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Abstract

This paper is to describe our on-going project to implement a partial evaluator to automatically generate a pat-
tern matcher with a suffix trie from a naive pattern matcher and a given text. Partial Evaluation has been used to
generate efficient string matchers from naive string matching programs. However, conventional researches have
been conducted to partially evaluate a given naive matcher with respect to a given pattern. The generated pro-
grams run in O(m+n) time where mand n stand for the lengths of a pattern and a text, respectively. However,
for a large text, O(n) is still expensive. Our research aims at specializing a naive matcher with respect to a text

and generating an O(m)-time and O(n)-space matcher.

1. INTRODUCTION

Automatic generation of an efficient pattern matcher from
a naive one, introduced in [6], is a typical problem for
partial evaluation [7,8,11]. Let m be the length of a given
pattern and n be the length of a given text. Then our prob-
lem can be classified as two problems:

Type 1: Can we generate an O(m) pattern matcher of size
O(n) from a naive non-linear matcher and a
given text?

Type 2: Can we generate an O(n) algorithm from a given
matcher that generates an O(m) pattern matcher of
size O(n) from a given text?

The problems can be rephrased in partial evaluation terms.

Let a, pm, t and p be a partial evaluator, pattern matcher,
text and pattern, respectively. Let the residual program of
x with respect to y be xy i.e. X,~0(X,y). Then we can rede-
fine the above problems as follows:

Type 1: Does pmy(p) run in O(m) time for any p and is
pm, of size O(n)?

Type 2: Does a,m(t) run in O(n) time for any t ? And is
apm(t) of size O(n)? Furthermore, does o,m(t)(p)
run in O(m) time for any p?

Those problems have never been solved by partial
evaluation to the best of authors' knowledge. Conven-
tional researches have been conducted to partially evalu-
ate a given naive matcher with respect to a given pattern
[1,2,3,5,9,10,15]. The generated programs run in O(m-+n)
time like the Knuth-Morris-Pratt [12] or the Boyer-Moore
[4] pattern matcher. Apparently, Type 2 problem is more
difficult than Type 1. This paper deals with Type 1 prob-
lem. When the out-put of a pattern matcher is true or

false, we show that, by Generalized Partial Computation
(GPC) [7,8], an O(m) pattern matcher of size O(n) can be
generated from a naive non-linear matcher and a given
text. This paper assumes that readers are familiar with
program transformation [13] and partial evaluation [11].

2. NAIVE PATTERN MATCHER AND
SUFFIX TRIE

First, we define a naive matcher nm(p,t) which searches
for a pattern p in a text t. If p is found in t, Nnmreturns
true. Otherwise it returns false or nil, i.e. [ ]. The nmuses
prefix(p,t) as an auxiliary function. The prefix checks if p
is a prefix of t.
Definition 1: Naive Matcher
nm(p,t)=if null(p) then true

elseif null(t) then [ ]

dse V (nm(p,cdr(t)),prefix(p,t))
prefix(p,t)=if null(p) then true

eseif null(t) then [ ]

dseif car(p)=car(t) then prefix(cdr(p),cdr(t))

else[]

Let a given pattern be p=aja,...a,.; and a given text be
t=tot;...to.;. We modify the above naive matcher to utilize
indices of characters.
Definition 2: Modified Naive Matcher
nm(p,t)=nml(p,t,0)
nml(p,t,w)=if null(p) then true

dseif null(cd"r(t)) then [ ]

else V (nml(p,t,utl),prefix(p,t,u))
prefix(p,t,u)=if null(p) then true

eseif null(cd"r(t)) then [ ]

elseif car(p)=car(cd"r(t)) then prefix(cdr(p),t,ut+1)



dse[ ]

Based upon the modified naive matcher above and a
given text, we generate an O(m) matcher of size O(n).
The generated matcher is almost the same as the string
matcher with a suffix trie described in page 399 of [14]:
In an application where the text string is fixed (as for a
dictionary), and many pattern lookups are to be handled,
the search time can be dramatically reduced by preproc-
essing the text string, as follows: Consider the text string
to be a set of N strings, one starting at each position of
the text string and running to the end of the string (stop-
ping K characters from the end, where K is the length of
the shortest pattern to be sought). To find out whether a
pattern occurs in the text, proceed down the trie from the
root, going left on 0 and right on 1 as usual, according to
the pattern bits. If a void external node is hit, the pattern
is not in the text; if the patter exhausts on an internal node,
it is in the text; and if external node is hit, compare the
remainder of the pattern to the text bits represented in the
external node as necessary to determine whether or not
there is a match.

In this paper, we index each branch of a trie with a char-
acter in a given text.
Example 1: Trie for text SUNSUNSUN

3. PARTIAL EVALUATION

First, we define some notations for partial evaluation.
Definition 3: Notation for Partial Evaluation

Let e(u) be any expression and i be any information con-
cerning U and auxiliary functions in e Then |-e(u)-| i
stands for the residual program of the partial evaluation
of e(u) with respect to .

Definition 4: Abbreviation for Partial Information

fi(x)= |—f (x)—| ; for any function f. i can be omitted when i
is trueor trivial.

The problem of partial evaluation of a naive matcher with
respect to a given text is that the generated matcher be-
comes O(n’) space because of unfolding. Therefore, we
need to invent a mechanism to compress unfolded recur-
sive calls. We just replace a sequence of tail recursive
calls with a loop (Proof is omitted).

Theorem 1: Loop Introduction

Let f(x) be a tail recursive program as follows:

f(x)=if c(x) then b(x) else f(d(x))

(1) b(x) does not include a recursive call to f .

(2) for some k>j>0, if c(d'(x)) is neither provable nor

refutable but ¢(d“(x)) is provable or refutable. Then
Hx)] =F(fx,0,k) where }
F(fx,j,k)=if j<k then {if c(d(x)) then fb(d(x)H ; else
F(f,x,j+1,k)}

else ‘) in-c(x)...o-¢ (d'(x))

Example 2: Let f be a tail recursive program as follows:
f(x,y,n)=if x=n then y else {if y=0 then x else f(x+1,y-
1,n)} and i=(0<n<y), and n and y are known.
c(x,y)=(x=n)V (y=0), b(x,y)=if x=n then y else x. Then
f,n(x)=F(f,x,n,0,n+1) where
F(f,x,y,n,j,k)=
if j<k then

{if (x+j=n)V (y-j=0) then (if x+j=n then y-j else x+j)

dse F(f,x,y,n,j+1,k)}

elsex+y.

While, |—f(x)—| ; for usual partial evaluation (GPC) is:
if x=ntheny
elseif x=n-1 then y-1

eseif x=0 then y-n
esexty

Corollary 1: Let f(x) be a tail recursive program as fol-
lows: f(x)=if c(x) then b(x) else f(d(x))

(1) b(x) does not include a recursive call to f .

(2) for some k>j>0, if c(d(x)) is neither provable nor
refutable but ¢(d“(x)) is provable or refutable. Then

H(x) =F(f,x,0,k) where

F(f,x,j,k)=if j<k then {if —c(d'(x)) then F(f,x,j+1k) else
H@00) ] 1060 . ¢ (@0 -¢ (@)}

else H(d“ ()M in-c(x) .0 ¢ (d'(x)

By the generalization, we transform the modified naive
matcher as follows:
Definition 5: Generalization of Modified Naive Matcher
(1) h(0,p,t)=[ ]
(2) h(1,p,t,u)=prefix(p,t,u).
(3) For 1<r, 0< ul<u2<..<ur

h(r,p,t,ul,...,ur)=V (h(r-1,p,t,ul,...,u(r-1)), h(1,p,t,ur)).

Note that nm(p,t)=h(n,p,t,0,...,n-1). By the GPC of h, we
obtain the following theorem. The proof is given in
APPENDIX 1.
Theorem 2: For 0<r, 0<ul<u2<...<ur,
h(r,p,t,ul,...,ur)=if null(p) then true
elseif null(cd”r(t)) then h(r-1,p,t, ul,...,u(r-1))
elseif car(p)=car(cd"'r(t))=...=car(cd"1(t)) then
h(r,cdr(p),t,ul+1,...,ur+1)
elseif car(p)=car(cd"r(t))=...=car(cd"r(t)) then
h(r-1,cdr(p),t,u2+1,u3+1...;ur+1)

else if car(p)=car(cd"'r(t)) =...=car(cd""r(t))=
car(cd"r(t)) then h(r-1,cdr(p),t,ul+1,...,u(r-2)+1,ur)

él.se if car(p)=car(cd""r(t))=car(cd"r(t)) then
h(2,cdr(p),t,u(r-1)+1,ur+1)



elseif car(p)=car(cd"'r(t))=car(cd"r(t)) then
h(2,cdr(p),t,ul+1,ur+1)
dseif car(p)=car(cd"r(t)) then h(1,cdr(p),t,ur+1)
edseh(r-1,p,t,ul,...,u(r-1))
By Corollary 1, we get the Corollary 2 below.
Corollary 2:
|—h(r,p,t,u1,..,ur) -| =F(h,r,p,t,ul,...,ur,0,k) for some k.
F(h,r,p,t,ul,...,ur,j,k)
=if j<k then {if cdr(p)d cd™ r(t)0 car(cd'r(p))=
car(cd" r(t))=...=car(cd" Pr(t)) then
F(h,r,p,t,ul,...,ur,j+1,k)
else fh(r,cd'r(p),t,ul+j,...,ur+j) }
ese h(r,cdr(p),tul+k,...,ur+k)

Example 3: Let i1=—null(p) and
t = (S UNSUNSUN)
o1 2 3 4 5 6 7 8

Then, the partial evaluation (GPC) of h with respect to i1
and t produces the following O(m) time and O(n) space
matcher h(9,p,t,0,1,...,8). The derivation process is shown
in APPENDIX 2. Note that h(9,p,t,0,1,...,8) has only one
unknown variable p.
h(9,p,t,0,1,...,8)=if null(p) then true

elseif car(p)=N then h(3,cdr(p),t,3,6,9)

dseif car(p)=U then h(3,cdr(p),t,2,5,8)

elseif car(p)=S then h(3,cdr(p),t,1,4,7)

else[]
h(3,p.t,3,6,9)=if null(p) then true

eseh(2,p,t,3,6)
h(2,p,t,3,6)=F(h,2,p,t,3,6,0,3)
F(h,2,p,t,3,6,j,3)
=if j<3 then {if cd'r(p)d cd® r(t)O
car(cd’r(p))=car(cd®r(t)) then F(h,2,p,t,3,6,j+1,3) else

{if null(cd'r(p)) then trueelse[ 1} }

else {if null(p) then true else prefix(p,t,6)}
h(3,p,t,2,5,8)=if null(p) then true

elseif car(p)=N then h(3,cdr(p),t,3,6,9)

else[]
h(3,p,t,1,4,7)=if null(p) then true

eseif car(p)=U then h(3,cdr(p),t,2,5,8)

else[]

4. CONCLUSION

We have challenged an unsolved problem of generating
O(m) time and O(n) space pattern matcher by partial
evaluation of a naive matcher with respect to a given text.
This paper shows that we are on the midway to the goal.
Our next target is to deal with a naive matcher which
finds all the pattern in a text.
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APPENDIX 1: Proof of Theorem 2

We can prove this theorem by the mathematical induction
on 0<r.

(1) If =1, then h(1,p,t,ul)=prefix(p,t,ul)



=if null(p) then true
elseif null(cd"'r(t)) then [ ]
eseif car(p)=car(t) then prefix(cdr(p),t,ul+1)
else[]
=if null(p) then ul
elseif null(cd"'r(t)) then [ ]
eseif car(p)=car(t) then h(1,cdr(p),ul+1)
else h(0,p,t)
(2) If r>1, then, by the definition of h and the hypothesis
of the induction, h(r,p,t,ul,...,ur)
=V (h(r-1,p,t, ul,...,u(r-1)),prefix(p,t,ur))
=if null(p) then V. (' h(r-1,p,t, ul,...,u(r-1)),ur)

elseif car(p)=car(cd"'r(t))=car(cd"" r(t))=car(cd"x(t))
then h(3,cdr(p),t,ul+1,u(r-1)+1,ur+1)
elseif car(p)=car(cd"""r(t))=car(cd"r(t)) then
h(2,cdr(p),t, u(r-1)+1,ur+1)
elseif car(p)=car(cd""?r(t))=car(cd"1(t)) then
h(2,cdr(p),t, u(r-2)+1,ur+1)

elseif car(p)=car(cd"'r(t))=car(cd"r(t)) then
h(2,cdr(p),t, ul+1,ur+1)

dseif car(p)=car(cd"r(t)) then h(1,cdr(p),t,ur+1))

eseh(r-1,p,t,ul,...,u(r-1))

elseif null(cd”r(t)) then h(r-1,p,t, ul,...,u(r-1))
elseif car(p)=car(cd"r(t)) then
V- (h(r-1,p,t, ul,...,u(r-1)),prefix(cdr(p),t,ur+1))
eseh(r-1,p,t, ul,...,u(r-1))
=if null(p) then vV (ul,...,ur)
elseif null(cd”r(t)) then h(r-1,p,t, ul,...,u(r-1))
elseif car(p)=car(cd"'r(t))=...=car(cd" " r(t))
=car(cd"r(t)) then
V' (h(r-1,cdr(p),t,ul+1,...,u(r-1)+1),
prefix(cdr(p),t,ur+1))
elseif car(p)=car(cd™r(t))=...=car(cd""Vr(t))=
car(cd"r(t)) then
V' (h(r-2,cdr(p),t,u2+1,...,u(r-1)+1),
prefix(cdr(p),t,ur+1))

elseif car(p)=car(cd"'r(t))=...=car(cd""r(t))=
car(cd"™Vr(t))=car(cd"r(t)) then
V' (h(r-2,cdr(p),t,ul+1,...,u(r-2)+1),
prefix(cdr(p),t,ur+1))

elseif car(p)=car(cd"“?r(t))=car(cd" " r(t))=car(cd"“1(t))
thenV (h(2,cdr(p),t,ul+1,u(r-2)+1,u(r-1)+1),
prefix1(cdr(p),t,ur+1))

elseif car(p)=car(cd"'r(t))=car(cd""r(t))=car(cd“1(t))
then V (h(2,cdr(p),tul+1,u(r-1)+1),
prefix1(cdr(p),t,ur+1))
elseif car(p)=car(cd"""r(t))=car(cd"r(t)) then
V' (h(1,cdr(p),t, u(r-1)+1),prefix1(cdr(p),t,ur+1))
elseif car(p)=car(cd"r(t)) then
V' (h(r-2,cdr(p),t,ul,...,u(r-2)+1),prefix 1 (cdr(p),t,ur+1))
dseh(r-1,p,t, ul,...,u(r-1))
=if null(p) then true
dseif null(cd"r(t)) then h(r-1,p,t, ul,...,u(r-1))
elseif car(p)=car(cd"'r(t))=...=car(cd"" "r(t))
=car(cd"r(t)) then h(r,cdr(p),t,ul+1,...,u(r-1)+1,ur+1)
elseif car(p)=car(cd"r(t))=...=car(cd"" r(t))=
car(cd"r(t)) then
h(r-1,cdr(p),t,u2+1,...,u(r-1)+1,ur+1)

elseif car(p)=car(cd"'r(t))=...=car(cd""r(t))=
car(cd"™Vr(t))=car(cd"r(t)) then
h(r-1,cdr(p),t,ul+1,...,u(r-2)+1,ur+1)

elseif car(p)=car(cd""r(t))=car(cd""Vr(t))=car(cd"r(t))
thenh(3,cdr(p),t,ul+1,u(r-2)+1,u(r-1)+1,ur+1)

APPENDIX 2: Derivation of h(9,p,t,0,1,...,8)
h(9,p,t,0,1,...,8)=if null(p) then true
elseif car(p)=N then h(3,cdr(p),t,3,6,9)
elseh(8,p,t,0....,7)
h(3,p.t,3,6,9)=if null(p) then true
elseh(2,p,t,3,6)
h(2,p.t,3,6)=if null(p) then true
eseif car(p)=S then h(2,cdr(p),t,4,7)
else[]
h(2,p,t,4,7)=if null(p) then true
elseif car(p)=U then h(2,cdr(p),t,5,8)
else[]
h(2,p.t,5,8)=if null(p) then true
eseif car(p)=N then h(2,cdr(p),t,6,9)
else[]
h(2,p,t,6,9)=if null(p) then true else prefix(p,t,6)
Fh(2,p,t,3,6) { =F(h,2,p,t,3,6,0,3)
F(h,2,p.t,3,6.},3)
=if j<3 then {if cd'r(p)0 cd®"
()0 car(cd'r(p))=car(cd*"r(t))=car(cd®r(t)) then
F(h,2,p,t,3,6,j+1,3) else
Fh(2,cdir(p),t,3+j,6+) }
dse Fh(2,cd’r(p).t,6,9
=if j<3 then {if cd'r(p)0 cd® r(t)0 car(cd'r(p))=
car(cd®r(t)) then F(h,2,p,t,3,6,j+1,3) else
{if null(cd’r(p)) then trueelse[ ]}}
else {if null(p) then true else prefix(p, cd’r(t))}
h(8,p,t,0....,7)=if null(p) then true
elseif car(p)=U then h(3,cdr(p),t,2,5,8)
elseh(7,p.t, 0,....6)
h(3,p.t,2,5,8)=if null(p) then true
dseif car(p)=N then h(3,cdr(p),t,3,6,9)
elseh(2,p,1,2,5)
h(2,p,t,2,5)=if null(p) then true
elseif car(p)=N then h(2,cdr(p),t,3,6)
ese[]=[]
h(7,p.t, 0,...,6)=if null(p) then true
eseif car(p)=S then h(3,cdr(p),t,1,4,7)
else h(6,p,t,0,5)
h(3,p,t,1,4,7)=if null(p) then true
elseif car(p)=U then h(3,cdr(p),t,2,5,8)
elseh(2,p,t,1,4)
h(2,p.t,1,4)=if null(p) then true
elseif car(p)=U then h(2,cdr(p).t,2,5)
ese[ =[]



