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Deduction and Software Engineering

• Formal methods of system development offer

correctness assurance.

Can deal with infinite state systems without

abstraction.

Complementary to model checking and

testing.

• Produces proof obligations which are long

and complicated.

Machine assistance required to reduce error

and tedium.

• Proof search produces combinatorial

explosion.

Reasoning about repetition especially

explosive.

Automatic search often defeated.

Interactive proof highly skilled and

time-consuming.
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General-Purpose Proof Plans

A Strategy for Inductive Proof: ind strat
���������
	���
�����	�����	�� �

Induction

Base Step

Ripple

Wave

Fertilization

Symbolic������� ����	���
!�

Preconditions:

Declarative: Rippling must be possible in step cases.

Procedural: Look-ahead to choose induction rule

that will permit rippling.
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Special-Purpose Proof Plan

Commutativity 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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Empirical Success of Proof Planning

• Implemented in Clam/λClam and Ωmega

proof planners.

• Successfully tested on a wide range domains:

formal methods, mathematics, configuration,

game playing, ...

• Solution of eureka problems using critics,

e.g. lemma discovery and generalisation.

• Applications to software/hardware

verification/synthesis.

• Ωmega linked to 3rd party provers, cas,

constraint solvers, etc.
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Parallel Multiplier: Proof Plan

ind_strat

ind_strat

ind_strat

ind_strat ind_strat

ind_strat

ind_strat

sym_eval

sym_eval
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Linked Buffer: Proof Plan

n≠≠≠≠0→→→→ *,+.-!/10325476�+.-!8)9$/

x≠≠≠≠0

:<;
=�>@?�A<BDCEAGF +.-!/
induction

base ?)AIH B):<J�J�KIHLANM�H(;
O CP?�HQ?

0≠≠≠≠0→→→→ *,+R9$/D03STSIS s(n)≠≠≠≠0→→→→ *,+ F +.-!/R/1025476�+ F +.-�/)8U9$/

n=0

baseJ�KIV@?
equation

n≠≠≠≠0

H(;�HWBDCEKN:<X$HANM�H(;
UFI

n≠≠≠≠0 Y H(;�H(BDCZKN:IXPH[A<M�H(;3\^]!_

`aCW?�HLJ�KIV@?
equation

ind_strat ind_strat

Alan Bundy – 14 –



'

&

$

%

Logic Program Synthesis

• Proof planning applied to pure logic program

synthesis in PhD of Ina Kraan,

supervised by 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-order unification

during proof.

Proof plans help control expanded search.

Called middle-out reasoning.

• Similar trick to discover appropriate
induction – and hence recursion.

• Many logic programs synthesised from
specifications.

Alan Bundy – 15 –



'

&

$

%

C
at

ch
22

in
D

ed
u
ct

iv
e

S
yn

th
es

is
of

R
ec

u
rs

io
n

•
In

d
u
ct

io
n

ca
u
se

s
in

fi
n
it

e
b
ra

n
ch

in
g:

in
d
u
ct

io
n

ru
le

fo
r

ev
er

y
w

el
l-
or

d
er

in
g

in
ev

er
y

d
at

a-
st

ru
ct

u
re

.

•
S
ta

n
d
ar

d
h
eu

ri
st

ic
s

co
n
st

ru
ct

in
d
u
ct

io
n

fr
om

re
cu

rs
iv

e

p
ro

gr
am

s
in

co
n
je

ct
u
re

.

•
T

h
is

fa
il
s

fo
r

sy
n
th

es
is

,
si

n
ce

:

–
re

cu
rs

iv
e

st
ru

ct
u
re

of
sy

n
th

es
is

ed
p
ro

gr
am

d
u
al

to

in
d
u
ct

io
n

in
p
ro

of
,

–
d
o

n
o
t
w

an
t

to
b
e

li
m

it
ed

to
re

cu
rs

io
n

in
sp

ec
ifi

ca
ti
o
n
.

•
M

id
d
le

-o
u
t

re
as

on
in

g
te

ch
n
iq

u
e

al
lo

w
s

in
d
u
ct

io
n

to
b
e

in
d
ep

en
d
en

t
of

re
cu

rs
io

n
s

in
co

n
je

ct
u
re

.

Alan Bundy – 16 –



'

&

$

%

Proof Plans and Program Schemas

• Unified view of proof plans and program

schemas,

work by Julian Richardson (Edinburgh +

Heriot Watt) and Pierre Flener (Uppsala).

• Deductive synthesis of programs via proofs,

ensures correspondence.

• Schema guided 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 synthesis proof.

– Generates code via deductive synthesis.

Alan Bundy – 17 –
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Imperative Program Verification

• Proof planning applied to imperative

program verification in PhD of Jamie Stark,

supervised by 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 verification proof suggests revision

of loop invariant,

technique subsumes and extends many

heuristics in literature.

• Many significant imperative programs

verified,

and applications to hardware suggested.
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Example: Exponentiation

Program specification:

{x = X ∧ y = Y}

r := 1;

while (y > 0) do

begin

r := r ∗ x;

y := y − 1

end

{r = exp(X ,Y) ∧ ¬(y > 0)}

where exp is defined by:

exp(X, 0) = 1

exp(X, Y + 1) = exp(X, Y ) ∗X

Loop verification condition:

r = exp(X ,Y − y) ∧ x = X ∧ y > 0 →

r ∗ x = exp(X ,Y − (y − 1))
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Faulty Insert Program: Proof Plan

x≠≠≠≠0

induction

base step

insert(x,h::l)

s(y)=s(y)+0

<<<< ≥≥≥≥
(Fail)
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