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CONTENTS

presenting a technique for automatic verification of concurrent
systems that has been used for designing analysis tools and
demonstrating their correctness

the technigue consists of

¥ associating behavioural types to programs that record relevant infos for

a given property |implement a type inference system

¥ define an analyzer of behavioural types or use off-the-shelf analyzers

not hard: resort to well-established theories
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THE TECHNIQUE IN DETAIL

INPUT: a programming language with an operational semantics —

demonstrate that a program P owns a property ¥

FIRST HALF: the behavioural type inference and its correctness

SECOND HALF: the correctness of behavioural types with respect
to the property ¥
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THE TECHNIQUE IN DETAIL — THE FIRST HALF

the behavioural type inference and its correctness

1. define behavioural types that are abstract specifications of programs
detailed enough to verify ¥

2. define a relation, say = and called greater-than, on behavioural types, e.g.
b= b’

the difficulty of implementing

' P :b isthe same of
3. define an inference system such that I'= P : b |standard semantic analysis

comments: (1) there are as many rules as the syntactic constructs in the language

(2) additional rules are needed for the runtime configurations of the program, c.f. =

4. THEOREM (subject reduction) if ' P:b and P — P' then there are

I, b" suchthat I P' :b'" and b= b' |instandard type systems b = b'
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THE TECHNIQUE IN DETAIL — THE SECOND HALF

the correctness of behavioural types

5. define a property W' over behavioural types and specify b -V’

comments: (1) V' is different from W because behavioural types and programs

have different models
(2) the algorithm for b IF¥' must terminate

(2) usually b is either a finite model or one uses a terminating fixpoint technique

(3) b IFY" requires no work if there is a well-established theory
6. demonstrate that, if bFY' and bZ2b', then b' FV'

/. demonstrate that, it T'—P:b and bIFV' then P owns the property W
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THE PROGRAMMING LANGUAGE — miniJava

¥ programsinminiJava are (D, P)
¥ D is afinite set of method name definitions A(X1,..,%n) = Pa

* P is the main process

in Java thisis

: h = h ;
% the syntax of P and P, is / Tt.];iiitt() new Thread() { P}
P ::= 0 | (vx) P | (v P) P | 1f e then P else P
| A(el/---/en) | SYHC(X){ P }
e ::= x | v | e ope \inJava this is
synchronized (x){ . . . }

¥ you may write complex programs
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THE DINING PHILOSOPHERS IN miniJava

% you may write complex programs in miniJava:

buildNetwork(x,y,n) = (v z) (
if (n==1) then sync(x) {sync(y){ 0 }}
else (v sync(x){sync(z){ O }}) buildNetwork(z,y,n-1)
)

(v sync(zn) {sync(z1){ O }}) Zn Z1
buildNetwork (zi1, Zn, ) Qﬁ% 2@7
1

. the TABLE
n-1

e symmetric strategy: possible deadlocks % 73

e at least one Philo with a different °
strategy: no deadlocks buildNetwork
° n-—-2
°
Z4 ;
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THE OPERATIONAL SEMANTICS OF miniJava

¥ program (D, P) sequence of locks that have been acquired by P+

i

¥ the initial stateis P ¢ &, genericstatesare P1e01| ... | Phe oy

~_1 ~

¥ the operational semantics: parallel threads

(ZERO)

Qeog —

(NEWO)
z = fresh( ) (NEWT)

(vax)Peo |P— P{z/,}ec | P (v P)Qeoc—> Pec| Qoo

(IFT) (IFF)
le]l # 0 le]l =0
if e then P else Qeo — Peo if e then P else Qoo — (Qeo
(CALL) (SynC)
[[E]] _ 3 A(?) _p T ¢ P reentrancy

A(e)eoc —> P{V/;}ec sync(z){ P }eoc |P— Peo-x | P
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DEADLOCKS IN miniJava

a program (D, P) is deadlock-free if, whenever
Peg —=*P and P =sync(x){ Q }eo | P’

then there is P” such that P — P”

e.g.
¥ (v sync(x){sync(y){ 0 }}) sync(y){sync(x){ 0 }} deadlocks

¥ (v sync (zn) {sync(z:1) {0}}) buildNetwork(zi,zn,n) deadlocks
for every n

¥ (v sync(zi1) {sync(zn) {0}}) buildNetwork(zi, Zn,Nn) Never

deadlocks
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LAMS

our behavioural types are lams

lams define sets of dependencies

% dependencies are relations containig pairs (x,V)

¥ the syntaxis:
=0 | (x,y) | vx€ | £&¢&¢ | €+ & | BA(xi,..,%n)

¥ aprogramis (£, £) where £ are lam-function definitions
A(Xi, oo, %)= (V Z1,.0,2m) L
% example of a lam-function:

buildNetwork (x,y) = (v z)((x,y) + (x,z) & buildNetwork(z,y))
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LAMS — THE RELATION =

¢ 2
¥ if £ contains a function invocation A (ui, ..., un)
¥ A(X1, ..., %)= (Vv 21, ..., zm)la isin L

¥ £'is £ where the invocation A (u1, ..., u,) has been replaced by
gA {zl',..., zm'/

variables

Uiy ... u . I 1
Z1y ey zm}{ e n/xl,..., xn}W|th Z1 y..; Zm fresh

example of 2:

(v, x)& buildNetwork (x,Vy)
(v, x)&(x,y) + (y,x)&(x,2z1)& buildNetwork (z:,y))

LI

=2 (v, x)&(x,y) + (v,x)&(x,21)&[ (z1,y) + (z1,22) & buildNetwork (zz,y) ]

— (YIX)&(XIY) + (Y!X)&(X/Zl)&(ZIIY) + (YIX)&(szl)&(Zl/Z2)&
buildNetwork (zs, v)
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THE STATIC SEMANTICS OF miniJava

Processes — (1 -2 2, = (21,22)& - &(Tpn_1,%n) :

(T-NEW)

(T-ZERO) [, z:00j ;0 P:/¢ xé¢o
['; 00:(c}
ok (vax) P:(va)l
(T-SyNC) (T-Ir)
' ;502 P: /¢ [' - e:int ' ; 0P/ ' ;0P ¥
I'; o sync(z){ P }:/ ' ; o if e then Pelse P ./ + 1V
(T-PAR) (T-CALL)
';0-P:/4 Cobu:0bj ; ub-Q: /¢ I'-w:0bj ' e:int
;o wQ) P:l&(vu)l I'; o A(u,e) : A(u) & (o}
Programs:
(T-ProG)

A(z,y)=PaeD
(u . Obj ; ub Py zA) L = Ung)—pyeptAluT) = £4)
Do :0bj ;' - P/t

T+ (D,P): (Z,0)
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THE SUBJECT REDUCTION THEOREM

judgments for states

l

if ' P: ¢ and P—P' then thereare I, £' such that
"~ P': ¢ and ¢3¢
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THE SECOND HALF: CIRCULAR DEPENDENCIES IN LAMS

this is a circular dependency — :
this is also a circular dependency

(by transitive closure)

example of 3:

(Y!X) &(XI Zl) &(le Z2) &
buildNetwork (z,, v)

alam ¢ has a circularity if there is £' such that

£33 0" and £' has a sumand with a circular dependency

THEOREM: it is decidable whether a lam £ has a circularity or not
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THE SECOND HALF: CIRCULAR DEPENDENCIES IN LAMS

absence of circularities in lams corresponds to deadlock freedom
IN miniJava processes

THEOREM: if '+ P: £ and £ has no circularity then P is
deadlock-free
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CONCLUSIONS

1. type inference relates programs and behavioural types

2. behavioural type analysis allows us to demonstrate sensible
properties on programs
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