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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 
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“SeBS: a Serverless Benchmark Suite for Function-as-a-Service Computing”, Middleware 2021
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“SeBS: a Serverless Benchmark Suite for Function-as-a-Service Computing”, Middleware 2021

“Which platform is best 
for my workload? Can my 
application scale? What 
are the performance limits 
of each platform?”
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SeBS: Cloud Platforms
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Big Three: similar capabilities, 
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(1) Which factors impact container eviction?

(2) Can we recover the original eviction policy?
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SeBS-Flow: Let the Work Flow in the Cloud

“SeBS-Flow: Benchmarking Serverless Cloud Function Workflows”, Schmid et al., EuroSys 2025
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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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Difficult to build one binary that supports
all possible options!

Specialization Points
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HPC is not only Python!
We need a general-purpose solution.
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Configuring Containers for HPC Specializations

Specialization Discovery

GROMACS
In-Context Learning

Gemini 1.5 & 2.0
F1 Scores: 0.86 – 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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GPU: CUDA
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Deployed
XaaS Container

XaaS Source Container
Source Code + Dev Tools

Selected Configuration

Dependency Layers
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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



@spcl_eth

@spcl

spcl.ethz.ch

41

XaaS IR Containers: Build & Deploy

Container Build



@spcl_eth

@spcl

spcl.ethz.ch

41

XaaS IR Containers: Build & Deploy

Container Build

Config Nº 1

Config Nº N

…

Compilation Targets



@spcl_eth

@spcl

spcl.ethz.ch

41

XaaS IR Containers: Build & Deploy

Container Build

Config Nº 1

Config Nº N

…

Compilation Targets

◌ Preprocessing

◌ OpenMP Detection

◌ Vectorization

◌ Building IRs



@spcl_eth

@spcl

spcl.ethz.ch

IR Files
              Source Code

41

XaaS IR Containers: Build & Deploy

Container Build

Dependencies

Toolchain

IR
Container

Config Nº 1

Config Nº N

…

Compilation Targets

◌ Preprocessing

◌ OpenMP Detection

◌ Vectorization

◌ Building IRs



@spcl_eth

@spcl

spcl.ethz.ch

IR Files
              Source Code

41

XaaS IR Containers: Build & Deploy

Container Deployment

Container Build

Dependencies

Toolchain

IR
Container

Config Nº 1

Config Nº N

…

Compilation Targets

◌ Preprocessing

◌ OpenMP Detection

◌ Vectorization

◌ Building IRs



@spcl_eth

@spcl

spcl.ethz.ch

IR Files
              Source Code

41

XaaS IR Containers: Build & Deploy

XaaS
IR Container

Specialization
Selection

Container Deployment

Container Build

Dependencies

Toolchain

IR
Container

Config Nº 1

Config Nº N

…

Compilation Targets

◌ Preprocessing

◌ OpenMP Detection

◌ Vectorization

◌ Building IRs



@spcl_eth

@spcl

spcl.ethz.ch

IR Files
              Source Code

41

XaaS IR Containers: Build & Deploy

LLVM Vectorization, 
Lowering

XaaS
IR Container

Specialization
Selection

Container Deployment

Container Build

Dependencies

Toolchain

IR
Container

Config Nº 1

Config Nº N

…

Compilation Targets

◌ Preprocessing

◌ OpenMP Detection

◌ Vectorization

◌ Building IRs



@spcl_eth

@spcl

spcl.ethz.ch

IR Files
              Source Code

41

XaaS IR Containers: Build & Deploy

LLVM Vectorization, 
Lowering

XaaS
IR Container

Specialization
Selection

Linking,
Installation

Container Deployment

Container Build

Dependencies

Toolchain

IR
Container

Config Nº 1

Config Nº N

…

Compilation Targets

◌ Preprocessing

◌ OpenMP Detection

◌ Vectorization

◌ Building IRs



@spcl_eth

@spcl

spcl.ethz.ch

IR Files
              Source Code

41

XaaS IR Containers: Build & Deploy

LLVM Vectorization, 
Lowering

XaaS
IR Container

Specialization
Selection

Deployed IR
Container

Linking,
Installation

Container Deployment
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Compilation Targets

◌ Preprocessing
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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 – XaaS IR Containers with CUDA Support

Baselines: specialized Docker containers with CUDA, AVX-512 (V100) or AVX-256 (A100).
Portable containers with SYCL + CUDA, compiled with Intel’s icpx compiler.

CUDA Kernel Launch Error CUDA Kernel Launch Error
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IR Toolchain
Container

Source

Main Application

Dependency A

Dependency B

Dependency C

Specialization Points?

Specialization Points?(1) Which build configurations matter the most?

(2) Which software is not worth a rebuild?

spcl/XaaS-Containers
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Application

Function
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Networking
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SeBS

SeBS-Flow
rFaaS

FMI

XaaS
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Tracking Wasted Resources in HPC

CPU

Mean idle CPUs: 6.6%

Memory

Mean free memory: 80.5%

arXiv, 2017

TACO, 2022

MEMSYS, 2021

MICRO, 2019

JSSPP, 2012

CLUSTER, 2019
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“rFaaS: Enabling High Performance Serverless with RDMA and Leases”, IPDPS’23
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Let’s deploy C++ on AWS Lambda!
#include <aws/lambda-runtime/runtime.h>
#include <aws/core/utils/json/JsonSerializer.h>
#include <aws/core/utils/memory/stl/SimpleStringStream.h>

using namespace aws::lambda_runtime;

invocation_response my_handler(invocation_request const& request)
{

}
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 JsonValue json(request.payload);
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(Cross) Compile to shared 
library.
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bool InvokeFunction(
 const Aws::String& functionName,
 std::shared_ptr<Aws::Lambda::LambdaClient> client,
 int invocations, int &result

)
{
 Aws::Lambda::Model::InvokeRequest invokeRequest;
 invokeRequest.SetFunctionName(functionName);
 invokeRequest.SetInvocationType(
 Aws:::Lambda::Model::InvocationType::RequestResponse);

 std::shared_ptr<Aws::IOStream> payload
 = Aws::MakeShared<Aws::StringStream>();
 Aws::Utils::Json::JsonValue jsonPayload;
 jsonPayload.WithInt64("iterations", iterations);
 *payload <<< jsonPayload.View().WriteReadable();
 invokeRequest.SetBody(payload);
 invokeRequest.SetContentType("application/json");

 
 …

}
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Upload to cloud with
all dependencies.

bool InvokeFunction(
 const Aws::String& functionName,
 std::shared_ptr<Aws::Lambda::LambdaClient> client,
 int invocations, int &result

)
{
 Aws::Lambda::Model::InvokeRequest invokeRequest;
 invokeRequest.SetFunctionName(functionName);
 invokeRequest.SetInvocationType(
 Aws:::Lambda::Model::InvocationType::RequestResponse);

 std::shared_ptr<Aws::IOStream> payload
 = Aws::MakeShared<Aws::StringStream>();
 Aws::Utils::Json::JsonValue jsonPayload;
 jsonPayload.WithInt64("iterations", iterations);
 *payload <<< jsonPayload.View().WriteReadable();
 invokeRequest.SetBody(payload);
 invokeRequest.SetContentType("application/json");

 
 …

}

{
  …

 auto outcome = client->Invoke(invokeRequest);

 if (outcome.IsSuccess()) {
  auto &result = outcome.GetResult();
  Aws::IOStream &payload = result.GetPayload();
  Aws::String functionResult;
  std::getline(payload, functionResult);
  result = std::stoi(functionResult);
  return true;
 } else {
  return false;
 }

}
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 );
}
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bool InvokeFunction(
 const Aws::String& functionName,
 std::shared_ptr<Aws::Lambda::LambdaClient> client,
 int invocations, int &result

)
{
 Aws::Lambda::Model::InvokeRequest invokeRequest;
 invokeRequest.SetFunctionName(functionName);
 invokeRequest.SetInvocationType(
 Aws:::Lambda::Model::InvocationType::RequestResponse);

 std::shared_ptr<Aws::IOStream> payload
 = Aws::MakeShared<Aws::StringStream>();
 Aws::Utils::Json::JsonValue jsonPayload;
 jsonPayload.WithInt64("iterations", iterations);
 *payload <<< jsonPayload.View().WriteReadable();
 invokeRequest.SetBody(payload);
 invokeRequest.SetContentType("application/json");

 
 …

}

{
  …

 auto outcome = client->Invoke(invokeRequest);

 if (outcome.IsSuccess()) {
  auto &result = outcome.GetResult();
  Aws::IOStream &payload = result.GetPayload();
  Aws::String functionResult;
  std::getline(payload, functionResult);
  result = std::stoi(functionResult);
  return true;
 } else {
  return false;
 }

}

Aws::SDKOptions options;
Aws::InitAPI(options);
Aws::Client::ClientConfiguration clientConfig;
auto m_client = Aws::MakeShared<Aws::Lambda::LambdaClient>(
  ALLOCATION_TAG,
  clientConfig
);

int n = 10000;
int np = 10;
std::vector<int> results(np);
std::vector<std::thread> threads;
for (int i = 0; i < np; i+++) {
 threads.emplace_back([&, i]() {
  InvokeFunction("pi-mc-worker", n / np, results[i]);
 });
}

for (auto &thread : threads) {
 thread.join();
}
auto pi = std:::reduce(results.begin(), results.end()) / np;
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Challenges of C++ in Serverless
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Challenges of C++ in Serverless

Complex, multi-source 
project setup

#pragma omp but in serverless
for(int i = 0; i < n; ++i)
 pi_mc(i);
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Challenges of C++ in Serverless

Cross-compiled 
environments

Complex, multi-source 
project setup

Lack of static typing

x86 ARM

#pragma omp but in serverless
for(int i = 0; i < n; ++i)
 pi_mc(i);

JSON

Manual verification?
JSON Schema?
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Cppless: Single-source C++ Compiler for Serverless
double pi_mc(int n);

double pi_estimate()
{
 const int n = 100000000;
 const int np = 128;

 cppless::aws_dispatcher dispatcher;
 auto aws = dispatcher.create_instance();

 std:::vector<double> results(np);
 auto fn = [=] { return pi_mc(n / np); };

 for (auto& result : results)
 cppless:::dispatch(aws, fn, result);
 cppless:::wait(aws, np);

 auto pi = std:::reduce(
    results.begin(), results.end()
  ) / np;

 return pi;
}

spcl /cppless
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}

C++ abstraction for cloud provider APIs.

Avoids the vendor lock-in and simplifies invocations.
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Cppless: Single-source C++ Compiler for Serverless
double pi_mc(int n);

double pi_estimate()
{
 const int n = 100000000;
 const int np = 128;

 cppless::aws_dispatcher dispatcher;
 auto aws = dispatcher.create_instance();

 std:::vector<double> results(np);
 auto fn = [=] { return pi_mc(n / np); };

 for (auto& result : results)
 cppless:::dispatch(aws, fn, result);
 cppless:::wait(aws, np);

 auto pi = std:::reduce(
    results.begin(), results.end()
  ) / np;

 return pi;
}

C++ abstraction for cloud provider APIs.

Avoids the vendor lock-in and simplifies invocations.

Serverless function as C++ lambda expression.

Automatically compiled to a cloud function.

Integrated invocation of the function.

Automatic serialization and type checking.

spcl /cppless
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AXelerating Serverless Computing: Ongoing Work & Future
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