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Abstract 

This report describes the basic work clone to pave the way 

for our studies about pattern-matching and distances applied to 
linguistic objects. We propose a library of basic objects ranging 
from booleans to forests. These objects come with a set of basic 
functions. 
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●
ヽ Introduction 

~ 

This document describes the basic foundations of the programming 
we have done to pave the way for our experiments concerning pattern-
matching on linguistic objects and the measurement of distances be-

tween such objects. 
This programming work has been done in an object-oriented spirit. 
Its result is a set of modules in C describing classes of objects. For 
each class class, there is a class. h file where the class is defined and 
where certain functions on the class are declared. The definitions of 

these functions are to be found in the file class. c. 
Below, we describe the lattice of classes defined so far. Because 
the definition of some classes required the definition of classes of lower 
level, the classes are organised in a lattice, in the following way: 

booleans 

characters 

atoms 

I ----------------------------, 
lists 

_______ !______ I 
sets stacks strings ________________ forests 

I ______ ! ________ _ 

boards feature transf woods 
structures rule 

~ 

~ 

This organisation is expected to change. During our development 
work, we have experimented with different techniques. lVIainly we tend 
to use 1nore and more general techniques which allow us to implement 
faster. But this work is a long-term task which requires frequent repro-
gramn1ing of the work already done. Each tin1e this happens, we see 
an increase in the possibilities we in1plement and a relative decrease in 
the length in lines of our programs. 

To 111ention current work, we are at the n101nent introducing a gen-
eral class element which will be used as a te1nporary descriptor in the 
definition of new classes. vVe hope it will allow an implementation of 
the class wood in a way closer to its fonnal definition. 
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1 Classes 

’ 

The following is a description of son1e of the classes which are the 
most important for our work on natural language processing. 
The set of classes already implemented can be divided into t虹ee

types: 

• basic classes deal with primitive objects. They are booleans, char-
acters and atoms. 

• the string side. All these cl邸 sesare based on cl邸 slist. They 
are used for computational purposes (set and stack), but string is 

intended for linguistic treatment. 

• the tree side. These classes are for linguistic purposes. They are 
used for representing linguistic structures (forests, feature struc-

tu res) or for 1nanipulating them (trans}加mationalrules). 

Another class, that of woods, is currently being reimplemented in a 
way closer to its formal definition. Its place is above that of strings and 

trees. Because this data structure is unusual and needs justification, it 
will be described, together with its associated operations, in a separate 
docun1ent. 

＾ 

，
 



1.1 Basic classes 

1.1.1 Booleans 

This is the simplest class. It consists only of the definition of the 
type boolean as an integer with two values: TRUE and FALSE. Only 
two functions are avaliable, i.e. the methods to input and output the 
values of a boolean variable. 

The standard C operations provide the operations for this class. 

）ヽ

1.1.2 Characters 

The class of characters is fundamental for input and output. The 
detection of kanji is realised by checking whether the first bit is set. A 
set of functions allows one to read the input according to requirements. 
Here are some. of them: 

• skipping text: 

-skipUntil skips everything until a given constant string is 
reached; 

-skipCornrnent skips the following on the input if it is a com-

ment following the C syntax; 

-skipSpace skips the following on the input if it is a sequence 
of space characters (blank, tab or newline); 

-etc. 

• read definite text: 

-readChar reads the next character if it is the given constant 
character, else fails; 

-readString reads the next character if it is the given con-
stant string, else fails; 

-etc. 

， 

＾ 
浅邸ト
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~ 

， 

,-..., 

1.1.3 Aton1s 

The class of atoms was designed to cover that of words used in nat-
ural language sentences, and a range of symbols used in the feature 
structures output by the various phases of the NADINE system. 
The syntax of atom is given in Figure 1. 

<atom> ・・＝ <qatom> 

<natom> 

<qatom> : : = <qsubatom> [ <natom> ] 

<natom> : : = <nsubatom> [ <qatom> ] 

<qsubatom> : : ='<character>*' 

<character> : : = any character except' 

<nsubatom> : : = <form>* 

<form> : : = <letter> 
<kanji> 
<digit> 
<sign> 

<sign> : : = * I -I + I _ I I I I I I 

Figure 1: Syntax of atoms 

I -I $ I ? 

This syntax allows one to write the four aton1s given as exan1ples 
in Figure 2. 

office'?' 'blanks' ＋ SEM-FEATURE 

Figure 2: Four atoms 

11 



1.2 Lists, sets, stacks and strings 

1.2.1 Lists 

Definition A list is recursively defined as something having a head 
and a tail which is of type list. The tail may be empty. The head is 
an element. The usual syntax of lists, using parentheses and commas, 
is used. When elements are atoms, lists can be strings of words, i.e. 
sentences. 

、-

<string> : : = ([ <atom> [ , <atom> ] * ]) 

Figure 3: Syntax of lists ， 

Functions Apart from the functions for creation, deletion and copy-
ing, functions reflecting the structure of a list are proposed: 

• insertion of an element as head of a list; 

• concatenation of two lists; 

• extraction of the nth element of a list. 

Other functions are: 

• test whether an element is in a list; 

• test whether a list is empty; 

• length of a list; 

Nloreover, an abbreviated control structure is proposed which car-
ries out a predefined traversal of the list structure. In case the coding 
of the structure is changed, the exploration of a list will still bear the 
same name, independent of its implementation. 

＾ 
£ 

ー2 



＾ 

＾ 

1.2.2 Sets 

Sets are implemented here as lists with constraints: in the internal 
representation, an element must not occur more than once. Further-
more, order has no importance. The usual syntax, using curly brackets 
and commas, is used. 

<set> : := { [ <atom> [ , <atom> ] * ] } 

Figure 4: Syntax of sets 

When inputting a set, the user can enter an element more than 

once. The input program will check for repetitions and eliminate them. 
Figure 5 shows some examples of sets. 

{a, a, a, a} stands for {a} 
{a,c,b,a} {a,b,c} 
{b,c,a} {a,b,c} 
{} the empty set 

Figure 5: Examples of sets 

1.2.3 Stacks 

The class of stacks is in some respects a weaker version of on the 

class of lists. Apa.rt from the creation and deletion functions, only 
three functions are proposed for it. They are the usual functions for 
stack handling: 

• isemptyStack tests whether the stack is empty; 

• push pushes an element on the top of the stack; 

• pop pops the top elen1ent fro1n the stack; 

1:3 



1.2.4 Strings 

This is not a true class. It is just a different interface for the class 
list. All the methods defined for lists are available for strings. This 
pseudo-class was designed for the natural language strings extracted 
from the conversation dialogues. Figure 6 shows the syntax of strings 
and Figure 7 shows a string of six atoms. 

•} 

<string> : : = 11 <atom>* 11 

Figure 6: Syn tax of strings 

~ 

"Is this the conference office'?'" 

Figure 7: Example of a string 

， 
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， 

1.3 Forests, feature structures 

1.3.1 Forests 

Definition The syntax of forests we adopted is given in Figure 8. It 
defines a forest as a node dominating a daughter and having a sister. 
The daughter and the sister are both forests. They are optional. 

<forest> : : = <atom> [ (<forest>) ] [ , <forest> ] 

Figure 8: Syn tax of f crests 

With this definition, a tree is a forest whose top node has no sister. 

Parenthesised and drawn forms A forest is input or output either 
in a parenthesised form or in a drawn form. 
The parenthesised form is the one given by the syntax above. It is 
the usual one with parentheses and commas. 
Figure 9 gives an example of a tree drawn by a user. It is recognised 
by the system as long as nodes are touched by an underscore or by a 

vertical bar. The second tree is the same tree output, formatted in a 
standardised way by the system. 

15 



OBJE 

------'---------------------
ASPT TENSE PARM RESTR 

I I I I ___ _ 

•) 

_ PRESENT ! X1 RELN ENTITY 

I I 
YES-ADV-1 !Xi 

_I_ 
P1 P2 

OBJE 
_______________ ! _______ _ 

ASPT TENSE PARM 

I I I 
PRESENT !Xl 

_I_ 

RESTR 
____ I ___ _ 

RELN 

I 

~ 

ENTITY 

I 
Pi P2 YES-ADV-i !Xi 

Figure 9: Forest drawn by the user and reformatted by the system 

Variables As illustrated in Figure 9, it is possible to designate a sub-
forest by a variable name. Thus the set of forests we work with contains 
graphs. In fact, it contains rational trees, as [Colmerauer et al. 83] de-
fined them, and direct acyclic graphs, as defined in [Shieber 86]. 
Figure 10 gives an example of a rational tree. It gives an idealised 
representation of the sentence The man who saw the man who saw the 
man ... This representation is not linguistically valid because, from 
a formal point of view, the index i of the trace (Wh, e) should be 
incren1ented for each new clause. 

~ 
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＾ 

＾ 

!x_i 

NP 
_________ ! ___ _ 

DET N s 
I I _____ I __ 

the man Wh_i s 
I 
___ ,_ 

who NP VP 
I __ I_ 
e_i V !x_i 

I 
saw 

Figure 10: Example of a non-trivial rational tree 

Figure 11 gives an example of a (non-connex) direct acyclic graph. It 
is a feature structure extracted from Asura's 7urrent German generation 

grammar and simplified. 

syn sub cat sern control 
________ I_ ___ ,_____ --'--------
cat agr first rest syn sem 

I __ I ____ I 
vp ! x5 ......... syn sem agr !xi 
_______ ! ______ __ , __ _______ I ______ 

gender number person:cat agr !x1 gender number person: 

I I I : I I I I I 
!x2 !x3 !x4: np !x5 

．．  . . . . . . . 
!x2 !x3 
．．  : . . . . . . . . . . . . 

!x4 : 

． . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 

Figure 11: Example of a direct acyclic graph 
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1.3.2 Feature structures 

This is not a true class. It is just a different input or output format 
for the general structure of forests. It w邸 necessaryfor us to enable 
this format in order to use outputs directly from the NADINE system. 
The enablement, in turn, influenced our definition of atoms. 
The transformation between a feature structure and a forest is just 
a matter of input/ output for our system. 
To program this transformation, we simply tell the input/output 
functions which cl邸 sto use. This simple program (listed in Figure 12) 
is a few lines long, thanks to the grammar facility we have implemented 
(Lepage 92a], and to our object-oriented approach. 

~ 

#include <stdio.h> 
#include 11gram.h11 

#include "tree.h" 
#include 11fs.h11 ＾ 
void main(void) 

｛ 

TREE *tree= NULL 

if (scan("<F> ",&tree)) 
print("<D>¥n",tree) ; 

｝
 

Figure 12: Program to read a tree and display it as a feature structure 

As an application of this easy programming, conversions between 
drawn trees, trees in parenthesised format and feature structures are 
available under two text editors: Text Editor under the Open vVindows 
system and Emacs. 
Figure 13 shows how this facility works in the Text Editor under 
the Open vVindows environment. In this example, the user first selected 
the feature structure and then selected the command Display _I_ in 
the Text Pane. The result will be a drawn representation of the fea-
ture structure (Figure 14). Similarly, the commands Display () and 
Display [] ask for a parenthesised tree and a feature structure respec-
tively. 

＾ 
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口TextEtlitor --010-19 (edited), dir; / nooe/ lepage/Linguist ics/d ialog~ 

二上竺止エ）ニ

.................. 
： ::: 裔tr:経：忍森：娑： Fornat r-.,.,.,.,,._._.,,,•.· ・.............・・

，匪露）
Capitalize r--
Shift Lines r--
Pretty-print C 

Insert Brackets r--
Rllllove Brackets r--

_-

Execute Display () 

Display (] 

Join/Sp I it 

Figure 13: Converting a feature structure into a tree 

I' 立 TextEditor -010-19, dir; /hooe/lepage/Lin9uistics/dialo9ue/data/sピ

二上竺止~~竺エ）
~ SEM 

.... • -------------------------__ 1 __ -------
_ RELN AGEN RECP OBJE 

... I P.ESPOII ISE !XI 2 !XI 3 ASP_T ___T__EN_S__E __P__AP_M ____ _i __R__ES_T__P. ______S0.___1_ -ASPE 
I I I I ___ _I____ I 

- PRESENT !Xl RELN ENTITY NILL 

I I 
YES-ADV-1 tXl 

I Ll無変検］

Figure 14: A feature structure ¥・iewecl a.5 a tree 
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1.3 .3 Transfor1national rules 

In order to manipulate the feature structures which are produced by 
the NADINE system and convert them into a form suitable for our 
work, we needed a tool to transform trees or forests. Extensive work 
has been done by GETA people on tree transformations ([Boitet 82], 
[Chauche 74], [Chauche 86], [Durand 88]). The present work is simpler 
by far.・ 

A forest transformational rule consists of two parts. The left-hand 
side is the schema to be found in the object tree. Variables may be of 
three types: 

• node variables begin with a colon; 

• tree variables begin with a circumflex; 

• and forest variables begin with a dollar sign. 

Variables may occur several times in a schema. If so, they must get the 
same value at each different location. 
The right-hand side of the rule is the transformed schema. It is 
separated from the left-hand side by a double equal sign. Variables 
occurring in the left-hand side are replaced by the value they received 
during instantiation. New variables receive no value and appear in the 
resulting object as variables. 
Figure 15 gives an example of a transformational rule. It says that 
the aspect/tense information has to be gathered under a TIME node. 
The schema says that ASPT, renamed ASPECT in the right hand side, 
dominates a node, and that TENSE dominates a forest. Moreover, the 
tense/ aspect information is shifted to the right. 

-̂

， 

＾ 
ASPT(:aspt),TENSE($tense),$1 == 

$11 TIME(ASPECT(: aspt), TENSE($tense)) 

Figure 15: A transformational rule 

Like the facilities described above, the forest transformational rule 
facility has been integrated under the Text Editor of the Open vVindows 
environment and under Emacs. Figure 16 and 17 show the application 
of the previous rule on the semantic tree structure of sentence 19 of 
ATR dialogue 10. 

20 



D Text Editor -trans-r: before. llra-rt, di r; /hooe/1 epage/Papers/objects 

上旦エ）上且止二）ニ

!~ASす芦玉に~SlR
I I I —, __ 
_ PRES印T LX1 RELN 印TllV

_1_ I I 
P1 P2 YES-ADV-, IX1 

胆戸＂国直は益廷＂＂藍這 i!U

Text Pane 

Fi I e r-

I a無変投］ Vi e•u r-

Edit r-

Find r-

(Ext五 For111at r-

Capitaliz~r­

Shi ft Lines r-

Pretty-print C 

Insert Brackets r-

Re111ov9 Bracl:ets r-

(Trees Display _I_ 

Execute o i sp I ay () 

Display [) 

Jo in/Sp Ii t 

(Transf. rule・ 

Figure 16: Applying a transformational rule to a tree 

立 before.draft(edited), dir; /hooe/lepage/Papers/objects 

. Fi I e ,)  . ,・i ewマ） Editマ） Find ,)  

j 0↑ JE ~-----r,,,, 
~I ----'---- ____ 1 __ _ 
!Xl RELN ENTITY ASPECT TENSE 

-'- I I I I 
Pl P2 YES-AD'H !Xl _ PRESENT 

.. 

――•」

, L無変~]
9」

Figure 17: The tree after transformation by the rule 
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2 Basic functions on objects 

Some basic functions are the same or only slightly different for all 
the objects. Following our object-oriented approach, we implemented 
them in a generic way using "false genericity". ¥,Ve explain here what 
false genericity is and present some of the basic functions. 

＾ 

2.1 Genericity 

2.1.1 Principle 

A function is said to be generic if it can be applied to a range of 
classes without considering the specificity of the classes. 

2.1.2 False gener1c1ty 

In real genericity, the class of the argun1ent object is contained in 
the object. By retieving this information, a generic function can apply. 
Hence, the source code of the function is written once, and only one 
excutable program is compiled. In false genericity, as in the ADA pro-
gramming language, the source code is written only once, but different 
executable programs are produced for different classes. Although obvi-
ously less clean from the theoretical point of view, this solution is n1ore 
efficient in terms of execution time. 1¥1Iost arguments favouring C over 
C++ originate in this exact point. 

＾ 

2.1.3 In1plen1entat1011 

A generic function is implemented for a generic class GEN. The C pre-
processor makes the necessary replacen1ent to instantiate the function 
for a definite class. In a class module, the generic function is used via 
the #include directive. 
Figure 18 shows the definition of the creation function as a generic 
function. The macro f ct Gen creates instantiation of function nan1es 
for definite class names. The trace((...)) directive is a trace of our 
ownヽvhichcan be simply set by a flag. It is for development purposes. 
This function can then be used in a module through the directive 
#include "generic/new. c". 

3
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#ifndef _new_c 

#define _new_c 
•— 

#ifndef _error_h 

#include 11error.h11 

#endif 

#define newGen fctGen(new,Gen) 

GEN *newGen(void) 

｛ 

GEN *result= NULL 

＾ trace(("in 11MODULE11::newGen()¥n")) 

if (! (result= (GEN*) calloc(sizeof(void *), 

sizeof(GEN)))) 

error(MODULE,"new",ERR_MALLOC) 

trace(("out "MODULE": :newGen() ¥n11)) 

return result ; 

｝
 

#endif l*!_new_c*/ 

Figure 18: A generic function ， 

•-
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＾ 

2.2 Some basic object functions 

2.2.1 Creation 

This function creates a new instance of the class. It reserves storage 
space and initialises it to NULL. Initialisation is car~ed out using the 
standard calloc function which initialises the reserved place (compare 
rnalloc which does not initialises the reserved space). 

For each object, the creation function is called new suffixed by the 
name of the class. Hence for Atom, List, etc. we have newAtorn, 
newList, etc. 
The following piece of program shows the use of the newForest 
function in the copy El t function. After a new node is created, its 

members are assigned the member values of the function argument. 
The copyForest .function produces a copy of a forest by application of 
copy El t on each node according to a preorder traversal. 

static FOREST *copyElt(FOREST *forest) 

｛ 

FOREST *result= NULL 

＾ 

if (forest) 

｛ 

result = newForest() ; 

result->elt = forest->elt ; 
result->daughter = forest->daughter 
result->sister = forest->sister; 
｝ 

return result; 

｝
 

FOREST *copyForest(FOREST *forest) 

｛ 

return= preorder(forest,copyElt) 

｝ 

Figure 19: Use of the newForest function 

-
0
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2.2.2 Deletion 

This function frees the space reserved for an object. It just applies 
the standard free function to the object. 
As an example of use and definition of free functions, the deletion 
of a list is based on a recursive call to the freeList function. This is 
shown in the following piece of program. 

•— 

／＊ 

* free a list 
＊／ 

void freeList(LIST *list) 

｛ 

if (list) 

｛ 

freeList(list->tail) 
free(list) 

｝ 

｝ 

＾ 
Figure 20: Definition of the freeList function 

r-'¥ 
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2.2.3 Storage 

For each object, a structure storing the various instances is created. 

It is an AVL tree. We have very briefly described this technique in 

[Lepage 92b]. The programs used for the dynamic programming tech-
nique and those for object storage are the same. 
As an illustration, converting a character string to an atom is just 
adding the candidate string in the AVL tree (if the string was already 

there, its address is just returned). Limits checking and error handling 

constitute the main part of this function as shoヽvnbelow. 

~ 

／＊ 

* convert string into atom 
＊／ 

ATOM *char2Atom(char *string) 

｛ 

ATOM *result= NULL 

＾ 

if (string) 

｛ 

if (strlen(string) > MAXINATOM) 
error(MODULE,11char2Atom11,ERR_ATMLEN) ; 

if (・! (result = (ATOM *) calloc(strlen(string)+1, 

sizeof(ATOM)))) 

error(MODULE,11char2Atom11,ERR_MALLOC) ; 

result= strcpy(result,string) ; 
if (! (result= addinAvl(result,(AVLCMP) cmpAtom, 

&atomAvl))) 

error(MODULE,11char2Atom11,ERR_ADDR) 
} ; 

return result; 

｝
 

Figure 21: Use of the addinAvl function 
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2.2.4 Copy 

This function creates copies of the objects. These copies are not 
stored in the object storage base, and consequently they are not seen 
by some functions which access objects through this storage base only. 
This behaviour is useful for handling temporary objects, for example 
during application of transformational rules. 
The definition of the copyForest function has been given in Fig-

ure 19. 
As an example of use, the algorithm for tree drawing makes use of 
a forest similar in structure but with larger information on the nodes 
(location in a matrix of characters, offset, etc.). Hence, at first, the tree 
is copied. After the tree has been drawn, this copy is deleted. 

二

~ 

／＊ 

* draw a forest 
＊／ 

void drawForest(FILE *stream, FOREST *forest) 

｛ 

FOREST *xforest = NULL 

initialise(stream) ; 
xforest = preorder(copyForest(forest),copyElt) 

xforest = preorder(preorder(postorder(xforest, 
frame), 

reframe), 
draw) 

freeForest(xforest) ; 

＾ 
｝
 

Figure 22: Use of the copyForest function 
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＾ 

＾ 

2. 2.5 Distance 

This generic function implements a distance measurement for a vari-

ety of objects. It makes use of the recusive definition of these distances 

and of the dynamic programming facility we implemented [Lepage 92b]. 

On atoms and strings, this generic function calculates・the Wagner 

and Fischer distance [Wagner & Fischer 74]: On forests, it calculates 
an extension of the Selkow distance [Selkow 77]. For discussion on the 

relation between the Wagner and Fischer string distance and the Selkow 

tree distance see (Lepage et al. 92]. 

Here are two semantic tres input of the German generation of the 

ASURA system for sentences 10 and 17 of ATR dialogue 1, whose 

structures are enough different. With the unit being a one character 

difference, the Selkow distance is 42. 

***TESTON TYPE: FOREST*** 

A 1st forest: 
SEM 

_________________ ! ________ _ 

AGEN RECP OBJE RELN 

I I I ---------'--
RESPONSE !X2 !X3 PARM 

I 
!X1 

RESTR 

----'-----
RELN 

I 

ENTITY 

I 
NEIN-INTERJ !X1 

A 2nd forest: 

SEM 

---------------------'---------
RELN 

I 

AGEN RECP 

I I 
RESPONSE !X1 !X2 

OBJE 
___________ ! ______________ _ 

RELN 

I 

ASPT TENSE SEM-ASPE 

I I I 
ICH_VERSTEHE-IDIOM STAT PRESENT STATIVE 

Selkow distance: 42 

Figure 2:3: Distance between two se1nantic trees 
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In our work, a pair, a string and a tree, cons ti tu tes a basic object 
called a board. The distance between two boards is defined as the sum 

of the distances between the strings and the trees. Hence the following 

piece of program implements the distance between two boards. 

／＊ 

* distance between two boards 
＊／ 

int distBoard(BOARD *board1, BOARD *board2) 

｛ 

return distForest(board1->forest,board2->forest) 

+ distList(board1->list,board2->list) ; 

｝ 

●
)
 

＾ Figure 24: Definition of the distBoard function 

＾ 
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2.2.6 Unification 

Here, unification means the unification found in the Prolog program-
ming language [Colmerauer et al. 83]. This function is available for 
atoms, lists, strings and forests. 
As was mentioned earlier (page 16), rational trees can be described 
in our implementation. Moreover, they can be used as arguments of 
unification. This is possible thanks to the dynamic programming facil-

ity [Lepage 92b]. As a demonstration, the following unification yields 
an infinite rational tree. In the result, both arguments are reexpressed 
after unification has been performed. The first appearance of a variable 
is separated from its value by a space. Hence, the first argument sets 
the following equation on trees: $x1=a($x1). Its unique solution is the 
infinite rational tree a(a(a(a(...)))) . 

***TESTON TYPE: FOREST*** 

A 1st forest: a($x1); 

A 2nd forest: $x1; 

unif($xi a($xi) , $xi)= TRUE 

Figure 25: Unification of forests 
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Conclusion 

This document has briefly presented the various objects we have 
designed for our study of distances between, and pattern-matching on, 
linguistic objects. Various classes of objects have been defined. The 
important classes can be divided into two subsets. 
The first subset is concerned with string types. It includes lists, 
sets, and stacks. Of course, the ain1 is to facilitate the handling of 
nattu-al language strings. 
The second subset deals with tree structures. It includes forests, 
feature structures, and tree transformational rules. It was designed 
to handle linguistic representations. vVe also handle the feature struc-
tures output by the NADINE system, and transform them as desired. 
Visualisation in a user-friendly drawn format is possible. 
Programming the functions associated with these classes required 
the implementation of various programming facilities. In particular, 
this docun1ent has described a false genericity facility. Since it pro-
duces several executable codes from one source code, execution time 
is not negatively affected. Other programming facilities necessary for 
the implementation of the abovementioned class functions, such as the 
graffilnar facility and the dynamic progra1nming facility, have been de-
scribed in other documents. 
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