Lightweight Verification of Formal Reasoning

Background and Motivation

Many formal verification systems exist [Wie03]. Why
are contemporary systems not adopted and used
more widely?

Obstacles and Disincentives

e Unfamiliar syntax and/or environment.
e Unnatural, cumbersome bottom-up structure (fixed
logic, emphasis on induction, limited libraries).

e [ ack of flexibility to make use of features and bene-
fits selectively (heavyweight or lightweight).

Our Approach

We forego the prevalent assumption that in order to
be of any value, automated formal verification must
guarantee absolute correctness w.r.t. a specific model.

In most real-world applications, formally verified
claims are only as correct as the fidelity ot the prob-
lem’s representation within the model: only relative
correctness is guaranteed.

Guiding Principles

e “Implicit arguments, explicit results.”

No model- or tool-specific annotations, pure “for-
ward compatible” representation.

e Familiar concrete syntax.

A strict subset of English, KIEX, and Medi-
aWiki markup, aiding with “backwards compati-
bility” in terms of usability and easy integration
with new or existing editing /content management
tools (e.g. http:/ /www.safre.org).
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Table 1. Example of a verifiably consistent argument.

Assume for any i € Z, thereexistsj € Zs.t. i =27
implies that 7 is even.

Assume for any i € Z, i is even implies that 7 is even.
Assume for any 1 € Z, i is even implies that there ex-
istsjc Zst.i=2-j.

Assume that for any g € Q, there existn € Z,m € Z
s.t. n and m have no common factors and g = n/m.
Assume for any x,y,z € R, itz = x/y theny -z = x.
Assume that if there exist 7,7 € Z s.t. 11is even, ] is
even, and 7 and j have no common factors then

we have a contradiction.

Assume that /2 € Q.

Assert that there exist n,m € Z s.t. n and m have no

common factors and v/2 = n/m.
Therefore, m - /2 = n,

(m - /2)? = n?,

m2 -2 =n?,

m? -2 = n?,

n? =m2-2,

n? =2.-m? and so, n

(2-7)%

2 is even. Thus, 1 is even.

m< is even and 7 is even.
Thus, we have a contradiction.

Verification Technique

Verification occurs with respect to a standard col-
lection of symbolic logical inference rules found in
propositional logic, FOL, HOL, etc.

Table 2: Template for logical inference rules.

ecd FV(e)CA

| ASSUMPTION] APre
A;dU{eq e A, PFe1=er  A;Pley
[IMPLIES-INTRO] {2 [IMPLIES-ELIM] AdFe,

A, PFe; A, Pley _ 11 APEegAe _ _ A;Pleq1Nep
AdFe hey [A-ELIM-L] [A-ELIM-R]

[A-INTRO] AP e, AdFe,

Ax;dN{e | FV(e)Nx=Q}ke [V-ELIM] AP FVxe |e=[x| ecD FV(e)cA

[V-INTRO] ABFVx.e APl e[x—e

AdFe[Toe]  |e=|F| ecD  FV(e)CA

[3-INTRO] ADFTre

Relative Consistency:  Specific models can be cho-
sen by restricting the domain over which variables
are quantitied.

Small Context Assumption and Search

Assertions are verified by searching the local context
®, which is typically small, to depth d:

d
O((le] - le*] - |@])*).
Many common algebraic manipulations on expres-
sions that contain pre-defined constant symbols (such

as +, -, U, N, etc.) are automatically checked using
multiple, distinct normalization procedures.
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