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ation, trees1 The nature of the problemIn this paper we fa
e the problem of the segmentation of a stream F ofdata i.e. the insertion in su
h a stream of a 
ertain number of markers inpositions de�ned through the use of a 
ertain number of rules R.The problem is solved with an ad ho
 algorithm that uses the rules of the set
R. Su
h rules 
an vary depending both on the nature of the segmentationand on the type of data 
ontained in F . If, for instan
e, the data in Frepresent a stream of words written in Italian and the rules of R provideinstru
tions on how to identify the syllable boundaries for written Italian,the algorithm 
an provide the syllabi�ed version of su
h a stream ([Cio96℄,[Cio97℄). By 
hanging the rule set we 
an obtain the syllabi�
ation of anyother language. In more abstra
t 
ases the algorithm allows the segmenta-tion of F , whose elements belong to a generi
 �nite alphabet � that 
an bepartitioned in a set C of disjoint 
ategories1 Ci.The algorithm works in "real time" on the in
oming data in F without re-quiring the full data set to be pre-loaded in any data stru
ture for pro
essingand so 
an work on input stream of any [�nite℄ length n not ex ante known.As a result the algorithm produ
es an output data stream 
onsisting of theoriginal data and a set of segmentation markers at the suitable positions (
f.1We 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 with j � j= l.1



Figure 1). In the present paper we use, as a segmentation marker, the 
har-a
ter � that, therefore, 
annot be a legal 
hara
ter of the input stream F .
Figure 1: Data segmentation2 The general stru
ture of the algorithmThe algorithm s
ans F until a segmentation marker 
an be inserted. Atthis point the data before the insertion position are written out followed bya marker whereas those after the insertion position are appended ba
k on Fand a re
ursive 
all o

urs. All this goes on until the EOF marker is rea
hedon F .The algorithm is, therefore, 
omposed of a main loop within whi
h wehave, in sequen
e: a s
anning step2 (implemented with the pro
edures
an in(stream in)), a 
ategory mat
hing step (implemented with the pro-
eduremat
h 
ategory(
har 
ar m)), a rule mat
hing step (implementedwith the pro
edure mat
h rule(int weight)) and a 
ertain number of 
on-ditional tests and assignment instru
tions. Pro
edure s
an in(stream in)s
ans in with a pointer m 2 [0; n� 1℄ and loads ea
h 
hara
ter or symbol3ina 
urrent temporary string4 
urr string and in a variable 
ar m. Pro
eduremat
h 
ategory(
har 
ar m) assigns ea
h 
hara
ter to one of the 
ategoriesCi whose identi�er i is used to evaluate a weight as a running sum on the el-ements of 
urr string. Last but not least, pro
edure mat
h rule(int weight)uses su
h a weight to identify, among the rules, the one that 
an be applied,if it exists, on 
urr string. Owing to the appli
ation of the rule, 
urr stringis divided in two parts: the former is written on out whereas the latter iswritten ba
k in front of in. This pro
ess has some variants that will beevident in the pseudo-
ode.2Within pseudo-
ode we use in to denote the input stream asso
iated to F and out todenote the output stream. We also use 
ar m to denote the 
urrent symbol on the inputstream whereas with �i we denote an element of �.3In this paper we use the terms symbol and 
hara
ter as synonyms.4As it will be evident from the pseudo-
ode in pra
ti
e we need only a pointer thatgives a

ess to the elements of 
urr string. 2



3 The main ingredientsThe main ingredients of the algorithm are: the alphabet � partitionedin a set of 
ategories C , the set of rules R used to segment the data in
F and an abstra
t data stru
ture T . � 
ontains all the legal 
hara
tersthat 
an be 
ontained in F and 
annot in
lude the 
hara
ter we 
hoose asthe segmentation marker5. Every element of � belongs to only one of the
ategories Ci. Strings on in and 
urr string belong to ��.The rules form a set R = fRj j j = 0; : : : ; K � 1g where, roughly speaking,every j 
orresponds to a value of the running sum weight even if not toevery su
h a values it 
orresponds a value of j and so a rule. In this 
ase byevaluating weight and 
omparing it with the values j that indexes R it ispossible to identify the rule to be applied or to 
on
lude that no rule 
an beapplied.The abstra
t data stru
ture T ([Ros99℄, [Die05℄) is a generalisation of thebinary tree and we 
all it N�ary tree T = (N;A) with6 j A j=j N j �1 =n�1. We have inner nodes with dire
t des
endants and leaves as nodes withno dire
t des
endants. Every inner node 
an have the same number of dire
tdes
endants, lower than N , and we speak of a balan
ed N�ary tree, 
anhave exa
tly N dire
t des
endants, and we speak of a 
omplete N�arytree, or 
an have any number of dire
t des
endants between 1 and N andwe speak simply of a generi
 N�ary tree (sin
e all 
ategory identi�ers areused as least on
e as a label of one of the ar
s). We note that 
ompletenessimplies balan
edness but the 
onverse is not true: indeed we 
an only statethat balan
edness is a relaxed version of 
ompleteness.3.1 The su

essions of 
ategoriesAfter m steps we have that 
urr string 
ontains m 
hara
ters, ea
h be-longing to one of the Ci. We have, therefore, a su

ession on m instan
es of[repeated℄ 
ategories. If we de�ne a su

ession of 
ategories7 Cj1 : : : Cjm as ameaningful su

ession (ms) we have that �j1 : : : �jm (where �ji 2 Cji fori = 1; : : : ; m) represents a meaningful instan
es su

ession (mis). Su
hkind of su

essions play a role both in the N�ary tree and in the segmenta-5This 
ondition is introdu
ed mainly for pra
ti
al purposes and 
an be easily relaxed.6With j A j we mean the number of elements in the set A. The symbol N is usedto denote both the set of the nodes and the maximum number of the des
endants of anode. Context makes 
lear, in every 
ase, whi
h is the 
orre
t meaning. In some 
ase the
ardinality of N (and so the number of nodes of a tree) will be denoted with n as thenumber of input data. Again, the 
ontext will make 
lear whi
h is the 
orre
t meaning.7We note that sin
e we 
an have repeated 
ategories not all the ji are distin
t.3



tion rules sin
e su
h su

essions 
an have either the same length or distin
tlengths: in the �rst 
ase we speak of uniform m[i℄ss whereas in the se
ond
ase we have non uniform m[i℄ss.3.2 The N�ary treeIn our 
ase the N�ary tree T is 
hara
terised by the fa
t that every ar
is labelled with exa
tly one 
ategory identi�er Ci. Inner nodes 
an have anynumber of dire
t des
endants depending on the nature of the tree (balan
ed,
omplete or generi
) but they 
annot be asso
iated to any segmentation rulethat is asso
iated only to one of the leaves. If the leaves are all at the samelevel8 we speak of a uniform N�ary tree: in this 
ase leaves are asso
iatedto mss of the same length. If the tree is not uniform, leaves are asso
iated tomss of di�erent length. We note that an uniform tree des
ribes mss of thesame length and vi
e versa whereas mss of di�erent lengths are asso
iatedto leaves at di�erent levels and so to a non uniform tree and vi
e versa.Both 
ompleteness and balan
edness involve inner nodes whereas uniformity
on
erns only the leaves so they form two groups of independent properties.The root of T (at level 0 and with weight 0) is asso
iated to the empty
urr string, the nodes at level 1 are asso
iated to the types9 of the �rstelement of 
urr string whereas the nodes at level i are asso
iated with thetypes of the i�th element in 
urr string, if it is present. The outgoingar
s from every node are labelled with the 
ategories to whi
h the asso
iatedsymbol 
an belong. When we rea
h a leaf we have identi�ed ams of 
ategoriesto whi
h is asso
iated one of the segmentation rules that 
an be applied to
urr string and, then, to in (and 
orrespondently to F ).3.3 The running sumIn pra
ti
e T is not e�e
tively built sin
e it 
an be simulated with theuse of a running sum. If we denote with p the running sum or weight wehave: p = p+ iN j (1)where N is the number of 
ategories, i is the index of the 
ategory to whi
h
ar m belongs, j 2 [0;M � 1℄ is the position10 of 
ar m in 
urr string and8The level of a node is the length of the path, as a number of ar
s, from that node tothe root, that therefore has level 0.9We say that a 
hara
ter is of a type or belongs to a 
ategory Ci.10With M we denote the maximum length of 
urr string that is signi�
ant for theproblem we are fa
ing. In 
ase of syllabi�
ation of written Italian M 
orresponds to thelongest sequen
e of 
hara
ters to whi
h we asso
iate a rule and is greater than the longest4



p is put to 0 whenever 
urr string is emptied. The value of i is obtained asi = mat
h 
ategory(
ar m) and requires the s
an of the l elements of � soto de�ne the 
ategory to whi
h every symbol belongs11.In this way we evaluate all the integer values in the interval [0; NM � 1℄ evenif, in the general 
ase, only to some of these values it 
orresponds a leaf andso a segmentation rule.3.4 The rulesThe rules 
an be des
ribed with the following high level syntax:Rj = if 
onditionj then a
tionj (2)with j = 0; : : : ; K�1. With 
onditionj we identify an equality test betweenthe 
urrent value of the running sum and the identi�ers asso
iated to the ruleswhereas with a
tionj we de�ne, possibly with the use of sub 
ases, essentiallythe position of a segmentation marker. To every rule Rj it 
orresponds ameaningful su

ession of 
ategories Cji (with i = 0; : : : ; I�1 if the su

essionhas a length equal to I) so that every rule is indeed 
hara
terised by an integervalued identi�er that is evaluated as follows:rj = I�1Xm=0 jmNm (3)where jm is the identi�er of the symbols of � that belong to the 
ategory12Cjm and that is in position m on 
urr string. In this way we get a range[rmin; rmax℄ to whi
h all the K 
ategory identi�ers belong. We note that we
an have:1. K = rmax � rmin + 1,2. K < rmax � rmin + 1.In the former 
ase we have a 
omplete array of rules with K valueswhereas in the latter 
ase we have an in
omplete array of rules. In both
ases we indeed store the rules in an array R[℄ of rmax � rmin + 1 elementssyllable.11We 
an use an array of pairs symbol � 
ategory to whi
h it belongs so to have ana

ess with a 
ost O(l) in time. If su
h an array is ordered we 
an perform a binary sear
hon it in O(ln l) time.12We remind that we are interested in mss and that to ea
h ms is asso
iated an integerevaluated a

ording to relation (3). We note also that the mss are asso
iated to leaves sothat we 
annot have a ms as a proper substring of another ms.5



Figure 2: Non 
ompleteness and non uniformity (left), 
ompleteness anduniformity (right)with an indexing s
heme id = rj � rmin so that the sear
h for a rule turns ina dire
t a

ess to an element of an array.In ea
h position R[id℄ of the array we 
an have either an integer value deltathat de�nes the position of the marker with respe
t to the 
urrent positionin 
urr string or a null value13 if "no rule" has been devised for that arrayposition. In all these 
ases we have:delta = mat
h rule(p) (4)Within su
h pro
edure, in the simplest 
ases, we exe
ute R[p�rmin℄ whereas,in more 
omplex 
ases, we have to a

ess to a 
ertain number of sub 
ases(that 
an be implemented with a swit
h statement or with more abstra
t andgeneral stru
tures) to whi
h there 
orrespond distin
t values of delta.Figure 2 shows (on the left) an example of non 
ompleteness andnon uniformity where inner nodes are labelled as 1; 2; 3; 4 and bla
kdots are the leaves. In this 
ase we have six mss (C1C0, C1C1C1,C1C1C4, C1C2, C2C2 and C2C3) to whi
h there 
orresponds14 six e�e
-tive rules15 on an range [1; 106℄. On the right side of Figure 2 wehave an example of a 
omplete and uniform graph where the mss areC0C0; C0C1; C0C2; C1C0; C1C1; C1C2; C2C0; C2C1; C2C2 in the range16 [0; 8℄.13null is a mnemoni
 for �1 and, therefore, represents an integer value.14In this 
ase we 
ode Ci as i, with i = 0; 1; 2; 3; 4, and we have N = 5.15As a general rule we have as many rules as leaves.16In this 
ase too we 
ode Ci as i, with i = 0; 1; 2 whereas we have N = 3.6



3.5 Other parametersFrom the previous se
tion it is easy to see how we have both a lower andan upper bound on the length len of 
urr string on whi
h we 
an try toapply one of the rules. We de�ne su
h bounds respe
tively as trigIn andtrigOut. In the 
ase of �gure 2 (left) we have trigIn = 2 and trigOut = 3.In 
ase of �gure 2 (right) we have trigIn = trigOut = 2.If we have len < trigIn the algorithm 
an only go on with s
anning in andevaluating p sin
e the number of symbols is insuÆ
ient whereas if we havelen > trigOut no rule 
an be applied any more so that the algorithm writesout the initial element of 
urr string without any marker, writes ba
k theothers on in and goes on17. If trigIn � len � trigOut the value of p we getat any step is used to a

ess R[℄ and obtain a value for delta to be used forsubsequent 
omputations.4 Two toy examples and an appli
ation4.1 Two toy examplesIn the �rst toy example we have � = fa; bg, C0 = fag and C1 = fbg. We
an have (uniformity and 
ompleteness)18:1. R0 = if 
urr string ==00 bb00 then write(out;00 b�00); in =00 b00 + in; anddelta = 1;2. R1 = if 
urr string ==00 ab00 then write(out;00 ab�00); and delta = 0;3. R2 = if 
urr string ==00 ba00 then write(out;00 ba�00); and delta = 0;4. R3 = if 
urr string ==00 aa00 then write(out;00 a�00); in =00 a00 + in anddelta = 1;Though the general form of a rule should be R0 = if 
urr string 2C0C0 then write(out;00C0�00); in =00 C 000 + in; it is easy to see that this isnot ne
essary. If we 
ode C1 with 1 and C0 with 0 we have that to the aboverules there 
orrespond the following identi�ers: r0 = rmin = 0, r1 = 1, r2 = 2and r3 = rmax = 3. In this way we de�ne R[℄ = [1; 0; 0; 1℄. If on in we haveaabababbaa : : : using the above rules we get a � ab � ab � ba� on out anda : : : at the beginning of in.17In this 
ase we speak of a step ba
k that has e�e
ts on the 
omputational 
omplexity.18With "+" we de�ne a 
lassi
al 
on
atenation operator between strings, streams andstrings and the like. 7



As another toy example we 
an refer to the right side of Figure 2 and
onsider (without assigning any parti
ular meaning to the symbols) � =fa; b; 
; d; e; f; g; h; i; lg. We 
an de�ne the partition (C0 = fa; e; ig, C1 = fbg,C2 = f
; hg, C3 = fd; lg, C4 = ff; gg) and the set of mss we saw at the endof se
tion 3.4. If we 
ode Ci as i for i = 0; : : : ; 4 and use N = 5 in equation(3) we get that in the range [1; 106℄ only 6 positions of R[℄ (pre
isely posi-tions 1; 11; 12; 17; 31; 106) are asso
iated to a not null value of delta. If thesevalues, in an orderly way, are 1; 0; 1; 0; 2; 2 this means that19 C1C0 is split upas C1� and C0, C1C2 and C2C3 are written out as C1C2� and C2C3�, C2C2is split up as C2� and C2, C1C1C1 is split up as C1C1� and C1 and the sameholds also for C1C1C4.4.2 An appli
ation: the syllabi�
ation of written Ital-ianIn this 
ase we use the algorithm to solve a real problem. We havethe alphabet � of written Italian that 
ontains all the legal symbols of anywritten Italian text. In this 
ase (if we use V to denote the set of unstressedvowels, V̂ to denote the set of stressed vowels20 and C to denote the set of
onsonants) we have the partition � = V [ V̂ [ C. In addition to these setswe have the set P of the pun
tuation marks and the set S of the spa
ingsymbols. Su
h sets 
an be 
onsidered both as a part of the partition of �and external to it. In the former 
ase we have N = 5 and the rules we devisemust 
onsider this full set of 
hara
ters. In the latter 
ase we have N = 3and the rules are simpler sin
e any o

urren
e of one element from either Por S brings about the dire
t writing on out of the 
ontent of 
urr string21.In the present paper we follow the se
ond approa
h.At this point we have de�ned the alphabet � and the set of 
ategories C .We have to de�ne a proper 
oding of ea
h 
ategory Ci and the set of rules
R. We note that in this 
ase we are in a situation like that of Figure 2, rightside, and so we have neither 
ompleteness nor balan
edness nor uniformity.In this paper it is not possible to give a full listing of the needed rules and weonly give some examples. Further details 
an be found in ([Cio96℄, [Cio97℄).19In these 
ases the former part is written on out whereas the latter, if it exists, is putba
k at the beginning of in. We speak in terms of mss but similar 
onsiderations holdalso for the 
orresponding miss.20Su
h a set 
ontains both wovels with an a
ute stress and vowels with a grave stress.21We note that in 
ases like "fra me e te n�e se n�e ma" (i.e. "between me and you neitherif nor but") we have non syllabi�
ation at all and spa
es are, as usual, markers of wordends. The same holds for all the words of two 
hara
ters and for many words of three
hara
ters that 
an 
onstitute a noti
eable per
entage of a written text.8



We therefore 
onsider � = V̂ [ V [ C, N = 3 and the 
orresponding 
oding2; 1; 0 sin
e the syllabi�
ation pro
ess (at least in Italian) is vowel driven.We remind that sets P and S (that we 
ode respe
tively as 3 and 4) mustanyway be known even if their elements have no role in the rules sin
e theiro

urren
es simply turns in the writing of the 
ontent of 
urr string on outwithout any marker insertion.Starting with a simple rule we have that to the ms CV CV it 
orresponds theweight (or identi�er22) 30 so that whenever the 
urrent identi�er, evaluateda

ording to relation (1), is equal to 30 we have that any 
ombination of theform CV CV is segmented as CV� and CV : the �rst substring is written onout whereas the se
ond one is inserted ba
k at the beginning of in. A

ordingto this rule the Italian word lato (side) is syllabi�ed as 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 really more 
omplex rule, to whi
h it 
orresponds an identi�er equalto 28, states that the group23 V1C1C2V2 is segmented as:1. V1C1� and C2V2 if C1 == C22. V1� and C1C2V2 if C1 == 
 j g and C2 == h or if C1 == g andC2 == 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: su
h open 
ase must be handleddepending 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 we 
an segment words su
h as assassinare (to mur-der) as24 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
e25 of group of vowels makes the syllabi�
a-tion harder sin
e in Italian we 
an have up to six 
onse
utive vowels (as in22Weight and identi�er are synonyms.23We 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 V̂1, and the like, with respe
t to 
ategory V̂ .24We show here only how the word is presented on the output stream. To ea
h hyphenthere 
orresponds a re
ursive 
all of the algorithm25The 
losing part of this se
tion is based on [Cio97℄.9




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. Thealgorithm, in presen
e of three or more 
onse
utive vowels, �rst looks fortriphthongs26 and then for diphthongs. We �rst introdu
e some group of twovowels that de�ne a hiatus27. 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 o28. 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 word29 
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 (without any following marker) whereasthe remaining vowel and the 
onsonant are inserted ba
k on the input streamand 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 stressed.If the group does not 
ontain any stressed vowel the algorithm behaves a
-
ording to the following rules:26A triphthong is a group of three 
onse
utive vowels that must be seen as a single
hara
ter.27two vowels form a hiatus if they belong to distin
t syllables whereas they form adiphthong if they belong to the same syllable.28In written Italian we 
annot have two 
onse
utive u.29In su
h and similar words 
hara
ter i plays the role of a semi vo
ali
 sound.10



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;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.5 The pseudo-
odeWe now give the full pseudo-
ode of the algorithm followed by a few
omments. The pseudo-
ode is written using a Java-like syntax for a betterreadability ([Dro01℄, [GT97℄). We present the pseudo-
ode (with some in-line 
omments) in the simpler version (well suited for the toy examples) andunderline where 
hanges must be made so the adapt the algorithm to more
omplex and realisti
 appli
ations30.// global data stru
tures//load the identifiers of the rules in a mono dimensional//arrayint[℄ R=read_rules(rules_file);//load the 
ategories in an array of Category//as pairs sets_of_
hars-
ategory_identifier (int)Category[℄ C=read_
ategories(
ategories_file);int trigIn=MIN; //lower thresholdint trigOut=MAX; //upper thresholdint r0=R[0℄; //value used in the indexing s
heme of R30As to the syntax we only remind that if s is a String the methods:substring(beginIndex; endIndex) returns the substring of s 
ontaining all the 
hara
tersfrom the one in position beginIndex to the one in position endIndex� 1.11



int p=0, m=0;int base=Category.sizeOf();String 
urr_string="";
har 
ar_m='';// main methodpubli
 void segment(in){ s
an_in();while not EOF do{ i=mat
h_
ategory(
ar_m);p=p+i*base^m;len=strlength(
urr_string);if(len >= trigIn && len <= trigOut)delta=mat
h_rule(p);elsedelta=null;if(delta >= 0){ sOut=
urr_string.substring(0, len-delta)+'-';write(out,sOut);in=
urr_string.substring(len-delta, len)+in;reset();segment(in);}if(len>trigOut){flush();}elsem=m+1;s
an_in();}}// private methodsprivate void reset(){p=0;m=0;
urr_string="";
ar_m=''; 12



}private void s
an_in(){
ar_m=read(in,m);
urr_string=
urr_string+
ar_m;}//performs a reset and writes out the first 
har of 
urr_stringprivate void flush(){reset();sOut=
urr_string.substring(0, 1);write(out,sOut);in=
urr_string.substring(1, len)+in;}private int mat
h_
ategory(
har 
ar_m){ for(int i=0;i<base;i++){ Category 
=C[i℄;if(
.getSet().
ontains(
har_m))return 
.getIndex();}}private int mat
h_rule(int p){ int index=p-r0;return R[index℄;}The pseudo-
ode is simple and linear. Starting from the very beginning wehave a general initialisation phase followed by the method segment(in). Su
hmethod performs an initial s
an and then enters in a loop. Within the loopwe have a 
ategory mat
hing phase, some 
omputations, a rule mat
h-ing phase and either a segmentation and a re
ursive 
all or the 
ushing of
urr string or an advan
ing on in to the following 
har.Private methods in
lude: a reset() method that gives initial values to someglobal variables, a s
an in()method that reads a 
har from the input stream,a 
ush() method, already 
ommented, a mat
h 
ategory(
har 
ar m)method that is responsible for the mat
hing between every symbol and a
ategory and a mat
h rule(int p) method that returns the value of deltato be used in segmentation. 13



The only methods that need a variable stru
ture are the last two. Owingto this fa
t we speak of rules and 
ategories embedded in the 
ode. In the
ase of syllabi�
ation (and similar ones) we have that mat
h 
ategory mustmanage the presen
e of elements of P and S, empty 
urrstring and performa general reset and a re
ursive 
all whereas mat
h rule must have an innerstru
ture that allows the de�nition and the management of sub 
ases. Inthese 
ases we have pie
es of pseudo-
ode like the followings:private int mat
h_
ategory(
har 
ar_m){ int id;for(int i=0;i<base;i++){ Category 
=C[i℄;if(
.getSet().
ontains(
har_m))id=
.getIndex();break;}if(id == 3 || id == 4){ write(out,
urr_string);reset();segment(in);}return id;}private int mat
h_rule(int p){ int index=p-r0;int id=R[index℄;swit
h(id){ 
ase id1:...break;
ase id2:...break;...
ase idK:... 14



break;default:...break;}}In this 
ase (
f. se
tion 4.2 for some examples) it is ne
essary indeed toasso
iate at ea
h value of the running sum p either a simple rule (as in the
ase of p = 30 or CV CV ) or a 
omplex rule with sub 
ases (as in the 
ase ofp = 28 or V CCV ).6 The 
omputational 
omplexityAs it is 
lear from the pseudo-
ode, at ea
h step at least one element istransferred from in to out. Termination of the algorithm is therefore outof the question so let us say something about its 
omputational 
omplexity.Computational 
omplexity depends strongly on the segmentation rules sin
erules de�ne how many input 
hara
ters are pro
essed at any appli
ation ofa rule. With this in mind, from a 
lassi
al perspe
tive we should de�ne thebest, average and worst 
ases.The worst 
ase o

urs whenever no rule 
an ever be applied so at any steponly one symbol is transferred form input to output stream. In this 
ase itis easy to see that on an input stream of length n the 
omplexity is O(n2) intime31.The best 
ase o

urs whenever we have no step ba
k so that at any pass ofthe algorithm a blo
k of symbols is transferred form in to out: in this 
asewe have anyway to s
an in up to the end so the 
omplexity is O(n) in time.The average 
ase depends both on the distribution of input data to bepro
essed on � and on the set of the rules and the probability with whi
hea
h rule is applied. As to the syllabi�
ation, su
h a 
omplexity is stronglydependant on the frequen
ies of written Italian both from what 
on
erns thesingle 
hara
ters and their 
ombinations and for what 
on
erns the distri-bution of the length of the words within a "normal" written text. All thisto say that, in this paper, we do not give any estimate of su
h a 
omplexity31We have: n�1Xi=0(n� i) = nXj=1 j = n(n+ 1)2 (5)(with the substitution n� i = j) where i represents the number symbols transferred fromin to out. 15



that, anyway, must fall in the range [n; n2℄.As to the other operations of the algorithm we note that:1. the operations of input s
anning, assignment to 
ar m and 
urr stringo

ur in O(1) time;2. the operation of 
ategory mat
hing o

urs in O(1) time (anyway in atime independent from n);3. the operation of rule mat
hing involves a dire
t a

ess to an array thatrequires O(1) time and the examination of a �nite set of sub-
ases thatrequires again O(1) time (or anyway a time independent from n).Similar 
onsiderations holds for all the other operations that are present inthe pseudo-
ode and that have not been expli
itly mentioned.7 Con
luding remarksThe proposed algorithm represents a 
exible and eÆ
ient way to segmentin real time a stream of data of any length under the hypotheses that thedata belong to an alphabet � that 
an be partitioned in a �nite set of 
ate-gories and that a �nite set of rules 
an be applied.Possible extensions in
lude a more 
exible and less 
ode embedded manage-ment of both the 
ategories and the rules (and of the asso
iated quantities)and (essentially with regard to syllabi�
ation) a better pro
essing of pre�xesbased on morphologi
al 
onsiderations.Referen
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