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“the goal of achieving near 100% utilization while supporting a 
real parallel supercomputing workload is unrealistic”

1999



@spcl_eth

@spcl

spcl.ethz.ch

Function-as-a-ServiceTracking Wasted Resources in HPC

3



@spcl_eth

@spcl

spcl.ethz.ch

Function-as-a-ServiceTracking Wasted Resources in HPC

Duration of Node Idleness

3



@spcl_eth

@spcl

spcl.ethz.ch

Function-as-a-ServiceTracking Wasted Resources in HPC

70% of idle node events last less than 10 minutes.

Duration of Node Idleness

3



@spcl_eth

@spcl

spcl.ethz.ch

Function-as-a-ServiceTracking Wasted Resources in HPC

70% of idle node events last less than 10 minutes.

Duration of Node Idleness

3

Short-term resource availability requires short-term allocations.
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We propose a software disaggregation approach to share node resources

between

coarse-grained, long-running, and static batch jobs

and

fine-grained, short-term, and dynamically allocated serverless 
functions.



@spcl_eth

@spcl

spcl.ethz.ch

Function-as-a-Service

7

Serverless as an Answer

Hardware Abstraction Software Abstraction



@spcl_eth

@spcl

spcl.ethz.ch

Function-as-a-Service

7

Serverless as an Answer

Hardware Abstraction Software Abstraction

RAM GPU



@spcl_eth

@spcl

spcl.ethz.ch

Function-as-a-Service

7

Serverless as an Answer

Hardware Abstraction Software Abstraction

RAM GPU

Control Plane



@spcl_eth

@spcl

spcl.ethz.ch

c

Function-as-a-Service

7

Serverless as an Answer

Hardware Abstraction Software Abstraction

RAM GPU

Control Plane

Operating System

Sandbox

Application

Function



@spcl_eth

@spcl

spcl.ethz.ch

Function-as-a-Service

7

Serverless as an Answer

Hardware Abstraction Software Abstraction

RAM GPU

Control Plane

Function



@spcl_eth

@spcl

spcl.ethz.ch

Function-as-a-Service

7

Serverless as an Answer

Hardware Abstraction Software Abstraction

RAM GPU

Control Plane

Function



@spcl_eth

@spcl

spcl.ethz.ch

Function-as-a-Service

7

Serverless as an Answer

Hardware Abstraction Software Abstraction

RAM GPU

Control Plane

Pay-as-you-go billing Granular computing

Function



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Cloud Server Serverless-Enabled HPC Node

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

CPU

Cloud Server Serverless-Enabled HPC Node

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

CPU

Cloud Server
HPC Container

Serverless-Enabled HPC Node

CPU
Singularity, Sarus

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

CPU

Cloud Server
HPC Container

Serverless-Enabled HPC Node

CPU

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

Cloud ServicesCPU

Cloud Server
HPC Container

Serverless-Enabled HPC Node

CPU

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

Cloud ServicesCPU

Cloud Server
HPC Container

Serverless-Enabled HPC Node

RDMA NetworkCPU

libfabrics

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

Cloud ServicesCPU

Cloud Server
HPC Container

Serverless-Enabled HPC Node

RDMA NetworkCPU

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

Cloud Storage

Cloud ServicesCPU

Cloud Server
HPC Container

Serverless-Enabled HPC Node

RDMA NetworkCPU

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

Cloud Storage

Cloud ServicesCPU

Cloud Server
HPC Container

HPC Filesystem

Serverless-Enabled HPC Node

RDMA NetworkCPU

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

Cloud Storage

Cloud ServicesCPU

Cloud Server
HPC Container

HPC Filesystem

Serverless-Enabled HPC Node

GPU

RDMA NetworkCPU

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

Cloud Storage

Cloud ServicesCPU

Cloud Server
HPC Container

HPC Filesystem

Serverless-Enabled HPC Node

GPU

RDMA NetworkCPU

Function Sandbox

Function Sandbox

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Function Sandbox

Cloud Storage

Cloud ServicesCPU

Cloud Server
HPC Container

HPC Filesystem

Serverless-Enabled HPC Node

GPU

RDMA Network

Co-located Batch Job

CPU

Function Sandbox

Function Sandbox

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Warm
Containers

Function Sandbox

Cloud Storage

Cloud ServicesCPU

Cloud Server

Warm
Containers

HPC Container

HPC Filesystem

Serverless-Enabled HPC Node

GPU

RDMA Network

Co-located Batch Job

CPU

Function Sandbox

Function Sandbox

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Warm
Containers

Function Sandbox

Cloud Storage

Cloud ServicesCPU

HPC Batch System

Cloud Server

Warm
Containers

HPC Container

HPC Filesystem

Serverless-Enabled HPC Node

GPU

RDMA Network

Co-located Batch Job

CPU

Function Sandbox

Function Sandbox

Cloud Control Plane

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

High-Performance FaaS with rFaaS

8

Warm
Containers

Function Sandbox

Cloud Storage

Cloud ServicesCPU

rFaaS Resource 
Manager

HPC Batch System

Cloud Server

Warm
Containers

HPC Container

HPC Filesystem

Serverless-Enabled HPC Node

GPU

RDMA Network

Co-located Batch Job

CPU

Function Sandbox

Function Sandbox

Cloud Control Plane

IPDPS, 2023



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs Batch jobs + serverless workloads



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs Batch jobs + serverless workloads

Node



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs Batch jobs + serverless workloads

Node
MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs Batch jobs + serverless workloads

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs Batch jobs + serverless workloads

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs Batch jobs + serverless workloads

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs

MEMORY

Batch jobs + serverless workloads

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

MEMORY

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

MEMORY

MEMORY MEMORY

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

MEMORY

MEMORY

Invoke Function.

MEMORY

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

MEMORY

MEMORY

RMA Operations

Invoke Function.

MEMORY

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

GPU

MEMORY

MEMORY

RMA Operations

Invoke Function.

MEMORY

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

GPU

MEMORY

MEMORY

RMA Operations

Invoke Function.

MEMORY

GPU

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

GPU

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

GPU

MEMORY

MEMORY

RMA Operations

Invoke Function.

MEMORY

GPU GPU

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

GPU

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

GPU

MEMORY

MEMORY

RMA Operations

Invoke Function.

MEMORY

GPU GPU

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

GPU

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

GPU

MEMORY

MEMORY

RMA Operations

Invoke Function.

MEMORY

GPUGPU GPU

MEMORY

Node
MEMORY MEMORY MEMORY



@spcl_eth

@spcl

spcl.ethz.ch

GPU

Serverless Disaggregation

9

Batch jobs

MEMORYMEMORY

Batch jobs + serverless workloads

RAM

GPU

MEMORY

MEMORY

RMA Operations

Invoke Function.

MEMORY

GPUGPU GPU

MEMORY

?

?

?

Node
MEMORY MEMORY MEMORY?



@spcl_eth

@spcl

spcl.ethz.ch

Evaluation

10



@spcl_eth

@spcl

spcl.ethz.ch

Evaluation

10

XC50 nodes - 12 CPU cores, GPU, 64 GB memory.

XC40 nodes - 36 CPU cores, 64/128 GB memory.

Cray Aries interconnect.



@spcl_eth

@spcl

spcl.ethz.ch

Evaluation

10

XC50 nodes - 12 CPU cores, GPU, 64 GB memory.

XC40 nodes - 36 CPU cores, 64/128 GB memory.

Cray Aries interconnect.

36 CPU cores, 377 GB memory.
Ethernet with RoCEv2 support. 
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