Accelerators for Deep Learning Workloads
Murali Emani, Zhen Xie, Sid Raskar, Varuni Sastry, William Arnold, Bruce Wilson, Rajeev Thakur, Venkatram Vishwanath, Michael E Papka, 
Cindy Orozco Bohorquez, Rick Weisner, Karen Li, Yongning Sheng, Yun Du, Jian Zhang, Alexander Tsyplikhin, Gurdaman Khaira, Jeremy 
Fowers, Ramakrishnan Sivakumar, Victoria Godsoe, Adrian Macias, Chetan Tekur, Matthew Boyd, 13th IEEE International Workshop on 
Performance Modeling, Benchmarking and Simulation of High Performance Computer Systems (PMBS) at SC 2022
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Recent Publications
Å Enabling real-time adaptation of machine learning models at x-ray Free Electron Laser facilities with high-speed training optimized 

computational hardware                            
Petro Junior Milan, Hongqian Rong, Craig Michaud, Naoufal Layad, Zhengchun Liu, Ryan Coffee, Frontiers in Physics                                         
DOI: https://doi.org/10.3389/fphy.2022.958120

Å Intelligent Resolution: Integrating Cryo-EM with AI-driven Multi-resolution Simulations to Observe the SARS-CoV-2 Replication-
Transcription Machinery in Action* 
AndaTrifan, DefneGorgun, ZongyiLi,AlexanderBrace,MaximZvyagin, HengMa,AustinClyde,DavidClark,MichaelSalim,DavidHar
dy,TomBurnley,LeiHuang,JohnMcCalpin, Murali Emani,HyenseungYoo,JunqiYin,AristeidisTsaris, VishalSubbiah,TanveerRaza,J
essicaLiu,NoahTrebesch, GeoffreyWells,VenkateshMysore,ThomasGibbs,JamesPhillips,S.ChakraChennubhotla, IanFoster,Rick
Stevens,AnimaAnandkumar, VenkatramVishwanath,John E.Stone,EmadTajkhorshid, Sarah A.Harris,ArvindRamanathan, 
International Journal of High-tŜǊŦƻǊƳŀƴŎŜ /ƻƳǇǳǘƛƴƎ όLWIt/Ωннύ 5hLΥhttps:// doi.org/10.1101/2021.10.09.463779

Å Stream-AI-MD: Streaming AI-driven Adaptive Molecular Simulations for Heterogeneous Computing Platforms 
Alexander Brace, Michael Salim, Vishal Subbiah, Heng Ma, Murali Emani, Anda Trifa, Austin R. Clyde, Corey Adams, Thomas Uram, 
Hyunseung Yoo,  Andrew Hock, Jessica Liu, Venkatram Vishwanath, and Arvind Ramanathan. 2021 Proceedings of the Platform for 
!ŘǾŀƴŎŜŘ {ŎƛŜƴǘƛŦƛŎ /ƻƳǇǳǘƛƴƎ /ƻƴŦŜǊŜƴŎŜ όt!{/ΩнмύΦ 5hLΥhttps:// doi.org/10.1145/3468267.3470578

Å Bridging Data Center AI Systems with Edge Computing for Actionable Information Retrieval
Zhengchun Liu, Ahsan Ali, Peter Kenesei, Antonino Miceli, Hemant Sharma, Nicholas Schwarz, Dennis Trujillo, Hyunseung Yoo, Ryan 
Coffee, Naoufal Layad, Jana Thayer, Ryan Herbst, Chunhong Yoon, and Ian Foster, 3rd Annual workshop on Extreme-scale Event-in-
the-loop computing (XLOOP), 2021

Å Accelerating Scientific Applications With SambaNova Reconfigurable Dataflow Architecture
Murali Emani, Venkatram Vishwanath, Corey Adams, Michael E. Papka, Rick Stevens, Laura Florescu, Sumti Jairath, William Liu, Tejas 
Nama, Arvind Sujeeth, IEEE Computing in Science & Engineering 2021 DOI:10.1109/MCSE.2021.3057203.

* Fiinalist in the ACM Gordon Bell Special Prize for High Performance Computing-Based COVID-19 Research, 2021
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Å 850,000 cores optimized for sparse linear algebra

Å 46,225 mm2 silicon

Å 2.6 trillion transistors, 7nm process technology

Å 40 gigabytes of on-chip memory

Å 20 PByte/s memory bandwidth 220 Pbit/s

fabric bandwidth
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WSE-2 Architecture Basics
The WSE appears as a logical 2D array of 

individually programmable Processing Elements

Flexible compute

Å850,000 general purpose CPUs

Å16- and 32-bit native FP and integer data types

ÅDataflow programming: Tasks are activated or 
triggered by the arrival of data packets

Flexible communication

ÅProgrammable router

ÅStatic or dynamic routes (colors)
ÅData packets (wavelets) passed between PEs

Å1 cycle for PE-to-PE communication

Fast memory

Å40GB on-chip SRAM
ÅData and instructions

Å1 cycle read/write

Tensors Tensors

é

é

é

é

é

é é é é é é

Fabric router

Processor

Memory

Offramp Onramp

PE
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Wafer-Scale Cluster

Image Courtesy: Cerebras 

Input preprocessing servers stream training data

MemoryX- Stores andǎǘǊŜŀƳǎ ƳƻŘŜƭΩǎ ǿŜƛƎƘǘǎ

SwarmX ς weight broadcasts and gradient across 
multiple CS2s

Compilation (maps graph to kernels) Execution 
(training)
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Integration with PyTorch

ÅModels defined in framework + Cerebras API

ÅOptimally maps from PyTorch to high performance kernels

ÅUses polyhedral code-generation or hand-written kernels

ÅCompiler using industry standard MLIR framework

ÅCerebras is an active contributor to the MLIR open- source 
community

ÅUser does not worry about distributed compute or 
parallelism

Lowering from Model to Wafer

Reference Models

Model script

Ops Layer API

Cerebras Graph Compiler

Kernel library Kernel autogen

Placement & routing engine

CS-2

© 2023 Cerebras Systems Inc. All Rights Reserved 47
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cstorch Software Stack

Cerebras torch 
ñdeviceò

PyTorch

cstorch API

LazyTensorCore

LTC MLIR
Plugin

Runtime 
Executor

Torch Dialect

Cerebras 
MLIR Dialect

Wafer-Scale Cluster

Runtime Executor

Åcstorch API mirrors torch API

ÅHelps with single device abstraction

ÅTensor Ops traced through LazyTensorCore

ÅGraph-by-execution with lazy evaluation

ÅAlso powers Googleôsxla/tpu device

ÅMLIR translation from LTC provided by torch-mlir

ÅHardware focused compiler ecosystem for torch

ÅCerebras MLIR stack handles cluster optimizations

ÅTensors get transferred to cluster as needed

ÅInitial weights sent before first step

ÅInputs sent each step from custom data executor

ÅExecution driven asynchronously by cluster
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CS Torch Hands-On

Link to Hands-On Session Material

mailto:https://github.com/argonne-lcf/ALCF_Hands_on_HPC_Workshop/tree/master/aiTestbeds/Cerebras/PyTorch
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Cerebras SDK

A general-purpose parallel-computing platform and API allowing software developers to write custom 
programs (ñkernelsò) for Cerebras systems.

Language
Host APIs with Python

CSL: Cerebras Software Language

Libraries Optimized primitives

Tools Simulator

Debugger

Visualization
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Device: CSL

ÅTarget software simulator or CS-2

ÅCSL programs run on groups of cores on the WSE, 
specified by programmer

ÅExecutes dataflow programs

From a Programmerôs Perspective

Host CPU(s): Python

ÅLoads program onto simulator or CS-2 system

ÅStreams in/out data from one or more workers

ÅReads/writes device memory 

Device Read/Write

Memory I/O + 

Data Streams
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ÅTypes

ÅFunctions

ÅControl structures

ÅStructs/Unions/Enums

ÅComptime

ÅBuiltins

ÅModule system

ÅParams

ÅTasks

ÅData Structure Descriptors

ÅLayout specification

CSL: Language Basics

Straight from C 
(via Zig)

CSL specific

Used for writing 

device kernel code

Familiar to 

C/C++/HPC 

programmers
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Familiar Features

Types
Å Syntax similar to other modern languages ï Go, Swift, Scala, Rust

Å Float (f16 , f32 ), signed (i16 , i32 ), unsigned (u16, u32), boolean (bool )

Functions
Å Zig-style syntax

Å Pass by value or reference and inlining automatically handled

Control Structures
Å Traditional control flow: if, for, while, with zig and C style syntax

conditionals
while loop while loop with iterator range for loop

(also provides C-style for) 
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Comptime 
Å From Zig, block of code where all evaluation occurs at compile time

Å Useful for frontloading computation to avoid runtime overhead

Params
Å Like #define , but strongly typed

Å Have to be ñboundò completely during compilation

Modules
Å Any CSL source code file is a ñModule,ò importable into other modules

Å Imported modules acts as an instance of a unique struct type

Å Multiple imports of the same module allowed

Quality of Life Features

m1.csl

p1.csl
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Builtins 
Å Similar to function calls with @ in front of function name

Å Language extensions without special syntax

Å Used for invoking special compiler functionality

Tasks
Å Core building blocks of CSL

Å Special functions used to implement dataflow programs

Å Triggered by incoming wavelets on a specific color

Performance Features

var
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SDK usage and impact
Over the past year, SDK has evolved from a closed tool 

requiring NDA access to a public platform for Wafer-Scale 

Computing. Weôre supporting more research and 

publications than ever.
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CS SDK Hands-On

Link to Hands-On Session Material

mailto:https://github.com/argonne-lcf/ALCF_Hands_on_HPC_Workshop/tree/master/aiTestbeds/Cerebras/SDK
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Graphcore Intelligence Processing Unit (IPU)

Slide Courtesy: Graphcore 
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Slide Courtesy: Graphcore 


