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Cloud Evolution

Hardware

Hypervisor

Operating System

Language Runtime

Application

Function

Virtual Machine
(Infrastructure-as-a-Service)
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Hypervisor

Operating System

Language Runtime

Application

Function

Containers
(Container-as-a-Service)

Container Engine

Hardware

Hypervisor

Operating System

Language Runtime

Application

Function

Functions
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Function-as-a-Service (FaaS): Good and Bad

Configuration:
+

model = model_init(cloud_storage, 'resnet50')

def handler_function(request: dict, context: dict):

data = cloud_storage.read(request['id'])

result = inference(request['op'], data)

return result

No Infrastructure 
Management

Elastic Jobs

Improved Utilization

Disaggregated Compute 
from Storage

ά{ǘŀǘŜƭŜǎǎέ CǳƴŎǘƛƻƴǎ

No Infrastructure 
Management

Black Box SystemFast Scalability



@spcl_eth

@spcl

spcl.ethz.ch

6

{ŜǊǾŜǊƭŜǎǎ ²ŀǎ bƻǘ 5ŜǎƛƎƴŜŘ ŦƻǊ It/Χ

31. How does Lambda support parallel processing?

Developers can run multiple applications and/or multiple copies of the same application 
simultaneously. They can also access Lambda APIs programmatically from within applications, using the 
AWS client SDK, which allows them to delegate and orchestrate work by running other applications.

Cloud

HPC

Burst Launches, Colocation Policies
Bulk Synchronous Parallel Model
Communicators, Message Passing, Collectives
Χ

Embarrassingly Parallel
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Χ.ǳǘ {ŎƛŜƴŎŜ !ŘŀǇǘŜŘ Lǘ !ƴȅǿŀȅ
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Χ.ǳǘ {ŎƛŜƴŎŜ !ŘŀǇǘŜŘ Lǘ !ƴȅǿŀȅ
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Χ.ǳǘ {ŎƛŜƴŎŜ !ŘŀǇǘŜŘ Lǘ !ƴȅǿŀȅ
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AXelerating Serverless Computing: Measure!

Hardware

Hypervisor

Operating System

Language Runtime

Application

Function

Container Engine

Networking

SeBS

SeBS-Flow
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Cloud- Agnostic
Representative  
Benchmarks

Automatic
Experiments

Performance & Cost
Invocation Overhead
Container Eviction

Communication

Insights

$

Adoption & Community

99 forks
30+ contributors

SeBS: The Serverless Benchmark Suite

άSeBS: a Serverless Benchmark Suite for Function-as-a-{ŜǊǾƛŎŜ /ƻƳǇǳǘƛƴƎέΣ aƛŘŘƭŜǿŀǊŜ нлнм

spcl/serverless - benchmarks
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SeBS: The Serverless Benchmark Suite

άSeBS: a Serverless Benchmark Suite for Function-as-a-{ŜǊǾƛŎŜ /ƻƳǇǳǘƛƴƎέΣ aƛŘŘƭŜǿŀǊŜ нлнм

Ȱ7ÈÉÃÈ ÐÌÁÔÆÏÒÍ ÉÓ ÂÅÓÔ 
for my workload? Can my 
application scale? What 
are the performance limits 
ÏÆ ÅÁÃÈ ÐÌÁÔÆÏÒÍȩȱ

Ȱ4ÈÅ ÅÎÄ-to-end latency is not 
what I expected because of 
lower scalability and variable 
)Ⱦ/ ÐÅÒÆÏÒÍÁÎÃÅȢȱ
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SeBS: Architecture

Benchmarking  Platform

Cloud  Resource Management

ỉ Containers
ỉ Workflows  

Benchmark

payload  

Kernel

code

Measurement

infrastructure

Cloud

Frontend

Deploy

Manage

Driver

Profile

runs

ỉ Functions  
ỉ Storage

User

Cache

SeBS CLI

Benchmark Specification

Metrics

Input datasets

Applications

άSeBS: a Serverless Benchmark Suite for Function-as-a-{ŜǊǾƛŎŜ /ƻƳǇǳǘƛƴƎέΣ aƛŘŘƭŜǿŀǊŜ нлнм

Cloud  Environment

Benchmark

Instance

Code

Deployment
Cloud

Storage
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SeBS: Cloud Platforms

Local

Big Three: similar capabilities, 
different semantics.

Open-source FaaS, run on any 
Kubernetes.

Experimental support: see 
GitHub PRs for the branch.

Debugging, local measurements, 
hardware counters.

άSeBS: a Serverless Benchmark Suite for Function-as-a-{ŜǊǾƛŎŜ /ƻƳǇǳǘƛƴƎέΣ aƛŘŘƭŜǿŀǊŜ нлнм

Cloudflare



@spcl_eth

@spcl

spcl.ethz.ch

15

SeBS: Cloud Platforms

Local

Big Three: similar capabilities, 
different semantics.

Open-source FaaS, run on any 
Kubernetes.

Experimental support: see 
GitHub PRs for the branch.

Debugging, local measurements, 
hardware counters.

άSeBS: a Serverless Benchmark Suite for Function-as-a-{ŜǊǾƛŎŜ /ƻƳǇǳǘƛƴƎέΣ aƛŘŘƭŜǿŀǊŜ нлнм

Cloudflare

\
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FaaS Analysis: Eviction Modeling

(1) Which factors impact container eviction?

(2) Can we recover the original eviction policy?

άSeBS: a Serverless Benchmark Suite for Function-as-a-{ŜǊǾƛŎŜ /ƻƳǇǳǘƛƴƎέΣ aƛŘŘƭŜǿŀǊŜ нлнм
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SeBS-Flow: Let the Work Flow in the Cloud

άSeBS-CƭƻǿΥ .ŜƴŎƘƳŀǊƪƛƴƎ {ŜǊǾŜǊƭŜǎǎ /ƭƻǳŘ CǳƴŎǘƛƻƴ ²ƻǊƪŦƭƻǿǎέΣ {ŎƘƳƛŘ Ŝǘ ŀƭΦΣ EuroSys 2025

Azure Durable

AWS Step
Functions

Google Cloud
Workflows

#1 Different Workflow Semantics

#2 Different Workflow Definitions
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AXelerating Serverless Computing: Containerize!

Hardware

Hypervisor

Operating System

Language Runtime

Application

Function

Container Engine

Networking

SeBS

SeBS-Flow

XaaS
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Wonderful World of Containers

Application

Dependencies

Data

docker run gromacs:2025.0
x64 & arm64

Will it work?

Will it be fast?
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Containers: Portable, but not Performant

gromacs:2025.0, x64 & arm64 
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Containers: Portable, but not Performant

gromacs:2025.0, x64 & arm64 
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Wǳǎǘ hƴŜ aƻǊŜ /ƻƴǘŀƛƴŜǊΧ

Dependencies , Data

gromacs:2025.0

sse4.1

Dependencies , Data

gromacs:2025.0

avx-128

Dependencies , Data

gromacs:2025.0

avx-256

Dependencies , Data

gromacs:2025.0

avx-512
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Wǳǎǘ hƴŜ aƻǊŜ /ƻƴǘŀƛƴŜǊΧ

Dependencies , Data
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avx-512-cuda
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Wǳǎǘ hƴŜ aƻǊŜ /ƻƴǘŀƛƴŜǊΧ

Dependencies , Data

gromacs:2025.0
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Dependencies , Data
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Dependencies , Data
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Dependencies , Data
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avx-512-cuda
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Wǳǎǘ hƴŜ aƻǊŜ /ƻƴǘŀƛƴŜǊΧ

Dependencies , Data
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Wǳǎǘ hƴŜ aƻǊŜ /ƻƴǘŀƛƴŜǊΧ

Dependencies , Data
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Wǳǎǘ hƴŜ aƻǊŜ /ƻƴǘŀƛƴŜǊΧ

Dependencies , Data

gromacs:2025.0

sse4.1

Dependencies , Data

gromacs:2025.0

avx-128

Dependencies , Data

gromacs:2025.0

avx-256

Dependencies , Data

gromacs:2025.0

avx-512

Dependencies , Data

gromacs:2025.0

sse4.1-cuda

Dependencies , Data

gromacs:2025.0

avx-128-cuda

Dependencies , Data

gromacs:2025.0

avx-256-cuda

Dependencies , Data

gromacs:2025.0

avx-512-cuda

Dependencies , Data

gromacs:2025.0

sse4.1-rocm

Dependencies , Data

gromacs:2025.0

avx-128-rocm

Dependencies , Data

gromacs:2025.0

avx-256-rocm

Dependencies , Data

gromacs:2025.0

avx-512-rocm

Dependencies , Data

gromacs:2025.0

sse4.1-sycl

Dependencies , Data

gromacs:2025.0
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Which BLAS library should I use? Which FFT library?

Should we use OpenMP? Which MPI?

What if container has CUDA 12.9, and my system driver is at 12.1?
For which CUDA architecture should we emit code?
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HPC Specialization Points

Acceleration

Parallelism & Network Communication

Vectorization

Performance Libraries

System-Specific Optimizations

Difficult to build one binary that supports
all possible options!

Specialization Points

WheelNext

HPC is not only Python!
We need a general-purpose solution.
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How to Provide Portability for HPC Software?

Building 
Source 

Relinking
Dependencies

(Re)lowering
Application

NVIDIA
PTX
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How to Provide Portability for HPC Software?

Building 
Source 

Relinking
Dependencies

(Re)lowering
Application

NVIDIA
PTX

Source Toolchain

Container

XaaS Source Container
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Configuring Containers for HPC Specializations

Specialization Discovery

GROMACS
In-Context Learning

Gemini 1.5 & 2.0
F1 Scores: 0.86 ς 0.99

llama.cpp
Generalization

GPT-o3
F1 Scores: 0.73 - 0.79

F1 Score: harmonic mean between precision (minimize false positives) and recall (minimize false negatives).
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Configuring Containers for HPC Specializations

Specialization Discovery System Discovery
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Configuring Containers for HPC Specializations

Specialization Discovery System Discovery Feature Intersection
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XaaS Source Containers Deployment

Feature
Intersection

Specialization
Selection

Vectorization: AVX-512
GPU: CUDA

Χ

Deployed
XaaS Container

XaaS Source Container
Source Code + Dev Tools

Selected Configuration

Dependency Layers
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How to Provide Portability for HPC Software?

Building 
Source 

Relinking
Dependencies

(Re)lowering
Application

NVIDIA
PTX

XaaS Source Container

Source Toolchain

Container
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How to Provide Portability for HPC Software?

Building 
Source 

Relinking
Dependencies

(Re)lowering
Application

NVIDIA
PTX

Source Toolchain

Container

XaaS IR Container

IR Toolchain
Container

Source

XaaS Source Container
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XaaS IR Containers: Eliminating Redundancy

Config Nº 1
AVX-256, no GPU, OpenMP

Compile-time definitions.

Include paths in build directories.

Vectorization and architecture flags.

OpenMP flags.

Config Nº 2
AVX-512, CUDA, MPI

Config Nº 3
AVX-256, CUDA, MPI
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XaaS IR Containers: Eliminating Redundancy

Config Nº 1
AVX-256, no GPU, OpenMP

Compile-time definitions.

Include paths in build directories.

Vectorization and architecture flags.

OpenMP flags.

Config Nº 2
AVX-512, CUDA, MPI

Config Nº 3
AVX-256, CUDA, MPI

5 Build Configurations: 8710 compiled files
IR Container: 2695 IRs -> 69% reduction

Example 1: GROMACS, CPU Vectorization (5) Example 2: GROMACS, CUDA + CPU Vectorization (2)

4 Build Configurations: 7052 compiled files
IR Container: 2694 IRs -> 62% reduction
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XaaS IR Containers: Build & Deploy

LLVM Vectorization, 
Lowering

XaaS
IR Container

Specialization
Selection

Deployed IR
Container

Linking,
Installation

Container Deployment

Container Build

Dependencies

Toolchain

IR
Container

Config Nº 1

Config Nº N

Χ

Compilation Targets

י Preprocessing

י OpenMP Detection

י Vectorization

י Building IRs
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ARM CPU, NVIDIA GPU Intel CPU, Intel GPU
Intel/AMD CPU,

NVIDIA GPU

CSCS Ault CSCS Alps ALCF Aurora

Can XaaS Source and IR Containers provide 
performance portability?
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Evaluation ς GROMACS in XaaS Source Containers

Baselines (depending on availability): άƴŀƠǾŜέ ōǳƛƭŘΣ ǎǇŜŎƛŀƭƛȊŜŘ ƴŀǘƛǾŜ ōǳƛƭŘǎΣ ǎǇŜŎƛŀƭƛȊŜŘ 
containers, system modules, Spack.
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Evaluation ς XaaS IR Containers with CPU Vectorization

Baselines: portable (SSE4.1) and specialized (AVX-512) Docker containers.


