Dependency Analysis

as the Basis for a Generic Type System

Maxime Gamboni

Instituto de Telecomunica¢des, Instituto Superior Técnico, Portugal

April 20th, 2011



@ Behavioural Properties, Existential and Universal

Pa. pi

@ Dependency Statements, Behavioural Statements
a7y, §o =& Vv (& A &)

@ Type Systems
an FaAr t.a|f

@ Generic Type System
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Behaviour Dependencies Activeness and Responsiveness Generic

Behavioural Properties: Existential vs Universal

Definition (Existential Property)

Available somewhere. Good things happen eventually.

Activeness (Receptiveness)
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Behavioural Properties: Existential vs Universal

Definition (Existential Property)

Available somewhere. Good things happen eventually.

Activeness (Receptiveness)

Definition (Universal Property)

Available everywhere. Bad things never happen.

Deadlock-freedom, Isolation, Determinism, “Responsiveness”,
“Non-Termination".
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Behaviour Dependencies Activeness and Responsiveness Generic

Behavioural Properties: Existential vs universal

@ good,(P) implies good, (P | Q)
@ bady(P) implies bad(P | Q)
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@ Parallel composition fundamental to the m-calculus

P=P|Py|...|P,

@ Need to analyse one component at a time
{ri= P} P

@ Need to make assumptions on the environment

= (ZL«=F)
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Dependency Analysis (1)

@ Parallel composition fundamental to the m-calculus

P=P|Py|...|P,

@ Need to analyse one component at a time
{ri= P}~ P)
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Dependency Analysis (1)

@ Parallel composition fundamental to the m-calculus

P=P|Py|...|P,

@ Need to analyse one component at a time
{ri= P}~ P)

@ Need to make assumptions on the environment

= (2L«=F)
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Behaviour Dependencies Activeness and Responsiveness Generic

Dependency Statement

Definition (Dependency A< B)

If you give me B, I'll give you A.

RS
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Behaviour Dependencies Activeness and Responsiveness Generic

Behavioural Statements

Definition (Behavioural Statements)
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Behavioural Statements

Definition (Behavioural Statements)
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Behavioural Statements

Definition (Behavioural Statements)
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Behaviour Dependencies Activeness and Responsiveness Generic

Behavioural Statements

Definition (Behavioural Statements)

ap<(bp Acp) + A = la(tf).b(wt'f).(t' c{tF)+f".f)
bp<T + B = b(tf)I
bp<l = C = 1tc(tf).((va)q|qt]|qf)
H A|B
H A|C
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Behaviour Dependencies Activeness and Responsiveness Generic

Behavioural Statements

Definition (Behavioural Statements)

ap<(bp Acp) + A = la(tf).b
bp<T + B = lb(tf).t
bp<l + C = 1c(tf).((vq)q|q.t|q.f)

ap<(T Acp)xap<cp + A|B
F A|C
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Behaviour Dependencies Activeness and Responsiveness Generic

Behavioural Statements

Definition (Behavioural Statements)

ap<(bp Acp) + A = la(tf).b
bp<T + B = lb(tf).t
bp<l + C = 1c(tf).((vq)q|q.t|q.f)

ap<(T Acp)xap<cp + A|B
aD<1(bD/\J_);aD<1J_ [ A|C
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Behaviour Dependencies Activeness and Responsiveness Generic

Activeness and Responsiveness: Semantics

Definition (Immediate Activeness)

good,(a, (I P)) if P=(v2)(a(y).Q|R)
good, (3,(T; P)) if P = (v2) (a(%).Q|R)

Definition (Immediate Responsiveness)

£ _ _
badr(a, (T;P))  if P =05 P and T v 7 i P.

\
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Behaviour Dependencies Activeness and Responsiveness Generic

Activeness and Responsiveness: Semantics
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Behaviour Dependencies Activeness and Responsiveness Generic

Type System (Activeness and Responsiveness)

I Far P; I ar P

— (NI PAR REs
Trar 0 ( ) 1Ol Far P1|P2 ( ) (I/X)r AR (I/X)P ( )
sub(Gi) = {pi}, (ZLi<«ZEi) Far G.P;, Zg < \,ZEi
(EE has concurrent environment p,-/) =ec=1
(Sum)

(Xip)a=<eAV,ELi<ZE) Far X, GiPi

Nar P (#=landm =%)=>e=1
(p co; A« p™ A ;3’"')
o (v2) ( Fr<pa O o[X]<par
© phk<e A proolf] )" ar (v2) pF(R).P

(PRE)
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Behaviour Dependencies Activeness and Responsiveness Generic

Type System (Activeness and Responsiveness)

i Far P; AR P

— (NIL PAR RES
T I—AR 0 ( ) F1®F2 l_AR P1|P2 ( ) (VX)r I—AR (UX)P ( )
sub(Gi) = {pi}, (ZLi<«ZEi) Far Gi.Pi, Zg < A\, ZEi
(EE has concurrent environment p; ) =ec=1
‘ — (Sum)
(X pi)a<eAV,;ZLi*ZE) Far X, Gi.P

FFar P (#=land m =%) == 1

(proi <7 ") o

o (uz)(r<1m © 7[%]< Par
©) pf<1£ A pr<o[X] )# Far (v2) p7{(X).P
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Instantiated with:

o Immediate correctness (semantics)

o Elementary rules (typing)



Behaviour Dependencies Activeness and Responsiveness Generic

Generic Type System

i ¢ P
Mo F PP

[ P
(wx)T i (vx)P

(N1L)

(PAR) (RES)

ThcO
(ZLi«Zwi) b Gi.Pi Zp < \;ZEi
(sumic({pi}i.Zr) A V,;ZLi«ZE) Fx X, Gi.Pi
N P G = (v2) p" (%)
(p:o; <p”’/\bm') o p*
© (v2) (T< dep, (6) © TIF]< (depyc(G) A Pr)

# ~ ~
® propg(o, G, m, m’)) i (v2) p?(x).P

(Sum)

(PRE)
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Behaviour Dependencies Activeness and Responsiveness

Elementary Rules

e Elementary properties of a sum with subjects {p1, p2, . ..

sumk({pi}i, =E)

e of a p-guard G with type ¢ and multiplicities p™, ™

propk(a, G7 m, m/)

@ Resources required to consume a guard:

dep,(G)
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Behaviour Dependencies Activeness and Responsiveness Generic

Activeness

Definition (Activeness)

gooda(p, (I P)) if P = (vz) (G.Q| R) with sub(G) = p.
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Behaviour Dependencies Activeness and Responsiveness Generic

Activeness

Definition (Activeness)

gooda(p, (I P)) if P = (vz) (G.Q| R) with sub(G) = p.
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Behaviour Dependencies Activeness and Responsiveness Generic

Activeness

Definition (Activeness)

gooda(p, (I P)) if P = (vz) (G.Q| R) with sub(G) = p.

® depp(p) = sub(u)a-

e PFOPA(G,U,m,m’):{SU (G)a U #(G) =wor m #«

T otherwise
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Behaviour Dependencies Activeness and Responsiveness Generic

Activeness

Definition (Activeness)

gooda(p, (I P)) if P = (vz) (G.Q| R) with sub(G) = p.

o depa () = sub(u),.
@ propa(G,o,m,m’) = sub(G)a  if #( ) wor m # *
T otherwise

o suma({p;};,=) =
T if = has concurrent environment p;

(20 pi)p otherwise
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Behaviour Dependencies Activeness and Responsiveness Generic

Determinism

Definition (Determinism)

For any pair of transitions (I'; P) 2, (Fi; P;) s.t. mp # mp are the

corresponding steps, 3(T'j; P;) —— (I": P') s.t. the step

corresponding to fi; is ;.

7,
75, 71° &
0/34.
7

N
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Behaviour Dependencies Activeness and Responsiveness Generic

Determinism

Definition (Determinism)

For any pair of transitions (I; ) (Fi; P;) s.t. mp # mp are the

corresponding steps, 3(I';; P;) — (I; P') s.t. the step

corresponding to fi; is ;.

o depp(n) =T
e ¢p(o,G,m,m) wf
1 if xe{m,m} and w¢ {m m'}
{sub(G)D otherwise
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Behaviour Dependencies Activeness and Responsiveness Generic

Determinism

Definition (Determinism)

For any pair of transitions (I; ) (Fi; P;) s.t. mp # mp are the

corresponding steps, 3(I';; P;) — (I; P') s.t. the step

corresponding to fi; is ;.

o depp(u) = T

e vp(o,G,m,m") def
1 if xe{m,m} and w¢ {m m'}
sub(G)p otherwise

1 if = has concurrent environment p;

T  otherwise

owmwm£>@{
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®

Sound well-formedness criteria.

Generic Type System Soundness.
Implementation.

Extensions (complex channel usages, recursion, subtyping,
etc).
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Behaviour Dependencies Activeness and Responsiveness Generic

Current and Future Work

@ Sound well-formedness criteria.
@ Generic Type System Soundness.
@ Implementation.

@ Extensions (complex channel usages, recursion, subtyping,
etc).
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@ Behavioural Properties
@ Dependency Analysis: Reusable types for reusable code

o Generic Type Systems: Write an elementary rule, get a type
system for almost free
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Behaviour Dependencies Activeness and Responsiveness Generic

Summary

@ Behavioural Properties
@ Dependency Analysis: Reusable types for reusable code

@ Generic Type Systems: Write an elementary rule, get a type
system for almost free
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Behaviour Dependencies Activeness and Responsiveness Generic

Thank You

http://maxime.gamboni.org

Answers to questions are non-isolated, non-deterministic,
non-functional, active, responsive, deadlock-free, and terminate.
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