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DeductionandSoftwareEngineering

� Formal methods of systemdevelopment o�er
correctnessassurance.

Can deal with in�nite state systemswithout
abstraction.

Complementary to model checking and
testing.

� Producesproof obligations which are long
and complicated.

Machine assistancerequired to reduceerror
and tedium.

� Proof search producescombinatorial
explosion.

Reasoningabout repetition especially
explosive.

Automatic search often defeated.

Interactive proof highly skilled and
time-consuming.
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General-PurposeProof Plans

A Strategy for Inductiv e Pro of: ind strat
���������
	���
�����	�����	�� �

Induction

Base Step

Ripple

Wave

Fertilization

Symbolic
������� ����	���
!�

Preconditions:

Declarativ e: Rippling must be possiblein step cases.

Pro cedural: Look-aheadto chooseinduction rule
that will permit rippling.
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Special-PurposeProof Plan

Comm utativit y of +:

ind_"$#�%'&
# s(x)

ind_"(#�%'&�# s(y) ind_"�#)%'&�# s(y)

x+y=y+x

x+y=y+x ®®®®
s(y+x)=y+s(x)y=y+0

ind_"�#)%'&�# s(y)

induction

base step

0=0+0
y=y+0®®®®
s(y)=s(y)+0
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EmpiricalSuccessof Proof Planning

� Implemented in Clam/ � Clam and 
mega

proof planners.

� Successfullytested on a wide rangedomains:

formal methods, mathematics,con�guration,

gameplaying, ...

� Solution of eureka problemsusing critics,

e.g. lemma discovery and generalisation.

� Applications to software/hardware

veri�cation/syn thesis.

� 
mega linked to 3r d party provers, cas,

constraint solvers,etc.
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ParallelMultiplier: Proof Plan

ind_strat

ind_strat

ind_strat

ind_strat ind_strat

ind_strat

ind_strat

sym_eval

sym_eval
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LinkedBu�er: Proof Plan

n¹¹¹¹ 0®®®® *,+.-!/10325476�+.-!8)9$/

x¹¹¹¹ 0
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+.-!/

induction
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LogicProgramSynthesis

� Proof planning applied to pure logic program
synthesis in PhD of Ina Kraan,
supervisedby Alan Bundy, David Basin and
Ian Green.

� Existing induction proof plans readily
adapted.

� Verify program with unknown
implementation: meta-variable P.

spec(args� � � � � � ! ) $ P(args� � � � � � ! )

Instantiate P via higher-orderuni�cation
during proof.
Proof plans help control expandedsearch.
Called middle-out reasoning.

� Similar trick to discover appropriate
induction { and hencerecursion.

� Many logic programssynthesisedfrom
speci�cations.
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Proof PlansandProgramSchemas

� Uni�ed view of proof plans and program
schemas,

work by Julian Richardson(Edinburgh +
Heriot Watt) and Pierre Flener (Uppsala).

� Deductive synthesisof programsvia proofs,
ensurescorrespondence.

� Schemaguided programming via proof
planning.

{ Proof method for each program schema,
e.g. divide and conquer.

{ Provides legal and heuristic pre-conditions
for use.

{ Constructs plan for any proof obligations,
including synthesisproof.

{ Generatescode via deductive synthesis.
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Imperative ProgramVeri�cation

� Proof planning applied to imperative
program veri�cation in PhD of Jamie Stark,

supervisedby Andrew Ireland (Heriot Watt).

� Existing induction proof plans adapted,

with loop invariant approximating induction
formula,

and central role for rippling.

� Inductive proof critics adapted to loop
invariant critic,

failure of veri�cation proof suggestsrevision
of loop invariant,

technique subsumesand extendsmany
heuristics in literature.

� Many signi�cant imperative programs
veri�ed,

and applications to hardware suggested.
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Example:Exponentiation

Program speci�cation:

f x = X ^ y = Yg
r := 1;
while (y > 0) do
begin

r := r � x;
y := y � 1

end
f r = exp(X ; Y) ^ : (y > 0)g

whereexp is de�ned by:

exp(X ; 0) = 1

exp(X ; Y + 1) = exp(X ; Y) � X

Lo op veri�cation condition:

r = exp(X ; Y � y) ^ x = X ^ y > 0 !

r � x = exp(X ; Y � (y � 1))

Alan Bundy { 19 {
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Faulty InsertProgram:Proof Plan

x¹¹¹¹ 0

induction

base step

insert(x,h::l)

s(y)=s(y)+0

<<<< ³³³³
(Fail)
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