Lecture 24 - Dec. 3
Bridge Controller

Adding Actions

Splitting Events

Preventing Livelock/Divergence
Proving Livelock/Divergence Freedom



Announcements/Reminders

e Lab5 due today
e Exam review sessions and office hours TBA
e Sample exam questions to come
® Data Sheet:
+ Hand-Writing & Screenshots allowed
+ Font size requirement: > 10pt
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ML_tl_green

when
mi_tl = red
a+b<d
c=0
en
mli_tl := green
il_tl := red
end
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Exercise: Specify IL_tl_green/inv2_5/INV

IL_tl_green
when
il_tl = red
b>0
a=0
then
il_tl := green
mi_tl := red
end
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Fixing m2: Adding Acfions ml.
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ML _ost
-
=ved v ?’eu av. Ly 5
=_ ML_tl_greenfinv2_5[INV 7| _gat
axmO0_1 { deN ..L.T ™
axm0 2 da>0
axm2_1 COLOUR = {green, red} ML- -fé
axm2_2 green + red ZL [ fM
in 1 { neN
M9 invol2 { n<d
iny1l1 aeN
iny1)2 beN
iny1|3 ceN
1 iny1|4 { a+b+c=n
iny15 { a=0vc=0
iny2l1 ml_tl e COLOUR

oz inf2)3 E

iny2J2 { il_-tte COLOUR
mi_tl=green=a+b<darc=0
iny214 il -tl=green=b>0Ara=0
ing2}5 { mi_tl = red v il_tl = red
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Invariant Preservation: ML_out/inv2__3/INV

ML_out/inv2__3/INV

axmO0_1
axm0_2
axm2_1
axm2.2
inv0_1
inv0 2
inv1 1
invl 2

invl_3
invl 4
invi5
inv2_1
inv2 2

out
when

il_tl = gr
then inv2.3
inv2.4

c:=c+1 inv2.5
end Concrete guards of ML _out

ML _out IL-
when
ml_tl = green

variables: then

a,b,c a=a+1

mi_tl end J$¢p/_ n4

il_tl A = A [
invariants:

inv21: m/ tle COLOUR

inv2 2: j/_tle COLOUR

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

inv2.4: il t/=green=b>0na=0

Exercise: Specify

Concrete invariant inv2_3
with ML_out’s effect in the post-state

b
7 ﬁz\ﬁ 0

IL_out]

/inv2_4/INV

{ deN

green + red
neN
n<d
{ aeN
{ beN
{ceN
{a+tb+c=n
{a=0vc=0
imlﬂ € COLOUR

d>0
COLOUR = {green, red}

il_tle COLOUR
ml_tl=green=a+b<dac=0
il-tH=green=b>0Aa=0
ml_tl = red vil_tl = red
ml_tl = green

e

{ mitl=green=}(a+1)+b<djc=0
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Dlscharglnq POs of m2: Invariant Preservation

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

ML_out/inv2_3/INV

First Attempt

H+ P Hr Q
AND_R
Hr PAQ
5Ol H,P,Q - R
[©0] AND_L
HPAQ+ R
MAINLAND
H P+ Q
IMP_R
Hr P=Q
Unproucole dle  pebed
f«ZOo |
(A'.fl)‘('[? (0( =— 'r_nl,tl=green
mi_tl=green=a+b<dac=0 a+b<dnac-= ‘::0< (a+1)+b<d
mp_R| 1= green I R| -t = green AND L| mi 1l = green AND R | Cn—
e b<d
(a+1)+b<dnrc=0 J (a+1)+b<dnrc=0 ;a+1)+b<dAC:0 i:0<

M L.

mi_tl = green |HYP
e
c=0
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Understanding_the Failed Proof on INV *’{,L‘,'o,%fwé/@’

variables: ML out IL_out

a,b,c when when

ml_tl il tl = green

il_tl then

then b:=b-1

invariants: a=a+1 ci=c+1

inv2.1: ml_tle COLOUR end end

inv22: jl_t/ e COLOUR

inv2.3: mi_tl=green=a+b<dnc=0

inv2.4: i/ ti=green=b>0na=0

(q ¢ N'\V? d
< J
‘J‘I“\l\\/ g& e ‘60 N
d=3,b=0,a=0 o®  [I€a+1) + b < d|evaluates to true ]
= green d=3,b=1,a=0 (AH +b¢d "‘?,;.I/ [(@+ 1)+ b< devaluates to true]
d=3,b=0,a=1|b "0 :ﬁ“’[(a+1)+b<devaluatestotrue]
=5b=0a=2] ‘g0" l(a+1)+b<devaluatesto false]
gd=3;b="1,8="1 A4 g:—o bit [ (a+1) + b< devaluates to false ]
(Cl + l) +b<d d:3,b=2,a=0|( )To{ /-:Zgaf [ (a+ 1) + b< d evaluates to false ]
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Fixing m2: Splitting Events

ml_dl _|
| EaA

ISLAND ) MAINLAND

Lost 2

ML _out_1 ML_out_2 IL_out_1 IL_out 2
when when when when
mi_tl = green mi_tl = green il_tl = green il_tl = green
a+b+1+d a+b+1=d b#1 b=1
then then I Ile then then
a::a+1 <a:aé?u(’ofrf b:zb—1 b::b_.l
end t Ci=C+1 Bl 0871
d .
e / en il_tl := red
end
d &5 o



fpanctl
Current m2 May |Livelock ,/Afw’”"wg \
b

ML_tl_green | IL_ti_green ISLAND MAINLAND
when 1 when
mi_tl = red 1 il_tl = red
a+b<d 1 b>0
g=0 a=0
then | then The twvent wlz D(m\fef
mi_tl := green | | il_tl := green ¢ Thevbs
il_tl := red 1 ml_tl := red f"" / me fVA‘/ﬂ/
end |l end St @4
4~ mZIﬁ‘P Mf&/e%a»y
( init , MLtl.green , MLoutl1 IL.in IL.tl_green , ML_tl_green IL_tl_green gasa, )
—— — ——— —— S — 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 ¢ =0 ¢ =0 c'=0 C =0 c =0 ¢’ =0
mi-ti=red mitl=green MIt'=green mi_tl'=green | mit'=red mit'=green mit'=red 7
il-tl = red il_tl" = red il-tl" = red il-t" = 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

olﬂty‘d zL-;L /’—

ey pefs,
Sl

ML_tl_green
when
IL_out_1
414%0 ’an_lgz ; ';d ML_out_1 when
'&l dl =0 when il tl = green
A e -C/_ 1 mi_tl = green b+1
Nwﬁ? tthass: a+b+1+d then
ot then b:=b-1
%I /K mi_tl := green B e
0 il_tl := red / — : i
e ml_pass = 0 il_pass :
N{ end end end
hﬁ‘ A v
IL_tl_ green ML out 2 IL out 2
when when when
il_tl = red mi_tl = green il_tl = green
d b_>0 a+b+1=d b=1
A ; then then
. a=a+1 bi=b-1
\ml-tl:: red c:=c+1
it = mi_pass := 1 Htlemrodl
Iln;ltlrl_ f :ifin ‘[ = : il_pass := 1
] end
il_pass:=0
end

sy pth 7\

gt 7

d=2 "\ |m _pass il_pass

< init, \ 1
ML_tl_green, O) [
ML_out_1, (
ML_out_2, / /
IL_in, [ /
IL_in, ( [
IL_tl_green, | 7 O
IL_out_1, [ (
IL_out_2, [ /
ML_in, ( /
ML_in ( [

chsw\



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

d=2

ml_pass

il_pass

variants : ml/_pass + il_pass

< init,

ML_tl_green,

ML_out_1,

ML_out_2,

IL_in,

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

IL_in,

IL_ti_green,

@) L G Gl Ll [ Lot

IL_out_1,

NN NN N

IL_out_2,

ML_.in,

ML_in
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occurrences of
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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)
H(o,w) RS
J yos 'Mab oF - ML_tl_green/VAR
V(c,F(c,w))<V(c,w) deN d>0
: COLOUR = {green, red} green + red
-6 f0 neN n<d
ML tl_green Fle,glu 0(: aeN beN ceN
when ~a 47+ a+b+c=n a=0vec=0
mi_ti = red v mi_tl e COLOUR il_tl e COLOUR
afg“j mi_tl=green=a+b<darc=0 il tl=green=b>0na=0
;;ass ot mi_tl = 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 =
il tl := red ml_tl = red a+b<d - c=0
ml_pass := 0 il = O !'mf
end

il_pass =1 5
o~ M';‘(’
')f q Oﬂ il_pass 4 ml_pass + il_pass —

“wl_pss + 70_pss



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

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 s
neN c=0 c>0 then a=0
then
n<d then then a=a-1 bie b1
{aeN a:=a+1 c:i=c-1 b:=b+1 ci=c+1
{ beN end end end end
{ ceN
{ a+b+c=n - 1 1 1 1 1 1 1 1 1 1 1
a=0vc=0 Concrete m2 | i1 green ML_out 1 IL_out 1
{ mi_tle COLOUR - when when Wwhen
{ il e COLOUR ML tl_green il_tl = red ml.tl = green dellsgizen
h a+b+1+d =1
ml_tl=green=>a+b<dac=0 when b>0 ih then
il_tl=green=b>0Aa=0 mi_tl = red a=0 :’La” bi=b-1
{ mi_tl=red v il ti= red St ml.pass = 1 ~ ci=c+1
c=0 then mi_pass := 1 il_pass := 1
{ mi_passe{0,1} 3 X end S
il pass = 1 il_tl := green end
{ il_pass €{0,1} then 730 . ol
{ mi_tl = red = mi_pass = 1 ml_tl := green il_pass:=0 ML out 2 ILout2
{ il tl = red = il_pass = 1 iltl:= red end when when
a+b<dac=0 } guards of ML outin my ml_pass := 0 ml_tl = green iltl = green
v c>0 } guards of ML inin my end atb+i=d b=1
fIL.inin m b fhew
v a>0 guards of /L_ 4 ai-a+d bib-1
v b>0ra=0 guards of /L_out in my mi_tl := red ci=c+1
= ml_pass :=1 {I,tl := red
mitl=redra+b<dac=0nilpass=1} gquards of ML tl_greenin m; end en”dpass =
v il tl=redAab>0na=0naml_pass =1 guards of /L _t/_greenin m;
v ml_tl=greenna+b+1+d } guards of ML out 1in my ML.in
v mi_tl = greenna+b+1=d } guards of ML out2in my when
v il_-tl = green n b + 1 guards of /L out_1in my c>0
v il-tl=greennb=1 } guards of IL_out2in m, the'f
v a>0} guards of ML inin mp A 1
v c>0 } guards of /Linin m,




Discharag

ing 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




