Use of a Variant to Measure New Events Converging

variables: a,b,c

invariants:
invi1:a¢N
invi2:beN
invi3:ceN
invid: a+b+c=n
invi5: a=0vc=0

ML _out
when
a+b<d
c=0
then
a:=a+1
end

ML_in
when
c>0
then
c:=c—1
end

IL.in

when

a>0

then
a=a-1
b:=b+1
end

IL_out

when
b>0
a=0

then
b:=b-1
c:=c+1

end

Variants for New Events: 2 - a + b

variant: 2 -a + b

<init,|ML_out,|ML_out,|IL_.in,|IL_out,|IL_in,|IL_out,|ML_in,|ML_in|>

< O O 9

< O O ©
"

< O O o
"

< O T ©

|
< O T o
|

< O T o

"
< O T o
]

< O T o

< O T o
"

A

>

occurrences of
concrete events



Use of a Variant to Measure New Events Converging

fixed

variables:

ab,c

invariants:
invi1:a¢N
invi2:beN
invi3:ceN
invi_4:
invi5:

at+b+c=n
a=0vec=0

ML _out
when
a+b<d
c=0
then
a:=a+1
end

ML_in
when
c>0
then
c:=c—1
end

IL.in
when
a>o0
then

a=a-1
b:=b+1

end

IL_out
when
b>0
a=0
then
b:=b-1
c=c+1
end

Variants for New Events: 2 - a + b

variant: 2 -a + b

<init,|ML_out,|ML_out,|IL_in,|IL_in,|IL_out,|IL_out,|ML_in,|ML_in|>
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PO of Convergence/Non-Divergence/Livelock Freedom

Variant Stays Non=Negative Variants for New Events: 2 - a + b

IL_in/NAT

NAT

variant: V(c, w)
AN

A New Event Occurrence Decreases Variant

IL_in/VAR N

occurrences of
VAR new events

V(c,F(c,w)) < V(c,w)




Idea of Relative Deadlock Freedom

A(c)
I(c,v)
J(c,v,w)

DLF

Gi(c,v)v---v Gp(c,v)

|_
Hi(c,w) v ---v Hy(c, w)

DLF provable DLF unprovable
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PO of Relative Deadlock Freedom

Abstract mO

variables: n ML out ML.in
when when
n<d n>0
in\_lari(';lr;ts: " then then
inv01:ne
; n:=n+1 n:i=n-1
inv02:n<d aiid onid
Concrete ml
variables: a,b,c ML _out L
when -n
invariants: a+rb<d when
invil:aeN c=0 c>0
invi2:beN then then
!nv}_zzceI\lI) a:=a+1 c:=c-1
invid: a+b+c=n
invi5: a=0vec=0 end end
IL.in IL_out
when when
a>0 b>0
a=0
ther? then
a=a-1 bi=b-1
b:=b+1 Bt
end end

A(c)
I(c,v)
J(c,v,w)

Gi(c,v)v---v Gn(c,v)

|_
Hi(c,w)v---v Hy(c, w)

DLF



Example Inference Rules

HP.Q - R

AND_L
HPAQ+R




Discharging POs of ml: Relative Deadlock Freedom

o T
MON EQ.LR

H1,H2 + G H(E),E=F +~ P(E)

deN

a>o0

neN

n<d

aeN

beN

ceN

a+b+c=n

a=0ve=0

n<dvn>0

-
a+b<dac=0

v ¢>0

v a>0

v b>0ara=0




Discharging POs of ml: Relative Deadlock Freedom

H P+ R HQ+R

HPvQ+ R

H+ P H+ Q

d>0
b=0vb>0
=

b = d n0'=0

v b>0A0=0

H+- PAQ

ORLL

AND_R

H+ P

Hr PvQ

H+ Q
Hr+ PvQ

OR_R1

OR_R2

P+ E=E

EQ

HP+~P

HYP




Initial Model and 1st Refinement:

Provably Correct

ML out
when
il Abstract mO
constants: d variables: n n:=n+1
init end
begin
axioms: invariants: n:=0
axm0.1:deN inv01:neN end ML._in
axm02:d>0 inv02:n<d when
n>0
then
n:=n-1
end
Concrete ml
ILin
ML _out when
. [ variables: a,b,c when a>0
Correctness Criteria: e har
. c=0 a=a-1
+ Guard Strengthening R invariants: init then = g
q Q . invi1:3¢N . a:=a+1 end
+ Invariant Establishment i bEN begln s e R
. . i invi3:ceN o
+ Invariant Preservation moms: 3 s S e IL out
£l invi5: a=0vec=0 . ML_in when
+ Convergence axmi-2:d> 0 il when b>0
o | c>0 a=0
+ Relative Deadlock Freedom variants: then then
2-a+b c:=c-1 b:=b-1
end c:=c+1
end




