PO/VC Rule

of Invariant Preservation: Sequents

Abstract moO

A(c)
variables: n ML out ML._in I(c,v)
when when J(C, Vv, W)
L n<d n>0
invariants: then then H(C, W)
!nv0_1:neN n:=n+1 n:=n-1 —
inv02:n<d ahid and
Ji(c,E(c,v), F(c,w))
Concrete m1l
variables: a, b,c ML out L
when -n
invariants: a+b<d when
invil:aeN c=0 c>0
invi2:beN then then
invi3:ceN a:=a+1 Ci=C—1
invid: a+b+c=n
invi5: a=0vc=0 end end

Q. How many PO/VC rules for model m1?



Visualizing Invariant Preservation in Refinement

Each concrete state transition (from w to w’)
should be simulated by
an abstract state transition (from v to v')

IV
v'=E(c,v)

1(v)
G(c,v) v

Abstract event

-

- J(c,vw) JeV' w)

| Concrete event !

—

H(cw) w w'= F(c,w)




Discharging POs of m1: Invariant Preservation in Refinement

ML_out/invl_4/INV H L G
MON EQ

H1,H2 v G P+~ E=E

deN

d>0 H(F),E=F + P(F)

neN EQLR
B ] H(E),E=F + P(E)

aeN

beN

ceN

a+b+c=n
g=0ve=10

at+b<d

c=0

-
(a+1)+b+c=(n+1)




Discharging POs of m1: Invariant Preservation in Refinement

ML |n/|nVI S/INV -_ H 2
FALSE_L OR_R1
H1, H2 - G H+~ PvQ

deN
d>0
neN
n<d
aeN
beN
ceN
a+b+c=n
a=0ve=0
c>0

=

a=0v(c-1)=0

H(F),E=F ~ P(F) HP+-R HQ+R
EQLR ORLL
H(E),E=F ~ P(E) H,PvQ +~ R

HYP

H,P + P




PO of Invariant Establishment in Refinement

constants: d ’

variables: a,b,c

axioms:
axm01:deN
axm02:d>0

Rule of Invariant Establishment Exercise:

invariants:
invii1:a¢eN
invi2:beN
invi3:ceN
invid: a+b+c=n
invi5: a=0vec=0

I
o O o

A(c)

|_

Ji(c, K(c), L(c))

Components

K(c): effect of abstract init

L(c): effect of concrete init

Generate Sequents from the INV rule.




Discharging PO of Invariant Establishment in Refinement

H1 - G

d = N H1,H2 - G MON
d>0 init/invI4/INV

~ o TRUE_.R
0+0+0=0

init/invl _S/INV




