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Cloud Computing

Datacenter

£Y Google Cloud

A Azure
adWsS

deploys applications on

developer

Reduces COmpleXity cloud operator
Improves resource usage

Van Eyk, Erwin, et al. "Serverless is more: From paas to present cloud computing." IEEE Internet Computing 22.5 (2018): 8-17.
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Complexity and resource utilization remain key challenges
Cloud C

% of Cloud Spend Wasted

Security 29%

Managing cloud spend 21%
Self-Estimated

217 Wasted Spend

Lack of resources/expertise

Governance/control 25%
Compliance
Managing multiple clouds
Additional
U
Building a private cloud Measured by RigmScaie

. oource: RightScale 2018 State of the Cloud Report



Serverless Computing is a form of cloud computing which allows
users to run event-driven and granularly-billed applications without
having to deal with operational logic.

FUE
_— -
- .- -~ - . . )
! .'.‘ ;. : ., 5
' * ‘ . ' :




Division of operational concerns

cloud operator manages... )!( >!( developer manages...

Application

Application
Middleware

Cluster Resource Mgt

Virtualization

Hardware

DIY

Application

Application
Middleware

Cluster Resource Mgt

Virtualization

Hardware

Cloud / laaS

Application

Application
Middleware

Cluster Resource Mgt

Virtualization

Hardware

serverless




The “Serverless” market

currently: $ 5 billion
by 2023:  $ 15 billion
(predicted)



Cloud Computing

Serverless Computing

Function-as-a-Service
(FaaS)

van Eyk, Erwin, et al. "The SPEC cloud group's research vision on FaaS and serverless architectures." WOSC@MIDDLEWARE, 2017.
14
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Function-as-a-Service (FaaS)

a serverless function



Function-as-a-Service (FaaS) in a nutshell

Creates/updates functions Deploys

——
FaaS platform | o

A

python’

|
developer Operates Triggers function

executions

ImageRecognizer.py

operator users

Van Eyk, Erwin, et al. “The SPEC-RG Reference Architecture for FaaS: From Microservices and Containers to Serverless Platforms.”
IEEE Internet Computing (2019, under submission). 9



New technology, new problems

 Undefined terminology
e Lacking fundamental models and principles
 Absent real-world data and workload traces

 Missing well-established systems, tooling and processes

10



A multi-level approach ™stese

I'ﬂ'l @ﬂ_arge Research

B
Spec Ij\/f Ivizing Comjputer Syste ‘
‘and others -
serverless
High-level, community Conceptual problems (in A specific conceptual and
prOblemS related domainS) technical prob'em
Terminology Emergence of serverless

Serverless function
Challenges & perspectives Scheduling in FaaS composition

FaaS reference architecture

11



Serverless function composition

“Orchestrating existing functions into new more complex, composed functions.”

ImageRecognizer

SpanishimageRecognizer

cat

RQ: How to support serverless function composition through a distributed systems approach?

12



Requirements analysis

RQ1: What are the requirements to support serverless function compositions?

/

s 2 \Workload characteristics

Survey of use cases

* Improves existing use cases * Frequent executions
 Enables long-running processes < Short runtimes (seconds) Constraints
* | ong-tailed runtimes (cold starts!)

13



Requirements Constraints

. Support long-running processes. 1. Treat FaaS functions as black-boxes.

. Minimize performance overhead. 2. Rely only on common FaaS

functionality.
. Ensure reliable executions.

3. Follow the serverless function

. Scale to frequent workflow development and execution model.
iInvocations.

(Summarised; see thesis for the complete requirements and constraints)
14



Surveying the State-of-the-Art

RQ2: How do approaches for the composition of cloud functions compare?

1. FaaS platforms

2. Serverless function composition approaches
3. Workflow management systems

4. Workflow languages

15



(1) FaaS platform survey

3290%%229533 Cloud Native Landscape See the serverless interactive landscape at s.cncf.io
V

intrinsic ~ 4*Protego @ e snyk

PURESEC

W dashbird event b‘ |O‘plpe Iron.io @ overcrock  python-A ¢} SICMA N

Epsagon  gateway Gles STACKERY

Security

‘k » / .%Y.. gun.io 5= serverless }%g/y SPARTA é

Architect Chalice Claudiajs ™
I AWS SAM FLOGO

Framework

Hosted Installable

ALGORITHMIA <;> BINARIS @ £ cloudboost CLOUDﬁAE @ g'é HYPER.SH APP g % fn @
Azure Functions

Clay Google Cloud Functions HUAWEI GALACTIC FOG

OpenLambda %Fﬁ

AWS Lambda

Platform

{75 1BM Cloud @ s/p\ch:inst ¢stdliby syncano @)twilio WEBLAB A ZEIT @ Kubeless g ‘%clio

PubNub LunchBadger OPENFARS

FUNCTIONS

source: https://github.com/cncf/wg-serverless
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(2) Approaches to function composition survey

1. Direct composition

2. Compiled composition

3. Coordinator-based composition
4. Event-driven composition

5. Workflow-based composition

17



Workflow-based compo

1

Workflow definition

[ -

Qhe_y\-t'

-

Workflow Fromework

Request )

e e e o o s e e

| Sevest ) |

F&SPOV\S&

Work®low Framework

I
Function A

L

—_

PQ_SPOV\SQ,

1

o

e

_____ —

‘ Function A

| — )|

sition

Function B

SE—

Function R
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(3+4) Survey of workflow systems and languages

T
.q. Azure Logic Apps - \J %%:«

MISTRAL
Node-RED e

Pyiren X AWS Step Functions
S Uot
E—/ ﬁ @:7\ Pegasus @Azkaban

e Most serverless-like WMS are closed-source.

Open-source Workflow Manager

* Workflow languages are often tightly coupled to the WMS.
 Workflow languages contain system-level assumptions.

 Reuse common language syntax and system architecture.

19



Design of a serverless workflow management system

RQ3: How to design a system for composing cloud functions?

gevess: f
.0 @
% fission
: ..:.-,,,-. i workflows
SWL
Serverless Workflow Language Serverless workflow management system

(see thesis) = 2



operational infrastructure

, Fission Workflows

monitoring e\ \ 4 a
' controller ---f- views (cache) <-----
tracing e
c2 | 5
| I ——— °
—> apiserver >
resource T
orchestration A
C1) 5
user interface ¢ ____.
workflows Fission

)

scheduler

—

——

In-memaory SQL filesystem
NATS Streaming
event |
store
INn-memc
< control flow
g ----- data flow
internal implemented by



Event sourcing and persistence

The workflows are stored as a sequence of events

| |

event sequence
event

Impact Event store implementations
- Retain the time dimension of the data - In-memory

- Simple, append-only persistence model - NATS streaming



The workflow (invocation) controller

PollSensor

- Improves reliablility

- Vital state remains confined to event store

Task Queue

Task Executor




Integration with the FaaS platform

A4

User

FaaS can support

Fission Deployment\

workflow-specific functionalit&l

(optional) ﬁ

Router
~ N l
—
) FunCtion —) ExeCUtOI'
Store
" -
Controller
| I !

Workflows API Proxy

Workflows can be executed|as

Python

Function

Environment

Fission Workflows

Proxy

Environment

Java
Function

any serverless function

-

Apiserver

<
—

\

Internal runtime

Fission runtime

Event Store
N -

I

Fission Workflows uses the 1 <l

HTTP runtime

Controller

Environment J

>

Scheduler

Workflows Deployment /

same user-level FaaS API 24



Workflow scheduling

Motivation: use workflows to mitigate cold starts of serverless functions.

horizon policy

@ Not started
\ / Finished

(c)

Prewarming: predictively deploying serverless functions based on expected demand.

25



Workflow scheduling

prewarm-all policy

20



Workflow scheduling

prewarm-horizon policy

27



Experimental evaluation of the prototype

RQ4: How to evaluate systems for function composition experimentally?

Goal: Evaluate the workflow system prototype based on the following metrics:
- Reliabllity
- Performance

- Cost

28



Experimental setup

System-Under-Test (realistic) Legend

Resource manager

kubernetes i\ ———3 Datal/control flow

—>» Has subsystem

Developing distributed systems Is hard,  FasS o e ] s

£ 2 fission in-memory
X ! ~ Subsystem of

testing them is even harder. ‘ R,

System-Under-Test (isolated) '
I ‘ External system or |

tool
> SimFaaS |
\ 4 ¢ s = Experiment-specific
data
Function Runtime < >  Event . .
store
. o % fission
Two types of experiments J
Workload Generator Monitoring AT
N 2 ).C
. custom || wrk vegeta ’ hey ‘ driver metrics 9 8. JACGER cAdvisor
* |solated experiments T - |
Experiment Experiment
Config Results
g Workload driver Metric Collector >

 Realistic experiments
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SimFaaS: a FaaS emulator

Goal: versatile FaaS emulation, which scales (with negligible performance
overhead) well beyond the workloads in the other experiments.
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Isolated experiment setup

—» Data/control flow

—» Has subsystem

Experimental setup
component

WO r ke r N O d e Event store implementation
m m In-memory

Subsystem of

A
Fission Workflows
System-Under-Test (isolated)
External system or
tool
> SimFaaS v
¢ ~ Experiment-specific
...... data
Function Runtime <« > Event
store @@= Z0 (@i
| &% fission
Htaett’ workflows
D rive Y N od e | - Workload Generator Monitoring 0.0
» g - G R i
T Y
Experiment Experiment
Config Results
> Workload driver Metric Collector >

31



Fault tolerance experiments
 Unavailable event store

e Unavailable FaaS runtime

 Fail-stop crashes of Fission

Workflows with different
configurations

Scalability experiments

Overview of the
iIsolated experiments erormance avernead "

 Workflow submission
* Workflow throughput
 Workflow parallelism

 Workflow length
Scheduling experiments

32



Fault-tolerance experiments

Goal: Evaluate the fault-tolerance of the prototype under different failure
scenarios.

Scenarios evaluated:
e Unavailable event store
e Unavailable FaaS runtime

 Fail-stop crashes of Fission Workflows

33



Throughput (QPS)

100

80 -

60 -

40 -

20 -

Fault-tolerance: crash of the controller

controller crashed —————————p

recovered running workflows 1

«4— controller restarted
________________________________________________________________________________________ — Workflows finished

_____________________________________________________________________

|

successful submissions
falled submissions

g g T L oy y  ryryTTTOTTYTTTTTTNTTTTNTCTTTCOTTETE I CTTMTMTOT

400
Runtime (s)
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Scheduling experiments

Goal: Evaluate the performance and resource consumption of the
(prewarm-focused) scheduling policies:

- horizon

- prewarm-all

Approach: Use SimFaaS to emulate and control cold starts and
resource usage.

39



Median workflow runtime (s)

Performance of scheduling policies

120 - .
~+horizon
100 prewarm-horizon e
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——- prewarm-all e
R
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Resource consumption of scheduling policies

200000
-+ horizon
= L £3000 prewarm-horizon
= 150000{ ——- prewarm-all
"))
% optimal
8 125000 - S
S 100000 G
@ 75000 RS N R p A S s i
o e SR o R = S |
= 50000 frg T |
o
= 25000
Oq ' !
0 10 20 30

Cold Start Duration (s)
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Realistic experiments

Goal: evaluate the performance and cost of Fission Workflows under realistic
circumstances, comparing it to the state-of-the-art.

Provider Workflow system Faa$S platform
Google Cloud 9 Google Cloud Composer e Google Cloud Functions
Microsoft Azure ‘n __,J Azure Logic Apps < > Azure Functions
AWS ) AWS Step Functions AWS Lambda
Fission (Workflows) | 4 2 f'%ﬁ!fevﬂ f|55|on

33



System-Under-Test (realistic)

Realistic experiments setup [ e manse
kubernetes

—» Data/control flow

——» Has subsystem

- FaaS platform Event store implementation Experimental setup !
z_2fission N|A|T in-memory 5 oy :
A A Subsystem of
Fission Workflows
System-Under-Test (isolated) ; :
External system or .
; tool ,
>  SimFaaS I E |
Y ¢ ' : Experiment-specific
...... i data :
Function Runtime < >  Event
store

» & #fission

et workflows

Y
’ - Workload Generator Monitoring 0.0
10 50
| CUStom er Vegeta hey driver metncs ‘; e ’,"‘ 3 }_ l 'C N CAdV ] SO
Experiment T l Experiment
Config Results

» Workload driver Metric Collector »
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Workflow arrival rate (QPS)
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Realistic experiment: FaaS overhead

Azure Function -

AWS Lambda -

Google Function -
Fission -

SimFaas -

0.00

0.05

0.10 0.15
FaaS Runtime Overhead (s/task)
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Realistic experiment: performance

1(?0 120
Airflow / GCC - | |
Azure Logic Apps - —— |
AWS Step Functions - H|

FW (Fission, NATS) - | |

FW (Fission, Mem){ || NATS-related overhead
=)

FW (SimFaa$S, Mem) ; * Fission-related overhead

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Runtime Overhead (s/invocation)
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Realistic experiment: cost

B Function execution cost
2 WorkflowOrchestration cost

Google - BN Self-management cost
e [

Fission F

00 02 04 06 08 10 12 14
Cost per43Chronos run (USD)







~59k lines of code

~150 hours of experiments
~105 GB of experiment data

~689 cups of coffee




10 publications
4 as lead author
60 citations

source: https://scholar.google.nl/citations?user=5l4JxcAAAAAJ&hI=nI&oi=ao (accessed June 2019)
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Serverless Operation
From dev to production

Erwin van Eyk
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Optimizing Latency in
Function—as-a-Service
with Distributed Promises

Soam Vasani, Erwin van Eyvk
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Conclusion

1. Workflows are key to enabling serverless function composition.

2. Fission Workflows demonstrates the possibilities of serverless
workflows; and highlights the opportunities of prewarming.

3. [he prototype Is on-par performance-wise, and cheaper than
the state-of-the-art.

4. Industry interest In the Fission Workflows product emphasises
the need for serverless workflow systems.

More research Is needed In serverless computing!
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Thanks!

#% fission

,‘m‘ workflows

SimFaaS

Thesis + slides

Erwin van Eyk
Software Engineer @ Platform9 Systems

Researcher @ AtLarge Research
Co-chair @ SPEC CLOUD RG Serverless

@erwinvaneyk
erwinvaneyk@gmail.com
https://erwinvaneyk.nl



https://github.com/fission
https://github.com/erwinvaneyk/simfaas
http://slack.fission.io/
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Photo credits

- Empty datacenter: https://www.datacenterknowledge.com/manage/wave-data-center-consolidation-different-first-one
- Copyright of logos used (Google, AWS, Azure, SPEC RG CLOUD, TU Delft, Platform9, Python) belongs to the respective organizations
- Logo for SWL.: https://pixabay.com/vectors/hexagon-symbol-gui-internet-2307350/
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Memory Usage (MB)

Performance overhead of SimFaaS (2)
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Fault-tolerance: event store unavailability

---- workflows submitted

Event store unavailable —p

-------- workflow submissions failed
——-  workflows failed ;
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Fault-tolerance: FaaS runtime unavailability
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Throughput (QPS)

Fault-tolerance: crash of bundled workflow engine

100 --=-= successful submissions
controller crashed —————————p 44— controller restarted =~ falled submissions
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Throughput (QPS)

Fault-tolerance: crash of distributed workflow engine

100 --=-= successful submissions
controller crashed ——————p &— controller restarted failed submissions
10 R S e et — workflows finished
recovered running workflows ] A
B0 T e I e e L e
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Throughput (QPS)

Fault-tolerance: crash of workflow engine
with an in-memory event store

--== successful submissions

100
-------- falled submissions
80 PR bl ek
60 - controller crashed —— 44— controller restarted
40 -
20 -
b s - e B I e T T T L L LTI
A\
0 o N AR S N SRR A O S L I SR M S S L S Lo S S AL S S  PEPE— e i S e—
0 100 200 300 400 500 600 700

Runtime (s)

60




Performance overhead of event store implementations
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Scalability: 1-task workflows
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Scalability: serial/long-running workflows
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Resource consumption of scheduling policies
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Median workflow runtime (s)

Performance of scheduling policies
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Slowdown of the serverless workflow engines

0 1 2 3 4 S

Airflow / GCC

Azure Logic Apps

AWS Step Functions

FW (Fission, NATS)

FW (Fission, Mem)

FW (SimFaa$S, Mem)

1.00 1.02 1.04 1.06 1.08 1.10
Average slowdown
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Cost breakdown of the evaluated serverless platforms

Cost item

Fission Workflows AWS Azure

Google Cloud

Compute nodes

Node cost per hour

Other hourly costs

Function cost per second
Function cost per execution
Orchestration cost per workflow

0.0475

0.000014
0.000000169
0.00006

0.00000208
0.0000002
0.0001

4

0.0475
0.4092
0.00000203
0.0000004

Experiment duration (seconds)

653.2 650.5

650

Total Costs

0.5278 1.455

0.293
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Fission Workflow definition example

apiVersion: 1
output: WhaleWithFortune
tasks:
GenerateFortune:
run: fortune

WhaleWithFortune:
run: whalesay
inputs:

body: ”{ output ('GenerateFortune')

requlres:
— GeneratelFortune

}/l
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Survey of FaaS platforms

FaaS Platform F1 F2 F3 F4 F5 FG6

AWS Lambda

Azure Functions
Google Cloud Functions
OpenWhisk

OpenFaaS
OpenLambda

Kubeless

Fission

Funktion

00000 OO0
O®® 020000
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Survey of composition approaches

Constraints Requirements
Approach Cl C2 C3 C4 | R1T R2 R3I R4 R5 R6 R7
Direct
Compiled

Coordinator
Event-Driven
Workflows

0000
wil BON NGO
0 OO0 O

L Bl NON
2000

L BON N N
2000
L _BON NN
LN _BONON®
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Survey of WMSs

Constraints Requirements
Approach Cl C2 C3 C4 | R1T R2Z R3I R4 RS R6 R7 | 0SS Docs
NodeRED ® ¢ ¢© © e ¢© O O O o0 e ® ®
Openstack Mistral ¢ O © O |0 e © e O o o ® ®
AWSStepFunctons | ©¢ e e e | ¢ e e e ¢ o o O O
Azure Logic Apps ® ¢© ¢© o o o ® o O ® ® O O
Pywren ® O e O | 0O e e O O e e ® O
Apache Airflow o ¢© O O |0 e ¢© e O o©o o ® ®
Azkaban ¢ O ¢ o0 O e © e O o o ® O
Luigi o O © ©0© |0 e O e e o o ® ®
Pegasus ¢ 0 O © | O e O e e e © ® O
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Survey of workflow languages

Workflow Language Format FaaS functions Complex Control Flows Readability Model fit
BPMN 2.0 XML O ® O O
WS-BPEL XML O ® O O
YAWL XML O ® O O
WDL Custom O O ® O
CWL YAML, JSON o O ® O
Amazon States Language JSON o O O ®
Openstack Mistral Language YAML ) O ® O
Apache Airflow’s Workflow format Python ) ® ® O
Azure Workflow Definition Language  JSON o ® O O
Pegasus DAX XML O O O O
Azkaban Language Custom ) O O O
NodeRED Flow File JSON O O O O
Luigi's Workflow Format Python O ® ® O
Amazon Simple Workflow Framework Java O ® O O
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Workflow definition lifecycle

Workflow execution

| J
workflow developer Pre-processing and optimizations

Develops workflow Invoke workflow

\ 4

. . Parse workflow v Map resources to workflow , \

User-level workflow definition »—)‘ Abstract workflow definition }—b‘ Concrete workflow definition

" L " ~ "

- = =3  User operation
—3»  Workflow Management System (WMS) operation
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FaaS platform reference architecture

A :
Workflow Composition Layer Business

Concerns
Workflow Re ist\:v ] Workflow En in\gz Workflow Workflow 7
i J Scheduler Execution Store

- \\‘l

/

'
J

- Function Management Layer

F1 F2 F3 F4 F5 Funct F6
[Function Registry [Function Builder [Function Deployer {Functionlnstance [Function Router [ Aultjgsccle?ll;r

A‘\ //’

Resource Orchestration Layer

R1 R2 R3 R4
Naming Service Hesource Hesource Node Agent | . 0 ional
Manager Scheduler o o perationa

vy Concerns
Monitoring Security
Development
User Interface FaaS Environment
_ Platform
Event Management (see Fig. 1) Data Management

CI/CD Pipeline Service Integrations



Serverless function execution

r

.

Function
Router

@?

Event

If no function instance is available

get function

r

.

Function

@ r

Deployer

Function
Registry

7

provision fun

--n--- -

-

\

Function
Instance
|

Al

tion instance

Resource
Manager

@?

-------------

(7

---------------------------------------------------------



SWL: data model

‘/ 1\ ‘/ D,
N * N’
Dependency [« » function reference
Peion
| M3 |
N
' Task
T prs
- ' - - -\
I M4 ' M5 ¢ A 4 . M6
AN AN Data ) 4
Task Run ) (inputs, output) 4. Workflow

T. A . T

~

/8



SWL: execution model

workflow definition

workflow
FAILED developer
DELETED enables
UPDATED
ved Y
receive PARSED deleted

triggers creates
workflow invocation > task run

UPDATED

Workflow Definition

skipped

TASK_ADDED  SUCCCEEDED SKIPPED

succeeded

queued PROGRESSED
STARTED ‘ succeeded
ﬁ SUCCEEDED

FAILED

STARTED FAILED

queued In_progress

ABORTED

Workflow | ti
orkflow Invocation Task Run
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SWL: dynamic workflow support

v v H S H S
° o . A" o A' . B < A' B < A'

(1) Task A starts (2) Task A outputs task A' (3) Task A’ finishes (4) Task B starts (5) Task B finishes
Legend O Task not started
------- »  Parent-child relation - Task executing

- Control + data flow Task finished
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Fission Workflows monitoring support

API Invoke: Request and response rates

10 regps 10 reqps

8 reqps 8 regps
[0}
™ 6reqgps 6regps @
o Qo
() =
: 5
8 4reqps 4regps D
o =
& ®

2 reqps 2 reqps

0 regps 0 regps

22:47 22:48 22:49 22:50 22:51 22:52 22:53 22:54 255 22:56 D257} 22:58 22:59 23:00 23:01 23:02 23:03 23:04 23:05 23:06 23:07 23:08 23:09 23:10 23:11 23:12 2341 23:14 234115
== Response: Aborted == Response: AlreadyExists == Response: Canceled Response: Dataloss Response: DeadlineExceeded Response: FailedPrecondition Response: Internal Response: InvalidArgument == Response: NotFound Response: OK Response: OutOfRange Response: PermissionDenied Response: ResourceExhausted Response: Unauthenticated Response: Unavailable == Requests

== Response: Unimplemented == Response: Unknown

Workflow Invocation Duration Events Propagation Throughput

45s 50 ops

35 | \
IV/VA/ VAV/ S BLVAV POANAAAAAAN AAAAANAN

/ \
25s \ﬂ—/—/—\—\—/—\—/—\/—\/\— il | \\ / [
\ \/

20s 10 ops
15s
22:48 22:50 22:52 22:54 22:56 22:58 23:00 23:02 23:04 23:06 23:08 23:10 23:12 23:14 0 ops
— 05 —00 — 06E 22:48 22:50 22:52 22:54 22:56 22:58 23:00 23:02 23:04 23:06 23:08 23:10 23:12 23:14
Scheduling Delay Event Propagation Delay
250 ps 700 ps
600 ps
500 ps
400 ps
150 ps
300 ps
200 ps
100 ps
T Vo T R S e /7\ ~
100 ps
50 pus Ons
22:48 22:50 22:52 22:54 22:56 22:58 23:00 23:02 23:04 23:06 23:08 23:10 23:12 23:14 22:48 22:50 22:52 22:54 22:56 22:58 23:00 23:02 23:04 23:06 23:08 23:10 23412 23:14
== (0.5 =09 ==0.99 == NATS 0.5 == NATS 0.9 == NATS0.99 == MEM 0.5 MEM 0.9 MEM 0.99
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Fission Workflows tracing support

Trace Start: October 12, 2018 12:14 PM Duration: 10.28s Services: 1 Depth: 5 Total Spans: 19

Oms

2.57s 5.14s 7.71s 10.28s

Service & Operation

v I fission.workflows /fission.workflows.apiserver.Workflow...

v | fission.workflows /inenv/workflows

v I fission.workflows /controller/eval

> I fission.workflows
> | fission.workflows
> I fission.workflows
> | fission.workflows
> | fission.workflows
> | fission.workflows
> | fission.workflows

> I fission.workflows

/task/validatelmage
/task/removeEXIFdata
/task/resizeToSD
/task/resizeToHD
/task/resizeTolcon

/task/resizeTo4K

/task/collectimagelocat...

/task/storeMetadata

Oms 2.57s 5.14s 7.71s 10.28s

.
. G
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feedback

Serverless scheduling architecture and policies

High-level scheduling decisions

workflow scheduler

function execution scheduler

function scheduler

resource orchestration scheduler

Low-level scheduling decisions

higher 4 | .
prewarm-all optimal prewarming
»—.l-h\)_~~\\
) W - B A
- ~
L ~
' _s_ runtime-perf prewarm
sy (
K " N\
offline-perf prewarm R
performance x=
5 \
]Ob N \
| |
context \/ \
prewarm-horizon \
\
\
,/---\-
./ horizon
u
l
— | —>»
lower resource efficiency higher
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fISSIOI"I Function composition...

,‘m‘ workflows

- Connect existing functions into complex function compositions
- Workflow engine takes care of the plumbing and provides fully monitorable,
fault-tolerant function compositions with low overhead.

Sequential execution % )e)

,
image-recognizer translate-text .
‘ - et
/ 3
iImage-resizer 4 combine-image-text

Parallel execution 84

validate-image




Why serverless computing?

Operational Model Cost Model Development Model
Minimal operational logic Pay based on usage High-level abstractions
“Infinite” autoscaling No upfront/periodic costs Pre-provided integrations
Built-in tooling: monitoring, Granular billing Language-agnostic

tracing, health checking, etc.
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Direct composition

| N




Compiled composition

C lient Combined FaaS Function

_—d)

Request

A

Al

Al

)
Combined FaaS Function

—

—




Coordinator-based composition

Client C_oordinator Function A Function B

Request )

Request

C ocordinator Function A Function B




Event-driven composition

Event )
/ I




Serverless Workflow Language (SWL)

* EXxecution-level workflow language
 Minimal constructs

e Supports complex control flows

submits
» workflow definition

| M1
{ Dependency

" - - .
"" ~‘\
! 3
|
l !
\ ]
\ J
. J

»  function reference

' M3

ﬂ Task
T T 1."

,"". \-“‘ Y -~
(M5 )

A

workflow l Task Run
developer
enables T )
Y | [
triggers creates
» workflow invocation >» task run
user

SWL execution model

90

. M6 |

T Data <
ﬂ (inputs, output) | .

Workflow

|

l"' “Il
M7 |
‘, Il

{ (Workflow) Invocation

SWL data model
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SWL-YAML: a reference implementation of SWL

apiVersion: 1
output: WhaleWithFortune

tasks: |
CenerateFortune - * Uses a declarative format
run: fortune * Follows syntax of state-of-the-art
WMSs
WhaleWithFortune: e Supports JavaScript-like
run: whalesay expressions
inputs:
body: ”"{ output ('GenerateFortune') }”
requlres:

— GeneratelFortune
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