Lecture 17 - March 21

Reactive System: Bridge Controller



Announcements

o ab3 released
e Review Q&A Session 7pm on Wednesday, March 22
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Lecture
Reactive System: Bridge Controller

First Refinement: Inv. Establishment



PO of Invariant Establishment in Refinement

Components

K(c): effect of abstract init

constants: d ’ variables: a,b,c

invariants:

ioms: invi1:acN : -
s I g i : L(c): effect of concrete init

axm02:d>0 invi 3:ceN
invid: a+b+c=n |

invi5: a=0vec=0

. ; A
Rule of Invariant Establishment Exercise:
Generate Sequents from the INV rule.

mell Y.« A= A
0+0+0= 0

=

oS Att. P k. qovs. *[Td+0+0=0
Q. How many PO/VC rules for model m1?
& (mt, $ w.)
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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
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Lecture
Reactive System: Bridge Controller

First Refinement: Invariant Preservation
New Events



Bridge Controller: Guarded Actions of "new” Events in 1st Refinement

IL_in: A car enters island

(o) (getting off the bridge).
— SET g .
— IL_in L —7 K> ~ ot newm/
-2 when 'C:O v =
7z ——'T Wl
hes” | 0. buwod: [2+¥B<d]
?? viot wvecessény ;
_ /end = 0 ML_out dlfmdﬁl
axioms: x| dhecks Tt
constants: d axm0.1:deN . on o VAN
(005 3 e IL_out: A car exn’r:s island @) o'+ |,
(getting on the bridge). = A1)+ (i
invariants: IL_out S A+E
invil:aeN when | -7 b>0 y
variables: a,b,c invli2:beN a=0 b{{,y—\'(‘,
invi3:ceN ther A}
inv1_4:a+b+c@ 00 > b::b-—\;&“’()’
‘invi5: a=0vc-= end” ] ‘_>C"C4'| ‘?(C*‘)
9T = ﬁ*\'b{'z




Before-After Predicates of Event Actions: 1st Refinement

IL in IL_out

when when
a>o0 Zi 8 - Pre-State

then then_ - Post-State
gf=a-1 bh-p_1 s Sate Transition
b)=b+1 ci=c+1

end end /

Concrete State Space
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Visualizing Invariant Preservation in Refinement

Each new state transition (from w to w’) Skip /.
begin
should be simulated by [A/=ﬂ)
an abstract dummy state transition (from v to v') end
1(v) Abstraft event v’;(%z,v) ot @ UL ?4W G
(vion evgats)
Concrete event
.......... TLowm  v=Hew)

il b C




PO/VC Rule of Invariant Preservation: Sequents

Abstract mO

Q INV1_ 4/INV

constants: d

i | axioms:
axm0.1:deN
axm02:d>0

Concrete m1l

variables: n

NeN
ned

invariants:
inv0_14neN
inv024{n<d

?
F [+t «dn

variables: a,b,c IL’V?,l;Ln R>0 ? —4{_{_ /f[/:@
in\_lari1ar1|ts: s 228 (A-l)-(— (lo ) f[ =
!nv _1j]ace he
2l Hen. RE Touo-1 | IL_in/INVI_S/INV
inv1.4 ] atb+cin ' = encc:i:C+ .
mstecie) (Fente : heibtog L eai

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



Discharging POs of ml: Invariant Preservation in Refinement

IL_in/invl_4/INV H v G
MmoN |l HYP

H1,H2 - G H,P + P

deN

d>0

neN

n<d
aeN

beN

ceN
a+b+c=n
a=0ve=0
a>0

=

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




Discharging POs of m1: Invariant Preservation in Refinement

ML |n/|nVI S/INV -_ - Q
FALSE_L OR_R2
H1 H2 - G F PvQ@Q

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

=

(a-1)=0vec=0

H(F),E=F + P(F) HP+-R HQ+R
Tap.p P EQLR ORL
’ H(E),E=F ~ P(E) H,PvQ +~ R




Lecture

Reactive System: Bridge Controller

First Refinement: Convergence
New Events



Livelock Caused by New Events Diverging SHOSKED

< U
. . whip Ctime DY y
An alternative m1 (for demonstration) WETHEr
AR .
(£3
axioms: invariants: /2 § it %d: ffg
constants: d axm0.1:deN variables: a,b,c ::x: -; z :% d M rel
axm0.2:d>0 inV1:3;C€Z , f':
C') M;}fﬂ‘jo\lc:o>
ML ot ML in . o= §
h IL.i IL_out .
" ae:‘ b<d wr::e>n 5 br:egin ::gin [( j ﬂ"mw{
c=0 then a=a-1 b:=b-1 - Fr
then o bi=b+1 Ci=c+1 ) /pl 76 ﬂ)
a:=a+1 S end end P ol t:
end gnd h a,fb(
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Nefeﬁmfd/‘oas- (ot (ML _out  T] o1, Do oty mef' :’F

Pos veeed & T
L a, Tl _ant, e dﬂzzg% (i Afajdt‘:f‘iéﬁ ran lp
> [od - desthanged. How?




