Lecture

Reactive System: Bridge Controller

2nd Refinement: Fixing the Model
Adding Actions



Fixing m2: Adding_Actions

MAINLAND

ML_tl_green/inv2_5/INV

ML_tl_green
when

ml_tl = red

a+b<d

c=0

then

mli_tl := green
il_tl:= red

-t

2=y Koo Alf=hr * %{PM
Exercise: Specify IL_tl_green/inv2_5/INV +

w0 el v

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

axm0_1 deN
axm0_2 d>0

axm2 1 % COLOUR = {green, red}

axm22 { green=+red
inv01 { neN
inv0_2 n<d
invi_1 E aeN
invl_ 2 beN
invi_3 { ceN
invi4 { a+b+c=n
invi5 { a=0vc=0
inv2_1 ml_tle COLOUR
inv2_2 { il_tle COLOUR

inv2 4
inv2.5 { mi_tl=redvil_tl = red

inv2_3 mi_tl=green=a+b<darc=0
il -tl=green=b>0Ara=0
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Lecture

Reactive System: Bridge Controller

2nd Refinement: Fixing the Model
Splitting Events



Invariant Preservation: IML__out/ i_nv2_3!/INV

§ ot/ o dsiedd codze,

ML_out/inv2__3/INV

axm0.1 { deN
axm0_2 da>0
axm2_1 COLOUR = {green, red}
axm22 { green+red
inv0_1 neN
inv0_2 n<d
inv1 1 } aeN
invi2 { beN

invi3 { ceN

invi4 { a+b+c=n

invi5 { a=0vc=0

inv2_1 ml_tl e COLOUR

inv2 2 il_te COLOUR

inv2_3 ml_tl=green=a+b<dac=0

inv2.4 1 il tI=green=b>0Ara=0
-

g inv25 { mi_tl=redvil tl = red
Concrete guards of ML_out { ml_tl = green

ML out || IL_out
when when
mi_tl = green thgaﬂ e

variables: then b:=b-1

a,b,C a:=a+1 N c:=c+1

mi_t! end U end

il_tl
invariants:

inv2_1: mi_tle COLOUR

inv22: jl_tle COLOUR

inv2.3: mi tl=green=a+b<darc=0

inv24: il tl=green=b>0na=

Exercise: Specify

: 2 I _outloZ3

Concrete invariant inv2_3

with ML_out’s effect in the post-state { miif = green Qg b<dnc=0

IL_out/inv 2_4;

zw.c/w/ ouley

[INV




Dlscharglnq POs of m2: Invariant Preservation

First Attempt

d eN
a>0
COLOUR = {green, red}
green + red
neN
n<d
aeN
beN
ceN
a+b+c=n
a=0vec=0
mi_tl e COLOUR
il-tte COLOUR
mi_tl=green=a+b<dac=0
il_.tI=green=b>0Aa=0
ml_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
=

| ml_tl=green|=>(a+1)+b<d/\c=0

(] fece
T _out/

( MAINLAND

| mltl=green=>a+b<darc=0 a+b<dac=0
MP R ml_tl = green IV mi_tl = green

IMP_R

— [,

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

H+ P H+ Q
AND R
H- PArQ
wz-U/
T |\/ H,P,Q - R
——  ANDL
6 HPAQ+ R
‘b H P+ Q
—— IMPR
M; H+ P=Q
a g '& { SHOCKED
ZE a+b<d g
mltl green
a+b<d -
c=0 (a+1)+b<d
AND_L | ml_tl = green AND R
- a+b<d
(a+1)+b<dac=0 c=0
mi_tl = green |HYP
e
c=0




Understanding the Failed Proof on INV

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

variables: ML out
a,b,c when
mi_tl
il ml_tl = green
- then
invariants: a=a+1
inv2.1: ml_tl e COLOUR end
inv2 2: jl tl e COLOUR
inv2.3: mi_tl=green=1a+b<dhc=0
inv2.4: i/ t/=green=b>0Aa=0

Unprovable Sequent from ML_out/inv2_3/INV

thed
ML-out

MAINLAND

ml_tl

1592@) =

24 =3

1<}

AV mi_tl

|_

(@+1)+b<d

= green

(at)+b

34

2 T+|<

1 a+ 1))+ b < dlevaluates to true |
(A"’D'l'b -‘f—d [(a +;§ + 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 ]

vio wiop UL out 2llowtdl = wmd 0 := vool
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Fixing m2: Splitting Events ,.;:

Mot [ Meot_2 Tlot| TI_ont 7]

ML_out_1°
when
mi_tl = green
a+b+1=+d
then
a=a+1
end

ML.out2 -
when
ml_tl = green
a+b+1=d
then
a:=a+1
mi_tl := red
end

?IL_out_1 B
when . 7
il_tl = green
s b-l#
then 0

b:=b-1
ci=c+1
end

> IL_out_2
when
il_tl = green

b=1 2 L-' .

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




Lecture
Reactive System: Bridge Controller

2nd Refinement: Livelock/Divergence



Current m2 May Livelock

:a:l\

ML_onf.

ML_tl_green | IL_tl_green ISLAND SLaINLReD
when 1 when
v mi_tl = red 1 il_tl = red
va+b<d 1 b>0
vc=0 1 a=0 _ ) "
then | then A_«z Fnyetfec( bol2:: o Aﬂfs" b
mi_tl := green | | il_tl := green — Kmt, m_w W’ " ,t , I
il_tl := red 1 mi_tl := red
end | end a vaﬂ apt ‘”‘"‘
oo 0. velid tuete o Wiz, Lt oty 4 ekt wﬁ g Lot Lot L
A 7 I IL..'H# A«ayfo(
( init , ML_tl_green ML out1 | IL_in , IL_tl_green |, ML_tl_green , IL_tl.green ..
d=2 d=2 d=2 a=2 d=2 d=2 d=2
a=0 = a=1 a=0 a=0 a=0 a=0
b =0 - b =0 b =1 bl = P ,_
¢'=0 tC) 8 ¢'=0 ¢'=0 .t:'::\ g'=r1\ 2]:21 W
mitl=red mt'=green MU' =green mit’'=green | mit’=red| mit'=green| mitl=red YD“
il-tl = red il_tl = red iltl" = red il-tl" = red il_tl" = green il_tl" = red il_tl" = green 0}



Fixing m2: Regulating Traffic Light Changes

Divergence Trace: <init,(MLZtl_green, ML_out_1, IL_in,{IL_tl_green,

ML _tl_green
when
mi_tl = red
wibiad ML _out_1
A when
c=0
T ml_tl = green
Lpass= 1 a+b+1+d
£n then
| ml_tl := green
il _tl := red

when
il_tl = green
b+1

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

when
il_tl = green

/th:; 1

b:=b-1

V([
'fff_m?i’f If"_ﬂff,.’}‘gn,”f.“’;
\" 3
d=2 ml_pas il_pass‘ )

< init, 1 1

ML_tl_green, 0 1

ML_out_1, 1- Z

ML_out_2, il {

IL_in, l l

IL_in, I I

JUstimgreen. | T 0

IL_out_l, 7 7

IL_out_2, i 7

ML_in, it rd

ML_in 1 1

To brede #he dﬂeg&“ﬁwﬁfg}'&’\s N
a

vl



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+i/_pass

< init, 1 1

ML_tl_green, 0) 1

ML_out_1, - 1

ML_out_2, | 1 lo\d

IL_in, 1 Mﬁ

IL_in, 1 1

Iﬂ-_fligﬂedn, 1 o | i

IL_out_1,- 1 1 4

IL_out_2, - 1 1y | _i

ML_in, 1 1 o846

ML_in ‘ 1 1 T occurrences of

|

new events




PO of Convergence/Non-Divergence/ leelock Freedom

A New Event Occurrence Decreases Variant

“ e« i

MQ-—]NS t —ré.‘zxs

Variants: ml_pass + il_pass

ML _tl_green

when
mi_tl = red
EEY -2
@=0
il_pass =1

then
mi_tl := green
il tl:=red

ml_pass :=0
end

'_

deN

COLOUR = {green, red}
neN

aeN

a+b+c=n

mi_tl e COLOUR
mi_tl=green=a+b<darc=0
ml_tl = red v il_tl = red
ml_pass € {0,1}

ml_tl = red = ml_pass = 1
mi_tl = red

il_pass =1

0 + il_pass < ml_pass + il_pass

a>0

green + red

n<d ] wo

beN

a=0vec=0

il_tl e COLOUR

il tl=green=b>0Ana=0

il_pass € {0,1}
il_tl = red = il pass = 1

a+b<d
poce o of

ceN]ml

Mz

c=0:]

A g



Lecture

Reactive System: Bridge Controller

2nd Refinement:
Relative Deadlock Freedom



PO of Relative Deadlock Freedom

axmO0._1
axm0_2
axm2_1
axm2 2
inv0_1
inv0 2
invl 1
invl 2
invl_3
invl 4
invli 5
inv2_1
inv2 2
inv2_3
inv2 4
inv2 5
inv2 6
inv2 7
inv2 8
inv2 9

Disjunction of abstract guards

Disjunction of concrete guards

|
|
;
|
|
|
|
|
|
|

d>0

COLOUR = {green, red}

green + red

neN

a=0
mi_tl
il _tl e

ve= 0
e COLOUR
COLOUR

Abstract ml

mil_tl=green=a+b<darc=0
il_tI=green=b>0Ara=0

mi_tl =

=redvil_tl = red

ml_pass € {0,1}
il_pass e {0,1}
mi_tl = red = ml_pass = 1

il_tl =

\%

SRS

L S R S <

red = il_pass =1
a+b<dac=0}
cE10)

a>0
b>0naa=0

mltl=redhna+b<dnac= OAleass_1
ilti=redAb>0Aa= OAmlpass—1}

variables: a,b,c ML _out . IL.in IL_out
when ML.in when when
invariants: at+tb<d when a>0 g i 8
invil:aeN c=0 c>0 then -
!nvLZ:beN then then a=a-1 bi=b_1
b tdve a=a+1 ci=c-1 bi=b+1 ci=c
invid: a+b+c=n
end
invi5: a=0vc=0 end ond end
Concrete m2 | it green ML out 1 IL-out.1
= when when wh’en
ML _tl_green il_tl = red mi_tl = green il-tl = green
when b>0 a+b+1+d hb$1
mi_tl = red a-=0 then k Zr:: b1
atb<d ml_pass = 1 a:=a+1' ci=c+1
c=0 then rgl_pass =l il_pass := 1
il pass = 1 il tl:= green en end
then mi_tl := red
guards of ML out in my ITIt;ﬂ ’jgé een ’Z’—Pass =0 M'\—ﬂ;g‘;‘f IL,OlIitz
[T = en when
guards of ML'_II-) inmy mi_pass := 0 mi_tl = green il_tl = green
guards of /L_inin my end a+b+1=d b-1
guards of /L_out in my then then
a:=a+1 b:=b-1
guards of ML_t/_green in m, :;'";S’ = ; ﬁ;i J;; .
guards of IL_tl_greenin m; and Chase il pass - 1
mi_tl=greenna+b+1+d | guards of ML out 1in my end
mi_tl=greenna+b+1 = guards of ML_out 2 in m;
il_tl = green A b$1 guards of /L_out 1in m, ML.in
il tl=greennb=1 } guards of IL_out 2in m, wheno
a>0} guards of ML.inin m, mg:
c>0 guards of /L_inin my ci=c-1
end end




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 deN d>0 d>0

g0 q)|d>0 > b>0 b>0

beN &. beN r' N ORR2| ’~" HYP

mi_tl = red ml_tl = red P4 d>0 d>0 B0 b>0

il-tl = red ("\ il_tl = red ("f&N ARI b>0vb=0 ORL

(nLtI:red = ml_pass =1 w {nlpass:1 s - 750 50 750

il tl = red = il_pass =1 il_pass =1 b<dvb>0 b<dvb>0 Bl

- - '__ EQ_LR,MON i OR-R1 e HYP
b<d/\ml,pass=1/\{l,pass=1 b<dAmLpass=1A{Lpass=1 bedvbso 0Zdvoso 0<d

v b>0Aml_pass=1nil_pass-=1 v b>0amlpass=1nAil_pass=1




1st Refinement and 2nd Refinement: Provably Correct

IL.in
ML_out when
ab,c when as0
a+b<d then
c=0 a=a-1
invariants: init then bi=b+1
invit:aeN begin a=a+1 end
invi2:beN 5 end
J— invi3:ceN zio
axm01:deN Il as @b i IL out
axm0 2:d > 0 invi5: a=0vc=0 ond ML.in when
when b>0
: c>0 a=0
variants: then iHian
2-a+b Er=Ea Bt
end c:i=c+1
Abstract m1 -

N N A N R N .
iCorrectness Criteria:

- + Convergence
+ Rela’rlve Deadlock FreedonL

+ Guard Strengthening
+ Invariant Establishment
i+ Invariant Preservation

% variables:
a
b
c
mi_tl
il-tl
| consams: 4 | ey
il_pass

axioms:
axm0.1:deN
axm02:d>0
axm2.1: COLOR = {green, red}
axm2_2: green + red

invariants:

inv2.1:
inv22:
inv2.3:
inv2.4:
inv25:
inv26:
|I1\l2 1778
inv2.8:
inv29:

mi_tl e COLOUR

il-tle COLOUR
ml_tl=green=a+b<dac=0
il_tI=green=b>0na=0
mi_tl=red v il tl = red

ml_pass € {0,1}

il_pass € {0,1}

mi_tl = red = ml_pass = 1

il_tl = red = il_pass = 1

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

Concrete m2 ApﬁL

®

variants:
ml_pass + il_pass

IL_tl_.green
when
il_tl = red
b>0
a=0
ml_pass = 1
then
il_tl := green
mi_tl := red
il_pass:=0
end

IL_out_1
ML out_1 when
when il-tl = green
mi_tl = green b#1 ML.in
a+b+1+d then when
then b:=b-1 c>0
a:=a+1 c:i=c+1 then
ml_pass :=1 il_pass:=1 ci=c-1
end end end
ML out2 ILout2 IL.in
when when when
mi_tl = green il_tl = green a>0
a+b+1=d [o=1 then
then then a:=a-1
a:=a+1 b:=b-1 b:=b+1
mi_tl := red c:i=c+1 end
ml_pass :=1 il tl:= red
end il_pass :=1
end




