CS256/Winter 2009 Lecture #5 Classification Diagram (Fig 0.18)

Zohar Manna
e For each k € {safety, guarantee, obligation

response, persistence, reactivity }
the k class of temporal formulas is
characterized by a canonical k-formula,

with p, q, p;, q; — past formulas

e A formula is a k-formula if it is
equivalent to a canonical k-formula

e A property is a k-property if jt i

specifiable by a k-formula
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Closure of Classes
Reactivity: closure under A, V, —

Persistence: closure under A, V
OOpAnoOg ~ SOWAg
OOpvoOOg ~ SO@v oSk A—g))

Response: closure under A,V
OOpvOOq ~ OOV a)
OOprAOO e ~ OOW@AOW(=9)Sp))

Obligation: closure under A, V, —

Guarantee: closure under A, V

OpVvOqg ~ O(pVa)
OpNOg ~ O(OpASq)

Safety: closure under A, V
OpAOg ~ OAg)
OpVvdg ~ O(EpVEH
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Duality of classes

e Safety vs. Guarantee

-Op ~ O-p

e Response vs. Persistence

OO ~ OO-p
-OOp ~ OO
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Classification Diagram

e strict inclusion between boxes

P1

/

Example: Obligation C Persistence
OpivoOa) ~ COlERY O a)

P1 D P> Ps

Theorem: Every quantifier free temporal formula is
equivalent to a reactivity formula.
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Classification Diagram Con’t Note:

e strict inclusion between conjunctions Properties specified by state formulas are safety proper-

(Obligation and Reactivity) ties and guarantee properties, since

p ~ O(first — p)

In Obligation .
p ~ (first A p)

n—+1 n
AlOpiv<oal > AlOpVv<Oal
i=1 i=1 but also O p, O Op,... since
In Reactivity Op ~ (O first — p)
n+1 n
/\[D<>p7;v<>qu-] ) /\[D<>piv<>qu'] Op ~ OO first A p)
=1 =1

OOp ~O(O O first — p)
OOp ~ (OO first Ap)
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6-G

Reactivity n>1

Reactivity n=1

Obligation n>1

Obligation n=1

Safety

Example Formulas

e Safety [(p

conditional safety
p—0Oq ~ O(pA first) — q)
p=0q ~ O(©&p — )

waiting-for

pWqg ~ (S — Sq)

e Guarantee p

conditional guarantee
p—<a ~ O(SUirst Ap) —a)

until

pUqg ~ (gAEp)
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Example formulas (Con’t)

n+1
e Obligation /\ (Opi vV a;)

=1

pW(Oq) ~ Op Vv g

e Response (] p

response

p=<a ~ OO((-p)Ba)

justice

1 & (—enabled(r) V last-taken(T))
where

enabled(r) : 3V’ p-(V, V')
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Example formulas (Con’t)

e Persistence & [p

conditional stabilization

p=>C0g ~ OOOP — )

n+1

e Reactivity /\ (C0Op v OO q)
i=1

compassion

1 enabled(r) — [0 $ last-taken(r)

insistence

OOCpr=<q ~ OOCqgV OO
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Temporal Logic and Programs:
Examples

0]

i

Control Predicates
VARSE s
at_l; V at_Ej

at_4; V at_£i+1 VoL

V at_Ej
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Example 1: Program BINOM

Compute the binomial coefficient (Z)
where 0 < k <n

b — n-(n—l)..-ylnoc(n—k—l—l)
1. 20 i ys .- -k

property of integers:
a product of m consecutive integers
is evenly divisible by m/!
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Program BINOM (Fig. 120)

in k. . integer where 0<k<n Program BINOM : Total Correctness
local yq,yo,r : integer where yi =n,yp=1,r=1
out b . integer where b=1 e termination

[local ¢1:integer ] O lat—lg N at—_my]

¢o: while y; > (n—k) do
[ /1 : request(r) |

e partial correctness
P by . t1:=b-1yq b

f3: b=t O [at_eb- A at_m7 — b= (n)]
¢4 . release(r) k

| l51 y1i=y1— 1]

£6:

- e total correctness

S {at_% A at—_my N b= (Z)]

local to: integer

mq : while yo < k do
myp: await (y1 +y2) <n |

mo . request(r)
P m3 . tp:=bdiv yp

maq = 1o

msg . release(r)

me: Y2i=y2+1
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Program BINOM : Auxiliary Properties

e global invariant

Oin—k)<y1 <n AN 1<y <k41]

e deadlock freedom

Ollat—€1 N at—_ms] — r=1]

e fault freedom

C[at—m3 — [y2 0 A (bmod yp) = 0]]

e mutual exclusion

O[—(at—lp..4 N at_m3..5)]
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Example 2: Resource-Allocator Program

g

Consumers

1
Allocator C,
rl
°
\\\\\\\\\\\\\\\\\\\\\\\Eﬂ1\\\\\\\\\\\\\\\\\\\\\\\\<§\ ]
I Cn

A

C; requests
A grants
C;; releases

A acknowledges

T .

S R
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Properties

mutual exclusion

a0 gi<1)

l—-17, O0—F

conformance with protocol
(—=g9i) = (=gi) W (=gi A1)
ri = i W (riAgi)
gi = giW (g A-my)
(—=ri) = (=) W (=r; A —g;)

1-bounded overtaking

ri = (=gj)) W g; W (=g;) Wy
for every j, j # 1

liveness
ri = i
gi = (o)
(=) = $O(g0)
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Example 3A: Program PRIME

local y: integer wherey =1

lo . loop forever do
H 65:priﬁt(y) H
lg : :

output: 2, 3,5, 7, 11, 13, - --
' . t_ t_¢ =
prmt(id(u)/ O at_Lg A a‘ 6 A y=u

J

Why & at_¢57

e only primes

j—1

J J

Vu. printed(u) = prime(u)

e all primes

Vu. prime(u) — <> printed(uw)

e monotonicity

Vu,u'. printed(u) =

where u,u’ are rigid

Cl(printed(v’) — o > u)
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Asynchronous Communication

sending event (predicate)

[ <= v]: —first AN a=a ew

“The value v (of e) has just been sent to o’

Q a < e [a < V] [04747)]

j—1 J j+1

recelving event

[ = v]: —first AN vea =a~

“The value v has just been received (in )
from channel o”

Q a = u [|[a= ] [a 7[ v]
j—1 J j+1
5-21

Synchronous Communication

[a <> v]
0o = el
Q m. a = u.m [a <> v]
jg—1 J

[ {le),Iml} € 7 A

[ <= 2]: | o= (7= = {4, [m]}) U {[d, [m]} A

(€;m)

V=—¢€

“A synchronous communication has just taken place”

Note: \/ ranges over all pairs of parallel =, <
statements on a.
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Example 3B: Program PRIME
¢ : loop forever do
I e o 11

output channel ~: 2, 3,5, 7, 11, 13, - --

vz [y=pl [y # p]

g—1 J J+1
e only primes

Vu. [y < u] = prime(u)

e all primes
Vu. prime(u) — Oy < 4]
e monotonicity

vm,m'. ([y <m] A @[Wﬁm’]) = m' <m

Why @ and not &7

9-23

Verification: Motivating Example

Peterson’s Algorithm

(for mutual exclusion)
Version 1 — INCORRECT

local yi,y>: boolean where y; = F,yp =F

¢g: loop forever do

noncritical |
y1 . =T
await Yo

critical

mg . loop forever do

mi .
mo .
m3 .
mgq .

msg .

noncritical |
Y2 .=T
await Y1

critical

Yoy .= F
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Peterson’s Algorithm (Con't)

e protection variables: y1, yo

Y1 =F, yp = F — initially

by y1 =T — Pj is interested
¢3: await (—yp) V... —  P7 waits

ls: y1 = F —  P7 resets y1

Problem: potential deadlock
may reach €3, m3z with y; = yo =T

Y1 Y2 L
<{€2,’I7’L2}, F, F> - <{€3,m2},T, F)

2 ({t3,mz},7,1) b

Fix: add signature variable s

by: s:=1 —  Pq requests priority

¢3: await ...V (s T 2) — Pj has priority
P> was the last to request priority
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Peterson’s Algorithm
Version 2 (signature variable) - CORRECT

local y1,y>: boolean where y; = F,yp =F
S . integer wheres=1

¢o : loop forever do

/1 mnoncritical
p, - 62 . (y17 S) = (Ta 1)
o l3: await (-yo) V (s = 2)
l4 : critical
i £5 . Yy = F ]
mg . loop forever do
'm1 . noncritical |
ma 1 (y2, s) == (T, 2)
P

m3: await (-y1)V(s=1)

mgq . critical

ms: Yo .= F
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Peterson’s Algorithm
Properties of version 2

Mutual Exclusion

(0—(at_€s N at_my)

1-Bounded Overtaking for P;

at_l3 = (mat_mg) W at_ma W (mat_mg) W at Ly

Accessibility for P;

at_ly = > at_ly
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local y1,y>:

S

éo:

mq -

Peterson’s Algorithm
Version 3 (split assignments) — INCORRECT

boolean where y; = F,yo = F
integer wheres =1

loop forever do

(/1 : mnoncritical ]
by: s:=1
b3 y1 =T
by await (—ys) V (s = 2)
l5 . critical

L le: Yy1:=F

loop forever do

mq . mnoncritical 1
mo . s§s.:=2
m3 . Yyp ;=T
mg . await (-y1) V(s=1)
ms . critical
me - Y2 = F
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(y]_,S) = (Ta 1) -

(9273) L= (Ta 2) -

Problem: violation of mutual exclusion

({3, m3}, 2, F, T) T3 ({ts,ma}, 2, F, T)
{3
_>

<{€37m5}7 2, F, T> <{£47m5}’ 2, T, T>

<{€5,m5}, 2, T, T>

=13

!

Fix: reverse the statements

(ylas) L= (T7 1) -

(y2,5) == (1,2) —
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Peterson’s Algorithm

Version 4 (reverse statements)
CORRECT???

local yi1,y>: boolean where y; = F,yp =F
S . integer wheres=1

¢g : loop forever do

(/1 : mnoncritical
b>: y1 =T
Py l3: s:=1
by await (—ys) V (s = 2)
l5 . critical
Lle: Yy1:=F

mg : loop forever do

[m1 . noncritical
mo . Yo =T
P m3: s:=2
mg . await (—-y1)V(s=1)
ms . critical
me - Y2 = F
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Proving temporal properties of reactive

systems

?
PEp

wey Algorjg, .
pedT iy,

PEy Model checking
(Chapter 5)

T

Temporal
Logic
Prover

represent
P
by a TL
formula
and prove

Y=

TLA

Transform Transform
to
Firstf(())rder First-Order
; Logic direct
Logic by
means of
Verification
Rules
i l
1 First-Order
FH;;?;? " (or higher-Order)
Prover
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Our approach

Proving temporal properties of reactive

Textbook:

Chapters 1, 2:

Vol 11T of
textbook

systems (Con’t)

Proof methods for
safety properties:

PE[J¢, where ¢ is a past formula
(no future operators)
Proof methods for
Invariance properties:
PE[q, where q is a state formula

(no temporal operators)

Proof methods for
progress properties.
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