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(" 1: Nondeterministic while programs « )
Program Operation Effect
T < e  assignment assigns value of term e to variable z
7Q test check truth of first-order formula @ in current state
a; pB sequential composition [ starts after « finishes
aUp nondeterministic choice run either a or 8
L o* nondeterministic repetition repeats a n-times for any n € N )
2: Semantics of while programs « as a relation w[a]r between prestates w and poststates v A
wlx < e]v iff w[z +— a] = v where a = w[e]
wl?Qv  fwkEQand w=v
wla; Blv iff wla]p and p[B]v for some u
wlaU By iff wla]v or w[p]v
wla*y  iff w[a]™v for some n >0
wla]®  ffw=v
wla]" v iff wla]p and pfa]™v for some
L [a] [a]p and pfo] 1 )
( 3: Semantics of Dynamic Logic formulas P in state w )
w e > ey iff wler] > wlea]
w = —P iff w £ P that is, it is not the case that w = P
wEPAQ ifwEPandwkE=Q
wkEP—Q iff wk P implies w = Q
wkE3Jz P iff wlz— a] = P for some integer a
wkEVYrP iff wjz— a] = P for all integers a
w = ()P iff v = P for some state v such that w[a]v
w = [a]P  iff v = P for all states v such that w]a]v
wE= QP iff v = P for all states v
\_ = = _J
( 4: Selected dynamic logic axioms )
() (@) P ¢ —[a]-P
| [z < e]P(x) <> (V2'.2' = e — P(2')) (2/ not in e or P(z))
I ?QIP < (@ — P)
Ul [aUBIP & [a]P A 5P
| [o BIP < [a][B]P
[ [*]P < P A [a*](P — [a]P)
. J
( 5: Weakest Preconditions )
wp(a; B)@Q = wp(e)(wp(B)Q)
wplaUB)Q = wp(e)Q Awp(B)Q
wp(?P)Q = P=Q
wp(a”)@Q = QAwp(a)(wp(a”)Q)
L wpla < Q) = Vi'a'=c QW) (@ ¢e.Qw) )
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( 9: Equality Logic with Uninterpreted Functions

=, and all possible constant (a,b,c,...) and function (f,g,h,...) symbols:

Ye:{=,a,b,¢,...,f,9,h,...}
Axioms:
Ve.x =z
Ve,yxr =y > y==x
Ve,y,zx=yAy=2z —>xr =2
Ve, y.x =y — f(Z) = f(y) (congruence axiom)

(" 6: Strongest Postconditions A
sp(a; B)P = sp(B)(sp(a)P)
sp(aU B)P = sp(a)PV sp(B)P
sp(?Q)P = QAP
sp(a”) P = P Vsp(a”)(sp(a)P)
L sp(x < e(x))(P(x)) = F'ax=e(@)ANP) (2 ¢e(x),P(z)) )
( 7: Sequent Calculus A
I'-PA T,PFA
—id cut
I''PHPA TFA
I'PHA '+ P A
— =R — =L
I'F=PA I'-PkFA
'EPA THQ,A IPQFA
AR — AL
'-EPAQ,A I'PAQFEA
'EPQ,A rLPHA TIhQFA
— VR VL
'-PVvQ,A LPVvQEA
IPHQ,A I'EPA T,QFA
——— —R L
T-FP QA T Po>OQFA
I'-P,PA I'P,PFA
——— contractionR ——  contractionL
' P A PHA
' P(a),A IPe)F A
VR® VL
I'FVz. P(z),A I'\Vz.P(z) F A
' Pe), A I Pa) - A
'3 P()AHR T3 P()I—Aaa
z. P(x), ,dz. P(x
g J
8: Resolution D
pvVC —pVvD |
——— X resolution
\_ cCvD )
~N

The theory of equality with uninterpreted functions has a signature that consists of a single binary predicate
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(- 10: Semantics of Linear Temporal Logic (LTL) A

The suffix of a trace o starting at step k& € N is denoted o and only defined if the trace has at least length
k. That is
(00, 01,09, -+ s Oh— 1+ Oy Okt s Tkt - - - ) = (ks Ot 15 Ohg2s - - - )
The truth of LTL formulas in a trace o is defined inductively as follows:

(1) 0 = F iff og = F for a state formula F' provided that og # A

(2) 0 =P iff o £ P, i.e. it is not the case that o = P

B) o EPAQifol=EPando=Q

(4) o EXPiff ol P

(5) o EOPiff o' = P foralli >0

(6) o = OPiff o' = P for some i >0

(7) o = PUQ iff there is an i > 0 such that 0’ = Q and ¢/ = P for all 0 < j < i

In all cases, the truth-value of a formula is, of course, only defined if the respective suffixes of the traces are

kdeﬁned. )
4 )

11: Kripke structure

A Kripke frame (W, ~) consists of:
e a set IV of states;
e a transition relation ~ C W x W where s ~ ¢ indicates that there is a direct transition from s to ¢
in the Kripke frame (W, ~).
A Kripke structure K = (W, ~,v,1) is:
e a Kripke frame (W,~) with a mapping v : W — 2V, where 2" is the powerset of V assigning
truth-values to all the propositional atoms in all states;
9 e a Kripke structure has a set of initial states I C W. )
( )

12: Computation structure

A Kripke structure K = (W, ~, v, 1) is called a computation structure if:

e IV is a finite set of states;
e every element s € W has at least one direct successor t € W with s » ¢.

A (computation) path is an infinite sequence sg, s1, S2, S3, ... of states s; € W such that s; ~ s;41 for all
1. We will always assume that the structures used in model checking are computation structures, unless
kotherwise noted. )
( )

13: Semantics of Computation Tree Logic (CTL)

In a fixed Kripke structure K = (W, ~,v), the truth of CTL formulas in state s is defined as follows:
1) s = piff v(s)(p) = true for atomic propositions p
s = —P iff s £ P, i.e. it is not the case that s = P
sEPAQIiff sEPand s |=Q
s = AXP iff all successors ¢t with s ~ t satisfy t = P
s = EXP iff at least one successor ¢ with s ~ t satisfies ¢ = P
s = AGP iff all paths sg, s1, s2,... starting in sp = s satisfy s; = P for all ¢ > 0
s = AFP iff all paths sg, s1, S2, ... starting in sg = s satisfy s; = P for some i > 0
s = EGP iff some path sg, s1, S2, ... starting in sy = s satisfies s; = P for all : > 0
s = EF P iff some path sg, s1, S2, ... starting in sgp = s satisfies s; = P for some i > 0
s = A[PUQ)] iff all paths sg, s1, S2,... starting in sy = s have some ¢ > 0 such that s; = @ and
sj=Pforall 0<j<i
(11) s = E[PUQ)] iff some path so, s1, S2,... starting in sy = s has some ¢ > 0 such that s; = @ and
sj = Pforall 0<j<i
Given a Kripke structure K, we say that K satisfies P iff for all initial states sg of K, sg = P.

g J




