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Your Tutorial Agenda

Session 1

08.00-09.30 (90°) Tutorial Basics
|  Serverless Foundations
Il Function Developer Tools

Session 2

10.00-12.00 (120°) 1l Function Execution Tools
IV Research Challenges
Discussion
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Your Tutorial Instructor

Josef Spillner <josef.spiliner@zhaw.ch>

* works at Zurich University of Applied Sciences

* |lectures Internet Service Prototyping, Python
programming to undergraduates & masters of
advanced studies

* performs research in the Service Prototyping Lab

* sometimes, publishes on FaaS / Serverless topics
* CARLA'17 serverless HPC paper <
» four 2017 preprints on arXiv related to tools i
* ongoing work on tracing/debugging as well as N T
serverless developer survey
* co-authored «Architectural Transformations in
Network Services and Distributed Systems»

Fedrii e Sissrms

ICCLAB &~
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Your Tutorial Equipment

Required Installation

Local accounts - help yourself (git, docker, ...)
Cloud accounts — ask for tutoX account & ssh into 160.85.4.155

Supplementary Material:

Script: https://drive.switch.ch/index.php/s/Upjd0aXCypZjMnZ

ICCLAB &



Your Tutorial Equipment

Dependencies

- git, python3, ... (probably pre-installed on Ubuntu 16.04)

- python3-flask
- python3-boto3

- openjdk-8-jdk
- maven

- openjfx

- gcc

- awscli
- unzip

ICCLAB =%
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Part | - Serverless Foundations
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Industry Perspective: JFK 2 Days Ago

a
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Industry Perspective: Cloud Apps

Claud Hative landscaps
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Industry Perspective: FaaS

Function-as-a-Service Landscape A Redpoint

‘h .@: Lambda
L |l
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Academic Perspective: Clouds & FaaS
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What i1s FaaS?

* running functions in the cloud

(hosted functions)
* real “pay per use” (per

Invocation,

per load x time unit, e.g. GHz/100mSs)

* seemingly “serverless”

Traditional IT laaS

B Applications

Security &

|ntegration

Databases

Servers

You manage

Virtualzation

Server HW

Storage

Metworking

I

ICCLAB i
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Applications

Runtimes

Secunty &
|nteqgration

You manage
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Applications

lopuan ﬂh pabeuey

L

e

J

[mazikglobal.com]
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FaaS Process

monitoring event

sensor data JSON
log entry plain text
git push HTTP results!
. XMPP .
AMQP **
events *
Efggerﬁ ‘4;
&,
actions  your
2 (functions) Python/Javal...
rules functions!
max 1 per hour
triggers/actions
. | default params
ICCLAB &

SPLAB
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FaaS in Formal Terms

* programming model

- functions or methods in diverse programming languages

- with specific signatures (parameters, return values)

- sometimes, executable implementations, e.g. containers
deployment model

- upload of source files or compiled binaries

- configuration of entrance handler, memory allocation, etc.
execution model

- time limit, e.g. 5 minutes

— pay-per-use microbilling, e.g. per invocation + 100ms duration
roughly equal to serverless computing: marketing term
* for Function-as-a-Service ecosystems

ICCLAB &
S PI- -__' .:.. =
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FaaS Iin Technical Terms

* Function = elementary unit } | N
, provider-specific units
* App/Bundle = complex unit

* Input

— application-specific

— context parameters, direct protocol access (if supported)
* Processing

— up to the application
* Qutput

— application-specific

— state signalling, direct protocol access (if supported)

ICCLAB =%
SPLAE
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FaaS Positioning

0S + |
DtS+ Libs + ES+ L|t_ns

: container : generic |

Hypervisor o ine Huntrmeﬂs runtime  Hypervisor
Cloud Services

VM Container Package Function Unikernel

aas aas aas aas aas
App | . e D) : | App

+Libs " App | - 5 I of . TR
: ! . il:nr'arj,r

Application  pay-per-use

@ T

SPLAR" microservices code-level 15




FaaS Positioning

End User
‘- bt B .
Tt Assume
Applications service policies *, Jole
(Saas) application software N
L
Platfarm databases, message qUeURSs, Messagqing servers
(Paas) interpreters, runtime stacks
Infrastructure [ hypervisar, jailed executable runtime jt.
(laa5) [ compute [ storage / networking resources
A ¥ application technologies ¥
: _ Researcher
binary source, bytecode, binary assume .t
- virtual machines - application packages T role e
- containerss 1 AN Vtmeee %
- unlkernels - functions
development tooling  EEEEI«1 Rl Application Engineer

ad
ICCLAB &
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FaaS Chronology

>
2014 2015 2016 2017
Industry AWS | ' IBM OpenWhisk . Fission
L} ] ]
Lambda . ' Azure Functions :
Hook.io »  Webtask.io Lever OS AWS Step Functions
L] ] ]
- 'Google Cloud Functions !
. ; ' Funktion
Academic s : ! z
! ' Dripcast ! Open Lambda !
Community ' , !
' ' Chatbot PyWren
: : Costhat i
[r— — Jr— — — r— — — — [ T— — — — — —
' : Lambada s Podilizer
" : . Control Plane
‘ ; i Snafu

ICCLAB =
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Wrap-Up Part |

Terms INAUStry
sFaaS
APPS

Proecess

Perspective
Formal

ICCLAB &
SPLAE”
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Part Il - Function Developer Tools

ICCLAB &4
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FaaS Synopsis: Python Examples

AWS Lambda: OpenWhisk:
def lambda_handler(event, context): def handler(input):
event: dict ;:lput' dict

context: meta information object

returns: dict, string, number, ... returns: dict

” # ...
return “result” retumn {}
Fission: Azure Functions:
. def main():
def m:a“ln(). from AzureHTTPHelper import\
HTTPHelper

input: via flask.request.get_data() input = HTTPHelper().post
returns: str # |

open(os.environ[‘res], “w*).write(\

#... : e
return “result” rnain(J)son.dumps({ body*: “...“})
Further differences:
ol « function scoping (e.g. with/without export in JavaScript)
ICCLAB ¢  function naming (mangling on client or service side)

SPLAE” 20



FaaS Synopsis: JavaScript Examples

Provider

AWS Lambda

Cloosle Cloud Funetions
Bluemix Open'Whisk

Syntax

exports.handler  (ev, elx, ¢b) = {:'.h{.m]li__ {}),}
exports.fname = functionfev, ch){ch{};}
function main(=json:=){return < json:}

Azure Punctions

module.cxports = function(ctx, req){ctx.req = < json=}

Wiobtazlk.io

maodule.exports = function{chl{chicrr, < json=);}

- Webtask. o advanced

modinle.exports Tunetion{etx, eb){chlerr, <json= )}

TTook 1o

modulef exports’]  finction fmame(hook i {hook res.end( = json =) 1

a
ICCLAB &%
SPLAB
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Overlay Approach: PyWren

Improved conveyance of “serverless” paradigm
* no explicit deployment prior to execution
* rather, deploys while executing

def my function(b):
X = np.random.normal(0, b, 1024)
A = np.random.normal(0, b, (1024, 1024))

return np.dot(A, Xx)

pwex = pywren.default executor()
res = pwex.map(my function, np.linspace(0.1, 100, 1000))

How it works:
* cloudpickle to AWS S3
* executes Lambda function which reads/writes from/to S3

 parallelisation through map functions

ICCLAB &
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Programming Perspective

¥ N
} Eomi WSulananes
Lol Tiashing
S A
=t = ———
; CIRIEEIEH
_."u.ll.uuei:-a;':rI Packsa &
L oomeos Ceplkeymsn:
- h A
- - 4 o ¢ —_— I.--_1_
= -
, Funzsnn Mzl -
L - . L, - ¥ A L &
. A
) Tunchion
Fotriped
5 -

ICCLAB ¥
SPLAB” 23



Transformation Overview

code level function level function set level
def helloworld(): HHH print_monad \

print("Helle world.") " helloworld_func| helloworld_code
def main(}; T hellowerld stub I

helloworld() f; main_func .._ : T

ICCLAB &
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Transformation Rules

* entry points
- no transformation of main function
* functions definitions
- adapt to FaaS conventions: parameters, return value
— scan recursively for function calls
— export as function unit including dependencies
* function calls
- ifinternal, rewire
- if input/output, replace
- otherwise, leave unchanged
* monads
- functional programming with side effects (i.e. input/output as side channel)

ICCLAB &
SPLAE 25



Transformation Algorithm (Java EXxc.)

Craats hencle method declaration

i == nj

L

where 'n' iz field's numkar

il field[i] iss iseeocsssible

Ardel b O all msthodds rom sounme class

Traresabe addes classes ivdn invokens, meeep rmethod
for uplaading

Craabs ling in the mibod declarstion whiveh assign to

lield[i] the cartain et methad call af the Inpu Typs
nihjescl

i funalion Trecears’ ainy soapbion

A the meatkod call decaration 1o ihe andiss metaod

biody

|
\/
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FaaSification

Definition of “FaaSification”

— Process of automated decomposition of software application into a set of
deployed and readily composed function-level services.

FaaSification := code analysis + transformation + deployment + on-demand activation

Integration Categories: Depth Cateqgories:
* generi tion unit generation) <Shallow (file to function) >
ingle-provider integratio

* medium (function to lines)

* multi-provider integration * deep (line to many lines)
Decomposition Categories: “Lambdafication®
* static code analysis * targeting AWS Lambda
¢_dynamic code analysis >
— Lambada: FaaSification for Python
P _ - Podilizer, Termite: FaaSification for Java
I g'l;f‘ﬁ (currently limited to Lambdafication) 27



Lambada

- =y
Local Resource

(e.g. File)

ICCLAB
SPLAE

Local Code

Class
.

Function/
Method B
A

fFun-::tiunfl'ﬂethﬂdfﬂl
_ Constructor A |

A

p—

Main Function

-

h[E,g. DB Seruer]J

rFhlnavl:w.i-::nrlr: Hesn::-ur-::@ <
L'I:E.g, Shared File:-J

- ™y
Network Resource

-

___[ ] __a_r.'raiyse functions

rewrite functions
deploy functions
rewire functions

- Lambada App rnm:h_-: -

e
Cloud Code

e

Lambda Function

B
A y

T

Lambda Function

A
—— J

- : )
Main Function in

b

VM or ﬂcmtainerj
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Lambada

Code Analysis
Dependencies _ _
. Import time
* imported modules import math
* global variables el = 12 —\
* dependency functions counter = 0
* defined in other module |
. . def fib(x):
* defined in same module global coun
counter +=1
for i in range(counter):
Input/Output ~ a=math.sin(counter) —
* printed lines acin (& 22
* input statements return fib(x - 1) + fib(x - 2)
* tainting _ o if __name__=="__main__"
* stateful function splitting _fib(level)
ICCLAB &>



Lambada

Code Transformation

Rewrite rules, via AST:

return 9 print(“hello”) local func()
------------------- return 9 R LT

return {“ret: 9, “stdout”: “hello”“}

Stubs, via templates:

def func stub(x):
input = json.dumps({“x“: x})
output = boto3.client(“lambda”).invoke(FN=“func”, Payload=input)
y = json.loads(output[“Payload”].read().decode(“utf-8“))

ICCLAB &
S PI- -__' .:.. =
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Lambada

Code Transformation

Stateful proxies for Object-Oriented Programming:

class Test: - class Proxy:
def init (self): def new_(cls, clsname, p=True):
self.x = 9 if p: # new_ must return callable
return lambda: Proxy(clsname, False)
def test(self): else:

return self.x * 2 return object. new (cls)

def init (self, clsname, ignoreproxy): ...
def getattr (self, name): ...

— Test becomes Proxy(“Test"), Test() then invokes proxy
— test() becomes remote_test({“x“: 9}) through network proxy class

— automatically upon import of class

ICCLAB &
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Lambada

Examples

(not shown: monads, decorators)

import csvy

import math

impart json

from boto3 import client as boto3_client
Lambda_client = boto3d _client('lambda’)

W dep complextrig

def complextrig{v):
msg = {"v": v}

fullresponse = lambda_client.invoke{FunctionName="complextrig_lambda",
Payload=json.dumps(msg))
response = json.leads(fullresponse|”Payload”].read{ })

return response["ret"]

def calculate_lambdalevent, context):

' values = event["values"]
1 ret = sum{map{complextrig, values)}

e

Bl /usr/bin/eny python3

import math
import csy

Ltmport lambada

‘def complextrigiv):

print{®// complextrig", wv)
return math.siniﬁ} + math.cos{v)

def calculate(values):
return sum(map({complextrig, values)}

F

32

return {'ret': ret}



Podilizer

- ﬁl\f 2\
Java application P12 er@ iy

A

/N

¥

FaaS Transformer

Translator

o

ANWE AR Gateway
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Podilizer

Examples
package pko:
class Helloworld
{ - .
private String greeting(} / hosted function
i
return "Hello, world.";
}
public void greetworld() » |ocal proxy method
1
System.out.println{this.greeting());
fuhlt: static final void main(String args[])
new Helloworld( ).gresetworld( };
+
;

ICCLAB ¥
SPLAE” 34



Podilizer

Examples

public void greetworld() {
string awsAccessKeyld = "# your Access Key Id provided by AWs";
String awsSecrethAccesskKey = “# your Secret Access Key provided by AwWs";

String regionName = "# the AWS awsRegion for created Lambda functions. Example: 'awsRegion: eu-west-2'"%;

String functionName = "pkg_HellowWorld_greetworld”;

Region region;

AWSCredentials credentials;

awsLambdaClient lambdaClient;

credentials = new BasicAwWSCredentials(awsAccesskeyld, awsSecretAccesskey);

lambdaClient = (credentials == null} 7 new AWSLambdaClient() : new AWsSLambdaClienticredentials);

region = Region.getAwsRegion(Regions. fromiame| regionName) );
lambdaClient.setdwsRegion|regian};

awsl.pkg.HelloWorld.gresetworld, InputType inputType = new awsl.pkg.HelloWorld.greetworld. InputType(];

ObjectMapper objectMapper = new ObjectMapper();
String json = "";
try {
json = objectMapper.writeValueAsStringl inputType);
} catch (JsonProcessingException e) {
e.printStackTrace();
g

awsl.Ekg.Heilaﬂbrld.greetwnrld.ﬂutputType outputType = null;
try
InvokeRequest invokeRequest = new InvokeRequest(};
invokeRequest.setFunctionName{ functionName ) ;
invokeRequest.setPayload( json);
outputType = objectMapper.readvalue(byteBufferToString(
LambdaClient. invokea( invokeRequest ). getPayload( ),
Charset. forName[ "UTF-8" ) ) ,awsL. pkg. HelloWorld., grestworld, DutputType.class);
} catch{Exception e) {

n

(proxy method)

"



Podilizer

Examples

ICCLAB &
SPLAE”

import
ilmport
import
import
import
import

public

java.nio.ByteBuffer;

java.nie. charset . Charset:

com. amazenaws . services. lambda. runtime. RequestHandler;
com, amazonaws . services., Lambda. runt ime. Context;

COm, amaZongws, services, Lambda. runt ume. Lambdalogger;
pkg.*;

class LambdaFunction implements RequestHandler<InputType, OutputType= {

public QutputType handleReguestiInputType inputType, Context context) {

r

grestworld( );

1
QutputType outputType = new JutputTypes( };
return outputType;

private String grestingl) {

public static final void main(5tring args[]) {

h

new Helloworlds ).greetworld( );

public static String byteBufferToString(ByteBuffer buffer, Charset charset) {

E:

byte[] bytes;

if (buffer.hasarray{}) {
bytes = buffer.arrav(];

} else {
bytes = new byte[buffer.ramaining(}];
buffer.get{bytes);

2

return new String{bytes, charset);

public void greetworld{} {

}

System.out.println{thls.greating( }};

(hosted function)

36



Termite

W

_ Read specification Java
lm ‘Processor | !

Termite S _-

Annotations: | Invoke
@Lambda(region=..., unetor
memory=...,timeout=...)

ELAM@ = —
r.
SPLAB?@
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Termite

Workflow
(I\/laven Termite J
.+ Aspeth compiler Annotation i -_-'_ A :
integration) | brocessor opee .
Creating
: : i lambda
; i function for
Class annotated
+ field: Type method

+ method1(): Type
+ method2(): Type

process() &E {@Lambda}
upload -
_____ return - method2( ) Fi Intercept
: N return || return
| ! method2() | ! E
1 H & i i

ICCLAB
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Wrap-Up Part li

SUNOPSis
Transformationew.,
Laoambadar«<
APPreash Faasification

apadiliZer. ..

Rules Perspective o Examples
Termite
Javascript r a a s
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SPLAB™

39



40

il
ICCLAB &
SPLAE



Part lll - Function Execution Tools
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The FaaS Space FaaS (Docker)

Kubeless
Funktion
Goog Ie Cloud Platform
Functions
AWS Lambda Fission Picasso
ﬁ’ S 2
Docker-LambCl
OpenWhisk Effe
o= Lever OS
Azure
OpenLambda Snafu
webtask
h 00 ki\:, OWH Functions . ./

Chalice s Whisk-Mocha .
(Lambda] Zappa [OpenWhisk] X-Ray Podilizer
PyWren [Lambda] Apex Step Functions [L-ambca] _
[Lémbda] Eaarlnvt\)/(fa(])n [Lambdal Lambdal Termite

ICCLAE «'© Serverless Framework MR Refar LambDash
SPLAE " [Lambda, OW, GCF, AF] (Lambda] 9 [Lambda] Lambada




Runtime Overview: Providers&Stacks

Implementation Languages Availability
AWS Lambda Node.js, Java, Python / C# Service
(Google Cloud Functions  Node,s Dervice
Apache OpenWhisk Node.js, Swift, Docker® / Python Us5

- — IBM Cloud Functions - Service
Azure Functions Node.js, C# / F#, Python, PHP, ... service
Webtask.io Node.js 0SS + Service
Hook. 10 Node.js, ECMAScript, CoffeeScript 0SS + Service
Effe Go 055
OpenLambda Python Academic + 055
LambCI Docker-Lambda Nodejs OS5 (re-engineered)
Lever OS Node s, Go 055
Fission Node s, Python Uss
Funktion Node.js 055
hubeless FPython Uss
IronFunctions Node js, Java, Python, Go, ... 0SS
— Fn - 0SS

i

ICCLAB &
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Runtime Overview: Python Examples

2014 2015 2016 2017
[ndustry i ; : :
PRARLEEATY AWS Lambda (Py2} (Py3]
Azure Functions (Py2)
Industry
open ;
source IEM OpanWhisk [Py2) (Py3)
Kubalass (Fy2)
Fission {Py3
Academic
community
Open Lambda (Py2)

ICCLAB &t
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Runtime Overview: Provider Pricing

sService Monthly Free Tier Cost per Call Cost per Load
AWS Lambda Teh calls, 4eh Toad Z.00e-7 l.obie-o
oogle Cloud Punctions unknown, service 15 1n alpha stage

IBM OpenWhisk unknown, service 1s in beta stage

Azure Functions leb calls, 4eb load 2.00e-7 1.600¢e-5
Webtask.io - 1.68e-T (paud plan) -

Hook.10 - 2.00e-3 (gmall plan) -

Cost-duration product for Faas providers {Python3 runtime, compute-intensive)

200 I I T — | T —T
approximate single-core performance barrier - - - -
Lambda-128
150 -
0
=
£ 100 | ‘
= Lambda-256
(]
a Azure-128 Lambda-512 |
2 Lambda-1024
 BluemixOW-128/256/1024 i
D | i | I | | |
aﬂﬁ : 0 10000 20000 30000 40000 50000  &0000 70000 80000
o Cost-duration product {USD-s
SPLAB e 45



Runtime Overview:

Coal
zet
e

o &=t

Gy e
L2 | a e E'“" iy
t2 mar I € 0‘"’ EREanY
2 sl | \,Q\) Eginy
Erped “e‘ 24 4 [EECN

% ——

sedal Gl h"_ﬂ_" a—— ! Cecivaiud CEES
IZIE) CEardwin |.'~1%|
od o z TTE LRSSy o @?
R L T 4 T -EEES "-'IOQ
i A [ IQQ.‘ i 4 i

i I

|ccum aﬁ
SPLAB”

Provider Instances

(CPU performance proportional
to memory allocation)
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Runtime Examples: IBM Cloud

Bluemix OpenWhisk & JavaScript/Node.|s

Constraints
 code size 48 MB
* payload size 1 MB

Configuration

* runtime environment
(from list)

* memory 128-512 MB;
default 256

* timeout 0.1-300 s;
default 60

* authoring: template
or blank document

ICCLAB &
S P LAE

'ﬂ Eine Aktion orstellen P Dicso Aktion susfihron

faasexample

FE panks e n s Vreatt e Yool kg
function mas~{inputl {
return { "uppsr' s Lopus [t text i tolprarCasel] .
"loweets irput | tTewt ! ] LTolowerCesal )] ;

JSON-Eingabe Diesist Ihr Engabswert

¥ a1 (L1} - - = (3l
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Runtime Examples: Azure Functions

Funetion hteps:/f faasesarpled. azarewebsd tes netfapifHicplriggerciharpl?code=g 2oqipeanoe it Qs veDRGFIWLE O vy 152
Url:
. usiig Svskem, Mz t,
Azure Functions 2
opublic static ssvnc Tas<<HttpResporseHessagss RundHztoRequestMessage reg, Tracek-iter legd
{
. 5 leg Info!"fagsexamala"y,
Constraints 8 : _
dvraric cantenkt - awsit rog.oortenb.ReadAsAsyncEagieck=l;
* undocumented i _
fi String inaut = conTInt™® EowT;
0
. . t roturn a3 CroateResponsofHotoStatusCodn 0K, " {<"opperh; " = dpput. Tolppes{y = S4300%
Configuration 2l
° H H Aequest body
runtime environment oy
. =il ¥ T [P —— L]
(from ||St) 2 LoHT winTzrthur

-1l

* memory 128-1536 MB;
defaUH: 256 Chispat

St 200 0K

A tapoary” | WIWTNTERTHERS
Invacation lng o= Roirgsk fiver proeis siraam

Fumcilomn Sietus Datakls: Last ran  (duratiomn)

HitpTriggerSSharpt (Method: POST, Uri: L) w amimule ago (141 m=) »
‘ HipTrkmerCSharp (Mathod: POST, UA: .. s & mingbe ago (26 msE)
":CLA E Ay HitpTriggarcSharp] (Mathad: POET, Ui .. o 2minutes ago (Lm=)
& 2

SPLAR” HetpTrizgerCahurn (Mathed; POST, L .. 2 minuies aga (125 M)



Runtime Examples: Reality Check

‘ # openlambda
$ bin/admin

OpenWhisk

Py EE Y $ kubgless

‘l | n $ awNambda $ fission

AWS Lambda

ICCLAB o5
SPLAE
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Runtime Examples: OpenLambda

load balancers

workers

usgr

_—

o N

handler 'stur/

RFC
workinads
developear +

upload
tools code
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Runtime Examples: Fission

- :_i" 'ii} .. ® ®

«a® ..r,

i+ fission

. A -
Requests eted
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o = 1
1 i
.
el e S
Ce——
(e T -
g
W P e e B
TE T Pr =
[ L A
[ AT ST
P T [STTTRTa—
Nr. 4
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Runtime Examples: Snafu

Faas | [4WS Lambda

Function
Hub i

i

b el Ll Gocgle Ooud Functions
| IBM Blugrmiix Cipsnivhisk)

Fags Runtimes

|Furdticn
Flagion
Fubaiecs]

“Swiss Army Knife*
of Serverless
Computing

ICCLAB &
SPLA
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Snafu in Commercial Clouds

APPUIO

* OpenShift atop laaS providers or on-premise

(Cloudscale, AWS, ...)

* composite application deployment w/ templates

Snafu: OpenShift template

* deploys unprivileged Docker container(s)

* object hierarchy

APPUIO

SWISS CONTAINER PLATFORM

Template
ImageStream
DockerImage
DeploymentConfig
ImageStreamTag
Service
Route
Service
ConfigMap

—
—
—

—

ICCLAB &t
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containers:
- args:
- --authenticator=aws
command:
- /opt/snafu-control
- -S
- /etc/snafu/snafu.ini
image: snafu
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Snafu in Commercial Clouds

My APPUIC account Another APPUIOaccount
O — T B i }}aB
e — B e
: unctions : Persstent [ 5 Snafu
Snafu % ﬁgsaf; Functions | volurre T1 Slave T1
Persistent Pergstent : Persistert Srafu
roume volme ! voume T2 [ Slave T2
E —created on
demand—
Single-tenant mode Multi-tenant mode
« unauthenticated « multiple isolated accounts
 single account e proper scale-out per active account
« multiple accounts in  selective sharing of functions and accounts
same instance from master to tenant instances

ICCLAB &
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Snafu In Research Clouds

CleudlLab

Utah, Wisconsin, South Carolina,
Massachusetts, ...

« Emulab testbed

« raw access from physical level

« programmable infrastructure via
GENI libraries

e >50000 experiments

Snafu: RawPC setup
« Ubuntu 16.04 base
« Snafu repository clone

Experiments:
* boot time - 5-7 min

ICCLAB &
5 P LAE

European Grid Initiative
Federated Cloud

GRnet, INFN, Cesnet,

GWDG, ... -

e diverse open stacksand K3 o]
standards

 virtual machines,
containers

 >250000 VM instances
per year

Snafu: Kubernetes VM

» deployment descriptor

* based off OpenShift
templates

Experiments:
e deploymenttime - 5s

»
Julich, Fraunhofer SCAI, e E I
O ]
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CloudLab Deployment

# partially generated
import geni.portal as portal
import geni.rspec.pg as pg

import geni.rspec.emulab as emulab
pc = portal.Context()

request = pc.makeRequestRSpec()
node = request.RawPC('node')

UBUNTU16-64-STD'
node.Site('Site 1')

node.addService(pg.Execute(shell="sh", command="sudo git clone \
http://github.com/serviceprototypinglab/snafu /local/snafu"))

pc.printRequestRSpec(request)

ICCLAB ¥
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node.disk image = 'urn:publicid:IDN+emulab.net+image+emulab-ops: \
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EGI Deployment

ICCL

# remotely on server

# on local system

# on local system

kubectl config set-cluster egi --server=https://HOST.fedcloud-tf. \
fedcloud.eu

kubectl config set-context egi --cluster=egi --user=josef

kubectl config use-context egi

wget -qc https://raw.githubusercontent.com/serviceprototypinglab/ \
snafu/master/openshift/snafu-control-template.yaml

oC -n zhaw-testl process -f snafu-control-template.yaml -o yaml \
> snafu-control-deployment.yaml

scp snafu-control-deployment.yaml YOU@HOST.fedcloud-tf.fedcloud.eu

kubectl create -f snafu-control-deployment.yaml

aws --endpoint-url https://faas.fedcloud-rt.fedcloud.eu:31000 \
lambda list-functions

SPLAB” 57



Tracing in Snafu

Trace Method Root Access
Tracking function calls | Investigating stackframe N
Function execution time | investigating stackirame NO
Netwark Calls psutil YES
Writes and reads to disk psutil NO
*/ Performance metrics psutil NO
/,/preliminar)‘i\i\\)

~ results

Ea/'

05 — gpen_{ila
= tcp_connecl
cd-
b2
u
‘ M 1 ? 3 4 § 1] T & 5 10
ICCLAB &+ Open Files | Open Network Connections
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Wrap-Up Part il

F|55lf_‘ll‘l

Pricing C,Il:’ll.ldE
Tracsin
=52 G Naful
Provider t Cheel Peployment

mEEg-

upemarnbda Commercial

Examples 25
QOverview
Puthan

ICCLAB i
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Part IV - Research Challenges
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aoogle Cloud Functions

Research Overview

wﬁww Ko u‘ﬁ“y};h..ﬂq .

refine by year = mnwmwﬂw
2017 (17) g .
2016 (8)
2015 (4) CostHat

15 TR 13 11F4E
.-:". R
ELS' {::I = Z = {S”‘ '."I-j' AWS Lambda

L L
HaaT W

e, n) = n+ ( Z: r‘.ff i:f!:l) -F: fo-;- e}
14

e Fy,

Second International Workshop
on Serverless Computing
(WoSC) 2017

il

i
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Challenge: Performance

Empty function response times

| | |
openwhisk-functionspan

azurefunctions-functionspan - - - -
lambda-functionspan -

1000 |
100 +
"
E
c 10
5 |
Iy
0.1 L
0
ICCLAB =

SPLAE"

10

15

20 25
invocation #

30

35

40

45
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Challenge: Performance

BEP(2000/2500) approximation of pi

En | | | ] | ] | I |
Python2 ——=—
PyPy2 —&
& Python2 Lambda —&—
15 F % Python2 Snafufout-of-process =
A-h—d—h A b s b A A A A A A A A A A A A
& S e S S s S e S e S S e s i
E "
@ 10 o -
= = T
A WL
Ak i, ::!_.,'____.____-_._ 2 S e
%946 o
oo 99
0 I I i I I I | I I
0 2 4 6 8 10 12 14 16 18 20

# threads

ICCLAB o
SPLAB”



Challenge: Performance

800

700

600

500

time (s)

400
300
200

100

ICCLAB &%
SPLAE

Face detection processing

| | [ | 1 1 |
Python2 —&—
Python2 Snafufout-of-process &
Python2 Lambda —&—
Python2 Lambda parallel &
Lambda timeout barrier -

3 P S T |
S o am = SN

A @

i = YW
A -
1 ] 1 | | | i
6 8 10 12 14 16 18 20
# threads
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Challenge: FaaSification

- '---\-\.

implementation

'-‘h.

o
i~ w4
rrfll ¢ e

\T P

:5%1')

interface f1 l f2 | 3

retwork boundary - T N

Ipfll

o Tu-r

applicalian{s)

{a}
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i i F'f']-__.l'
B A o= .
0 (2 “ 43 ) Y FrY O
y A A Y A ", A
i . *
f1 f2 5 | | [f2] | B3] [
T A ’

ap plu:a Liangs) applicationis)

(b) {c)
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Challenge: Deep FaaSification

3500
3000
2500
% 2000
Lk
'E 1500
1000
500
0
ICCLAB &
SPLAE’

Precipitation forecast function splitting into Fy and F

1 | | | |
Fi—=
F- v
Lambda/OpenWhisk/Azure Functions limit ———
Cloud Functions limit

5 10 15 20 25 30
lines in F1

66



Challenge: Debugging

Crash

Al

Missing

dependancy

Slowness

bd

Faas environment

Undeterministic
behaviour

—

“:.r""

Function Deployed Function Application
[ Function > Instance e
Application Application
engineer user
InmghF - Feedback Improved
visualisation % Autotuning experience
Depbugging/Praofiling Tools

ICCLAB &t
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Challenge: Debugging

m ggers Hot deplayment

Canary Llesting
Step/Breakpoint

exacution

ICCLAB &t
SPLAE"

j Triggers

Function metrics:

Invocation count+time,

thrattling, faults, variables

M

mManitor

E

Execute

K

Korules

Analyse

A

i

Iriggers

Flan

Recombination of
function clusters
emary reconfigurali

-
L

Gtackiraces Triggers

Praliles

Anocmalies aver time ‘ )
>

: Faas Debugging,
Frofiling and
Auloluning
Catalogue

Management
funckicns
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Challenge: Debugging

Bweste cpu

Econnect_fop
open_file

B feCulson

Additional Execution Time as a Percantage

]IJ. 1 . dl

Full Tracing Execution Tima Metwark Conneclions Parformance Meincs Dk Accass

IECLAB
SPLAE’ 69



Challenge: Ecosystem

‘binding 1o providers
“hinding Lo transtormer taol

publish
Application
erginear
subscribe
Application
engineaer

ICCLAB &
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y

Faa5 Marketplace

“sopcial conmections
“instant execuiion
“sealable cloud backend
easy integration

Faas Transfarmer Tool hiosted
“input adapter: Java function
‘input adapter: Python T
vinput adapter: JavaScript - 'l:: fafEtan }
"output adapter: IBM OpenWhisk
‘output adapter: AWS Lambda :
“putput adapter: fAzurs Functions -/ hosted
“putput adapter: Guugle Cloud Fumctions % furnction

Future role;

FaaS markelolace operalor

=

Futurs role
Faas transformation service operator

Cloud (Faas]
provider
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Challenge: Ecosystem

Functions et JI0 (XMFF) Pazeword http:/jabb, imittp-oind! Sign In
Top Picks Q,
& Hello & a fib & fib & a lambdaenv & )
A bytecnde compiled e A Python funeiion A Pythan funeiian. A Pyihon funetion: This dunstion
function. has bean Imported from ANWS
Larntzda.
e fb_so@ helloworidpy2 @ RS
A fib_lambda M conpiled © function A Pythion furction, !
& Pythan functizn. This lunction A fib lambda
has besn impartad frem ANS & Python furstien. This functlon
Larikda, has besn | tad from AWS
e helloworld @ lambda @ pbatnl
[ ] - i = Lamkda,
& Python funaticn. & Pyihon furssticn.
- sleep @
» lest_so @
& Python functicn. X ]
F
Fib & locallib & & comiplled G function.
A ytecode-complled Jeve 8 Python function.
funstlion

o Slespé G

& Pythan furstion.
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SPLAE"

Hello &

A bytecode-complled Jave
function.
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Wrap-Up Part IV

peep
Performance
Challenge
Debudgqging

Faasification
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Discussion
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Further Reading and FaaS Fun

Lama, Lambackup:
 https://arxiv.org/abs/1701.05945

Podilizer:
 https://arxiv.org/abs/1702.05510 :

Snafu: £

« https://arxiv.org/abs/1703.07562 ; )
Lambada : i
« https://arxiv.org/abs/1705.08169 :

On arXiv Analytics: On GitHub:

[github.com/
ICCLAB «F serviceprototypinglab]

SPLAB
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