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Module 3:

Invariants



Atomic propositions AP = { p,,p, }

pq: request=1 p,: status=busy
{r} {p1r2}
request=1

request=1
ready

busy

request=0
busy

request=0
ready

{r.}



Atomic propositions AP = { p, 5,75, 04 }

pi:prl.location=crit pr:prl.location=wait

p3: pr2.location=crit P4 pr2.location=wait
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Atomic propositions AP = { p,,p, }

py: request=1 p,: status=busy
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{}U " Uy

AP-INF = set of infinite words over PowerSet(AP)
Property 2: p, A —p, is always true
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Invariants

AP-INF = set of infinite words over PowerSet(AP)

Property: ¢ is always true
(where ¢ is a boolean expression over AP)
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Invariants

AP-INF = set of infinite words over PowerSet(AP)

Property: ¢ is always true
(where ¢ is a boolean expression over AP)

{ AGA A, --- € AP-INF | each A; satisfies ¢ }

A property of the above form is called invariant property

It is written as G ¢



Atomic propositions AP = { p, 5,735,024 }

pi:prl.location=crit pr:prl.location=wait

p3: pr2.location=crit p4: pr2.location=wait

Above TS satisfies invariant property G = (p; A p;)
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Algorithm

Input: A TS and property G ¢
Output: Does TS satisfy invariant G ¢?
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Algorithm

Input: A TS and property G ¢
Output: Does TS satisfy invariant G ¢?

A TS satisfies an invariant qS
if and only if
every reachable state of the TS satisfies ¢



{r} Q{pl,pz}

N request=1 request=1
ready busy

request=0 request=0
| ready busy
~—
I U U {m}

Property to check: G p,

set R, stack U, bool &
for all initial states s

if s¢ R then
visit(s)

endif

return b

procedure visit (states s)

push(s,U); R:=R U {s}
while (U is not empty)
s == top(U)
if Post(s') C R then
pop(U)
b=bA(EP)
else
let s € Post(s') \ R
push(s”,U)
R:=RU {/}
endif

endwhile



tr} Q{P"pz} set R, stack U, bool b

request=1 request=1 . e
->[ . ]—»[ s ] for all initial states s

if s¢ R then
visit(s)
endif
return b
->[ reg‘e‘:;=° ]—> “‘gf:yt:‘) ] procedure visit (states s)
0 ~— U{ | push(s,U); R:=R U {s}
i & while (U is not empty)
Property to check: G p, J = top(U)
if Post(s') C R then
pop(U)
b=bA(EP)
else
let s € Post(s') \ R
push(s”,U)
R:=RU {/}
request=1 request=1 dif
reas rea 1 en
[ =z ] [ B ] endwhile
R U b
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set R, stack U, bool
for all initial states s
if s¢ R then
visit(s)
endif
return b
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if s¢ R then
visit(s)
endif
return b
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pop(U)
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else
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{r} Q{pl,pz}

N request=1 request=1
ready busy

request=0 request=0
| ready busy
~—
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Property to check: G p,

request=0
busy

request=0
busy

request=0
busy

request=1 request=1
busy busy

request=1 request=1
ready ready

R U

set R, stack U, bool
for all initial states s
if s¢ R then
visit(s)
endif
return b
procedure visit (states s)
push(s,U); R:=R U {s}
while (U is not empty)
s == top(U)
if Post(s') C R then
pop(U)
b=bA(EP)
else
let s € Post(s') \ R
push(s”,U)
R:=RU {/}
endif

endwhile
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{r} Q“’l’pl} set R, stack U, bool

_)[ = ] ,[ e ] for all initial states s
if s¢ R then
visit(s)
endif
return b
_)[ reg\ex;si;=0 I re%‘f:yFo ] procedure visit (states s)
<___> ush(s,U); R:=R U {s

while (U is not empty)
Property to check: G p, 5" :=top(U)

if Post(s') C R then
pop(U)

request=0 = /=
request=0 clse 7 /
busy let s € Post(s') \ R

[re?ésm ] [reiuesm ] push(s”, U) §
usy usy R:=R U {S }
& EE 0 i
R U b
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{r} Q“’l’pl} set R, stack U, bool

_)[ = ] ,[ e ] for all initial states s
if s¢ R then
visit(s)
endif
return b
_)[ reg\ex;si;=0 I re%‘f:yFo ] procedure visit (states s)
<___> ush(s,U); R:=R U {s

while (U is not empty)
Property to check: G p, 5" :=top(U)

if Post(s') C R then
pop(U)

request=0 = /=
request=0 clse 7 /
busy let s € Post(s') \ R

request=1 PMS}J(S//’ U)
busy R:=R U {S//}
request=1 request=1 O endif
read; read;
[ 22, ] [ e ] endwhile
R U b
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{r} Q“’l’pl} set R, stack U, bool
_)[ = ] ,[ e ] for all initial states s
if s¢ R then
visit(s)
endif
return b
_)[ reg\ex;si;=0 I re%‘f:yFo ] procedure visit (states s)
U < U () push(s,U); R:=R U {s}
{} P2 while (U is not empty)
Property to check: G p, 5" :=top(U)
if Post(s') C R then
pop(U)
request=0
b
request=0 clse
let s € Post(s') \ R
e
busy R:=R U {5//}
% endwhile
R U b
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2 Q{pl,pz}

N request=1 request=1
ready busy

request=0 request=0
| ready busy
~—
I U U {m}

Property to check: G p,

request=0
busy

Tequest=0 Property not satisfied
busy

request=1
busy
request=1
'II!!!!II' O
R

set R, stack U, bool &
for all initial states s
if s¢ R then
visit(s)
endif

return b

procedure visit (states s)
push(s,U); R:=R U {s}
while (U is not empty)
s == top(U)
if Post(s') C R then
pop(U)
b=bA(EP)
else
let s € Post(s') \ R
push(s”,U)
R:=RU {/}
endif

endwhile
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