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tWe present the SymA
t language, an a
tor-based language oriented to des
ribe the intera
tionbeetwen grammar symbols. The language manages 
ommuni
ation among text pie
es and is basedin the parallel logi
 language Con
urrent Prolog and the 
hart parsing method. This paper exposesseveral examples of programming and its 
ompiled 
ode.1 Introdu
tionThe large volumes of natural languages text requiere to take advantage of new ar
hite
tures and to utilizethe re
ent approa
hes based on 
on
urrent models. There has been proposals to parse senten
es in parallellogi
 languages [6℄ and to fa
e the synta
ti
 ambiguity problem [10℄. At the present paper we undertakethe idea of minimal model of distributed 
omputation to provide a parallel approa
h to parsing. Parallellogi
 programming 
ontrasts with a pure de�nition of a
tor model [1℄. Yet, it has been shown by severalexperimental language implementations and appli
ations [5, 3, 4℄ that there exists some 
ommon featuresof a
tor model and parallel logi
 languages. This nearness o�er resour
es to other appli
ation languageparadigm. Furthermore, if it is requiered parsing senten
es we should sele
t a method with good performan
e.Shift-redu
e parsing is the 
andidate to adapt in the logi
 programming paradigm. In the a
tor model ea
ha
tor has a mail address, holds only one mailbox and every 
omputational step it reads its mailbox to performsome primitive a
tion [11℄. However, to deal with grammar symbols we have to 
hange some features of thea
tors. Every one symbol will 
ommuni
ate with its neighbors therefore, it will have two mailboxes. Fromthese ideas we propose the language SymA
t whi
h 
ompiles symbol behaviour into Con
urrent Prolog. Inthe next se
tion it is stated the fundamental issues of shift-redu
e parsing and of parallel logi
 languages.Then is presented the SymA
t language as message-passing between grammar symbols and several examplesare dis
ussed. Finally in the 
on
lusion se
tion we analyze some improvements to the language and what
ontexts are appropiated to apply this approa
h.2 Ba
kground2.1 Shift-Redu
e ParsingPerhaps shift-redu
e [2℄ parsing is the most adequated method for analyzing senten
es of a language. Thisis due to its linear 
omplexity and its power on a large set of grammars. Nevertheless, when we fa
ing theambiguity, it is ne
essary to extend the synta
ti
 analysis with new devi
es just like the generalized parsing[10℄. Let us remember some relevant aspe
ts of shift-redu
e parsing:1. If we have a state with [A! �:℄ and the 
urrent symbol u is in Follow(A), then redu
e the pre
edingstring to A.2. If we have a state with [A ! �1:�2℄ and the 
urrent symbol is in First(�2) then shift the 
urrentsymbol. 1



Generalized parsing adds a sta
k of multiple paths through the automata representing transitions betweenstates of the parsing.It is important to adapt these methods to new approa
hes. We will take the parallel logi
 programming asour base for integrate su
h methods.2.2 Parallel logi
 programming elementsLet us remember some basi
 elements of parallel logi
 languages. There are several parallel logi
 languages[9℄. We are basing our work on Con
urrent Prolog. Parlog, GHC and 
on
urrent Prolog exe
ute a pro
ess
olle
tion through the des
ription of ea
h one of these as 
lauses:H  GjB1; : : : ; Bkwhere H is the name of the pro
ess and Bi (1 � i � k) are the pro
esses whi
h are exe
uteed wheneverthe guard G (normally a test) is satis�ed. Commonly in parallel logi
 languages the syn
hronization and
ommuni
ation me
hanism is realized by a restri
tion on the a

ess to logi
al variables. Mainly the kindof syn
hronization me
hanism 
hara
terizes to ea
h language. In Con
urrent Prolog is used the `read-only-variable' whi
h is a spe
ial presentation of any logi
al variable pre�xed by the ? symbol: a pro
ess is restri
tedto 
onsult the variable only when it has been instantiated, for
ing to the pro
ess suspend until the variableis instantiated.3 A language for message-passing between grammar symbolsBasi
ally we have integrated the idea of a
tor [1℄ with 
hart parsing [8℄ and the implementation of logi
algrammar in Parlog, like Matsumoto's te
hnique.3.1 Prin
iples of designLet us 
onsider the basis of shift-redu
e and the possibility of 
ommuni
ation through 
hannels betweengrammar symbols. If there are 
onditions of a redu
e a
tion then we must repla
e the RHS's symbols by therule non terminal symbol. For ea
h rule, we sele
t a symbol that take 
are of whole steps involved in a redu
ea
tion. The sele
ted symbol sends a kill message to its neighbors next, them and itself are 
onverted on anew pro
ess 
orresponding to the rule's LHS. This new pro
ess should have its behaviour just for 
ontinuethe parsing pro
ess a

ording to the grammar rules. Therefore, some symbols there will have responses tokill a
tion and some 
ode to wait until new message 
ome into its 
ommuni
ation 
hannels. Of 
ourse, forthe design of this symbols net we take into a

ount the same information of shift-redu
e parsing.We will represent ea
h symbol by a node of a pro
ess net. Su
h a pro
ess will have two 
hannels to
ommuni
ate with its neighbors. Let us 
onsider an input string whi
h is 
onverted to a 
hain of pro
ess
onne
ted through its 
hannels. Thus, we suppose that the 
hannels at the 
hain boundary of a given stringnet are de�ned by spe
ial symbols, say # and $.: : : PQR : : :A

ordingly with the message in its two 
ommuni
ation 
hannels, the pro
ess realizes only one of the followinga
tions:1. Q is renewed and maintains a new state: PQR.2. Q be
omes a new symbol S: PSR.3. Q is dead and short
ir
uit: PR.4. Q is able to short
ir
uit with its neighbors and be
omes a new symbol UUsually the terminal symbols die inmediatly given pla
e to its grammati
al 
ategory. There are two maina
tions for non-terminal symbols: 2



1. It will wait a message to die2. It will be able to \head" of some string RHS grammar ruleIn the former the pro
ess whi
h represents the symbol will be suspended until 
ertain message take pla
e.The later is similar, but the 
orresponding pro
ess will send messages to its neighbors, yielding the state ofthese.3.2 The SymA
t languageThe language whi
h supports the above ideas, 
alled SymA
t, is 
ompiled into Con
urrent Prolog. ForSymA
t language we have formulate a simple syntax. An a
tor symbol des
ription 
onsists of a set of
lauses. Ea
h 
lause follows the shift-redu
e information of that symbol, and ea
h 
lause has the form:head : guard1! body1.guard2! body2....where the head will be formed by a name, the grammar symbol and its parameters, whi
h in this 
ase are
onstrained to show the 
ommuni
ation 
hannels. On the guard part we will have the 
ondition providedby the shift-redu
e information to a
tivate the 
orresponding body. Let us show some examples for 
learingthis ideas.Given a produ
tion A ! b we look at the information about the grammar symbols: b followed by $ isredu
ed to A, and A followed by $ terminates the parsing, a

epting the string. Additionaly we in
lude theleft delimiter #. Thus we have:b(_ , $) :true! A(_ , $).A(# , $) :true!.At the �rst 
lause we have the die of the b a
tor and the 
reation of a new a
tor A with the same 
hannels.At the se
ond 
lause the a
tor is destroyed be
ause of the 
ondition at its 
hannels. We use the _ symbolto represent a don't 
are stream. Obviously, the true guard is always veri�ed. In the SymA
t des
riptionwe will use the 
on
atenation Q_ to represent a message stream whose top message is Q. Let us 
onsider agrammar with a re
ursion rule: A! aAA! aWe would have the next a
tor des
ription:a(_ , Right) :Right==$! A(_ , $)Right==A_! Kill A, A(_ , _)true! Dis
ardR, WaitA(Left , Right) :Left==Kill! Short
ir
uitLeft==#,Right==$! Print(a

ept)true! Dis
ardL, WaitAs we 
an see, at the a
tor des
ription head, the 
ommuni
ations 
hannels denote the message for in
ometo the symbol. Here we are using several new keywords more. One of this has as pre�x Dis
ard, and itmeans that will be dis
arded the symbol read at the right 
hannel if it is followed by R or to dis
ard thesymbol read at the left 
hannel if it is followed by L. The Wait keyword indi
ates to the head a
tor to staya
tive until a new message arrives to some 
hannel. Parti
ularly, at the a
tor symbol a there are two guardswhi
h 
reate new pro
esses or send messages to its neighbors. In the �rst 
ase whenever is being 
overedthe shift-redu
e 
onditions, we have a be
omes instru
tion, 
hanging the orignal a
tor symbol by a new one.The se
ond 
ase 
orresponds to the servi
e of a spe
ial message from the right neighbor, it is send a messagefor kill the right neighbor and newly the a
tor symbol is 
hanged be
ause it represents a redu
e 
ase. At3



the last 
ase there is not guard 
ondition and the a
tor symbol only 
leans its right mailbox and wait fora new message. By a similar way we 
an explain the a
tor symbol A. It would be only ne
essary to saythe meaning of Short
ir
uit instru
tion. This is ex
e
uted when the a
tor symbol de
ides to die, but itsneighbors need to 
ontinue re
eiving messages; the left neighbor needs the messages from the right mailboxand the right neighbor needs the messages from the left mailbox. Thus the a
tor symbol 
onne
ts the left
ommuni
ation 
hannel with the right 
ommuni
ation 
hannel through a Short
ir
uit instru
tion. Wenote that SymA
t inherits some aspe
ts of parallel logi
 programming. Here Right is a variable representingthe right 
hannel whose 
ontent is expe
ted to be a stream. If the �rst guard of a is satis�ed then the wholestream was instantiated as only one symbol.The next example shows how to deal with ambiguity. Let a simpli�ed grammar to des
ribe some 
ases(genitum, a

usare and ablatum) of Spanish noun presentation be:Ora
 ! V erb CompComp ! A
us AblatA
us ! Fn GenGen ! �jde FnAblat ! �jPrep FnFn ! SusjDet SusWith these rules we 
an have the senten
e:Llen�o la bolsa de dinerowhi
h is ambiguous. It follows the SymA
t 
lauses for the above grammar:Verb(# , Right_) :Right==Comp -->Kill Comp, Ora
(# , _).true -->Dis
ardR, Wait.de(_ , Right_):Right==Fn -->G=SkipR(Fn),Gen(_,G),Prep(_,Right_).Fn(_ , Right_) :Right==Gen --> Kill Gen, A
us(_,_).Right==Ablat,Right==$ -->A
us(_,Right_).A
us(_ , Right_):Right==Ablat --> Kill Ablat, Comp(_,_).Right==$ --> Comp(_,Right_).Prep(_ , Right_) :Right==Fn --> Kill Fn, Ablat(_,_).Sus(Left_ , _) :Left==Det --> Kill Det, Fn(_,_).true --> Fn(L_,_).Some of these 
lauses need to pay attention to an eventual kill message. Then, in SymA
t we may add thenext generi
 kill-
ondition:*(Left_ , Right_) :Left==kill! Dis
ardL, ShortCir
uit.Right==kill! Dis
ardR, ShortCir
uit.At de 
lause we have the 
reation of two new a
tors whi
h 
orrespond to the two possiblities of bootom-upsyntax tree 
onstru
tion, be
ause of the ambiguous grammar rules.4



3.3 Some 
ompiled examplesCompiling a
tor symbols should 
onsider some additional items to the previous des
ription. First of all, therewill be two 
hannels more whi
h represent the output of the pro
ess to its neighbors. Also it is ne
essaryinstantiate the 
orresponding variables with the adequate messages that is going to send. Let us see the �rstexample. We have the next three 
lauses:b(X, b|Y, b|Z, ?W1|W) :- W1==$ |Y=A|Y1, W=A|W2,A(X, Y, Z, W).b(X, Y, Z, ?W1|W) :- W1=/=$ |b(X, Y, Z, ?W).A(?X, Y, Z, ?W) :- W==$, X==# |print(a

ept).The �rst 
lause is verifying the redu
tion of b to A, then the guard 
he
ks this 
ondition and sends messagesto its neighbors the new name of it. Finally it 
reates the pro
ess A. The next 
lause waits until in
ome amessage. Whenever the message be \don't 
are" for b this is dis
arded and the pro
ess be
omes itself. Thelast 
lause re
e
ts the a

epting 
ondition: A pre
eded by # and followed by $. Then the symbol waits forthose 
onditions and resume.Now, let us observe the example of re
ursion:(a2) a( X1 (a|X2) (a|X3) X4) :- ?X4==$:X2=(A|5),X3=(A|6),A( ?X1 X2 X3 X4).(a3) a( X1 (a|X2) (a|X3) X4) :- ?X4==(A|6):X2=(A|X7),X3=(k A|X8),A( ?X1 X2 X3 ?X6).(a1) a( X1 X2 X3 X4) :- ?X4==(X5|X6):a( X1 X2 X3 ?X6).(A1) A( X1 (A|X2) (A|X3) X4) :- ?X1==(k|X6):X2=X4,X3=X6.(A3) A( X1 X2 X3 X4) :- ?X1==#, ?X4==$:print(a

epted).(A2) A( X1 X2 X3 X4) :- ?X1==(a|X8):A( ?X8 X2 X3 X4).In this program we have a 
lause to 
lean the input 
hannel (a1, A2), 
lauses to redu
e a

ording to �rstprodu
tion grammar (a3), 
lauses to redu
e a

ording to the se
ond produ
tion grammar (a2) and to a

eptthe string (A3). The (A1) 
lause is to reply to the destru
tion message. We 
an observe at (a3) 
lause twomessages to the right neighbor: the kill message and the name of the new pro
ess. Furthermore, in (A1) thepro
ess indi
ates the shhort
ir
uit of its 
ommuni
ations 
hannels.When we have a state su
h that 
ontains at least two shift-redu
e 
onditions we have rea
h to an ambiguitystate. The pro
esses asso
iated with those symbols should represent this situation. Let us see a simpleexample of this 
ase. In the next produ
tion rules represent an ambiguous language:B ! AB ! ACA! a5



A! aCC ! b
If we like to take into a

ount all paths 
reated for the synta
ti
 tree related to a string in the language,we must 
onsider all possible redu
tion at any point of ea
h produ
tion. Let us 
onsider the rules for A, wewould have the next 
lause:a( X, Y, Z, W) :- ?W==[C|W1℄ :A( X, Y, Z, W),A( X, Y, Z, W1).Here there is a redu
tion from symbol a to A and the 
ase for postpone the redu
tion through the se
ondpredi
ate body.4 Con
lusionsWe have presented a language whi
h permits the spe
i�
ation of a
tions performed during the sente
esparsing in an a
tor fashion. Until now we have implemented SymA
t programs in the Con
urrent Prologvirtual ma
hine. With the tested grammars we have found SymA
t well situed to deal ambiguous grammars.However, the present version would appear some ineÆ
ient be
ause of the message traÆ
 overhead. But itis important to remark that the power of SymA
t is just the 
ommuni
ation of properties between symbols.Through symbol 
ommuni
ation is why its 
reation motivated. Thus when we pro
ess long dis
ourses oftenit is ne
essary 
ommuni
ate pie
e dis
ourse atributes like topi
, referents, and others. This type of testshave not been realized yet, but a
tually this is the next step in the development of SymA
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