Fixing m2: Adding_Actions

ML_tl_green
when
mi_tl = red
a+b<d
c=0
then
mli_tl := green
il_tl := red
end

IL_tl_green
when
il_tl = red
b>0
a=0
then
il_tl -== green
mi_tl := red
end

ML_tl_green/inv2_5/INV

axmO0_1
axm0_2
axm2_1
axm2_2
inv0_1
inv0_2
inv1_1
inv1_2
inv1_3
invl 4
invli5
inv2_1
inv2_2
inv2_3
inv2 4
inv2.5

Exercise: Specify IL_tl_green/inv2_5/INV

{ deN
{d>0
COLOUR = {green, red}
Egreen;&red
{ neN
n<d
aeN
beN
ECEN
{a+b+c=n
{a=0vc=0
mi_tl e COLOUR
{ il_tI e COLOUR
ml_tl = green=a+b<dac=0
%iltl:green:b>0/\a:0
{ mi_tl=red vil_tl = red



Invariant Preservation: ML_out/inv2__3/INV

ML_out/inv2_3/INV
axm0.1 { deN
MAINLAND axm02 { d>0
axm2._1 COLOUR = {green, red}
axm2.2 green + red

inv0_1 neN
inv02 { n<d
inv1 1 { aeN
invi2 { beN
invi3 { ceN
ML out IL_out inv1_4 J{; a+b+c=n
invl.5 a=0vc=0
when whyen;; B inv21 { ml_tle COLOUR
mi_tl = green fl=fi Qe et inv2 2 } il tl e COLOUR
. th then inv23 { mitil=green=>a+b<dac=0
variables: en b:=b-1 inv24 { il.tl=green=b>0nra=0
a,b,c a:=a+1 ci=C+1 inv2 5 lmltl-redviltl-red
mit end end Concrete guards of ML_out { ml_tl = green
. s
i_tl Concrete invariant inv2_3 { mi_tl = green= (a+1) +b<dac=0
with ML_out’s effect in the post-state h
invariants:

inv2_1: m/_tle COLOUR

inv2.2: i/ .t/ e COLOUR

inv2.3: mi tl=green=a+b<darc=0
inv2.4: il t/=green=b>0na=0

Exercise: Specify IL_out/inv2_4/INV



Discharging POs of m2: Invariant Preservation

deN
a>0
COLOUR = {green, red}
green + red
neN
n<d
aeN
beN
ceN
a+b+c=n
a=0vc=0
mi_tl e COLOUR
il-tte COLOUR
mi_tl=green=a+b<dac=0
il_.tI=green=b>0Aa=0
mi_tl = red v il_tl = red
mi_tl = green
.
mi_tl=green=(a+1)+b<dac=0

MON

mi_tl=green=a+b<dac=0
-
mi_tl=green=(a+1)+b<dac=0

ML_out/inv2_3/INV

IMP_R

( MAINLAND

mi_tl=green=a+b<dac=0
mli_tl = green

-

(a+1)+b<dac=0

IMP_R

a+b<dac=0
ml_tl = green

-
(a+1)+b<dac=0

AND_L

First Attempt

a+b<d
c=0
mi_tl = green
-

(a+1)+b<dnac=0

H+ P H+ Q
AND R
H- PArQ
H,P,Q+ R
— ANDL
HPAQ+ R
H P+ Q
—— IMPR
Hr P=Q
SHOCKED
oy
a+b<d g
c=0
mi_tl = green |??
.
(a+1)+b<d
AND R
a+b<d
c=0
mi_tl = green |HYP

-
c=0




Understanding the Failed Proof on

INV

variables:
a,b,c
mi_tl
il_tl

invariants:
inv2.1: m/_t/e COLOUR
inv22: j/_tle COLOUR

ML _out
when
ml_tl = green
then
a=a+1
end

IL_out
when
il tl = green
then
b:=b-1
ci=c+1
end

inv2.3: mi_tl=green=a+b<dnc=0
inv2.4: i/ ti=green=b>0na=0

Unprovable Sequent:

A c=0

A ml_tl = green

|_

(@+1)+b<d

Q Qoooq f
1 | A 1 A |
W WWWwWww

(o e e e e e

=0,a=0
=1,a8=0
=0,g="
=0, 8=2
=9,8="1
=2,a=0

n
|

MAINLAND

\

[ (a+ 1) + b< devaluates to true]
[ (a+1) + b< d evaluates to true ]
[ (a+1) + b< d evaluates to true ]
[ (a+1) + b< d evaluates to false ]
[ (a+ 1) + b< devaluates to false ]

[ (a+ 1) + b< d evaluates to false ]



Fixing m2: Splitting Events

ISLAND

ML _out_1
when
mi_tl = green
a+b+1=+d
then
a=a+1
end

ML _out 2
when
ml_tl = green
a+b+1=d
then
a:=a+1
mi_tl := red
end

( MAINLAND

IL_out_1

when
il_tl = green
b4+

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

end

IL_out_2

when
il_tl = green
b=1

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

end




Current m2 May Livelock

ML _tl_green | IL_tl_green ISLAND SLalLANL
when 1 when
mi_tl = red 1 il_tl = red
a+b<d 1 b>0
c=0 1 a=0
then | then
mi_tl := green || il_tl := green
il_tl := red | mi_tl := red
end 1 end
( init , ML_tl_green ML_out1 IL_in , ILtl.green , ML_tl. green , ILtl. green ,...)
~—— — e ~—— - - —
d=2 d=2 d=2 d=2 d=2 d=2 d=2
a=0 a=0 a=1 a=0 a=0 a=0 a=0
b'=0 b'=0 b'=0 b'=1 b =1 b =1 b =1
¢’=0 c'=0 c'=0 ¢'=0 =0 =0 =0

mitl=red  mit’'=green mit'=green  mltl' =green mI_tI' =red mit'=green  mitl=red
il tl = red il_tl' = red il-tl" = red il_tl" = red il tl' = green il_tl' = red il_tl' = green




Fixing m2: Regulating Traffic Light Changes

Divergence Trace: <init, ML_tl_green, ML_out_1, IL_in, IL_tl_green, ML_tl_green, IL_tl_green, ...>

ML_tl_green
when
ml_tl = red
a+b<d
c=0
il pass =1
then
ml_tl := green
il_tl := red
ml_pass:=0

IL tl green C&&
when
il_tl = red
b>0
a=0
ml_pass = 1
then
il_tl := green
mi_tl := red
il_pass:=0
end

d=2

ml_pass

il_pass

< init,

1

1

ML_tl gl_l'egn,

ML_out_1,

ML_out_2,

IL_in,

IL_out1
ML _out.1 when
when il_tl = green
ml_tl = green b+1
a+b+1+d then
then b:=b-1
a=a+1 c:=c+1
ml_pass := 1 il_pass :=1
end end
ML_out 2 IL_out 2
when when
ml_tl = green il_tl = green
a+b+1=d b=1
then then
a:=a+1 b:=b-1
mi_tl := red c:=c+1
ml_pass := 1 il_tl = red
end il_pass:=1
end

IL_in,

IL_tl_green,

IL out 1,

IL_out_2,

ML_in,

ML_in

>




Fixing m2: Measuring Traffic Light Changes

ML _tl_green
when
ml_tl = red
a+b<d
c=0
il pass =1
then
mi_tl := green
il_tl := red
ml_pass:=0
end

IL_tl_green
when
il_tl = red
b>0
a=0
ml_pass = 1
then
il_tl := green
ml_tl := red
il_pass:=0
end

d=2 ml_pass | il_pass variants : m/_pass + il_pass
< init, 1 1 Qe
g Vv
ML_t_green, 0 1 variant: V(c, w) @
ML_out_1, 1 1 A \ =
ML_out_2, 1 1 / )
IL_in, 1 1 1
IL_in, 1 1
IL_tl_green, 1 0 ]
IL_out_l, 1 1
IL_out_2, 1 1
ML_in, 1 1 i\
ML_in 1 1 occurrences of

new events




PO of Convergence/Non-Divergence/Livelock Freedom

A New Event Occurrence Decreases Variant

A(c) : |
I(c,v) Variants: ml_pass + il_pass
J(c,v,w)
Hio. w) VAR
o ML_tl_green/VAR
V(c,F(c,w)) < V(c,w) deN d>0
COLOUR = {green, red} green + red
neN n<d
ML tl_green aeN beN ceN
when a+b+c=n a=0vec=0
mi_tl = red ml_tl e COLOUR il_tl e COLOUR
a0 mi_tl=green=a+b<darc=0 il tl=green=b>0na=0
T mitl = red v il tl = red
then ml_pass € {0,1} il_pass e {0,1}
mi_tl := green ml_tl = red = ml_pass = 1 il_tl = red = il_pass =1
il _tl := red ml_tl = red a+b<d c=0
ml_pass:=0 il_pass =1
end =

0 + il_pass < ml_pass + il_pass




PO of Relative Deadlock Freedom

axm0_1
axm0_2
axm2_1
axm2_2
inv0_1
inv0_2
inv1_1
invl 2
inv13
invi 4
invi 5
inv2 1
inv2_2
inv2 3
inv2 4
inv25
inv2_ 6
inv2 7
inv2 8
inv2 9

Disjunction of abstract guards

Disjunction of concrete guards

{
{
{
{
!
{
{
{
E
{
E

Abstract ml

deN
d>0 variables: a,b,c ML _out ] IL.in IL_out
COLOUR = {green, red} when ML.in when when
green + red a+b<d when a>0 b>0
neN c=0 c>0 then tha=0
n<d then then a=a-1 er:bq
aeN a=a+1 ci=c—1 b:=b+1 CimCt 1
beN end end end end
ceN
a+ b+ C n -_— 1 1 1 1 1 1 1 1 1 1 1
a=0vec=0 Concrete m2 IL_tl_green ML out 1 ILout.1
mi_tle COLOUR - when when when
il tl e COLOUR ML tl_green iltl = red mi_tl = green ol e
ml_tl=green=a+b<dnac=0 when b>0 tha+b+1¢d then
il tl = green=b>0ra=0 mitl = red a=0 i bi=b-1
mi_tl = red v il tl = red ahbed mi pass = 1 - 0i=0+1
c=0 then mi_pass := 1 il_pass:=1
ml_pass € {0,1} : ; end ’
il_pass = 1 il_tl := green end
il_pass €{0,1} then mitl = red
mi_tl = red = ml_pass = 1 mi_tl := green il_pass:=0 ML out.2 ILout2
il_tl = red = il_pass = 1 il_tl := red end when when
a+b<dac=0 } guards of ML outin m; ml_pass := 0 mi_tl = green il_tl = green
v c¢>0 } guards of ML inin my end atb+1=d b=1
f IL_inin m then then
v a>0 } guardsof /L_ 1 a:=a+1 b:=b-1
v b>0na=0 guards of /L_out in my mi_tl = red ci=c+1
ml_pass :=1 il_tl := red
= _ ; _ A end il_pass :=1
mitl=redra+b<dnac=0nilpass=1} guards of ML_tl_greenin m, n
v iltl=redAb>0na=0amlpass=1} guards of IL_tI_greenin m,
v mi_tl=greenna+b+1# d } guards of ML out_1in m, ML.in
v mil_tl=greenna+b+1= guards of ML _out 2 in my when
v il_tl = greenn b + 1 guards of /L out_1in my c>0
v il-tl=greennb=1 } guards of ILout2in m, b
v a>0} guards of ML inin m, AR
v c>0 } guards of /Linin m,




Discharqing POs of m2: Relative Deadlock Freedom

il_pass € {0,1}

ml_tl = red = ml_pass = 1

il tl = red = il_pass = 1
a+b<dac=0

c>0
a>o0
b>0ra=0

mitl=redna+b<dac=0nilpass=1

il-tH=redAb>0Ana=0Aml_pass=1

mi_tl = green
il tl = green
a>0

deN
d>0
beN
mi_tl = red
il tl = red
mi_tl = red = ml_pass = 1
il_tl = red = il_pass =1
=
b<daml pass=1nil pass=1
v b>0Aml_pass=1nil_pass-=1

deN
d>0
beN

ml_tl = red
iltl = red

"| ml_pass =1

il_pass =1
-
b<damlpass=1nil pass=1
v b>0amlpass=1nAil_pass=1

d>0
beN

e

b<dvb>0

ARI

da>0
b>0vb=0
-

b<dvb>0

OR L

d>0 d>0
b>0 OR.R2 b>0
- -
b<dvb>0 b>0
d>0

i EQ.LR,MON
b<dvb>0

HYP

d>0 da>0
OR_R1

+ +

0<dv0>0 0<d

HYP



1st Refinement and 2nd Refinement: Provably Correct

IL.in
. avb<d then ‘Correctness Criteria: -
c=0 a=a-1
| constants: o || myerants: it then. i '+ Guard Strengthening 7
invit:aeN begin aw=a+1 end
invi2:beN i end 'l | ) .
axioms: It gige)) b0 + Invariant Establishment
S o0 in15. 220160 ena || | MLin " when I iant - -~
axm02:d> when b>0 + Invariant Preservation
variants: =2 a=0 = |
3 then then
2.a+b P e - + Convergence B
end c:i=c+1 o
Abstract m1 end '+ Relative Deadlock Freedom
Are
variables: ML tl_green
< infon IL_out_1
b Z’i;’)z ?d ML out 1 when
- = when il-tl = green
ml.4 e mi_tl = green b#1 ML in
it th i a+b+1+d then when
ml.pass o then b:=b-1 c>0
il pass mEt N geon a:=a+1 ci=c+1 then
il tl = red g _
ml_pass :=1 il_pass:=1 ci=c-1
ml_pass:=0
sets: COLOR invariants: efid end end end
inv2.1: mi_tle COLOUR
inv22: jl_.tle COLOUR -
axioms: inv2.3: mitl=green=a+b<dnac=0 ILtl.green ML out.2 ILout 2 ILin
axm0.1:deN inv2.4: il_tl=green=b>0ra=0 when when when when
axm0.2:d>0 inv2.5: mi_tl = red v il_tl = red it = red mi_tl = green iltl = green a>0
axm2.1: COLOR = {green, red} inv2.6: ml_pass ¢ {0,1} b>0 a+b+1=d b=1 then
axm2.2: green + red inv2.7:il_pass < {0,1} 2=0 then then a:=a-1
inv2.8: ml_tl = red = ml_pass = 1 mi_pass = 1 a=a+1 b:=b-1 b:=b+1
inv2.9: il tl = red = il_pass =1 then mi_tl:= red ci=c+1 end
p ml_pass :=1 il_tl:= red
il_tl := green end il e 1
variants: :rlni;gs; ‘reg end
mi_pass + il_pass =
Concrete m2 ond




