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Motivation

Architectures

— Architectures enforce design rules on the components by characterizing
the topology and the permissible interactions of systems.
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Motivation

Problem to be solved

— What is the problem to be solved?

Model architectures

1

Encode order restrictions

1

Extended propositional interaction logic
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How to encode interactions
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How to encode interactions
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0
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How to encode interactions

Example

< {pd, Pr} | {Pds P}, {Pds Pty {Pds Prs} | {P1s Pt }s {P1s Pes} |
{Pe; Pwi> Pa}s{Pe, Pws> Pat

IDEA:

Encode interactions as sequences

0

Encode interactions as letters of words of interactions

o wy = {Pd7 pr}{pd7 pnl}{pdv pn2}{pda pn3}{pl7 ptl}{ph pt3}
{p67 pW17 pa}{p67 pW37 Pa}
o Wo = {pd') Pr}{Pda PnQ}{Pdv Pnl}{Pda Pn3}{Pl, ptl}{p/7 ptz}

{Pes Pwrs Pa}{Pes Pwss Pa}
o wo = {pd, pr -H{Pd> Pns }{Pd> P {Pd P H{P1, Pt H{ P1s Py }

{Pes Pwi» Pa}{Pes Pw,» P2}
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Propositional interaction logic

PIL

@ Let P be a finite set of ports
o Let /(P) ="P(P)\ {0} be the set of interactions over P
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Propositional interaction logic

PIL

@ Let P be a finite set of ports
o Let /(P) ="P(P)\ {0} be the set of interactions over P
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¢ =true|p|—¢| ¢V
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Propositional interaction logic

PIL

@ Let P be a finite set of ports
o Let /(P) ="P(P)\ {0} be the set of interactions over P

The syntax of PIL formulas ¢ over P is given by the grammar
6 :=true | p| 0| ¢V

For every PIL formula ¢ and a € /(P) we define
- a piL true
-afFpiLp iff pea
- afpiL ¢ iff alfEpL ¢
alpiL 1V ¢2 iff al=piL ¢1 or a FpIL @2
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Extended propositional interaction logic

Syntax

@ Let P be a finite set of ports

The syntax of EPIL formulas ¢ over P is given by the grammar

Cu=9¢|C*x(|quw(
pu=(|CleVelohplexp|owe| et

- ¢ is a PIL formula over P,
- % is the concatenation operator,
- W is the shuffle operator, and

- T is the iteration operator
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Extended propositional interaction logic

Notation

o Let wy, wy € A. The concatenation of wy, ws is the word wy - ws

- Let A={a,b,c},wy = ab,wr, = ¢

- wi - wp = abc
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Extended propositional interaction logic

Notation

o Let wy, wy € A. The concatenation of wy, ws is the word wy - ws

- Let A={a,b,c},wy = ab,wr, = ¢

- W1~W2=abC

@ Let wi,wy € A. The shuffle of wy, ws is the language
wi W wp = {wiuy ... Wmlm | Wi,..., Wn,U1,...,Un € A* and w =
Wi...WmyU=Ul...Un}

- Let A={a,b,c},wy = ab,wr, = ¢

- wy W wy = {abc, ach, cab}
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Extended propositional interaction logic

Notation

@ Let w € A. The n-th iteration of w where n > 1 is defined inductively
as follows:

o Let w € A. The + iteration of w is defined by w* = |J w"
n>1

- Let A={a,b,c},w=ab
- w? = abab
- w" = (ab)"
- wt = U (ab)
n>1
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Extended propositional interaction logic

Semantics

The syntax of EPIL formulas ¢ over P is given by the grammar

Cu=¢ x| W
pu=ClCleVeloAploxp|owe| et

o Let I(P)=P(P)\ {0}

Let /(P)* be the set of words of interactions over /(P)

Let /(P)" : I(P)* \ {€e}

@ For v > 1 we define the EPIL formula ¢ by induction on v by:
1

-t =gV x .
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Extended propositional interaction logic

Semantics

The syntax of EPIL formulas ¢ over P is given by the grammar
Cu=¢ (x| qW(
pu=ClCleVelonploxplowe] e’

o Let ¢ be an EPIL formula over P and w € I(P)*.

@ Then we define the satisfaction relation w = ¢ by induction on the
structure of ¢ as follows:
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Extended propositional interaction logic

Semantics

- wkE¢ iff w=pmL ¢ hence w consists of a single letter

- whE GG iff there exist wi,ws € [(P)T sit. w = wiws,
w1 |= (1, and wa = (2

- wgEG WG ff there exist wy, wy € I(P)T such that w € wy LW wy
and w; = ¢ for i =1,2

-wgE-C iff wpE(

-whEe Ve iff wiEerorwlEp

-wEpiApy iff wEeand wE o

- w1k iff there exist wi, wy € [(P)T sit. w = wywy,
w1 }: Y1, and Wo ): ©2

- w1 Wy iff there exist wi, ws € [(P)T sit. w € wy W wy,
wi = 1, and wa = @2

- wE @t iff there exists v > 1 such that w = ¢”.
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Examples of EPIL formulas

Notation

o Let P={p1,...,pn} be a set of ports

o Let pj,...,pi, € Pwithm<n

#py A Api) =P A AP A N p
PEP\{Piys--sPim }
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Examples of EPIL formulas
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© = #(pd N pr)*
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Examples of EPIL formulas
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Examples of EPIL formulas

Blackboard
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Examples of EPIL formulas

Blackboard
02 = #(p1 A pr,) * #(Pe N Pw, N Pa)
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Examples of EPIL formulas

Blackboard
03 = F#(p1 A pt;) * #(Pe N Pus N Pa)
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Examples of EPIL formulas

Blackboard
@i = #(p1 A\ pt;) * #(pe N pw; A pa) for i =1,2,3
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Examples of EPIL formulas

Blackboard

© o = #(pi A py;) * #(pe N\ pw, A pa) for i =1,2,3

@ EPIL formula for Blackboard architecture
o= #(pa 1 p) (#1002 7 pn ) W3 (0 A pn)) & Glpa 1)) ¢ (11 V2 v
3V (1 W p2) V (g1 W p3) V (02 LW p3) V (1 W o L @3))

@ Application of iteration operator for recursive interactions
o= (#0019 (0 p) W (02 A P )W (P2 A o) ) * (11 V2V

+\ +
sos\/(solLUsDz)\/(solLuws)V(sozLuszvs)V(wlmwzmws)) )
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Examples of EPIL formulas

Request/Response

Client 2 opu| S Registry Service 2
B(7) B(1) p,| BO

Client 1 | py, Service 1
B(6) @ B(2)

Coord. 2 Coord. 1
B(5) B(4)
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Examples of EPIL formulas

Request/Response

Connections of 1st and 2nd service with the service registry

p= (#(Pe A pry) W #(pe A Prz))*
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Examples of EPIL formulas

Request/Response

Client 2 | py. P S. Registry

Service 2

B(1) o1 b, B
Po, E IE E

Client 1 | py, Service 1
B(6) @ B(2)

RACAELANNCACAES

Coord. 2 Coord. 1
B(5) B(4)
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Examples of EPIL formulas

Request/Response

@ = (#(pe A pr) W #(pe A pr,)) *

Connections of 1st and 2nd client with the service registry
o &1 = #(py A pu) * #(Poy /\ pt)

o & = #(py A pu) * #(Poy A Pt)
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Examples of EPIL formulas

Request/Response

Y = (#(Pe A Prl) L #(pe A Prz)) * (51 L 52)*
o &1 = #(py N pu) * #(po, N pt) 1st client with s.registry

o & = #(pi, A pu) * #(po, N pt) 2nd client with s.registry
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Examples of EPIL formulas

Request/Response

Client 2 opu| S Registry Service 2
B(7) B(1) [pgd ., EG

Client 1 | py, Service 1
B(6) @ B(2)

A CAICAIC

Coord. 2 Coord. 1
B(5) B(4)
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Examples of EPIL formulas

Request/Response

¥ = (#(Pe A pry) W #(pe A pl’z)) * (51 L 52) * <<(<P11

o & = #(py A pu) * #(Poy A pt), &2 = #(pi A pu) * #(Po, A Pt)
Connections of 1st client with first coordinator and service

® 11 = #(Pny A pmy) * (#qu A Pa; A Pgl) * #(Pe, N pd;y N Ps;)
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Examples of EPIL formulas

Request/Response

© = (#(Pe A pry) W #(pe A Pry)) * (&1 W &) * (((@11\@21

o &1 = #(py A pu) * #(poy A pt), §2 = #(pi, A pu) * #(Po, A Pt)
@ Y11 = #(pnl A pml) * (#pq1 A Pal A pgl) * #(pq A pd1 A psl)
Connections of 2nd client with first coordinator and service

@ P21 = #(Png A Pml) * #(Pq2 A Pa; A Pgl) * #(pQ N pdy N pSl)
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Architectures with order restrictions

Request/Response

Client 2 opu| S Registry Service 2
B(7) B(1) [pgd ., EG

Client 1 | py, Service 1
B(6) @ B(2)

A CAICAIC

Coord. 2 Coord. 1
B(5) B(4)
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Examples of EPIL formulas

Request/Response

o = (#(pe N pr) W #(pe A pry)) * (&1 W &) * <<(9011 Vo V

(11 * @21) V (21 * <P11)> V

o &1 =F(pn A pu) * #(poy A pt), &2 = #(Pi, A Pu) * #(Po, A Pt)

@ Y11 = #(pnl A pml) * #(pq1 A Pa; A pgl) * #(pq A Pd; A psl)
@ Y21 = #(png A pml) * #(pqz A Pa; A pgl) * #(pq A Pd; A psl)
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Examples of EPIL formulas

Request/Response

Client 2 Py S. Registry Service 2

B(7) B(1) B(3)
o

Client 1 Service 1
5(6) ] B0
P +Pn |

Coord. 2 Coord. 1
B(5) B(4)
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Examples of EPIL formulas

Request/Response

@ = (#(pe A pr) W #(pe A pr)) * (E1WE2) * (((9011 Va1 V (11 % p21) V
(21 * <P11)> V <9012 V 922 V (12 * ©22) V (22 * 9012)) V

Connections of 1st and 2nd client with 2nd coordinator and service
© 012 = #(Pny A Pmy) * #(Pgy A\ Pay N\ Pay) * #(Pey A Pay N\ Psy)
® 02 = #(Pny A Pmy) * #(Pgy A\ Pay A Pgy) * #(Pey A Pdy N\ Psy)
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Examples of EPIL formulas

Request/Response
© = (#(pe A pr.) W #(pe A pr,)) * (S W E) * <((s011 V o1 V (11 * 921)V

(21 * <P11)> V (9012 Vg2 V (012 % 922) V (022 % <P12)> V

((9011 Va1 V (11 * 021) V (@21 * p11) )L

(<,012 V 22 V (12 % ©22) V (22 * @12))))

P, A pu) * #(po, N pt)

(pcl N pdy N pSl)
(P A Py A Psy)
(pcl N Pdy N P52)
(P A\ Pdy A Psy)

&1 = #(pn A pu) * #(po, A pt), &

#(
¥11 = #(Pm A pml) #(qu N Pay A pgl)
Y21 = #(Pnz A pm1) * #(qu N Pay A pg1)
©12 = #(Pny A Pmy) * #(Pgy /\ Pay N Pg,)
P22 = #(Pnz A ng) * #(pq2 A Pay N sz)

*
*k
*
*
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Examples of EPIL formulas

Request/Response

© = (#(pe A pr,) W #(pe A pr,)) * (&1 W &) * (((9011 Va1 V (11 * pa1)V

+

(21 = @11)> ) V (9012 V@22 V (12 * 22) V (022 * <P12)> V

<(9011 V a1 V (11 * 021) V (021 * 9011))+|-L|

N
(12 V 022 V (P12 * 022) V (22 * @12))+> >

P, A Pu) * #(Poy A Pt)
Pei A Pdy A Ps;)
P, N Pdy N psl)
Pey A Pdy N\ Psy)
Pc, A\ Pdy N Psz)

1= #(pn A pu) * #(Poy A Pr), §2 = #(
11 = #(Pny A Pmy) * #(Pgy A Pay N pgl)
P21 = #(pnz A pml) (pqz A Pa; A pgl)
P12 = #(Pnl A pm2) (pq1 N Pa N sz)
20 = #(Pny A\ Pm,) * #(Pgo N\ Pay N Pgs)

* 7
* 7

* #(
* #(
*
* #(
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Examples of EPIL formulas
Publish /Subscribe

.
Pub. B(1) Topic B(3)
Pal pn1 @ pdl
Ps;
Pt Pr Sub. B(6)
1 pr Pe,
Pd,
Pub. B(2) Topic B(4) Sub. B(7)
p32+ pn2 pc2 'p63
Ps, Pgs
[P Pra s, Pds
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Examples of EPIL formulas
Publish /Subscribe

Pub. B(1) Topic B(3)
Pay ¢ @ Pars Pl
Ps;
Pt Ph 'pSub B(6)
€
Pd,
Pub. B(2) Topic B(4) Sub. B(7)
pBQ pn2 pc2 'p63
Ps, Pgs
[Pas Pra s, Pds
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Examples of EPIL formulas
Publish /Subscribe

.
Pub. B(1) Topic B(3)
Pal pn1 @ pdl
/ Ps,
Pt Pr Sub. B(6)
1 pr Pe,
Pd,
Pub. B(2) Topic B(4) Sub. B(7)
pBQ pn2 pc2 'p63
Ps, Pgs
[Pas Pra s, Pds
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Examples of EPIL formulas

Publish /Subscribe

Connections of 1st topic with publishers

&1 =¢6u Vi V(& W)

- &11 = #(pm A Pay) * #(Pr, A Pr)

- &= #(Pnl A Pag) * #(Pn A pt2)
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Examples of EPIL formulas
Publish /Subscribe

Pub. B(1) Topic B(3)
Pay ¢ @ Pars Pl
Ps;
Pt Ph 'pSub B(6)
€
Pd,
Pub. B(2) Topic B(4) Sub. B(7)
p32+ pn2 pc2 'p63
Ps, Pgs
[P Pra s, Pds
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Examples of EPIL formulas

Publish /Subscribe

@ & = &1 V& V (&11 W &2) connections of 1st topic with publishers

Connections for 1st topic with publishers and 1st, 2nd, 3rd subscriber

p1 = <(§1 *011) V (&% p12) V (&1 % p13)V
- P11 = #(pq A pe1) * #(psl A pgl) * #(pﬂ A pd1)
- 012 = #(Pc, N Pey) * #(Psy N\ Pg,) * #(Pf N Pas)

- Y13 = #(pq N Peg) * #(psl A Pg3) * #(pﬁ A pda)
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Examples of EPIL formulas

Publish /Subscribe

1= ((51 x@11) V (&1 % 12) V (& % p13)V
(&% (P11 W 12)) V (&1 * (11 W p13)) V

(& (12 W p13)) V (& * (11 W 1o W @13)))
- Y11 = #(Pq A Pel) * #(Psl A pgl) * #(pfl A pdl)
- 012 = #(Pcy N Pey) * #(Ps; N\ Pgy) * #(Pr, A Pdy)

- 013 = #(Pey N Pes) * #(Psy A Pgs) * #(Ps N Pd;)
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Examples of EPIL formulas
Publish /Subscribe

Y1 = ((51 *011) V (&% p12) V (&1 % p13)V
(&1 * (p11 W p12)) V (&1 * (011 W p13))V

(& (p12 W 13)) V (&1 * (011 W 12 LW @13)))

2 = <(§2 % 021) V (&2 % 922) V (&2 % pa3) V
(&2 % (021 W 22)) V (&2 % (w21 W p23))V

(&2 * (p22 W 23)) V (&2 * (21 LW 22 LI 9023))>
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Examples of EPIL formulas

Publish /Subscribe
The EPIL formula ¢ for the Publish/Subscribe architecture is
p=(p1Ve2V(p1W )"

p1 = ((51 *@11) V (&% p12) V (€1 % 13)V
(&1 % (P11 W12)) V (&1 * (011 W 13)) V

(& * (pr2 W ¢13)) V (&1 % (11 W 12 W @13)))

Y2 = ((52 * 1) V (&2 % p22) V (&2 % a3) V
(& * (P21 W 22)) V (& * (921 LW 23)) V

(& * (P22 W 923)) V (&2 * (21 W 22 LI @23)))
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Completed work

o First-order level of EPIL for parametric architectures

@ Weighted EPIL and weighted first-order level of EPIL over a
commutative semiring

@ Fuzzy EPIL and first-order level of fuzzy EPIL to address uncertainty
in (parametric) architectures (submitted)
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@ Second-order level of our logics (in unweighted, weighted, fuzzy
setup) for modelling architectures like Ring, Pipeline,Grid (work in
progress)

@ Logic-basic description of dynamic (parametric) architectures
@ Architecture-oriented verification for (parametric) systems

@ Implementation of the logic-based framework for automating the
specification and identification of (parametric) architectures
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Outline

Thank you!
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