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Background

Team Automata: !

® Systems of communicating components: synchronise over shared actions

® Synchronisation types per action: peer-2-peer, broadcast, ...

Join?

MM@

leave! leave! leave?

Goal: Safe communication — no message loss, no indefinite waiting, . ..

ter Beek et al., Compositionality of Safe Communication in Systems of Team Automata. ICTAC
2020
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Motivation

Many systems today are highly configurable:

® Large sets of similar systems that share a lot of behaviour but differ in other

configuration n

configuration 2

configuration 1
Jjoin? :
Qe O Y

leave! leave! leave?

Challenge: System by system analysis of safe communication quickly becomes unfeasible
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Approach

Featured Team Automata:

® Families (sets) of Team Automata model as a Software Product Line

® Single model parametrised by features 2 (e.g.: @, o), and a feature model (& @ )

fm=ad«d
] join! 0 [&] confirm?  [a] join! e [@] confirm? [&] join?
Fodiih S o N cew@e
[T] leave! [T] leave! (8] confirm!

Goal: Family-based analysis of safe communication

2(lassen et al., Featured Transition Systems: Foundations for Verifying Variability-Intensive
Systems and Their Application to LTL Model Checking. |IEEE Trans. Softw. Eng. 39 (2013)
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Team Automata
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http://arcatools.org/feta

Team Automata
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Team Automata

Join?
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Team Automata
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Team Automata
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st(join) = ([1,%],[1,1])
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Team Automata

Join? st(join) = ([1,],[1,1])
) st(leave) = ([1, ], [1,1])
g L
Previous ©) O, © @ (o) ) join 5} 5
o Ko 2 Ko 2 - X o
work: leave! leave! leave?
uy @ User uy : User s : Server

Synchronisation

Systems Types

Teams Compliance

11/49


http://arcatools.org/feta

Team Automata

Join? st(join) = ([1,%].[1,1])
) st(leave) = ([1,+],[1,1])
. 9 {un}, join, {s}
Previous 0 9 0 9 0 »
revious R om0 R_om & « o A )
work: Jeave! leave! leave? :
“vep({un ] oin)
uy @ User uy : User s : Server rep({ua},
’ rep({un
Synchronisation
Systems

Types Teams Compliance

12 /49


http://arcatools.org/feta

Featured Team Automata

Featured
Systems
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Building FETA ERIETEHLLY

Featured Team Automata Transitions

fm =@ @
[8] join! [8] confirm? (@] join! [&] confirm? [8] join?
@ﬁ@ [ join?
[T] leave! [T] leave! [&] confirm!
(a) w1 : User (b) w2 : User (c) s : Server

Transitions are constraint with feature expressions by:

® |ocal feature expressions: characterise the products with all participants present

e fst: characterise the products that satisfy the corresponding synchronisation type

fst({8},join) = ([1.1].[1,1])  fst({s}, join) = ({1, #].[1. 1]

24 /49



Building FETA ERIETEHLLY

Featured Team Automata Transitions

fm=a0«

[@] join! [&] confirm? [&] join! [8] confirm? [&] join?

1 join? C0®Q
[T] leave! [T] leave! [8] confirm!
(a) w1 : User (b) w2 : User (c) s : Server

Transitions are constraint with feature expressions by:

® |ocal feature expressions: characterise the products with all participants present

e fst: characterise the products that satisfy the corresponding synchronisation type

fst({8},join) = ([1.1].[1,1])  fst({s}, join) = ({1, #].[1. 1]

]({ul,uZ}ijinz{s})

[
(07050) fst[S] (27270)
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Building FETA ERIETEHLLY

Featured Team Automata Transitions

fm=a0«

[@] join! [&] confirm? [&] join! [8] confirm? [&] join?

1 join? C0®Q
[T] leave! [T] leave! [8] confirm!
(a) w1 : User (b) w2 : User (c) s : Server

Transitions are constraint with feature expressions by:

® |ocal feature expressions: characterise the products with all participants present

e fst: characterise the products that satisfy the corresponding synchronisation type

fst({8},join) = ([1.1].[1,1])  fst({s}, join) = ({1, #].[1. 1]

(AN 1({u1,u2}, join,{s})

(07050) fst[S] (27270)
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Building FETA ERIETEHLLY

Featured Team Automata Transitions

fm=a0«

[@] join! [&] confirm? [&] join! [8] confirm? [&] join?

1 join? C0®Q
[T] leave! [T] leave! [8] confirm!
(a) w1 : User (b) w2 : User (c) s : Server

Transitions are constraint with feature expressions by:

® |ocal feature expressions: characterise the products with all participants present

e fst: characterise the products that satisfy the corresponding synchronisation type

fst({8},join) = ([1.1].[1,1])  fst({s}, join) = ({1, #].[1. 1]

[wAPASNARNAB]({11,u2}, join,{s})

(07050) fst[S] (27270)
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Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

Here: Receptiveness — no message loss

28 /49



Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements
Here: Receptiveness — no message loss

Featured Receptiveness Requirement:

Whenever (a group of) components want to send a message (in a product), there
should be (a group of) components (in the same product) ready to receive the message

in conformance with the synchronisation type

29 /49



Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

Here: Receptiveness — no message loss

Featured Receptiveness Requirement:

Whenever (a group of) components want to send a message (in a product), there
should be (a group of) components (in the same product) ready to receive the message
in conformance with the synchronisation type

A Featured Team Automata is (weakly) receptive, if it is (weakly) compliant with all its
featured requirements
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Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘o@g
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({8},join) = ([1,1],[1,1])  fst({a}, join) = ([1, ], [1,1])
At state (0,0,0):

[ ] rep({u1},join) A rcp({uz},join) A | ] rep({u, uz}, join)
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Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({8},join) = ([1,1],[1,1])  fst({a}, join) = ([1, ], [1,1])
At state (0,0,0):

[ ] rep({u1},join) A rcp({uz},join) A | ] rep({u, uz}, join)

Featured receptiveness requirements are constraint with feature expression by:

32/49



Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({8},join) = ([1,1],[1,1])  fst({a}, join) = ([1, ], [1,1])
At state (0,0,0):

[ ] rep({u1},join) A rcp({uz},join) A | ] rep({u, uz}, join)
Featured receptiveness requirements are constraint with feature expression by:

® |ocal feature expressions: characterise products where the participants are present
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Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({8},join) = ([1,1],[1,1])  fst({a}, join) = ([1, ], [1,1])
At state (0,0,0):

v ] rep({u1},join) A rcp({uz},join) A | ] rep({u, uz}, join)
Featured receptiveness requirements are constraint with feature expression by:

® |ocal feature expressions: characterise products where the participants are present
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Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({a}, join) = ([1,1].[1,1])  fst({w"},join) = ([1,+], [L, 1])
At state (0,0,0):
@ve  Jrep({ur},join) A rep({uz}, join) A ] rep({u1, up}, join)
Featured receptiveness requirements are constraint with feature expression by:

® |ocal feature expressions: characterise products where the participants are present
e fst: characterise products with the correct number of senders
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Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({a}, join) = ([1,1].[1,1])  fst({w"},join) = ([1,+], [L, 1])
At state (0,0,0):
[&V & A fm] rep({ur}, join) A rep({uz}, join) A ] rep({u1, up}, join)
Featured receptiveness requirements are constraint with feature expression by:

® |ocal feature expressions: characterise products where the participants are present
e fst: characterise products with the correct number of senders
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Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({a}, join) = ([1,1].[1,1])  fst({w"},join) = ([1,+], [L, 1])
At state (0,0,0):
[&V & A fm] rep({ur}, join) A rep({uz}, join) A ] rep({u1, up}, join)
Featured receptiveness requirements are constraint with feature expression by:

® |ocal feature expressions: characterise products where the participants are present
e fst: characterise products with the correct number of senders

® reachable states: characterise products where the state is reachable 2740



Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({a}, join) = ([1,1].[1,1])  fst({w"},join) = ([1,+], [L, 1])
At state (0,0,0):
@V & A fm] rep({ur}, join) A [fm] rep({uz}, join) A | ] rep({u1, up}, join)
Featured receptiveness requirements are constraint with feature expression by:

® |ocal feature expressions: characterise products where the participants are present
e fst: characterise products with the correct number of senders

® reachable states: characterise products where the state is reachable 28/ 40



Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({a}, join) = ([1,1].[1,1])  fst({w"},join) = ([1,+], [L, 1])
At state (0,0,0):
[@V & A fm] rep({ur}, join) A [fm] rep({uz}, join) A [@V & ] rep({u1, up}, join)
Featured receptiveness requirements are constraint with feature expression by:

® |ocal feature expressions: characterise products where the participants are present
e fst: characterise products with the correct number of senders

® reachable states: characterise products where the state is reachable 2045



Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({a}, join) = ([1,1].[1,1])  fst({w"},join) = ([1,+], [L, 1])
At state (0,0,0):
8V & A fm] rep({u1},join) A [fm] rep({uz},join) A [@V A A —@ ] rep({u, uz}, join)
Featured receptiveness requirements are constraint with feature expression by:

® |ocal feature expressions: characterise products where the participants are present
e fst: characterise products with the correct number of senders

® reachable states: characterise products where the state is reachable w045



Building FETA Requirements for Communication Safety

Featured Receptiveness Requirements

fm=a¢«

[&] join! [&] confirm? [@] join! [8] confirm? [&] join?

<1 join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) ur : User (b) w2 : User (c) s : Server

fst({a}, join) = ([1,1].[1,1])  fst({w"},join) = ([1,+], [L, 1])
At state (0,0,0):
8V & A fm] rep({u1},join) A [fm] rep({uz},join) A [@8V & N A —&A fm] rep({uy, ua}, join)
Featured receptiveness requirements are constraint with feature expression by:

® |ocal feature expressions: characterise products where the participants are present
e fst: characterise products with the correct number of senders

® reachable states: characterise products where the state is reachable a1/ a0



Compliance with requirements

fm=aq«
a] join! [@] confirm?  [&] join! (@] confirm? (@] join?
(@]
(W] join? ‘@@g
[T] leave! [T] leave! [8] confirm!
(a) uy : User (b) w2 : User (c) Server

At state (0,0,0):

[fm] rep({v1},join) A [fm] rep({ua}, join) A [ A —&] rep({u1, uz}, join)

{a} : (0,0,0) LA QbR D, o (1,0,1)
{£} : (0,0,0) 2 Huahjom(s)) fstfs] (2,0,0)
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Compliance with requirements

fm=a@«

(@] join! [@] confirm?  [&] join! (@] confirm? (@] join?

(] join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) uy : User (b) uz : User (c) Server

At state (0,1,1):
@A —o] rep({u1},join) A [@A -] rep({s}, confirm)
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Compliance with requirements

fm=a@«

(@] join! [@] confirm?  [&] join! (@] confirm? (@] join?

(] join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) uy : User (b) uz : User (c) Server

At state (0,1,1):
X[@ A —d] rep({u1},join) A [@A -] rep({s}, confirm)
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Weak compliance with requirements

fm=a@«

(@] join! [@] confirm?  [&] join! (@] confirm? (@] join?

(] join? ‘@@Q
[T] leave! [T] leave! [8] confirm!
(a) uy : User (b) uz : User (c) Server

At state (0,1,1):
@A —o] rep({u1},join) A [@A -] rep({s}, confirm)

[87fm]({s}, confirm,{uz}) [@Afm]({u1}, join,{s})

{&}: (0,1,1)

fst[S] (07 2, O) fst[S] (15 2, 1)
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Online prototype

Specify

® Generate*

Visualise

Statistics

*SAT solver to solve fm

BC Online Tocls for Festured Extr. X

O & arcatools.org/assets/feta htmi#oniinefeta o
FETA  Development ‘Back to Arc
FETA Specification (2 FETA
I s, | g ek
P o gon s ‘ ‘
T2t e (O A Iy

5= 2 by Join if o N /
2= 0 by leave =
3 o

T
[y -

FOA server (Join, Leave) (confirm) = {
o start o
1o o 1y join if 5

o
ya

1= 5 by confira if s N
6 — 5 by Join if . ), e, 21
6= 5 by leave . g

¥

//

£ = (uimuser, u2-user, saserver)

[333:

e s sser lilisz ;(.".RM".&(M, P, o
1Rt = T )
defautt = one to ane / or 1.1 %0 1 o e
{0} Join, Leave = many to one // or 1
FETA Examples FCA
() oo user server
FETA Information °
Products: 2
- ol
Featured Syse —

‘\“";”/’

1
stoleave) = 1.1

Copyrpt 2017-2021 ~ ARCA & umiebo.pt.
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Wrapping up

Featured
Systems

fm=Q@ &

(] join! 8] confirm? (@] join! a] confirm?

Wrap up

Featured
Synchronisation Types

Featured
Compliance

Featured
Teams

[&] join?

featured

This x _ 5 ¥ AAAAAAAS (weakly)
work: 3 (D (D T EEECEIE
3
[T] leave! [T] leave! (8] confirm!
us : User uz : User s : Server
l[ b [ Main
- Theorem
Join? st(join) = ([1,+].[1,1])
OO B |0 SO R O e
. {uy}.join, {s}
Previos T, LS S < e 38
ork: leave! leave! leave? = ;
(diagram commutes) rep({u1},join)
ur : User| o ua : User| o s : Server|, rep({u2}. join)
rep({un, un}, join)
Synchronisation LT .
Systems y Teams Compliance
Types
Online prototype: http://arcatools.org/feta
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Wrap up

Future work

Featured

Featured . Featured Featured
Systems Synchronisation Types -~ Teams Compliance -
. fm=aod Smarter: which producfs
fm=aad Composi.t.ionality H ) derived compliant
8] join! 8] confirm? (8] join! 8] confirm? @] join? felr teams?

. i featured
z JOVSUSN
This 5 (%) ) (e o (A Reend
work: g fst( (<) Jeave) = ({1, [1.1])
[T] leave! [T] leave! (8] confirm!
uy : User uy : User s : Server B
L I Featured Vo
bap Responsiveness [T
Jjoin?

st(join) = ([1,+].[1,1])

'Q st(leave) = ([1,+],[1,1])

Previous GWQ Gwo g . n./om { , o
work: leave! leave! leave?

- U
(diagram commutes) rep({un}.join)
ur : User| ¢ uz : User| s : Server|. w5
. Czlin o220
Systems Synchronisation

Types Teams Compliance

Online prototype: http://arcatools.org/feta<......... - Extentions: e.g. check compliance
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Thank you for your attention!
Questions?
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