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This work is on the line for the optimzation of search
schenes for the nobst simlar strings to one. The concept of
simlarity is on the sense of the DD directional distance of
Levensht ei n [ LE66] .

The strings dictionary is structured as a DI T organized
Burkhard_Kel ler tree, BK D T+DD, [BK73],[NK82] and [ SP88].

The object of this work is to study the search schenmes in
which the search radius is initialized to the mninum reachable
value, that evolves in an increasing nmanner; in conparison wth
search schenes in which the search radius is initialized to the
search final radius upper bound, [SP88].

Sone construction approaches for the BK DIT structure to
i nprove the search performance are proposed.

The test results are studied conparing the different
approaches and search schenes thenselves and the work concl usions
are present ed.



| NCREASI NG RADI US SEARCH SCHEMES FOR THE MOST SI M LAR STRI NGS

ON THE BURKHARD- KELLER TREE

AUTHORS: SANTANA, O ; PEREZ, J.

RODRI GUEZ, J.C..

Departnent of Informatics and Systens.

Pol yt echni c University of Canaries.

P.O Box 550. Las Palmas. Canary |slands. Spain.

ABSTRACT:

In this wrk search schemes are
proposed for the npbst similar strings to a
given one, on the sense of the Levenshtein
di rectional di st ance, wor ki ng on a
Bur khard_Kel | er structure, [ BK73] and
[ NK82], organi zed b t he
transposition_invariant distance, [SD37],
using a increasing search radius as opposed
to the decreasing search radius schenes,
[SP88]. Sonme organization approaches are
studied to find the best way to inprove
search performance. The test results are
anal yzed, conparing these approaches and
the different search schenes.

0. - | NTRODUCTI ON

This work is on the line for
the optimzation of search schenes
for the nost simlar strings to one.
The mai n contri bution is t he
description and study of search
schenes on which the search radius
—in contrast wth the classic
decreasing evolution— take a Iline
of increase nodification.

On the search schenes rel ated
with this work, the dictionary is
organi zed as a Burkhard_Keller tree,
BK. On this tree the distance used
for its construction i's t he
transposition_i nvari ant di st ance,
DT, bui | di ng a BK DI T. The
dictionary strings will be stored in
a tree, such that in every node —in

principle at random— a string C is

chosen, and all the strings in the
current subdictionary whose DIT with

Cis i are linked at the branch i
According to the search radi

evolution, the search schenmes of

this work may be classified as:

Decr easi ng:

* Severe: D1 for short (two phases).

* Non severe: DA for short (two

phases) .

| ncr easi ng:

* Severe: Cl for short (one phase).

* Non severe: CA for short (three
phases) .

Section 1 presents the
di stances used in this work. Section
2 is concerned wth decreasing
radi us search schenes. On section 3
a search schene on which the search
radius increases from zero to a
final value is proposed. The goal is
to accelerate the search radius
final value convergence; on section
4 a binary approach is proposed.
Section 5 introduces organization
appr oaches to i nprove t he
performance of the search schenes.
Finally, the test results and
concl usi ons of this wor kK are
presented on the section 6.

1.- INVOLVED DI STANCES




Let X be a string from an
al phabet {al,..,an} and X<i> the
character in the position i of X
let X<i:]> be the character sequence
fromX<i> to X<j>, both included, so
that if i> then X<i:j> =y, the
null string. |X| is the length of X

An editing operation is a pair
(6, Q) <>(H, ), where & and Q are
strings with length less or equal
than one, i. e., they are p or they
are a single character. String Y
results from the application of

(6,Q) on X if X=0o6t and Y=0Qrt; that
is witten X -> Y.
Wagner, [WF74], considers three

kinds of editing operations. (9 Q)
is a substitution operation if &>y,
Q<>p y 0<>Q; it is an extraction
operation if Q=ud; and an insertion
operation if o=.

Let S be a sequence S,S, ..., S
of editing operations. A strings
sequence X, X,...,X, being X=X,
Y=X, and X, - through S for

every j=1,...,n,
fromXto Y.

S converts Xto Yif thereis a
S derivation fromXto Y.

Let ' be an arbitrary cost
function that assigns a positive
real value T(9, Q) to every editing
operation (8, Q). I' can be extended
to the sequence S:

is a S derivation

r(S) =0 if n=0

r(S) =J_}; r(s) if nz1;

1.1.- DI RECTI ONAL DI STANCE

The mninum cost of the
sequences transformng X to Y is
naned editing directional distance

fromX to Y, DO(X Y). The algorithm
describing its conputation, [UK83],
[ UK85] and [LA87], has been shown by
Santana, Pérez an others, [SP88]. It
assunes, as sane as in this work,
the criterion that the cost of any
editing operation is equal to one.

1. 2. - TRANSPGSI TlI ON- | NVARI ANT
DI STANCE

-

1 1
DIT(X Y) = — | Z abs(Xai-Yai) + abs([X][-]|Y]) |
2 L 1

Wiere X and Y are strings, Xai
and Yai are, respectively, the
appear ance frequenci es of t he
character ai in X and Y.

It has been proved,

that: DIT(X Y) < DD(X V).

[ SD87],

2. - DECREAS|I NG SCHEMES

The search procedure for the
BK DI T+DD schene [ SP88] is as
follows. For every visited node, the
branch i —i.e., the DT from CB
(search string) to the string in
this node— is explored, then every
branch j on increasing separations
to i until a distance equal to DDM
is explored; as in the classic joint
cut of f criterion for the nost
simlar key search on the BK tree.
The DDM value begins on a upper
bound of the mninum DDM from CB to
the dictionary strings, DDW. So,
DT is useful as an adaptable filter
to reduce DD conputations. CV5( DDV
is the set of dictionary strings
whose DDs to CB are equal to DDM

2.1.- D1 SCHEME:



This scheme has two phases,
[SP88]. The purpose of the first
phase is to find out the m ni rum DD
from the search string to any
di ctionary string. The sane
procedure of BK DI T+DD search is
used, nodified so that when a DD
less or equal than the current
radius DDMis found, the search goes
on with a radius DDVDD 1. The
second phase is the BK D T+DD search
using the mnimum DDM resul ting from
the first phase.

FB( BK_DI T+DD) 1 BK_Di T+DD

T—szgﬂjj F>13M>rrh§g;gh > CvS( Doy

D1 schene

2.2.- DA SCHEME

This search schenme results from
a nodification of Dl1's first phase.
Instead of trying to find an answer
for DD-1, the search is perforned
for the average value between the

current mninum DD and the upper
value that has no answer. The aimis
to reach faster the final mninum
search radius, [SP88].

FB( BK_DI T+DD) A
BK_DI T+DD

DDL:|-> _f
>
o:] >—,—| >DDM—>—,—| D|T<—| > avs( DDV
| \L_____J
DA schene
3. - SEVERE | NCREASI NG SEARCH SCHEME
C1

Oh this search schene the
structure is covered beginning from
the root node and a search radius
DDMEO. Wiile there is no answer the

radius, DDM is increased by one and
the search begins again from the
root node, using the DT and DD
already conputed. In the end the
answer wll be the nost simlar
strings set and their DD distance to
CB is DDV

S
L DDMVEDDMHL |
DDM=0 > f————— |

[ DDm RS
< ——> ovs(Dbv

Cl schene

This search schene obtains the

DT filter optinum perfornmance on
the sense that the nunber of
conputed DDs is the mninmum using
DT as the only filter. Thi s
circunstance is reached for the
decreasing schemes during their
second phases, but having an
additional cost at the first phases
in order to find out the mninmm
DDM

4.- NON SEVERE | NCREASI NG SEARCH

SCHEME, CA

This schenme is divided in three
phases. On the first one, the
structure is covered with a search
radius, DDL, so that beginning from
O and increasing by one, until a
string gets a DT to the search
string less or equal than DDL. The
DD conputed at this point is used to
initialize the upper bound of DDM
for the second phase. The second and
third phases are equal to the DA
schene.
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CA schene

5.- BK-DIT TREE STRUCTURAL CRGAN ZA-
TI ON_ APPROACHES

The severe increasing search
schene only conputes the DDs from
the search string to all t he
dictionary strings whose DI Ts are
less or equal than DDM (the final
sear ch radi us) . Therefore t he
conputed DDs are independent from
the dictionary distribution through
the BK tree and so, on this search

schene, from the viewpoint of the
di stance conputations, the unique
avai |l abl e optim zation of t he

organi zation is to decrease the
nunber of conputed DI Ts.

An upper bound to the nunber of
nodes covered on the severe increase
search schene is (being h the height
of the BK tree): (2*DDM + 1)**h

If h decreases then this upper
bound decreases, too. An effective
way to decrease h is to increase the
string distribution dispersion at
the DI T _branches of every node.

5.1.- LONGEST NCDE APPROACH

At every node this approach
conputes, for every string in the
node subfile, the maximum DT, R
and the mninumD T, F, to the other
strings in this subfile. Then the
string whose difference between

their Rand F is maxinmum is chosen.
This technique wll be called the
Max(R-F) approach. It is hoped that
this tactic will vyield a smaller

average height due to a wder
DI T _branches distribution in every
node.

5.2.- NMAXIMUM D SPERSI ON
APPROACH:

The aim of this approach is to
choose, at every node, the string
that provides the maxi mum DI T_branch
distribution dispersion. So the
string whose sum of the squares of
the nunber of strings linked to
every DIT branches is mnimum is
chosen. This approach will be called
M5 approach. It is hoped that this
approach gets |ess average height
and greater nunber of |eaf nodes
t han the Max(R-F) approach

6. - TEST RESULTS AND CONCLUSI ONS

A dictionary with 2089 strings
was used for testing. Tests were
made for different distorted strings
groups generated by a distorter
process fromthe correct dictionary.
For every group the obtained
distortion rate i s shown.



Figure 1

For low distortions the
performance of the DA schene, figure
1, is notably worse than on CA
schene, but this worsening decreases
with the increase in distortion.
This behaviour can be followed,
figure 2, fromthe bringing near of
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Fi gure 2

the DD equivalent cost between CA
and DA. For distortions greater than
40% figure 1, an inversion of this
relative behaviour between the CA

and DA schenes can be seen. This can
be justified, figure 3, due to the
change produced in the percentage of
revisited nodes for both schenes.
Since attending to the DD equi val ent
cost, figure 2, this singularity did
not happen.
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Figure 3

The use of the m ninmum square
(MB) approach  —maxi mum string
di spersion at the D T_branches— for
constructing a BK tree inproves the
performance of the search schenes
seen  above, but the relative
behavi our keeps without change,
figure 4. The said inversion takes



Figure 4

pl ace, due to the same reasons, but
shifted towards higher distortions,
because the DD equivalent cost of
the DA schene is not so close to
CA's cost as on the random (RA)
construction, figure 2, and the
inversion for the revisited nodes
takes place at higher distortions,
figure 3.

The Cl search scheme gets a
performance notably better than Di,
figure 1. The nunber of conputed DDs
on Cl is the mninmum that DT does
not reject, figure 5. Wen applying

Figure 5

t hese schenes to the M5 construction
of BK the nunber of conputed DDs for
the ClL schene is equal to that in
the RA construction; while for the
D1 schene, the nunber of conputed
DDs i ncreases. The nunber of
conputed DI Ts decreases for both
search schenmes, Dl and Cl, when
appl yi ng this structura
organi zati on approach —Ms— being
always less for the Cl schene than
for t he D1, figure 6. The
i mprovenent of DITs conputations,
that M5 approach brings, increases
when the distortion increases. The

difference between the Cl search
schenre and the D1 schene for
conputed DDs, figure 5, decreases

when the distortion increases. The



DIT behaviour is simlar to DD s,

figure 6.

Figure 6
For all the schenes tested in

this wor K, t he per f or mance
I mpr ovenent t hat was obt ai ned
applying the proposed construction
approaches, |ooses efficiency when
the distortion increases.

higher slope than on the RA
approach. This may suggest a search
performance increase, as for every
DDM value on the M construction
covers a snmaller subdictionary than
on the RA construction. But this

i nprovenent is danpened, figure 8,

Figure 7

On figure 7, the search radius
evol ution on the M5 approach shows a

Figure 8

due to the DDM decrease delay wth
regard to the nunber of conputed DDs
on the M5 construction schene in
conparison with the RA schene; what
brings an increase of conputed DDs
on this process. This increase is
the result of that the DT values
—whi ch nust be computed during the
coverage of the structure in the
search process— are generally,
figure 9, smaller on the search



Figure 9

process on the M5 construction than
on the RA construction. This causes
an increase in the nunber of
DD candidate strings because there
IS a greater easiness to pass the
DI T/ DD adaptive filter and thereby
a greater nunber of useless DD
conputations, that do not produce a
decrease in DDM

The search processes are
influenced by factors that, being
outside the structural organization,
m ght affect the distribution of the
DT values between every search
string and the dictionary strings.

However, this factors have not an
i mpor t ant i nfl uence si nce t he
smaller values obtained on the
search processes for the M

approach in relation wth those
obtained for the RA approach, figure
9, are influenced by the fact that
on the M approach the D T _branch
distribution is perceptibly shifted
t owar ds smal | er di st ances in
conparison with the RA organization,
figure 10.

Figure 10

On search schenes in which DD
nmust be conputed for strings whose
DT is greater than the mninum
reachable DD value, i.e. in which
the interaction DIT/DD is adaptive,
t he use of t he maxi mum
DI T_di spersion appr oach, in
conparison with the random approach,
yields a snaller nunber of conputed
DI Ts, but increases the nunber of
conputed DDs, and this provokes an

increase, but not enough, in the
gener al per f or mance. It S
interesting to research ot her
approaches that attenpt to reduce

both nunbers of conputed distances,
not only one. But on the search
scheme Cl the construction approach
oriented to a best DI T organization
gi ves the best performance.

REFERENCES:

[ BK73] BURKHARD, WA.; KELLER, R M: "Sone Approaches to
Best-Match File Searching". Comm ACM, 16, 4,
(1973).

[ LA87] LANDAU, G M: "String nmatching in erroneous
input". Thesis submtted for degree Ph Doctor
Tel - Aviv University. Technical Report 57, (1987).

[ LE66] LEVENSHTEIN,  V.1.: "Binary codes capable of
correcting, insertions and reversals". Sovi et
Phys. Dokl ., 10, 707-710, (1966).



[ NK82]

[ SD87]

[ SP88]

[ UK83]

[ UKS5]

[ WE74]

NEVALAI NEN, O.; KATAJAINEN J.: "Experiments with a
Cd oset Poi nt Algorithm in Hami ng Space".
Angewandte Informatik 5, 277-281, (1982).

SANTANA, QO; DAZ, M; MYOR O; REYES J.:
"Esquemas y estructura para la bUsqueda de Ilas
palabras nmas simlares a una dada". X1l
Conferencia Latinoanericana de Informatica, Vol.
1, 1169-1189, (1987).

SANTANA, O; PEREZ, J.; LOPEZ G; RODRCGUEZ G:
"La estructura de Burkhard-Keller en |a busqueda de
las cadenas mAs sinmilares a wuna dada". XV
Conf erenci a Latinoanericana de Informética (1988).

UKKONEN, E.: "On Approximate String Matching”.
Proc. Int. Conf. Found. Conp. Theor., Lecture Notes
in Conputer Science 158, Springer_Verlag, 487/495,
(1983).

UKKONEN, E. ; "Finding Approximate Pattern in
Strings". J. of Algorithms, 6, 132/137, (1985).

WAGNER, R A ; FISCHER MJ.: The String-to-String
Correction Problent. JACM 21 (1), 168-173, (1974).



