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@ The Prototype Verification System (PVS)

@ Gentzen Deductive Rules vs PVS Proof Commands
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The Prototype Verification System (PVS)

PVS is a verification system, developed by the SRI International
Computer Science Laboratory, which consists of

@ a specification language:
> based on higher-order logic;

> a type system based on Church'’s simple theory of types

augmented with subtypes and dependent types.
© an interactive theorem prover.

> based on sequent calculus; that is, goals in PVS are sequents

of the form I' = A, where I" and A are finite sequences of
formulae, with the usual Gentzen semantics.
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The Prototype Verification System (PVS)

The Prototype Verification System (PVS) — Libraries

@ The prelude library

> |t is a collection of basic theories containing specifications about:
* functions;
* sets;
* predicates;

* logic; among others.
> The theories in the prelude library are visible in all PVS contexts;
> It provides the infrastructure for the PVS typechecker and prover, as

well as much of the basic mathematics needed to support specification
and verification of systems.
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The Prototype Verification System (PVS)

The Prototype Verification System (PVS) — Libraries

e NASA LaRC PVS library (nasalib)

» It includes the theories

* structures, analysis, algebra, graphs, digraphs,
real arithmetic, floating point arithmetic, groups, interval arithmetic,
linear algebra, measure integration, metric spaces,

orders, probability, series, sets, topology,

* ok A %

term rewriting systems, unification, etc. etc.
> The nasalib is maintaned by the NASA LaRC formal methods group;
» The nasalib is result of research developed by the NASA LaRC

formal methods group and the cientific comunity in general.
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The Prototype Verification System (PVS)

Sequent Calculus in PVS

A sequent of the form T' = A (or Ay, A, ..., A, = By, Ba, ..., By, since T and A

are finite sequences of formulae) is:

@ interpreted as:
Ay NAa2 N ... NA,FB1V By V ...V By,
that is, from the conjunction of the
antecedent formulae one obtains the

disjunction of the succedent formulae.

@ represented in PVS as:

[-11 A
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cation System (PVS)

Sequent Calculus in PVS

@ Inference rules

> Premises and conclusions are
simultaneously constructed:
A
A
» A PVS proof command corresponds
to the application of an inference

rule. In general:

T'FA
MEALTREA,

e Goal: F A.

(Rule Name)

@ Proof tree: each node is labelled by a

sequent

Proof of symmetric_is_torsion in symmetric

(lemma finite_torsion")
1

(inst +1 "symmetric")

b ®
(assert)

[

(rewrite “symmetric_is_finite")

[
e T B e 0

eoce Sequent 1 (symmetric_is._torsion)

symmetric_is_torsion :
{-1} FORALL (6: (group?)): is_finite(G) IMPLIES torsion?(6)

[1]  torsion?(symetricy

Dismiss | Print | Stick Help
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The Prototype Verification System (PVS)

Some inference rules in PVS

@ Structural:

Deduction rule

PVS command

“";’}F—;}AA (LContraction) % (copy)
| [-1] AA-B
(] AN-B [—(i+i)] AA-B
|———.——— (copy — 1) |___.___
(] ﬁC.—>D f ﬁc;D
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The Prototype Verification System (PVS)

Some inference rules in PVS

@ Structural:

Deduction rule PVS command
= A . e, ' A .
m (LWeaken/ng) W (hzde)
[—1] AN—-B
[-1] AA-B

[~ + i)] AA-B
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The Prototype Verification System (PVS)

Some inference rules in PVS

@ Propositional:

| ______ Deduction rule PVS command
(flatten)
[1JAAB—= (CVD—=CV(ANQC))
e, I'= Ay R TEA o=

} (flatten) Tsaese &) UTraqs
[_1]A p1,02, ' = A (L ) <p1/\4p2,1—‘|—A
[-2] B p1 A2, I'= A " Pie{1,2}, I F A
[_3] ¢vD T'= A, picq1,2} (Ry) THEA o1Vep2
[—————— T'= A1V p2 v TEA 1,02
(1] C
2] ANC

o = = = T wae
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The Prototype Verification System (PVS)

Some inference rules in PVS

@ Propositional:

Deduction rule PVS command
= A, ¢, = A o=, TFA ]
—_— Y (L) ———— (split)
o=, T = A TFA, ¢ ,TFA

[-1](A—-B)—= A
|—————— (split —1)
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The Prototype Verification System (PVS)

Some inference rules in PVS

@ Propositional:

|- —— === (case “m>n")

[1] ged(m,n) = ged(n,m)
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The Prototype Verification System (PVS)

Some inference rules in PVS

@ Propositional - semantics of PVS instructions:

a,T'l-— A,b I'l-——A,a,c

Fl-—Aa b 2% FTA e e gﬂj‘?t)em
I'l--- A,if a then b else c endif spt
2 NS (flatten) _oll—-Aa_ (flatten)
aANb,T|-—— A . —aANec,T'|l-—— A a. en
(split)

if @ then b else c endif, T'|-— A
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The Prototype Verification System (PVS)

Some inference rules in PVS

@ Propositional (propax):

rAl--- A

2 (Ax)

I,FALSE A

(FALSE|---)

I''---TRUE,A

(- TRUE)
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The Prototype Verification System (PVS)

Some inference rules in PVS

@ Predicate:
Deduction rule PVS command
plz/yl,T = A Jop, T FA
ErEYN (L3), y¢&v(l,A) Se/y T A (skolem), y & tv(T', A)
elz/t],T = A Ve, EA
Voe T a LY oo/ TFa (st
[-1] Vaur : P(z) [—1] Var : P(z)
[2] Jor : ~P(x) (skolem —2%2”)  ~ |-—-
=== (1] P(z)
(1] Vour : P(z) (1] P(2)
|--- (inst —1 “27) ~ |-—- Q.E.D.
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The Prototype Verification System (PVS)

Summary - Gentzen Deductive Rules vs Proof Commads

Table: STRUCTURAL LEFT RULES vS PROOF COMMANDS

Structural left rules PVS commands
r=A . oA
———F- (L ki ——— (hid
ST oA (LW eakening) TFA (hide)
e, 0 = A . e, EA
STSA (LContraction) o TFA (copy)
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The Prototype Verification System (PVS)

Summary - Gentzen Deductive Rules vs Proof Commads

Table: STRUCTURAL RIGHT RULES vs PROOF COMMANDS

Structural right rules PVS commands
_ ki ——— (hid
TS A g (RW eakening) TEA (hide)

F'=s A . A
m (RContractlon) m (copy)
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The Prototype Verification System (PVS)

Summary - Gentzen Deductive Rules vs Proof Commads

Table: LocicAL LEFT RULES vS PROOF COMMANDS

Left rules

PVS commands

®1, 02, T = A (LA
ST T (oA
P1 A2, I = A

?ie{1,2p> T A

P1 Ap2, I HA
(flatten)

e, T = A ¢, T = A eV, T - A )
—————— (Lv) ———— (split)
eV, D = A e TFA ¢, TFA

= A,¢ v, = A ¢ = ¢, FA

T T (L) — L = (split)
¢ =, 0 = A kA o, FA
plz/t],T = A Ve, T H A
L T = (Ly) T (inst)

Vee, D = A ple/t],T F A
elz/y]l,T = A e, T FA
/AT = 2 1), v a —Z——— (skolem), y & tv(T,A)
Fpe, T = A elz/yl, T+ A
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The Prototype Verification System (PVS)

Summary - Gentzen Deductive Rules vs Proof Commads

Table: LoGICAL RIGHT RULES VS PROOF COMMANDS

PVS commands

Right rules
T=A,¢ =A% THA @AY
(RA) (split)
T=A AW THA, @ THA, Y
F=>A,<Pi6{1,2} THA @1 Ve
(Rv) (flatten)
= A, 91 Vg THEA 91,92
THA o=
. (flatten)

e, I = A, ¢
(R—)

= A0 — o, =AY
= A, ¢z THA,Y

P/ (myy, g e, A) — 2% (skolem), y g tv(I', A)
L= A, Vge LA plz/y]

Tk A, 3z

TF A ey Y

= A, pla/t]
= A,3z¢ (F3)
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The Prototype Verification System (PVS)

Summary - Completing the GC vs PVS rules

(hide) | (copy) | (flatten) | (split) | (skolem) | (inst) | (lemma)

(case) x

(LW) X
(LC) X
(LA) X
(Lv) X X
(L)
(Lv) X
(L3) X
(RW) X
(RC) X
(Rr) x
(Rv)
(R-)
(Rv) X
(R3) X

[(Cu | | | | | I

DA
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