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“Toy” 
Serverless

General-Purpose
Serverless

Functions run in single-tenant VMs

Deployment as zip files <= 250 MB

One language: Node

1 vCPU, up to 1 GB memory

Simple HTTP triggers

Dedicated sandboxes and microVMs

Containers & snapshots

Many languages, including compiled

Multi-core functions

Serverless workflows

AWS Lambda Today: 
up to 60,000 vCPUs

Learn more at our paper talk tomorrow, at 10:00!

“Cppless : Single - Source and High - Performance
Serverless Programming in C++”

Invocation Latency
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Serverless Platforms in Practice

Configuration:

+

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

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

new_data = process_logic(request['op'], data)

stamp = cloud_storage.write(request['id'], new_data)

return stamp



@spcl_eth

@spcl

spcl.ethz.ch

25

Serverless Platforms in Practice

Configuration:

+

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

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

new_data = process_logic(request['op'], data)

stamp = cloud_storage.write(request['id'], new_data)

return stamp



@spcl_eth

@spcl

spcl.ethz.ch

25

Serverless Platforms in Practice

Configuration:

+

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

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

new_data = process_logic(request['op'], data)

stamp = cloud_storage.write(request['id'], new_data)

return stamp

3.9? 3.11? PyPy?
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Azure Functions Google Cloud Functions

Code
Deployment

Languages

Allocation

Execution One-to-one One-to-many One-to-many
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27

❑ Invocation Fee
❑ Execution Time
❑ Memory
❑ vCPUs

❑ Storage Access
❑ Network Egress

❑ Prewarm Functions
❑ Function Snapshot 
❑ Ephemeral Storage

$$$

$$

$
Time * Memory Allocated

Time * Memory Used

Time * (vCPU + Memory Allocated)
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Serverless Functions: Simple but Complex

Triggers

Runtime
Resource

Configuration

Deployment
Package
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Serverless Platforms: Simple but Complex

Stateless
Functions

Event-Driven 
Execution

Disaggregated
Storage

Scale Down
to Zero

Pay-as-you-go
Billing

Cold & Warm
Start



@spcl_eth

@spcl

spcl.ethz.ch

30

Agenda

✓ Part I
✓ What is Serverless?
✓ Benchmarking Suite SeBS
✓ Working with SeBS

✓ Hands-on I: Local Deployment & Storage
✓ Part II
✓ Communication and Data
✓ Serverless Workflows
✓ Experiments in SeBS

✓ Hands-on II: FaaS Platforms & Experiments
✓ Part III
✓ Research Directions in Serverless
✓ Development of SeBS

Join SeBS Slack channel: https://serverlessbenchmark.slack.com
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SeBS: The Serverless Benchmark Suite

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

spcl /serverless - benchmarks
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SeBS: The Serverless Benchmark Suite

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

spcl /serverless - benchmarks
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Representative  

Benchmarks
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$

Adoption & Community

90+ forks
20+ contributors

SeBS: The Serverless Benchmark Suite

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

spcl /serverless - benchmarks
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SeBS: The Serverless Benchmark Suite

“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: The Serverless Benchmark Suite

“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?”

“The end-to-end latency is not 
what I expected because of 
lower scalability and variable 
I/O performance.”
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SeBS: The Serverless Benchmark Suite

“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

✓Usability
✓ Portability
✓ Extensibility
✓ Scientific 
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SeBS: The Serverless Benchmark Suite

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

✓Usability
✓ Portability
✓ Extensibility
✓ Scientific 

Principles

✓ Realistic workloads
✓ Single implementation
✓ Varying computational 

characteristics

Applications

✓ Cloud time
✓User time
✓ Resource utilization
✓ I/O

Metrics

✓ Performance and cost
✓ FaaS  vs IaaS
✓ Invocation overhead
✓ Container eviction

Experiments
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SeBS: Architecture

Benchmarking Platform

Cloud Resource Management

➜ Containers
➜ Workflows 

Benchmark

payload 

Kernel

code

Measurement

infrastructure

Local Environment

Local Benchmark

Instance

Docker

Cloud

Frontend

Deploy

Manage

Driver

Profile

runs

➜ Functions 
➜ Storage

User

Cache

Local Storage

Instance

SeBS CLI

Benchmark Specification

Metrics

Input datasets

Applications
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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.
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SeBS: Benchmarks

Type Name Language

Webapps dynamic-html, uploader, crud-api Python, Node.js

Multimedia thumbnailer Python, Node.js, C++

Utilities compression Python, Node.js*

Inference image-recognition Python, C++

Scientific graph-bfs/pagerank/mst, dna-visualizer Python, C++

Workflows trip-booking, video-analysis, … Python
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SeBS: Deployment Pipeline (Code Package)

Benchmark 
Builder

Cache
FaaS

System

Docker Image
Runner

Prepare environment and 
benchmark code.

Add platform-specific 
dependencies.

Query for an up-to-date build.

Install benchmark 
dependencies.

Package code.

Returns a finalized
function deployment.
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SeBS: Deployment Pipeline (Container)

Benchmark 
Builder

Cache
FaaS

System

Docker Image
Builder

Prepare environment and 
benchmark code.

Add platform-specific 
dependencies.

Query for an up-to-date build.
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SeBS: Deployment Pipeline (Container)

Benchmark 
Builder

Cache
FaaS

System

Docker Image
Builder

Prepare environment and 
benchmark code.

Add platform-specific 
dependencies.

Query for an up-to-date build.

Install benchmark 
dependencies & build image.

Returns a finalized image.

Push image to Docker registry.
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SeBS: Resource Management

Function Cloud System
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SeBS: Resource Management

Function

❖ Timeout.
❖Memory allocation.
❖ Dependencies.

Cloud System

❖ Functions.
❖ Containers.
❖ Container registries (AWS).
❖ Storage buckets.
❖NoSQL tables.
❖ Storage accounts (Azure).
❖ Role management.

All resources are tagged 
with SeBS resource ID for 
easy lookup and cleanup!
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Cost Analysis: Resource Usage

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

Thumbnailer
Node.js

Compression Image
Recognition

Breadth-
First 

Search

IaaS Cloud Storage [req/h] 11371 27503 18819 1284 15312 117153

FaaS

Eco 1M [$] 3.54 2.29 3.75 32.1 15.8 2.08

Eco Break-Even 3275 5062 3093 362 733 5568

Perf 1M [$] 6.67 3.34 10 50 19.58 2.5

Perf Break-Even 1740 3480 1160 232 592 4640

Cost Analysis: FaaS vs IaaS

“SeBS: a Serverless Benchmark Suite for Function-as-a-Service Computing”, Middleware 2021
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Configuration:
- IaaS: AWS t2.micro instance with 1 vCPU and 1 GB RAM, 100% utilization, $0.0116/h.
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- Local storage: Minio as Docker container.

Cost Analysis: FaaS vs IaaS
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Agenda

✓ Part I
✓ What is Serverless?
✓ Benchmarking Suite SeBS
✓ Working with SeBS

✓ Hands-on I: Local Deployment & Storage
✓ Part II
✓ Communication and Data
✓ Serverless Workflows
✓ Experiments in SeBS

✓ Hands-on II: FaaS Platforms & Experiments
✓ Part III
✓ Research Directions in Serverless
✓ Development of SeBS

Join SeBS Slack channel: https://serverlessbenchmark.slack.com



@spcl_eth

@spcl

spcl.ethz.ch

43

SeBS in Practice

spcl /sebs - tutorial
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SeBS in Practice

spcl /sebs - tutorial

git clone https://github.com/spcl/sebs-tutorial.git
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SeBS in Practice spcl /sebs - tutorial

What do we need?
❖ Docker running on the system
❖ Python 3.7+
❖ libcurl 
❖ Virtualenv
❖Works on Linux. WSL should also work ☺
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What do we need?
❖ Docker running on the system
❖ Python 3.7+
❖ libcurl 
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❖Works on Linux. WSL should also work ☺

Where to execute functions?
❖ Cloud? You need credentials and set up account.
❖Open source? Deploy OpenWhisk – instructions are provided.

You need DockerHub account.
❖ Local test environment? 
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SeBS in Practice

{

  "experiments": {

    "deployment": "aws",

    "update_code": false,

    "update_storage": false,

    "download_results": false,

    "architecture": “x64",

    "container_deployment": true,

    "runtime": {

      "language": "python",

      "version": "3.9"

    },

  },

}

spcl /sebs - tutorial
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SeBS in Practice

{

  "experiments": {

    "deployment": "aws",

    "update_code": false,

    "update_storage": false,

    "download_results": false,

    "architecture": “x64",

    "container_deployment": true,

    "runtime": {

      "language": "python",

      "version": "3.9"

    },

  },

}

"deployment": {

    "name": "aws",

    "aws": {

      "region": "us-east-1",

      "lambda-role": ""

    },

    "azure": {

      "region": "westeurope"

    },

    "gcp": {

      "region": "europe-west1",

      "project_name": "",

      "credentials": ""

    },

    "local": {

      "storage": {}

    },

    "openwhisk": {

      "storage": {},

     "wskBypassSecurity": "true",

      "wskExec": "wsk",

      ...

    }

}

spcl /sebs - tutorial
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SeBS in Practice

{

  "experiments": {

    "deployment": "aws",

    "update_code": false,

    "update_storage": false,

    "download_results": false,

    "architecture": “x64",

    "container_deployment": true,

    "runtime": {

      "language": "python",

      "version": "3.9"

    },

  },

}

"deployment": {

    "name": "aws",

    "aws": {

      "region": "us-east-1",

      "lambda-role": ""

    },

    "azure": {

      "region": "westeurope"

    },

    "gcp": {

      "region": "europe-west1",

      "project_name": "",

      "credentials": ""

    },

    "local": {

      "storage": {}

    },

    "openwhisk": {

      "storage": {},

     "wskBypassSecurity": "true",

      "wskExec": "wsk",

      ...

    }

}

spcl /sebs - tutorial

JSON configuration 
can be overridden via 

CLI options.
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SeBS in Practice

spcl /sebs - tutorial

git clone https://github.com/spcl/sebs-tutorial.git

Join SeBS Slack channel: https://serverlessbenchmark.slack.com


	Slide 1: Demystifying Serverless Performance: A Hands-on Tutorial with Serverless Benchmark Suite SeBS
	Slide 2: Goals of the Tutorial
	Slide 3: Goals of the Tutorial
	Slide 4: Goals of the Tutorial
	Slide 5: Goals of the Tutorial
	Slide 6: Goals of the Tutorial
	Slide 7: Goals of the Tutorial
	Slide 8: Agenda
	Slide 9: Agenda
	Slide 10: Agenda
	Slide 11: Agenda
	Slide 12: Agenda
	Slide 13: Agenda
	Slide 14: Agenda
	Slide 15: Does Serverless Have Servers?
	Slide 16: Does Serverless Have Servers?
	Slide 17: Does Serverless Have Servers?
	Slide 18: What is serverless?
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25: Cloud and Serverless
	Slide 26: Cloud and Serverless
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77: Humble Beginnings
	Slide 78: Humble Beginnings
	Slide 79: Humble Beginnings
	Slide 80: Humble Beginnings
	Slide 81: Humble Beginnings
	Slide 82: Humble Beginnings
	Slide 83: Humble Beginnings
	Slide 84: Serverless Functions Grew Larger and More Powerful 
	Slide 85: Serverless Functions Grew Larger and More Powerful 
	Slide 86: Serverless Functions Grew Larger and More Powerful 
	Slide 87: Serverless Functions Grew Larger and More Powerful 
	Slide 88: Serverless Functions Grew Larger and More Powerful 
	Slide 89: Serverless Functions Grew Larger and More Powerful 
	Slide 90: Serverless Functions Grew Larger and More Powerful 
	Slide 91: Serverless Functions Grew Larger and More Powerful 
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106: Serverless Platforms in Practice: Functions
	Slide 107: Serverless Platforms in Practice: Functions
	Slide 108: Serverless Platforms in Practice: Functions
	Slide 109: Serverless Platforms in Practice: Functions
	Slide 110: Serverless Platforms in Practice: Functions
	Slide 111: Serverless Platforms in Practice: Cost
	Slide 112: Serverless Platforms in Practice: Cost
	Slide 113: Serverless Platforms in Practice: Cost
	Slide 114: Serverless Platforms in Practice: Cost
	Slide 115: Serverless Platforms in Practice: Cost
	Slide 116: Serverless Functions: Simple but Complex
	Slide 117: Serverless Platforms: Simple but Complex
	Slide 118: Serverless Platforms: Simple but Complex
	Slide 119: Agenda
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135: SeBS: Architecture
	Slide 136: SeBS: Architecture
	Slide 137: SeBS: Architecture
	Slide 138: SeBS: Architecture
	Slide 139: SeBS: Architecture
	Slide 140: SeBS: Cloud Platforms
	Slide 141: SeBS: Cloud Platforms
	Slide 142: SeBS: Cloud Platforms
	Slide 143: SeBS: Cloud Platforms
	Slide 144: SeBS: Cloud Platforms
	Slide 145: SeBS: Benchmarks
	Slide 146: SeBS: Benchmarks
	Slide 147: SeBS: Benchmarks
	Slide 148: SeBS: Benchmarks
	Slide 149: SeBS: Benchmarks
	Slide 150: SeBS: Benchmarks
	Slide 151: SeBS: Benchmarks
	Slide 152: SeBS: Benchmarks
	Slide 153: SeBS: Benchmarks
	Slide 154: SeBS: Benchmarks
	Slide 155: SeBS: Deployment Pipeline (Code Package)
	Slide 156: SeBS: Deployment Pipeline (Code Package)
	Slide 157: SeBS: Deployment Pipeline (Code Package)
	Slide 158: SeBS: Deployment Pipeline (Code Package)
	Slide 159: SeBS: Deployment Pipeline (Code Package)
	Slide 160: SeBS: Deployment Pipeline (Code Package)
	Slide 161: SeBS: Deployment Pipeline (Code Package)
	Slide 162: SeBS: Deployment Pipeline (Container)
	Slide 163: SeBS: Deployment Pipeline (Container)
	Slide 164: SeBS: Deployment Pipeline (Container)
	Slide 165: SeBS: Deployment Pipeline (Container)
	Slide 166: SeBS: Resource Management
	Slide 167: SeBS: Resource Management
	Slide 168: SeBS: Resource Management
	Slide 169: SeBS: Resource Management
	Slide 170: Cost Analysis: Resource Usage
	Slide 171: Cost Analysis: Resource Usage
	Slide 172: Cost Analysis: FaaS vs IaaS
	Slide 173: Cost Analysis: FaaS vs IaaS
	Slide 174: Cost Analysis: FaaS vs IaaS
	Slide 175: Cost Analysis: FaaS vs IaaS
	Slide 176: Cost Analysis: FaaS vs IaaS
	Slide 177: Cost Analysis: FaaS vs IaaS
	Slide 178: Cost Analysis: FaaS vs IaaS
	Slide 179: Agenda
	Slide 180: SeBS in Practice
	Slide 181: SeBS in Practice
	Slide 182: SeBS in Practice
	Slide 183: SeBS in Practice
	Slide 184: SeBS in Practice
	Slide 185: SeBS in Practice
	Slide 186: SeBS in Practice
	Slide 187: SeBS in Practice
	Slide 188: SeBS in Practice
	Slide 189: SeBS in Practice
	Slide 190: SeBS in Practice

