
Use of N�ary trees for the segmentation of astream of dataLorenzo CioniDepartment of Computer S
ien
e, University of Pisae-mail: l
ioni�di.unipi.it1 Introdu
tionLet us suppose we have a stream of data F whose elements �i belong toN disjoint 
ategories C = fCi j i = 0; : : : ; N�1g so that we have an alphabet� = f�i : i = 1; : : : ; lg with a partitioning1. Our aim is the segmentationof F as a su

ession of disjoint groups of elements a

ording to an ex-ante�xed set of K rules R = fRj j j = 0; : : : ; K�1g ([Cio06℄). Su
h rules 
ouldbe used also for the extra
tion of prede�ned subsets of data from the givendata stream but, it the present paper, we do not examine su
h a possibilityany further. We introdu
e an algorithm that gives us su
h a segmentation(
f. �gure 1) through the use of a generalisation of the 
on
ept of binarytree, the N�ary tree, and we show an appli
ation to the syllabi�
ation ofwritten Italian ([Cio96℄, [Cio97℄).
Figure 1: Data segmentation1We have a 
lassi
al partitioning: � = [N�1i=0 Ci and Ci \ Cj = ; for all i 6= j, i; j =0; : : : ; N � 1. We have, obviously, l > N . 1



2 Binary and N�ary treesA tree ([Ros99℄) is usually de�ned as a graph without 
y
les where2 wehave a set of nodes N and a set of ar
s A with j N j= n and j A j= m, wehave a spe
ial node 
alled root, any pair of nodes is 
onne
ted by exa
tlyone path and a tree with n nodes has exa
tly m = n�1 ar
s. A node 
an bean inner node if it is the root of a non empty sub-tree otherwise it is a leaf.For any node we de�ne its degree as the number of its dire
t des
endantsand say that a tree is balan
ed if every inner node has the same numberof des
endants otherwise is said unbalan
ed. In a balan
ed binary treeevery node is either a leaf (and it has a degree 0) or it has a degree equal to2. A balan
ed N�ary tree ([Ros99℄), analogously, is a tree whose nodeshave degree either 0 (leaves) or N . In the latter 
ase, the des
endants arenumbered, from left to right, form 0 to N � 1. In what follows we are goingto 
onsider also unbalan
ed N�ary trees. A binary tree is, obviously, anN�ary tree with N = 2.3 N�ary trees and segmentationAn N�ary tree 
an be used for data segmentation i. e. for the splittingof F in a stream of segments (
f. �gure 1). If we identify the ar
s of thetree with labels Ci 2 C that are distin
t for nodes at the same level3, we
an asso
iate to ea
h leaf of the tree a distin
t string of 
ategory identi�ers.Every string identi�es a meaningful su

ession of 
ategories to whi
h thedata to be 
lassi�ed through the tree belong or a su

ession of 
ategorieswhose o

urren
e allows the use, on F , of one of the segmentation rules.Figure 2 shows an example of a part of an N�ary segmentation tree withthe data in F that belong to N disjoint 
ategories: the bla
k dots representinner nodes whereas the white dots represent leaves. Near to the root wehave an example of a string to be segmented, be it 
��� : : : .We have 
 2 Ci, � 2 CN�1 and � 2 Cj. Now, sin
e during the s
an of boththe input string and the tree we have rea
hed a leaf, we have identi�ed aninstan
e of a meaningful su

ession of 
ategories to whi
h it 
orresponds asegmentation rule: the input data stream F is therefore segmented as 
��2The symbol N is used to denote the set of the nodes, the number of the 
ategoriesand the number of the des
endants of a node. Context makes 
lear, in ea
h 
ase, whi
h isthe 
orre
t meaning. The 
ardinality of N (and so the number of nodes of the tree) willbe denoted with n as the number of input data. Again, the 
ontext will make 
lear whi
his the 
orre
t meaning.3The level of a node in a tree is the length of the path, as a number of ar
s, from thatnode to the root, that has level 0. 2



and � : : : . The substring 
�� is written on the output data stream followedby a marker, be it �, whereas on the new input stream � : : : the algorithmis re
ursively applied. The algorithm stops when there are no more data in
F .

Figure 2: N�ary trees and segmentationThe algorithm does not really need the tree to be stati
ally built sin
e su
ha tree 
an be built dynami
ally if the input data belong to N disjoint and apriori de�ned 
ategories. All is needed is, indeed, only the weight of a nodeand su
h a weight 
an be evaluated as a running sum of the weight of ea
h
ategory to whi
h the data belong (
f. se
tion 5.1).4 Segmentation rules4.1 Introdu
tionA segmentation rule (simply rule) 
an be expressed as:Rj = if 
onditionj then a
tionj for j = 0; : : : ; K � 1 (1)where 
onditionj represents a logi
al 
ondition that, in our 
ontext, is anequality test on substrings of F . If the 
ondition is veri�ed the spe
i�eda
tionj 
an be applied to F . The a
tion turns in the segmentation of Fthrough the insertion of a marker in the stream so to identify a segment ofdata within it as in
luded in a pair of markers (or the beginning of the streamand a marker or a marker and the end of the stream).Every rule Rj is univo
ally identi�ed by a numeri
 identi�er rj 2 [rmin; rmax℄3



so that 
onditionj is implemented as an equality test between the 
urrentidenti�er and the various rj: in the only positive 
ase the a
tion asso
iatedto the rule who triggers is exe
uted. Sin
e the aforesaid range 
ontainsk̂ = rmax � rmin + 1 integer values whereas the rules are K � k̂ we havethat, in general, not all the values of rj are asso
iated to a rule but some areasso
iated to a null value4.4.2 Chara
terisation and propertiesWhen we de�ne the segmentation rules we have to fa
e a trade�o� be-tween quantity and 
omplexity sin
e we 
an devise either many simplerules or a restri
ted set of 
omplex rules. In the former 
ase we have �negrained 
ategories and ea
h rule simply de�nes the need for the marker andits position within F . In the latter 
ase we have 
oarse grained 
ategoriesand ea
h rule 
ontains a set of sub 
ases. We will brie
y des
ribe the se
ondapproa
h in se
tion 6. Form here on we suppose to be in the �rst s
enarioso that the set of rules forms a suitable set and 
an be implemented withan array of integers R[℄ of size rmax � rmin + 1. The indexing s
heme isid = rj � rmin. Rules are, moreover, 
hara
terised by the following prop-erties: uniformity and 
ompleteness. Uniformity means that every ruleworks on the same number of input symbols whereas 
ompleteness meansthat to every rj is asso
iated a true shift value (
f. further on). Usual 
asesare: 
ompleteness and uniformity, non 
ompleteness but uniformity. If wehave 
ompleteness but non uniformity we have 
on
i
ting rules where longerrules (asso
iated to leaves) hide the shorter ones (asso
iated to inner nodes)so we 
onsider this 
ase as unrealisti
 and uninteresting. On the other hand,we are going to examine brie
y the 
ase of non 
ompleteness and non uni-formity in se
tion 6. If the rules form a suitable set we have that the generi
element R[id℄ 
ontains either a null value, if to it there 
orresponds no rule,or an integer value delta if to it there 
orresponds a segmentation rule (
f.se
tion 5.1). Every a
tion turns, therefore, in the de�nition of the positionof the segmentation marker within F and in its insertion in the output datastream (
f. �gure 1) together with the original data. Su
h a marker is an adho
 symbol, su
h as �, that does not belong to the input data.Before stepping to the next se
tion, where we present the pseudo 
ode of thealgorithm and show how the 
urrent identi�er is evaluated, we give here onesimple example.Example. Le us suppose we have � = fa; bg and C0 = fbg, C1 = fag. If
urr string identi�es the data on whi
h rules a
t, we may have (in 
ase of4null is a mnemoni
 for �1 and, therefore, represents an integer value.4




ompleteness and uniformity) the following rules51. R0 = if 
urr string == \bb00 then write(out; \b�00); in := \b00 + in;2. R1 = if 
urr string == \ab00 then write(out; \ab�00);3. R2 = if 
urr string == \ba00 then write(out; \ba�00);4. R3 = if 
urr string == \aa00 then write(; out\a�00); in := \a00 + in;In general we should write rules of the form:R0 = if 
urr string 2 C0C0 then write(out; \C0�00); in := \C 000 + in (2)but the stru
ture of the algorithm makes this form unne
essary (
f. below).If we 
ode C1 with 1 and C0 with 0 we have the following 
orrespondingidenti�ers (evaluated from left to right): r0 = rmin = 0, r1 = 1, r2 = 2,r3 = rmax = 3. Moreover we have the following ve
tor of shift values: R[℄ =[1; 0; 0; 1℄. If as F we have aabababbba : : : , we get a�ab�ab�ab�b�ba�: : : .If we have uniformity but not 
ompleteness we 
an have:1. R0 = if 
urr string == \bb00 then write(out; \b�00); in := \b00 + in;2. R1 = if 
urr string == \aa00 then write(out; \a�00); in := \a00 + in;so that we have: R[℄ = [1; null; null; 1℄. If as F we have aabababbba : : : , weget a � ababab � b � ba : : : (
f. se
tion 5.2). In all the 
ases we de�ne theintegers as trigIn and trigOut as, respe
tively, the minimum and maximumnumber of input data to be 
onsidered in the evaluation of the rules (in thepresent 
ases they are both equal to 2). Su
h values are stati
ally �xed, giventhe stru
ture of the rules.5 The algorithm5.1 Introdu
tionThe algorithm a

epts, as an input, a stream F of n elements, with n notknown a priori but �nite, and s
ans it sequentially with the aid of a pointerm 2 [0; n� 1℄. The algorithm exe
utes two steps of mat
hing:5With in and out we de�ne the input and the output stream respe
tively whereas "+"is, in this 
ase, a 
lassi
al 
on
atenation operator between a string and a stream, in this
ase represented by the input stream. 5



1. a weighted 
ategory mat
hing step that assigns every element of Fto one of the N 
ategories and evaluates a weight for the substrings
anned up to that point;2. a rule mat
hing step that, a

ording to the weight asso
iated to the
urrent substring, lo
ates the rule to be applied for the pro
essing of
F .We note that, in general, not to every weight is asso
iated a rule. If theasso
iated rule 
an be applied and the input stream has been shortened, thealgorithm is re
ursively applied to the remaining input data of stream F .If 
arm 2 � is the 
urrent element on F (in position m) and p denotes the
urrent weight (or 
urrent identi�er) of the 
urrent substring, we have:p := p+ iNm (3)where p is put to 0 at every re
ursive 
all and on every general reset andi := mat
h 
ategory(
arm) (
f. se
tion 5.2) identi�es the 
ategory to whi
hthe 
urrent element belongs. Sin
e we have N 
ategories and ea
h 
ategory
ontains mi elements mat
h 
ategory() looks for 
arm among PN�1i=0 mi = lelements and returns the index of the 
ategory to whi
h 
arm belongs. Thevalue of p from (3) represents the 
urrent identi�er and it is used to lo
atethe rule to be applied, if any. If su
h a rule exists it allows the de�nition of ashift value, relative to the 
urrent position, where the segmentation markermust be inserted in order to split the input stream in two. Formally we have:delta := mat
h rule(p) (4)Under the 
ondition trigIn � m � trigOut we have that, if delta ==null, none of the rules is asso
iated to the 
urrent value of p otherwise, ifdelta 2 [0; m� 1℄, one of the rules 
an be applied and the algorithm insertsa marker delta positions before the 
urrent position. If the 
ondition is falsethe algorithm either goes on with input s
anning (if m < trigIn) or (ifm > trigOut) writes out one element of the input string sin
e no rule 
anbe applied. In this last 
ase we have a reset step and a re
ursive 
all. Ifdelta == 0 there is no step-ba
k whereas if delta 2 (0; m � 1℄ we have astep-ba
k, sin
e only m� delta elements are removed from F at that step.5.2 The stru
tureThe algorithm has the following stru
ture6:6We remind that trigIn and trigOut stati
ally de�ne the range of lengths for whi
hthe algorithm 
an apply the segmentation rules.6



R:=read_rules(rules_file);trigIn:=MIN;trigOut:=MAX;pro
edure segment(in){ <<initial_step>>while not EOF do{ <<
urrent_step>>if(delta != null){ <<split_data>>segment(in);}<<step>>}}The very �rst statement loads, on
e for all, the set of rules in the array R[℄from a text �le rules file whereas the following statements give the rangeof lengths of the substrings of F for whi
h the algorithm tries to apply therules.As � initial step � we have that the pointer on the input stream in isinitialised and the �rst symbol is read in:p:=0;m:=0;
ar_m:=read(in,m);String 
urr_string:=
ar_m;The � 
urrent step� is 
omposed of a weighted 
ategory mat
hingphase and, under the 
ondition of the substring length, a rule mat
hingphase:i:=mat
h_
ategory(
ar_m);p:=p+iN^m;l:=strlength(
urr_string);if(l >= trigIn && l <= trigOut)delta:=mat
h_rule(p);elsedelta:=null; 7




urr string 
ontains the input elements s
anned up to the 
urrentposition m. If mat
h rule(p) returns delta == null we have (
f.� step�) to dis
riminate the 
ases strlength(
urr string) < trigIn andstrlength(
urr string) > trigOut. In the latter 
ase the algorithm writesout only one input symbol and performs a general reset.if(strlength(
urr_string)>trigOut){ sOut:=substring(
urr_string, 0, 1);write(out,sOut);in:=substring(
urr_string,1, l-1)+in;p:=0;m:=0;
urr_string="";}elsem:=m+1;
ar_m:=read(in(m));
urr_string:=
urr_string+
ar_m;If mat
h rule(p) returns delta ! = null we have a phase (� split data �)where the algorithm pro
esses the elements in 
urr string so to write outsome of them and append ba
k the others to the input stream:sOut:=substring(
urr_string, 0, l-1-delta)+'-';write(out,sOut);in:=substring(
urr_string,l-1-delta, l-1)+in;We see how the � split data � phase inserts the substring sOut (thatin
ludes the marker) in the output stream and the remaining substring (that
an be empty) ba
k at the beginning of the input stream in so that there
ursive 
all gets the right data to pro
ess.5.3 Something about the 
omputational 
omplexityWhat follows is true in both the s
enarios we have outlined in se
tion4.2. We note, however, that in the "few but 
omplex" rules s
enario, thoughthe rules require a longer time to exe
ute (sin
e ea
h of them is made of sub
ases that must be sequentially 
he
ked), the exe
ution time is independentfrom the length of the input data so that it 
an be 
onsidered 
onstant (seefurther on).As a �rst step we 
onsider the termination of the algorithm. If n is �nite,8



sin
e at every re
ursive iteration the algorithm removes at least one elementfrom the input stream, we have that the algorithm ends in �nite number ofsteps.As to the 
omplexity we have that:1. every element of the input stream must be sear
hed for within the setof N 
ategories ea
h with mi elements (i = 0; : : : ; N � 1) and this hasa 
ost independent from the dimension n of the input data and equalto O(NM)7 if M = maxi=0;:::;N�1mi;2. the rules are loaded in an array during the initialisation phase so thatthe sear
h of a rule has a 
ost O(1).As to the s
anning of the input stream we have that without any step-ba
kit 
osts O(n). If the algorithm uses a step-ba
k we may have that, beforeea
h re
ursive 
all, a 
ertain number of symbols is inserted ba
k in the inputstream. In the worst 
ase all symbols but one are inserted ba
k so theredu
tion pro
ess of the length of F is: n, n� 1, : : : , 1. If we sum all su
hvalues we get n(n + 1)=2 so that the 
omplexity is O(n2).6 An example: the syllabi�
ation of writtenItalianThe syllabi�
ation of written Italian represents an example of a segmen-tation of a data stream where we have a set of rules that are neither 
ompletenor uniform. In this 
ase the elements of a stream F either belong to theItalian alphabet � or represent pun
tuation and spa
ing symbols: only theelements of the �rst set are pro
essed whereas the others are simply 
opiedfrom the input to the output stream. We note that � = C [ V [ V̂ whereV are vowels, V̂ are stressed vowels and C 
onsonants. Stressed vowels arethe vowels with a main stress or a

ent 0 on the right. In this 
ase we havethe symbols of � that belong to disjoint 
ategories and a set of rules thatpres
ribe the position of the hyphenation marker for the substrings identi�edby every rule.We give here some examples of rules from [Cio97℄ and refer to [Cio96℄ and7We note that we 
an do better. If we store the symbols of � in an bi-dimensionalarray of S =PN�1i=0 mi rows and two 
olumns, ordered a

ording to the �rst 
olumn, whosegeneri
 row 
ontains (�rst 
olumn) a symbol � 2 � and (se
ond 
olumn) the identi�er ofthe 
orresponding 
ategory Ci, we 
an obtain the desired value with a binary sear
h inO(lnS) steps. 9



[Cio97℄ for further details and a dis
ussion of some open problems with syl-labi�
ation, mainly in presen
e of pre�xes.We note that we have N = 3 and that � = C [V [ V̂ is the union of disjointsubsets. If we 
ode the three 
ategories of the partition of � respe
tively as0, 1 and 2 we 
an de�ne an identi�er for every rule. For instan
e the identi-�er 
orresponding to CV CV (
f. note 8) is 12. When the 
urrent identi�er,evaluated a

ording to relation (3), is equal to 12 we have that any 
ombina-tion of the form CV CV is segmented as CV� and CV : the �rst substringis written on the output stream whereas the se
ond one is inserted ba
k atthe beginning of the input stream. A

ording to this rule if, on F , we havethe Italian word lato (side) we apply the rule and get la� and to. We notethat we have a step ba
k sin
e to apply the rule we have to s
an the data upto the symbol o but the substring to is put ba
k on the input stream.Another rule, with identi�er equal to 28, states that the group8 V1C1C2V2 issegmented as:1. V1C1� and C2V2 if C1 == C22. V1� and C1C2V2 if C2 == h or if C1 == g and C2 == n3. V1� and C1C2V2 if C2 == l or r and C1 6= l and r4. V1C1� and C2V2 if C1 == s and C2 == s or V 1� and C1C2V2 if C1 = sand C2 6= s5. V1C1� and C2V2 in any other 
ase. The open 
ase must be solveddepending on the nature of C2.In this 
ase we 
an appre
iate the 
omplexity of a rule with all its sub 
ases.A

ording to these rules (and any other we may need) we 
an segment wordssu
h as assassinare (to murder) as9 as� sas� si� na� re.We now give some indi
ations about the 
ases of groups of two or more
onse
utive vowels. The presen
e10 of group of vowels makes the syllabi�
a-tion harder sin
e in Italian we 
an have up to six 
onse
utive vowels (as in
uoiaio, a person who sells or tans leather, to be segmented as 
uo� ia� io)though no more than three vowels 
an be 
ontained in a single syllable. The8We use subs
ripts for notational purposes, they do not a�e
t in any way the 
ategori-sation. It is obvious that V1 represents a variable of "type" V and assumes, as its value,one of the elements of the set V = fa; e; i; o; ug. The same holds for C1, and the like, withrespe
t to 
ategory C and V 01 , and the like, with respe
t to 
ategory V̂ .9We show here how the word is presented on the output stream. To ea
h hyphen there
orresponds a re
ursive 
all of the algorithm10The 
losing part of this se
tion is based on [Cio97℄.10



algorithm, in presen
e of three or more 
onse
utive vowels, �rst looks fortriphthongs11 and then for diphthongs. We �rst introdu
e some group of twovowels that de�ne a hiatus12. Vowels like a, e and o when are one after theother never belong to the same syllable so that boa (buoy) is segmented adbo � a. Now we step to diphthongs. In a group like quV the vowel u formalways a diphthong with V , where V , in this 
ase, 
an be a, e, i or o13. Thisallows us to segment quindi (therefore) as quin�di and quindi
i (�fteen) asquin� di� 
i. We have diphthongs in 
ases su
h as:1. V1V2 where either V1 = i and V2 = a; e; o; u or V1 = u and V2 = a; e; o; i2. V1V2 where either V2 = i and V1 = a; e; o; u or V2 = u and V1 = a; e; o; i3. V1V2 where either V1 = i and V2 = a; e; o; u or V1 = u and V2 = a; e; o; i4. V1V2 where either V2 = i and V1 = a; e; o; u or V2 = u and V1 = a; e; o; iA

ording to these rules in the word 
io

olato (
ho
olate) we have a diph-thong so that the segmented word is 
io
� 
o� la� to.The algorithm s
ans groups of three or more 
onse
utive vowels from left toright and examines the �rst three vowels it �nds. At this point the threevowels either form a triphthong, so that they must be 
onsidered a single
hara
ter, or they do not form a triphthong and so the group of vowels must
ontain the syllable boundary.In the �rst 
ase the 
hara
ter that follows the triphthong 
an be either avowel or a 
onsonant. If it is a vowel, the algorithm insert the marker on itsleft and starts another re
ursive 
y
le. If it is a 
onsonant, the �rst two vow-els are written on the output stream whereas the remaining vowel and the
onsonant are inserted ba
k on the input stream and a re
ursive 
all o

urs.In the se
ond 
ase we have that the group V1V2V3 is segmented either asV1�and V2V3 or as V1V2�and V3, where only one of the Vi 
an be a

ented.If the group does not 
ontain any a

ented vowel the algorithm behaves a
-
ording to the following rules:1. if V1 == a; o; e then the output is V1� and V2V3 ;2. if V1 == i and V2 6= u then the output is V1V2� and V3;3. if V1 == u and V2 6= i then the output is V1V2� and V3;11A triphthong is a group of three 
onse
utive vowels that must be seen as a single
hara
ter.12Vowels form a hiatus if they belong to distin
t syllables whereas they form a diphthongif they belong to the same syllable.13In written Italian we 
annot have two 
onse
utive u.11



4. if V1 == i and V2 == u or V1 == u and V2 == i then the output isV 1 and V2V � 3.The �rst rule a

ounts for the segmentation of soia (soybean) as so� ia, these
ond for the segmentation ghiaia (gravel) as ghia � ia. Let us 
onsider,again the hard example of 
uoiaio. The algorithm s
ans the word from theleft till it �nds a group of three vowels uoi that 
annot form a triphthong soit uses the proper rule and splits the triple as uo � i, then it goes on withs
anning and �nd three more vowels iai that on
e again 
annot belong to thesame syllable and so, with another rule, it splits them as ia� i. At this pointthe algorithm �nds two vowels that are known to form a diphthong and so
an produ
e the segmented form 
uo � ia � io. Anther example is troiaio(pigsty) that is segmented as tro� ia� io.7 Con
lusions and future plansThe proposed algorithm represents an eÆ
ient way for the segmentationof a stream of data. Future plans in
lude the 
oding of the algorithm, itstesting in real 
ases and the examination of the possibility of using rules and
ategories not embedded in the algorithm but dynami
ally de�ned.Referen
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