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Quick recap — Rigorous design workflow

Model
transformation

e Application model in

Code
generation

eConcrete system

eGenerated code

e Abstract system
model in BIP

eCommunication
primitives

Model Simulation and
transformation execution

eUser requirements

eModel in any other
supported formalism

BIP model in BIP
ePlatform architecture

eMapping

BIP model
Instantiation

Validate first, then generate the code

A sequence of semantics-preserving transformations
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Quick recap — The BIP language

Provide a higher-level abstraction Engine k Sensor
. . . _ tic @
for coordination of concurrent  Fivema
IC ' [t° < burning]
CcOom pOﬂeﬂ’[S check ick, 4] DANGERD———VALID>
Behaviour = Components FEITEE - - =
Finite State Machines with variables ' ' '
Interaction = Connectors j_.
Define allowed synchronisations wse] 9T Navigator
tick
Priorities \
border finished
Strict partial order on interactions at_ b°r[°”targe”
update rotate
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Outline

Theoretical aspects
Connector modelling
Architectures: design patterns for BIP

Connector synthesis

—Xpressiveness study
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Interaction modelling

@‘ tick, rotate

advance

rotate

CheCk tiCk, tick @
rotate
GO tick

Engine

check

tick

advance
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tick Z !

danger

measure

Sensor

. Internal

; 2 . [t° < burning]
N i Sy

danger

rotate

border

Navigator

finished
[on_target]

rotate

finished
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Connectors

ticky ticks ticks

Connectors are tree-like structures 0 + pQ + pr + par

ports as leaves and nodes of two types
Triggers (triangles or diamonds) — nodes that can “initiate” an interaction

Synchrons (bullets) — nodes that can only “join” an interaction initiated by others

In practice, maximal progress is implicitly assumed
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Connector examples

‘ | | The Algebra of Connectors

Strong synchronisation: oqr oqr
[p Iq 1r Broadcast: 0 + PQ + pr + pqgr o'qr
1?_1 Atomic broadcast: 0 + pPQqr o'|qr]
P q Causal chain: D + PJ + PAr + paArs o'[a’[r's]]
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The Algebra of Connectors

s == (0] [ [1] ] [p] | [= (synchrons)
toa= [0 [ (] [ [p]" | [2] (triggers)
r = s|t|lx-x|lx+ax]| ()

Operators

Union (+) — idempotent, associative, commutative, identity [O]

-usion (-) — iIdempotent, associative, commutative, identity [1]
distributes over union ([0] is not absorbing)

Typing ([-], [-])

de

= p(1+q)(1+7) = p+pg+pr+pgr

Semantics: |p’gr
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Equivalence of connectors =~y 2%

Semantic equivalence is not a congruence

p+pg>~pq, but pr-+pgrEpqr>=p+pq+ pr+ pqr

plgr] ~ [pq]r, but s'plgr] # s'[pg]r

Consider =, the largest congruence contained in =

For any x, y and any typing For monomial x, y

Hx > 0& #y >0

€T~y
vy < [z]" = [y x’\’y<:>{a3-1’~y-1’
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Incrementality & transtformation of connectors

Incremental construction
l—j | )
1 = ] s [ ]
T2
S 1 2 rs S 1
Transformation (separate one port from the connector)

T — ] [ R
> I 1 I

S 1 I



Korinthigche

Ordaunég

(@S Pro. s

\mmn"

Kapital uBasis vom Tempel der Athene
zuAthen . 3 _af

Kapital u.Basis vom Monument des [yblk[ ates

zu Athen . 2 af =hN
Zu1.2.38. |
a Mutuli Diclenképfe)  d Riemchen I alig A
b Triglyphen (Dreischltze) e Kannelirungen 3 .
¢ Metopen f Sima (Rianleiste) :“ : |
o ]
- 1 ofs
4 Geison i i
o C |
o Fries - l |
£ b |
v . -
Architrav |
" Abacusg
Echinus
Saulznhals | g
| i l E | §
‘ N | =
| NS | 3
i . -
* | ¥ |
N |
| “ | |
: | | |
Saulenschaft h el | | |
l | | |
i
’ |
. l IR Lk | -

Vom lempel des
Nemeéeischen Zeus

VYom Tempel m Pastum Vom Parthenon m Athen

Dori

sche Saulenordnun g.

8 Jonische

il

':(aphal vom Temp_el der Athene

Ordnun¢
W

e ——

Kapital vom Tem

zu Athen
S

zu Priene. i
4 =
//
L
L_. =%
S
g
‘; L - - — dg
v
~

: - L}

2976 Mtr

el am [lissos

Korinthisch

Vow Tempel am [hsros
m Athen m Priene
Jonische Saulenordnung

Voo Terpel d_Athene folias Vom Tempel d‘.\ Athene Pohas Vom Monument des Lysikrates
m Athen

in Athen

)

8

—— — . —

Romisch-Korinthisch.

73 cenmmamanaos

b Kranz- o

C gesims

}'l'l es

Architrav

e’

Kapital

gl

X
i

a. Rinnleiste
b Xrenzleiste
¢ Konsole

d ¥ymation

e Abacus

f Vohre

g Hlatfkelche
h Saadenhals

Saulenschaft

1 Wulste

k Hohlkehlen
1 Plattchen
m FPlinthe

Baais

Korinthisch uKomisch-Kor

Vora Tempel d-Jupiter-
Stator m Rom

inthisch

¥ 1% q



12C 12C_NOFAIL
INTERFACE INTERFACE
error

ask 12C PL error res_12C_TTC
failure res_I2C_PL res_mem
read HK
WAIT
read HK
[PERIOD] anomaly
START
FAILURE
ask_ I2C PL
{compose essage}
failure
error
[STATUS ==
success ERROR]
ask 12C TTC
res I2C PL .
{decodewessage;} wrile_request
SEND_HK_
REPORT
ask_12C_ TTC wme _request
{compo eMessage) {setWrite,
WRITE_
G{ND TM> < MEMORY success
anomaly
res 12C_TTC

res mem
SUCCESS

HK PL

S.Bliudze @ VTSA, Nancy, 1st of September, 2023

MEM_WRNF
INTERFACE

)

M
A 4

b 4

A 4

A 4

I\

-

ask_12C_
EPS

res 12C_
EPS

success

failure

enable

*fead_HK disable enable
disable (DISABLED

HK switch
send_MEM

send_TM <

readHK

( ENABLED

( MEMORY

disable enable

send MEM send_TM

NOMINAL

fallure
S“Cfess {timer = 0;}

ANOMALY

ask 12C_EPS
[TIMER > MAX]
{composeMessage;}

CRITICAL enable_

FAILURE

disable
_PS

( STATE )
QCTIVE STAT§

transition—

enabled tr.
connector

enabled cnctr.

@ synchron

P trigger

read - transition name

[guard]
{external_function;}

slide courtesy of
Marco Pagnamenta
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12C

12C_NOFAIL
INTERFACE INTERFACE
error

ask _12C_PL error  res_I2C_TTC

failure

MEM_WRNF
INTERFACE

res_I2C_PL res mem

read HK ¢

readHK

N

( ENABLED 2
le

oY

WAIT
read HK
[PERIOD]

anomaly

{compose essage, }

START
FAILURE

ask_ I2C PL

success

ilure
error
[STATU ==
ERROR]

A 4

N

F,

¢ read_HK  gisable en
+enable

disable DISABLED
spnd_MEM

( MEMORY

disable enable

TTC
send TM

7\

{decode essage;}

ask_12C_TTC
res_ I2C PL

send MEM send_TM

write_request

SEND HK_
REPORT

ask_12C TTC
(compo eMessage;} {setWrite,

Wﬂ(e request

WRITE_
SEND_TM > < MEMORY success

A 4

res 12C _TTC

anomaly

res mem
SUCCESS

HK PL
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~—

ask_12C_
EPS NOMINAL

res_12C_
EPS failure
SUCfESS {timer = 0;}

ANOMALY

N

ask_I2C_EPS
[TIMER > MAX]
composejiviessage,
sSuccess { P r 9 }
failure CRITICAL_ e"gbsle-
FAILURE |
Status disable
- PS

( STATE )
GCTIVE STATa

transition—

enabled tr.
connector

enabled cnctr.

@ synchron

P trigger

read - transition name

[guard]
{external_function;}

slide courtesy of
Marco Pagnamenta
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Theory of architectures

Design patterns for BIP
How to model?
How to combine”

How to specity?

Architectures enforce characteristic properties.
The crucial guestion Is whether these are
preserved by composition”

[Attie et al, SEFM '14]
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How to model?



Example: Lock
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Example: Lock




Example: Lock




Example: Lock




An architecture 1Is...
A = (C, PA, ' )

Set of coordinating
behaviours

S.Bliudze @ VTSA, Nancy, 1st of September, 2023

/ ] o

Interaction modagel

Interface (ports)

16
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..an operator...

A=(CPa,!)
...transforming
a set of components B
into a composed BIP system A(B) 9 p (B! O
def ' def - P " _ ., '
where P = Pg, 'l P= al 20 a" Pp #]

B! B" C

S.Bliudze @ VTSA, Nancy, 1st of September, 2023 17 | 77



How to combine”



Constraints intuition




Constraints intuition




Constraints intuition




Constraints intuition




Constraints intuition




Constraints intuition




L imits of white magic




L imits of white magic




L imits of white magic




L imits of white magic




L imits of white magic




—ormally

Arl Ay 2(G" G,PL" Py!)

= al 2P a" Pi#l S at Py#l,
=(11! P)" (15! P)

21 [ 77
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Main 1dea

Characteristic predicate for ! ' 2°

", BP " B = # 0 ps pé

Interaction models to predicates and back

v:P! B, l(v)=t r {p# P|v(p)=t} #!

Aql AZZ(QI_" G, P°" P21!!) ":""1#""2
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Example continueo
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Example continueo
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Example continueo

) 12 # (bl $ b_I_Z) %(fl $ 1:12) %(bZ $ b_I_Z) %(fz $ f12) 00
(b1 $ by XORy) %(f12 $ f1 XOR) %(b $ f12)

1
fl . bl
work
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Example continueo

) 12 # (bl $ blZ) %(fl $ 1:12) %(bZ $ b_I_Z) %(fz $ f12) 00
(b1 $ by XORy) %(f12 $ f1 XOR) %(b $ f12)

by $ by Wbz, f1$ fio%fz, bo$ by XOR,, f12$ f1XOR,, b $ fon
b $ b Wz, f2$ fio%foz, biz$ by XORy, fi13$ fiXOR3, biz$ fis
by $ bz bz, f3$ fi3%foa, b3S L XORy, f3$ fLXOR3, by $ fos
b, - 3 b, = 3 blz

f, bl

work

S.Bliudze @ VTSA, Nancy, 1st of September, 2023
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Example continueo

) 12 # (bl $ blZ) %(fl $ 1:12) %(bZ $ b_I_Z) %(fz $ f12) 00
(b1 $ by XORy) %(f12 $ f1 XOR) %(b $ f12)

by $ b Wbz, f1$ fio%f13, b $ by XORy, 128 f1XOR,, bix$ fio

b $ b Wby, f2$ fip %fos, bz $ by XORs, fi13$ fiXORz, biz$ fis
b $ bz Whps, 33 f13%fos, e $ BLXORs, f3$ f2XOR3, bz $ fos

{1, bibiobyz, f1f12f13, biolps, fof12f 23, 3bislyps, fafiafos})

b, 3
o (sieen)

{0 ) (o
k f12 . b12

wor
work work

— Cton

S.Bliudze @ VTSA, Nancy, 1st of September, 2023

b3 f3 \/
S
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Example continueo

{1, bibiobis, f1f12f 13, biolps, fof12fo3, ebialns, fafisfos})
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Main results: Safety

Safety = "Something bad never happens”

S.Bliudze @ VTSA, Nancy, 1st of September, 2023 27 | 77



| iveness: Computation

An infinite computation is live iff each coordinator is executed sufficiently often
A set of idle states Qigle ! Q

—ach coordinator not in an idle state must eventually be executed

Intuition: idle states do not have “pending eventuality”

Example (mutex):

Qidle = {free }

Liveness = ‘Something good does happen eventually”
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| Iveness: Architecture

An architecture is live w.r.t. a set of components iff every computation can be
extended to an infinite live one
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Non-interference

An architecture can interfere with the liveness of another

Examples:

A1 repeatedly preempts components that Ao needs to interact with

Two architectures “conspire” against a third one

A1 1S non-interfering with Ao w.r.t. B iff, for every infinite computation !
of (A1! Az)(B),

' executes Cyinfinitely often => ' executes C, sufficiently often

S.Bliudze @ VTSA, Nancy, 1st of September, 2023 30 /[ 77



\Vlain results: Liveness

live ) |
A o . . =\ A live
pairwise non-interfering
1 $% &
w.rt. B

Liveness = "Something good does happen eventually”
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Architectures as operators

Applying an architecture to a set of behaviours

A=(CPa,!) PAl PE T Py

AB Y 11 P (B! Q

S.Bliudze @ VTSA, Nancy, 1st of September, 2023 32 | 77



Architectures as operators

Applying an architecture to a set of behaviours

A =(CPa,!)

AB Y 11 P (B! Q

Partial application i1s a new architecture

AB]E B ,P! Pa,!'! (P! Pa)

B'E 11 (PIPA) (B'Q !p={a"Pla#!}

S.Bliudze @ VTSA, Nancy, 1st of September, 2023 32 | 77



Nice properties

Under suitable conditions

Architectures can be composed before applying

A2(A1(B)) = (Ar! A2)(B)
Architecture application can be restricted

A2(A1(B1,B2)) = A2(A1(B1),B2)
Architecture can be applied partially

A(B1,B2) = A[B1](B>)

S.Bliudze @ VTSA, Nancy, 1st of September, 2023 33 [ 77



Will that still work with data®”



12C 12C_NOFAIL
INTERFACE s INTERFACE

ask 12C PL error res_12C _TTC
failure res_I2C_PL res_mem
read HK
WAIT
reaJ_HK
[PERIOD] anor‘\aly
START
FAILURE
ask_12C_PL
{composeMessage;} 7
lure

.
error
[STATUS ==
12C ERROR]

success
| ask_12C_TTC I
res_12C_PL |
{decodegessage;} write_request
SEND_HK_
REPORT
ask_I12C_TTC write_request
{composeMessage;} {setWrite;}
WRITE
SEND_TM ) ( MEMORY )success
} anomaly
res 12C TTC res mem

SUCCESS

HK PL

S.Bliudze @ VTSA, Nancy, 1st of September, 2023

EPS failure
sucress {timer = 0;}

ANOMALY
res_|2C

S

ask_12C_EPS
[TIMER > MAX]

composeliviessage,
success { P r ¢ }

failure CRITICAL
FAILURE

“disable enable

disable
_PS

!
)

ena

P

MEM_WRNF
INTERFACE
readHK
(ENABLED
—— L o
55 read_ HK  gisable
. LY * enable
Y disable (DISABLED
send_MEM
( MEMORY 2
disable enable
TTC
’< L L send TM
> send MEM send_IM
ask_12C_
EPS NOMINAL
res_|12C_

Dle

( STATE )
GCTIVE STAT9

transition—#

enabled tr.
connector

enabled cnctr.

@ synchron

P trigger

read - transition name

[guard]
{external_function;}
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fallure

error
[STATUS ==
ERROR]

ask_12C _TTC I
res_I12C_PL

{decode essage;) write_request

SEND_HK_

REPORT
C_TTC write_request
Vessage;} {setWrite;}

WRITE
)_TM MEMORY SuUCcess
anomaly
res_mem

SUCCESS

Data

Maximal progress

S.Bliudze @ VTSA, Nancy, 1st of September, 2023

enable

> send TM

) send MEM

ask_12C
EPS

NOMINAL

res 12C
EPS

faillure

..

ANOMALY
res 12C
_EPS
ask 12C EPS
[TIMER > MAX]
{composeMessage;}

Success

fallure

"

CRITICAL
FAILURE

TTC

send T™M
dlsable enable

enable

PS

disable
~PS

( STATE )
GCTIVE STAT9

transition—#

enabled tr.
connector

enabled cnctr.

@ synchron

P trigger

read - transition name
[guard]
{external function;}
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Composing controllers with data

Betweer Between
20° and 25° 18° and 23°

120°, 25°] n [18°, 23°] = [20°, 23°]

T
,
,
N
~,
N
\\

\
-'8 630 &)
e | °°°'i vV

o By



Somewhat stronger satety

@HE! L= @) E!



Safety

A1(B) F ! 1- B o #
ABYE, 0 AT AZBIELHEL

'S preserved by composition of architectures
with data

with maximal progress

(* technical constraints apply)
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Generalised safety

Lemma

a, | a’ Pl,!3—

ss1S;17 s's;s, =# 55,1

s's; with s'! s"

Lemma

d, ! |

s s'#sl =% 19 ¢

Key assumption: monotonic guards and update expressions
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Wait, what about connectors?



MUX composition example

{1, bibiobis, f1f12f 13, biolps, fof12fo3, ebialns, fafisfos})
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Causal interaction trees: Basic examples

Strong synchronisation

Pqgr
Pgr
P
Broadcast /\
oqr
q r
P
Atomic broadcast l
o'[ar]
qr
p
. \q
Causal chain ~s

p'la’(rs]] ~a
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Causal interaction trees: The algebra

- A1

Syntax: t:=alt! t|t" t

Essential axioms: Semantics:
(tl ' tz) 3= 11! (tz "’ t3), ‘a‘ = al’
;! (" t3)=t1! to " 11! ts, la! t|=a 1+ |t] ,
(t1" )1 ta=t! 3" ! ts t " to] = Jto] + Jto + ta]ta].
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Causal interaction trees: The algebra

- A1

Syntax: t:=alt! t|t" t

Essential axioms: Semantics:
(tl ' tz) 3= 11! (tz "’ t3), ‘a‘ = al’
;! (" t3)=t1! to " 11! ts, la! t|=a 1+ |t] ,
(t1" )1 ta=t! 3" ! ts t " to] = Jto] + Jto + ta]ta].

Transformations between AC(P)and CT(P) are straightforward.
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Boolean representation of connectors

P true !' p,
/\ p! ftrue,
g gs q! p,
/ rtopqg,
r st pg
Causal interaction trees Causal rules

Notice that: (q! p" ps)# (g! p).

Boolean formula corresponding to the connector:
(rue ! p)* (q! p" (! pg” (s! pg

S.Bliudze @ VTSA, Nancy, 1st of September, 2023 44 | 77



Connector synthesis (1/2)

true ! p,
p! true,
q! p,
rt q,

s! g,
t! r+ s



Con
NeClo
r synthesis (
1/2)

true! p
p! ftrue

Al p.

|
g/l
t!




Connector synthesis (1/2)

true ! p, true ! p,
p! true, p! true,

! p. q! p.

r| rt pq,
s/! s! pq,
{! t! pqgr+ pgs
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Connector synthesis (1/2)

true ! p, true ! p, P
p! true, p! true, P
! p. al p. P

r| r!' pq, pgr
s/ s! pq, pgs
t! t! pqr+ pgs pgrt, pgst

S.Bliudze @ VTSA, Nancy, 1st of September, 2023



Connector synthesis (1/2)

true ! p, true ! p, P
p! true, p! true, P
! p. q! p. pq
[ r!’ pqg, pgr
S/! s! pqg, pPgs
t! t! pqr+ pgs pgrt, pgst

i
pqrt pQsSt
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Connector synthesis (1/2)

true ! p, true ! p, P
p! true, p! true, P
! p. a! p. P
r| r!' pq, pgr
s/ s! pq, pgs
t! t! pqr+ pgs pgrt, pgst
i i
A\ A
pPgr DTS i 1
part  pgst t t
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Connector synthesis (1/2)

true ! p, true ! p, P
p! true, p! true, P
! p. a! p. P
r| r!' pq, Par
s/ s! pq, Pgs
t! t! pqr+ pgs pgrt, pgst
i i
/pq\\ p qrt]s't] /q\
pPgr pis i 1
part  pgst t t
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Connector synthesis (2/2)

Consider a CNF formula ! = C;! C,! aahC, " B[P]

1P i1 Jy i1 Jy 1P

(disjunction of dual-Horn clauses)
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Connector synthesis (2/2)

Consider a CNF formula ! = C;! C,! aahC, " B[P]

i1y i Jk i Jk i1y
(disjunction of dual-Horn clauses)

By distributivity, after combining the clauses with the same negative variable,
Il = R;! Ry 44dBh Ry,
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Connector synthesis (2/2)

Consider a CNF formula ! = C;! C,! aahC, " B[P]

i1y i Jk i Jk i1y
(disjunction of dual-Horn clauses)

By distributivity, after combining the clauses with the same negative variable,
Il = R;! Ry 44dBh Ry,

EFach Ry Is a system of causal rules.
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-xample: 2 tasks with preemption

Mutual preemption

Preemptable A running task is preemtped, when the other begins computation.

task

model
P

A preempted task resumes computation, when the other one finishes.
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-xample: 2 tasks with preemption

Mutual preemption

Preemptable A running task is preemtped, when the other begins computation.

task

model
P

A preempted task resumes computation, when the other one finishes.

true! bb" ;" b" 1y
p1! by p2! by

rq1 | f2 [ | fl
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-xample: 2 tasks with preemption

Preemptable
task

model
P

S.Bliudze @ VTSA, Nancy, 1st of September, 2023

Mutual preemption

A running task is preemtped, when the other begins computation.

A preempted task resumes computation, when the other one finishes.

true! bb" ;" b" 1y
p1! by p2! by

rq1 | f2 [ | fl

o)} fq 0 fo
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-xample: 2 tasks with preemption

Preemptable
task

model
P

S.Bliudze @ VTSA, Nancy, 1st of September, 2023

Mutual preemption

A running task is preemtped, when the other begins computation.

A preempted task resumes computation, when the other one finishes.

true! bb" ;" b" 1y
p1! by p2! by

rq1 | f2 [ | fl

o)} fq 0 fo

ar | 77



Synthesised connectors are the weakest possible

[b] [f]
Preemptable E
task

b model E
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Example: Sequential execution of 2 tasks

“T1; Tg”, l.e. f1=Dbo

true! b" ;" b" s
p1! b p2! Iy
rm 1 f5 -1 f4
f1 ! by b, ! f;4

o)} o f 1 fo




Example: 3 sequential tasks on 2 processors

processor 1 processor 2

true! bh" 1" b" " bg" 3
pr! b p3! by
ri 1 fa ra ! fq
b, I 14 fo = b



Example: 3 sequential tasks on 2 processors

processor 1 processor 2

true! bh" 1" b" " bg" 3
pr! b p3! by
ri 1 fa ra ! fq
b, I 14 fo = b




Priorities



-xample: Mutual exclusion

Interaction model: {b1, fi, bo, fol

Priority model: b1 < fo, bo < 1
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Example: Mutual exclusion (2/3)

Mutual exclusion:

Task 1 can enter the critical state it the other is in the non-
critical one or leaves the critical state simultaneously

fire () ! Aactive(f,)" fire (fo)

|dem for Task 2
fire (bp) ! Aactive(f,)" fire (f1)

The two tasks cannot enter the critical states simultaneously

A fire (b)) ! fire ()
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Example: Mutual exclusion (3/3)

For a port p in P, let p and p be boolean activation and firing variables with an
additional axiom p <zp.
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Example: Mutual exclusion (3/3)

For a port p in P, let p and p be boolean activation and firing variables with an
additional axiom p <zp.

— V 4

Mutual exclusion: ' Idf l fo," fU # | I:H I f," fg i Ufﬂﬂ

V4

|
Progress: # B YY" g fy
|

‘Internality” of finish:  # fUfU # | fUr fU1 pgig) =
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Example: Mutual exclusion (3/3)

For a port p in P, let p and p be boolean activation and firing variables with an
additional axiom p <zp.

— V 4

Mutual exclusion: ' Idf l fo," fU # | I:H I f," fg i Ufldﬂ

|
Progress: # B YY" g fy
|

‘Internality” of finish:  # fUfU # | fUr fU1 pgig) =

= B9t Bl f9rdr Bl fgf0T, 1 Blfg YT,
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Example: Mutual exclusion (3/3)

For a port p in P, let p and p be boolean activation and firing variables with an
additional axiom p <zp.

— V 4

Mutual exclusion: ' Idf l fo," fU # | I:H I f," fg i Ufldﬂ

|
Progress: # B YY" g fy
|

‘Internality” of finish:  # fUfU # | fUr fU1 pgig) =

= B9t Bl f9rdr Bl fgf0T, 1 Blfg YT,

ofl dh o} d2 d% o} ol 9% g7 92&f,  gq1&f1 o 9% g5
e % glay e % gy, e B i 0102 % qu
# %% &

Priorities: b," f,, b," f;
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Rescue ropbot

Pnished W
update - send

border

Navigator Transmitter

a ‘ Y
<measure>< k advance>

. rotate
Sensor ot Engine < >J

Safety constraints
Shall not advance and rotate at the same time
Shall not leave the region
Shall not drive into hot areas
Shall update navigation and sensor data at each move
Shall objective is found, must stop and transmit it's coordinates

Shall transmit coordinates only when objective is reached
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Rescue ropbot

Pnished W
update - send

: border :
Navigator - Transmitter |

a ‘ Y
<measure>< k advance>

Sensor  £_To Engine <o@© >
Safety constraints
Shall not advance and rotate at the same time an
Shall not leave the region b 51
Shall not drive into hot areas h!l &
Shall update navigation and sensor data at each move al vt wnm
Shall objective is found, must stop and transmit it's coordinates f 1 aldum s
Shall transmit coordinates only when objective is reached $'j| f
55 1 77
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Rescue ropbot

an! (b" &@'! (h" &@! (f" andme! (@# 0" wm) «———— Safety

L (@a# U# W# Mm# 9) ! 4 pfu Progress
Safety constraints
Shall not advance and rotate at the same time an
Shall not leave the region b 51
Shall not drive into hot areas h!l &
Shall update navigation and sensor data at each move al vt wnm
Shall objective is found, must stop and transmit it's coordinates f 1 aldum s
Shall transmit coordinates only when objective is reached $'j| f
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Rescue ropbot

an! (b" &@'! (h" &@! (f" andme! (@# 0" wm) «———— Safety

| (@# G# U G# §! B

Safety constraints

Shall not advance and rotate at the same time an

Shall not leave the region b 51

Shall not drive into hot areas h!l &

Shall update navigation and sensor data at each move al vt wnm
Shall objective is found, must stop and transmit it's coordinates f 1 aldum s
Shall transmit coordinates only when objective is reached $'j| f
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Revisiting mutual exclusion (1/4)

Mutual exclusion:

One task can enter the critical state if the other is in the non-critical
one or leaves the critical state simultaneously

The two tasks cannot enter the critical states simultaneously

= B g B G
:@@I 1" Y @TE YR P R
-9 .09 W) 0 0 By
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Revisiting mutual exclusion

LIROR I TS fq'b}tg 8" 4 ) 1Y

—— —

T ] ICEREARL B8 8

:@'@’l"ﬁ"f& e Tlﬂ " @@ £ tﬂ'ﬂ
gf9 fif9 v @il 9 B




Revisiting mutual exclusion
fU 52“ fi" fl’] | Hfbﬂ

Hf' fo"
|

AR Pa fQ

8

/ v
.

f2

fq ij "

J

ldﬂ

V4

i

f‘f Uﬂ"Uz‘ (-

@. Lf Hﬂ:“é"@@

V4

9 " 9 -

3 1)

4
) (s
‘ﬂ

L
)

b]!n

fU

fd



Revisiting mutual exclusion

LInAa I fq'b}tg 8" 4 ) 1Y

—— —

= tﬂ"ﬁ"f@ bz i Uf"bi( (.. )

@@' Lf Hﬂ:“é"@@ fd tﬂ'ﬂ

STV I VU IV St VT Y
true ! f,+ f4,

Id}! false,

I:Q! true,

fL]! true,

fg | false



Revisiting mutual exclusion

LIROR I TS fq'b}tg g 19 g

—— —

T ] B )

:@@' fff'tﬂ"fe "@@ 9 B
]

S R IR ITVRE SN VR ¢
true! f,+f4Y, true! f,+ fy

B{ ! false, B! false

3! true g1 o+ fY

fY 1 true fU1 true



Revisiting mutual exclusion

LA L T A A A A
T A T A A ORI

LR R R ER
: , K

ST R (U S (VR e

true ! f;+fY, true! fi+1Y, F, 14
Id} I false, Idf I false, [
41 true, g T+ Y, BT, 8,
fL] | true, ft] | true, f(f,

fU1 false fUl false /



Revisiting mutual exclusion

LA L T A A A A
T A T A A ORI

:@@I U R R I AR PR T
9 , S

=619 o9 | 8fd fm 9 v BiY

true ! f;+fY, true! fi+1Y, F, 14 f1
Id} | false, Idf | false, [
41 true, g1 Fo+ 49, BJf, Y,
fL] | true, ft] | true, fL],

fU1 false fUl false /



Revisiting mutual exclusion

LA L T A A A A
T A T A A ORI

:@@I U R R I AR PR T
9 , S

S R IR ITVRE SN VR ¢

true ! f;+fY, true! fi+1Y, F, 14 f1
Id}! false, Id}! false, [
41 true, g fo+ 9, B, BJfY,
fL]! true, fL]! true, fL], Idgﬂ

fU1 false fUl false /



Revisiting mutual exclusion (3/4)

R R T ORI I TR
= B He T )

(...
T O R I PER VI R
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| ' s ~N

119 .7 19 » g 0 9 | gl
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Revisiting mutual exclusion (3/4)

LIROR I TS fq'b}tg 8l 4 ) 1Y

g "bz B )

=8 B g B TL! " @ B 72 18 T
B 9"\%/

true ! true,
b} | false,
41 false,
fl} | true,
fg | true



Revisiting mutual exclusion (3/4)

LIROR I TS fq'b}tg 8l 4 ) 1Y

T ] "bz " 1Y UE"U! (-G
=8 B g B TL! " @@ 9 B i
B ¢ : 2 1Y

= B9 fomfq Y fr fY \Idfldé/
true ! true, /
4! false, /
41 false, /
fU1 true, fY

fg | true fQ



Revisiting mutual exclusion (3/4)

LIROR I TS fq'b}tg 8l 4 ) 1Y

T ] "bz " 1Y UE"U! (-G
=8 B g B TL! " @@ 9 B i
B ¢ : 2 1Y

= B9 fomfq Y fr fY \Idfldé/
true ! true, /
4! false, /
41 false, / fU 1 fy
fU1 true, fY

fg | true fQ



Revisiting mutual exclusion (4/4)
g1 Y 8) 1 fl% B ﬂ%
v, of

IO N T ] o VT R VIR LTIt T o}
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EXpressiveness of BIP



What Is this?

/

p ressiveness|of BIP



Component-based frameworks

C:=B|f(Cyq,...,CH), with B! B,f ! C

Behaviour Glue
A — the set of all components s —
l Al B — asemantic mapping
1" A# A — an equivalence relation

| (B) = B | (Cl) = | (Cz) =1 C1" G



-Xpressiveness

Absolute:
What behaviours can be obtained?
Let 1d! G, '(A)= B
I(A)! B=i1d(B)! '(B)! !'(A)

Relative:

Are there “good” language encodings”
Felleisen ['90], Gorla ['08, "10]

Coordination:

Relative approach with fixed atomic components.
This work and [CONCUR’08]
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Strong full expressiveness

O | (B" " B)
n=0

lo" O, #6" G: !B,..., B, " B,




Weak tull expressiveness
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EXpressiveness of BIP



Semantics

Bi =(Qi,Pi,! i), " Qi# 2T # Qi P= aP

Interaction model: | I 2° — g set of allowed interactions

| P,

gt 'q(fa#P $% g=q (ifa#t P, =%
A --

G...Ch G...G

foreach a! ! .

Priority model: '™ ! # 1 — strict partial order

5
I | | VAL
q° 9 a#a$ ,a’ a7 foreacha! 2°

qr” - q
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he question

Does BIP glue...

INnteractions

priorities
...have full expressiveness w.r.t. BIP-like SOS operators?

11 ﬁ- : 11 ﬁ- : bk ﬁ-

g "i# G =0q"i $# g B’ "j#Ik#K,

al Pi

G...0"1° o ...q
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Restrictions on priority models

Only interactions in the interaction model can be used
= T #

Priority Is a strict partial order on interactions

transitive
irreflexive

(hence also) antisymmetric

Corollary (Sifakis, GoBler, 2003): BIP priorities cannot introduce deadlocks
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Blocking with BIP-like SOS rules




Relaxing the priority model

Strict partial order 1" 27 # 2°
Arbitrary relation I

Arbitrary relation 1 2P g oF

Alternatively, restrict the set of reference operators
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INNIbIting relation

I °

G ¥ ¥ o' o W B
hopts'!" O s hopls'!" O s

o

p! (rs" av)# p! (r" s)! (u" v)

P
#p! (ru! rv! su! sv) ru/r\// \Su\sv

A relation on the set of all interactions

may not be a strict partial order; may involve interactions not in the model
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Example: DAG inhibiting relation

g’ g ¥ ®¥ @l ¢ w¥ &'
G0’ O ok hpGs0i'! bt  hG®BA " Chth0sCh
—
, gt
ZERN |
r o
t
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Example: arbitrary relation on !

¢! & ¥ ¥ w4 p¥ @ ¥

Lo OO0k LB ! OOt LG CLopOhG
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—Xpressiveness nierarchy

FNASOS < » OBIP

XBIP < » BSOS
AN AN

RBIP < ?» SIBSOS
A N

AcBSOS

L

Y is strongly more expressive than X CBIP
Y Is weakly more expressive than X

X and Y are strongly equivalent
X and Y are incomparable
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Conclusion

ET
:
3
:

LR |
H -
‘ :
-
(HE
| 8 -
LR N
f— a : - )'_\’ ‘.f: < - Ll
4 - "y A g ; o G o
i - L5, r'- ot | e 3. « -
S { i oy T > 3 .
N , . | Syl 0 Y _v’-——ﬂ—.‘..' ~ -] i
g AN B - & N ~ 5;. > \.'.__ a ~.-,' . r.l '.' = {_.’> £ =
’ (50N %\ . 5 s Y [ M, e
9 \l N\ - ' 21 O -~ /\‘: ¥, |-'; - T
{l ) F'J\\__ - J & \.‘\ : Py - \ 3 BN 'm_ : ”
[ C N . ) . (4] 4 .
f ) o - ' g A '
g .

-

Powertul theoretical tools to build systems that
are correct by construction

Going from theory to practice requires a lot of
effort and cross-domain collaborations

Bigger challenge yet: taking these methods to
less constrained application domains

S.Bliudze @ VTSA, Nancy, 1st of September, 2023 6 | 77



|77

T hanks!
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