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‘String matching problem'

1, — text
.. Ppm — pattern (m < n)

The problem is to find all occurrences
of Pin T

P =abaa

T —ababaabaabbabaab

~

occurences of Pin T




‘ Next function I

P=pi...0m

next : {1,...,m} —{0,1,...,m—1}
next (i) is the largest positive k s.t.
P1---Pk—1= Di—k+t1---Pi—1 and p; # py

if such k exists (next(i) = 0 otherwise).

Pk—1Pr  Pi—k+1 Di—1Di

Pk 752?7:

next
next

next

next can be computed in O(m) time




‘ Knuth-Morris-Pratt algorithm I

KMP algorithm:

compute next for p1...pm9$

i := 1; {pointer to pattern symbol p; }

for j := 1 to n {pointer to text symbol ¢;}
while ¢ > 0 and p; # t;
i := next(i);
ifi =m
report an occurence of P ending in t;;
i := next(m + 1);

else 1 := 1+ 1;




(Real-time string matching)

Def: On-line string matching — input
text symbols are assessed consecutively
and any occurence of pattern is reported
during assessing the last symbol of the

occurence

Def: Real-time string matching —
on-line string matching such that the
time for assessment of an input text

symbol is bounded by a constant




fo=0b, fi=a, fn = fn_1fn_o for n > 2

| fn| = F,, — m-th Fibonacci number

fn and f,_2fn,—1 coincide in the first
F,, — 2 letters and don’t coincide in the
(Fy, — 1)-th letter

Ex: f5 = abaababa
f3f4 = abaabaab

if P= f, then next(F, —1)=F,_1—1

J
the while-loop in KMP algorithm can be

executed at least n times for the same
text symbol ¢;

4
KMP algorithm is not a real-time

algorithm




Real-time KMP modiﬁcation]

compute next for pi...pm$
i:=1; 7 =1;
for j:=1ton

KMP STEP();

if ;' < j then KMP STEP();

KMP STEP():
if p; =1,/
if 2 = m then
report an occurence of P ending in ¢,/;
i := next(m + 1);
else 1 := 1+ 1;
j=g+1;
else {p; #t;/}
if next(:) > 0 then i := next(:);
else 3" ;=7 +1;71:=1;




P:p1
A > 2A’

A/
A

a) the algorithm finds any occurrence
T|u..v] of P during the processing the

end symbol ¢,;
b) A" < m/2.

Galil 1981:
The algorithm is a real-time algorithm

which solves the string matching problem

in O(m + n) time and O(m) space




(Space efficient string matchingj

Can string matching problem be solved in

o(m) space?

Galil, Seiferas 1983:

Crochemore, Perrin 1991:

(Gasieniec, Plandowski, Rytter 1995:
String matching problem can be solved in
O(m + n) time and O(1) space

(Gasieniec, Potapov 2003:
On-line algorithm which solves the string

matching problem in O(m + n) time and
O(1) space

All the algorithms are not real-time




(Our problem]

Can real-time string matching problem

be solved in o(m) space?




‘Partial next function'

for any real x

)
, next(:) if mnext(i) > z,
next, (i) = <
0 otherwise.

\

Ex: P = abaaababababc
nextq (1) = 0;
nextq(3

Y

next (5 ;

0;
2;
0;
0;

9
next;(11) =
next;(13) =

next; ;

(3)
(5)

nexti(7)
(9)
(11
(




list next |:
(4,2)(5,2)(8,4)(10,4)(12,4)(13,3) =

(4,2)(5,2) (8,4)(10,4)(12,4) (13, 3)
%/—/ ~~ 7 N——

a1 a2 a3

list"[next;| = ajasag — list of ranges

value(az) =4, begin(as) = 8,
end(aq) =12, step(az) =2
Y

each range requires O(1) space.

Lemma:

list*[next,] contains O(m/x) ranges and

requires O(m/x) space.




Let 7 > 2

m; = |m/7|, P =P[l.m;],i=1,...

ho — next function for P;$
h; — next. ./, function for P, $,

i=1,....17—1

Ex: P = abaaabababab, T = 2

m = |P| =12, m; = 3, P, = aba$
ho(1) =0, ho(2) =1

ho(3) =0, ho(4) =2

list™[h1] = as

ho, list*[hq],. .., list"[h,_1] require at
total of O(m!/™ - T) space.




KMP STEP computes for each j
largest k, s.t., p1...pk =Tj_k41...1;

maxpref,(j) — largest k < m!/7, s.t.,

P1---Pk=tj—kg1.--1;

(maxpref,(j) = 0 if there is no such k)
maxpref.(j),i=1,...,7 — 1, — largest
k,st.,p1...pp =tj_gy1...t; and

mi/™ < k < m(+TD/7 (maxpref,(j) = 0 if

there is no such k)

COMP_MPREF,, i =0,1,...,7— 1, —
modification of KMP STEP for
computing of maxpref,, using list™[h;]

(ho if i = 0)




‘Space efficient algorithm'

compute hg, list*[h1],..., list™ [h-_1]
Jo:=71:=...0r—1 = 1;

{ji — current position for which maxpref, is

computed }
lo:=1;1l1,...,l-—1 are undefined;
{l; — position of pattern symbol compared
with ¢, }
for j:=1ton
read the next symbol ¢;;
for : :=7—1 down to 0
COMP _MPREF,();
if j; < j then COMP _MPREF ();




— ti tjo

comp _mpref, : »
P = 2
maxpref,

comp_mpref, by
P L

tj

j’T—l

maxpref,

comp_mpref__:
P

maxpref _;

j— g < (Jlist™[h;]| +1)/2
[l

max(j — j;) = O(m'/7)




COMP MPREF, begins computation of
maxpref,; only after

COMP_MPREF. , finds an occurence
of P; in T.

Positions of occurences of P; are
communicated to COMP_ MPREF
by means of FIFO queue jqueue;:

comp _mpref,. 4 Pz

i ——

j—Ji=0(m'7") = |jqueue;| = O(m"/")




(Preprocessingj

P ..pl Pji1 Pjo Pj,_4 pm:

P : Dlo

maxpref

Di,
maxpref

maxpref _;

Preprocessing requires O(m) time and

O(m!'/™ - 1) space




COMP_ MPREF__, reports occurrences
of PL=PinT

The algorithm solves the string matching

problem in O(m 4+ n) time and

O(m'7 - 7) space, and time required for

the test of each text symbol is bounded
by O(1).

Theorem: For any constant € > 0 the
string matching problem can be solved in

real time and O(m?®) additional space.




Conclusions '

Another version of algorithm:

j—ji < KmY7, K <m!/"

mi = |mi/7+ Kot | Pl = Pl1m]
h; = next,, ./~ for P; $

COMP MPREF, computes

maxpref’;(j) which is largest k, s.t.,

P1...DPk :tj—k—l—l ...tj and

miT <k <m},, (k<m] fori=0)
In this version we can avoid the use of
jqueue,.

Is this version is more space efficient?

Can string matching problem be solved in

real time and O(logm) additional space?




