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Overview

— An (Informal) Introduction to Reo

2. Operational Semantics

3. From Reo to Maude

4. Thoughts on Components and Mobility (May Skip This!)
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An (Informal) Introduction to Reo

Components:
1. Units of independent functionality and deployment

2. Encapsulated (blackbox) with well defined interface
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An (Informal) Introduction to Reo

Components:
1. Units of independent functionality and deployment

2. Encapsulated (blackbox) with well defined interface

Conclusions:
1. Components should be composed to form an application.

2. Composition mechanism is different from components.

Glue code: usually swept under the carpet.
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An (Informal) Introduction to Reo

Reo:
1. Coordination language for composing components;
2. Electronic circuits metaphor: take basic elements, plug, and play!;

3. Support for dynamic reconfigurations, mobility (other buzz words!...)
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An (Informal) Introduction to Reo

Glossary of Terms:

e Basic types of elements: Basic connector types
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An (Informal) Introduction to Reo

Glossary of Terms:
e Basic types of elements: Basic connector types
e Instances of basic connectors: Channel instances
e Channel instances connect two sets of nodes

e Nodes are pairs of location and data value

(A, [2,1]) > (B, [])
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An (Informal) Introduction to Reo

Glossary of Terms:
e Basic types of elements: Basic connector types
e Instances of basic connectors: Channel instances
e Channel instances connect two sets of nodes
e Nodes are pairs of location and data value

e Node sets can be source or sink sets
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An (Informal) Introduction to Reo

Basic Connector Types:
e Synchronous —
e Synchronous drain ><
e Synchronous lossy --»
e One place fifo O—, —a—
e Infinite fifo H |- —{ul—.
e Fork —<
o Merge >—
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An (Informal) Introduction to Reo

A Small Example:

=)

®
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1. An (Informal) Introduction to Reo

BChannel = (NodeSet BConnector NodeSet)
Node = (Name, DataSeq)
BConnector = +— | >< | --» |

0o | oo | AP | b | =< | >
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1. An (Informal) Introduction to Reo

Constraints on the Abstract Syntax:
1. Source and Sink Cardinalities:

(a) 1tol: —, --», O—, - |—
(b) 2to0: ><
(c) lton: —<
(d) ntol: >—
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1. An (Informal) Introduction to Reo

Constraints on the Abstract Syntax:
1. Source and Sink Cardinalities:
(a) 1tol: —, --», O—, - |—
(b) 2to0: ><
(c) lton: —<
(d) ntol: >—
2. Plugging Principle
3. Congestion Freedom

4. Source / Sink / Hidden Node Sets

/ department of mathematics and computer science 12/42



I! ! { technische universiteit eindhoven

Overview

— Operational Semantics
3. From Reo to Maude
4. Thoughts on Components and Mobility

5. Conclusion and Future Perspective
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Operational Semantics

Honorable Mentions:

e F. Arbab, Farhad and J.J.M.M. Rutten, A coinductive calculus of compo-
nent connectors, Proceedings of WADT 02;

e ].J.M.M. Rutten, Elements of stream caclulus, Proceedings of MFPS’or;

e F. Arbab, C. Baier, ].].M.M. Rutten and M. Sirjani, Modeling component
connectors in Reo by constraint automata, Proceedings of FLOCASA’03.
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Operational Semantics

(OFifoo)

(A1— B, {A—u~d}Wo)=(A—d- B,{A— u}Wo)

(OFifor)
(A—-d—- B,{B—u}Wo)=(A-_— B, {B—d~u}Wo)
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Operational Semantics

(OFifoo)

(A1— B, {A—u~d}Wo)=(A—d- B,{A— u}Wo)

(OFifor)
(A—-d—- B,{B—u}Wo)=(A-_— B, {B—d~u}Wo)

(5ym) (A= B, {A—u~d,B—uv}do)=
(A— B,{A—u,B—d~v}do)
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Operational Semantics

(OFifoo)

(OFifor)

(A1— B, {A—u~d}Wo)=(A—d- B,{A— u}Wo)

(A—d—> B,{B—u}lWo)=(A-_— B, {B—d~u}lWo)

(Syn) <A
(A

— B{A—u~d,B—ov}lWo)=
— B {A— u,B—d ~v}Wo)

AB)>< 0, {A—u~d B—uv~d}Wo)=
A B)>< 0,{A—u,B—v}do)
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Operational Semantics

(IFifoo)

(A -ul» Bj{A— v ~d}yo)=(A-d ~ul> B,{A— v}Wo)

(IFifor)

(A-u ~dl» B,{B—v}Wo)= (A ul> B,{B+—d~v}Wo)
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Operational Semantics

(IFifoo)

(A -ul» Bj{A— v ~d}yo)=(A-d ~ul> B,{A— v}Wo)

(IFifor)
(A-u ~dl» B,{B—v}Wo)= (A ul> B,{B+—d~v}Wo)

(A—< (B,C),{A—u~d,B—v,C—wltdo)=
—~< (B, C),{A—u,B—d~v,C—d~w}do)
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Operational Semantics

(IFifoo)
(A Hul» B,{A— v ~d}Wo)=(A-d ~ul> B,{A— v} Wo)

(IFifor)

(A-u ~dl» B,{B—v}Wo)=(Aul> B,{B—d ~v}do)

(1) (A—< (B,O),{A—u~d,B—v,C—w}ldo)=
(A< (B,0),{A—u,B—d~v,C+—d~w}do)

(Mro) (A,B)>~C {A—u~d,B—~v,C —»wldo)=
(A,B)>C,{A—u,B—v,C—d~w}Wo)
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Operational Semantics

(sys0,0) = (sYsp, o)

(sysi,0’) = (sys,0”)

SYSy M sYys; = 0 vxehid(sysu)all(:E) — H
(syso U sysi, o) = (sys, U sysy, o”)

(Join)
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Operational Semantics

(syso, o) = (sysy, o)
(sysi,0') = (sys},o")
SYSy M sYys; = 0 vxehid(sysu)all(:E) — H

P sys0 U sysi, o) = (sysh U sysl, o)
(syso, 0) = (sys, o)
(Subsys) SYSo g SYSs vxehid(sys)0/<x) — H

(5YS0, 0) —csys (SYSp, 0')

/ department of mathematics and computer science 16/42



I! ! { technische universiteit eindhoven

Operational Semantics

/ /
(8YS0, T) — Coysyusys; (5YSp, 0)
syso N sys; = 0
vsy32§sy80Usy318y31 C SYSo =4 SYS2 7 CsysoUsys,

(sysg U sysy, o) ~ (sysy U sysy, o)

(Sys)

/ department of mathematics and computer science I7/42



I! ! { technische universiteit eindhoven

An Example

bal
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An Example

MTA—<(B,0),
{A—[ba],B—[,C—[})=
(A —< (B, C),

{A—[b], B a],C+ [a]})
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An Example

(Fr) <A = (370)7 (Fifoo) <B 0- D,
{A [ba], B~ [,C— [I})= {B+la, D [I})=
(A —< (B, C), (B —a— D,
{A— [0, B+ [a],C > [a]}) {B—1[,D~1[})
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An Example

BT —<(B,0), (Floo) T 5D,
{Ar[bal, B [,C— [|}) = {Brla,D—[|})=
(A —< (B,C), (B —a— D,
{Aw[b], B a],C — la]}) {B—[,D~[})

(Join)
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An Example
(1) @t ((C,D) > E,
{C—[a,D—[,E~[})=
((C,D) > E,

o (0D [ B fal)
(A—< (B,C),B-1— D,(C,D)> F,
{Aw—|bal,...,E—[})=
(A—< (B,C),B —a— D,(C,D) > FE,
{A=1[b],...,Ew [a]})
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An Example
(Sys) 2
(A—< (B,C),B-10— D,(C,D)> FE,
{Ar [bal,..., B~ [})

(A —< (B,0), B—a—>D,(C,D)>—E,
{A—[b,...,E — [a]})
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Bisimulation of Reo Circuits

(Statebased) Simulation Relation R:

for all (Syso, Sys1) € R, Sink(Sysy) = Sink(Sys;) and

for all Sys; such that Sys, ~~ Sys then there exists a system Sys| such
that Sys, ~» Sys| and (Sys), Sys|) € R

Two reo circuits are bisimilar, denoted by Sysy <= Sys; iff there exists a
symmetric simulation relation R such that for all node sets X, (Sysy T

X,Sysl T X) € R.

/ department of mathematics and computer science 24/42



I! ! { technische universiteit eindhoven

Bisimulation of Reo Circuits

Theorem Bisimulation on reo circuits is a congruence.
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Bisimulation of Reo Circuits: Examples
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Bisimulation of Reo Circuits: Examples

L
N\

B
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Overview

— From Reo to Maude
4. Thoughts on Components and Mobility

5. Conclusion and Future Perspective
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A Maude Primer
fmod VENDING-MACHINE-SIGNATURE is

sorts Coin Item Marking .
subsorts Coin Item < Marking .

op _ _ : Marking Marking ->
Marking [assoc comm id : null] .

op null : -> Marking [ctor] .

op $ : -> Coin [ctor] .

op q . -> Coin [ctor] .

op a . -> |tem [ctor] .

op C . -> |tem [ctor] .

endfm

/ department of mathematics and computer science 28/42



I! ! { technische universiteit eindhoven

A Maude Primer

mod VENDING-MACHINE is
protecting VENDING-MACHINE-SIGNATURE .
var M : Marking
r[add-q : M = M @
N[add-$§] : M => M $
rl [buy-c] : $ =>c
r[buy-a] : qqq=a .
rl [change] : $ => g g qq .

endm
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Implementing SOS in Maude

e Proof derivations as rewrites:

— rewriting conclusion to premises

— rewriting premises to conclusion

— Transitions as rewrites

/ department of mathematics and computer science 30/42



I! ! { technische universiteit eindhoven

A Maude Primer

crl [FifoQ] :
* < (na0, (a ; u)) 1FifoE (nal, v) >
=>
< (na0, u) 1FifoF(a) (nal, v) >

if
(a =/= emptyEl ).
rl [Fifol] :
* < (na0, u) 1FifoF(a) (nal, v) >

=>
< (na0, u) 1FifoE (nal, (v ; a)) > .
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Reo in Maude

Benefits of the implementation:
1. Animation (step by step execution) of Reo circuits;
2. Computing end results;
3. Checking for reachability of a state;
4. Model checking using LTL formulae.
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Reo in Maude

Time for a Demo

/ department of mathematics and computer science 33/42



I! ! { technische universiteit eindhoven

Overview

— Thoughts on Components and Mobility

5. Conclusion and Future Perspective
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Components: Asymmetry and Anomaly

Asymmetry in our model:

e modeling component writes: implicit by putting initial data on circuit
sources

e modeling component reads: not possible! (indeed possible in the origi-
nal Reo)
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Semantics of Lossy Channel

(LSyno) <A — B,
{A—u—~a,b—v})=
(A --» B,
{A— u,b—a—~v})

(LSyni) <A 5 B,
{A—u—~a,b—v})=
(A --» B,
{A— u,b—v})

/ department of mathematics and computer science 35/42



I! ! { technische universiteit eindhoven

Asymmetry and Anomaly!

O ----@®
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Asymmetry and Anomaly!
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Operational Semantics (reminder)

/ /
(8YS0, T) — Coysyusys; (5YSp, 0)
syso N sys; = 0
vsy32§sy80Usy318y31 C SYSo =4 SYS2 7 CsysoUsys,

(syso U sysy, o) ~ (sys, U sysy, o)

(Sys)
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A Component Model for Reo

Atomic = Skip | Delay | Read(Name) | Write(Name,val)
Proc = Atomic | Atomic;Proc | Proc||Proc

Component = (NodeSet Proc NodeSet)
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A Component Model for Reo

(A,u ~a)U NoSy) Read(A) Nos;)=
((A,u) UNoSy) Skip NoS,)

(NoS, Write(A,a) ((A,u)U Nos;)) =
(NoSy Skip ((A,a ~u)U NoS,))

(NoSy Delay NoSi)= (NoSy Skip NoSh)
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Mobility for Reo

M Atomic = Skip | Delay | Move(BConnector to BConnector)
M Proc == Atomic | Atomic; Proc | Proc||Proc

Mobility ::= Sys, M Proc
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Overview

— Conclusion and Future Perspective
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Conclusion
1. SOS semantics for (basic) Reo
2. faithful implementation of the semantics in Maude

3. some ideas on components and mobility
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Future Work

1. implementing and model checking a case study in the tool

2. writing the semantics of components and mobility and proving desired
properties about them

3. implementing these semantics in Maude
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