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ABSTRACT 

We suggest f o r speech unders tand ing systems a esseframe 
pa ra ing s t r a t e g y which d e v i s t e s from ' p u r e ' casefrsme p a r s i n g 
in s t l e s s t two respec t s : pa ra ing i s not e x c l u s i v e l y bssed on 
top-down i n s t a n t i a t i o n of case f rases , and casef rases are Merged 
be fo re use w i t h s y n t a c t i c knowledge. Our s t r a t e g y has been dev­
e loped to be executed m& an i n f e r e n t i a l process in which a set 
of Knowledge Sources cooperate through the b l ackboa rd . The 
Knowledge Sources are a u t o m a t i c a l l y d e f i n e d by Merging syn tac ­
t i c and semant ic knowledge expressed d e c l s r s t i v s l y i t h i s i n t e ­
g r a t i o n o f ayntax r u l e s and caseframes Makes i t p o s s i b l e to ex ­
p l o i t s iMu l t sneous ly bo th s y n t a c t i c and semant ic c o n s t r s i n t s . 

I . INTRODUCTION 

Psrsers f o r spoken n s t u r s l language and parsers f o r typed 
n a t u r a l language must Meet d i f f e r e n t requ i rements . Psrsers f o r 
speech work on a se t of l e x i c a l hypotheses r a t h e r than on se -
qusness o f words. An (unp leasan t ) consequence i s t h a t i t i s 
u s u a l l y p o s s i b l e to f i n d sequences o f hypotheses not c o r ­
respond ing to the sequence o f words a c t u a l l y u t t e r e d but which 
neve r the lees c o n s t i t u t e complete and c o r r e c t i n t e r p r e t a t i o n s . A 
ps rse r f o r speech Must be able to work when some words l i k e 
s r t i c l e s and p r e p o s i t i o n s have not been recogn ized , and to 
dec ide whether two s l i g h t l y o v e r l a p p i n g l e x i c a l hypothesee s r s 
compet ing or n o t . For a l l these reasons, pa ra ing a spoken 
u t t e r a n c e r e q u i r e s i n f e rences as complex as those of e m p i r i ­
c a l , i n d u c t i v e e n t e r p r i s e s as exper t systems and o r i g i n a t e s 
s i m i l a r prob lems. 

Casefrsme pa rs i ng has r e c e n t l y been proposed ([Hayes e t s i . 
1986 ] , [ B r i s t z m s n n , E h r l i c h 1986]) as an a l t e r n a t i v e to the 
methods developed d u r i n g the ARPA-SUR p r o j e c t l i k e semantic 
grammars ( [Hayes-Roth 1980]) or networks ( [ Lowsr re 1 9 7 6 ] ) . 
Having choaan the b lackboard a r c h i t e c t u r e , a u i t a b l e to cope 
w i t h the probleme of speech pa ra ing aketched above, we have 
i n t r o d u c e d two m o d i f i c a t i o n s to ' p u r e ' caseframe pa ra ing to uae 
i t e f f e c t i v e l y i n t o such a framework: I . a l t e r n a t i n g between 
top-down i n s t a n t i a t i o n o f caseframes and bot tom-up p r e d i c t i o n 
o f casefrsmea r e q u i r i n g a c a a e f i l l e r a l ready recogn ized ; and 
l i . us ing caaeframes on ly a f t e r they have been merged w i t h s y n ­
t a c t i c knowledge. 

I I . A REVIEW OF CURRENT RESEARCH IN CASEFRAME PARSING 

The bas i c n o t i o n of casse frame is t h s t of s hesd concept mo-
d i f i e d by s se t o f r e l a t e d concepts ( [ F i l l m o r e 1968 ] , [ T e s n i s r s 

* Th is reeearch has bean p a r t i a l l y suppor ted by the EEC ESPRIT 
P r o j e c t n.26 "Advanced A lgor i thms and A r c h i t e c t u r e f o r S igna l 
P rocess ing " • 
* * Cur ren t adress o f Massimo Poasio is P r o j e c t WISBER, Un ive r -
a i t y of Hamburg, P o s t s l P.O.Box 302762 D-2000 Hamburg 36 Wast 
Germany. 
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1 9 3 9 ] ) . Each m o d i f i e r p lays s r o l s (CASE) w i t h respect to the 
hesd concept . Casefrsme pa ra ing has been proposed long ago f o r 
typed n s t u r s l language ps rse rs ( [Hsyes ,Cs rbone l l 1981]) and i t s 
a p p l i c a b i l i t y to parsers f o r speech has r e c e n t l y become an 
o b j e c t o f study ( [Hayes e t a l . 1986 ] , [ B r i e t z m s n n , E h r l i c h 
1 9 8 6 ] ) . This s t r a t e g y i s p romis ing because the i n t e r p r e t a t i o n 
i s anchored to most s i g n i f i c a n t p a r t s o f the i n p u t , and seman­
t i c expec ta t i ons generated from these more meaningfu l p s r t s can 
be used bo th to d i a c r i m i n a t e between d i f f e r e n t cand idate 
f i l l e r s and to hypothes ize the meaning o f troublesome f r a g ­
ments. But c u r r e n t caaeframe parsers f o r speech are s t i l l c l ose 
to parsers developed f o r typed t e x t , which causes two main 
prob lems. 

The f i r s t problem i s t h s t the pa rs i ng s t r a t e g y they use i s 
top-down: i n s f i r s t s tage a l l p o t e n t i a l caaeframe headers s re 
a c t i v a t e d , then caseframes are ' i n s t a n t i a t e d ' by f i n d i n g 
s u i t a b l e f i l l e r s . This s t r a t egy would b e j u s t i f i e d fo r pa rs i ng 
speech on ly i f the recogn izer would ass ign the beat scores to 
LHs cor respond ing to caseframe headers ( v e r b s , common and 
proper nouns) ; in t h i s csse the search would always f o l l o w the 
best d i r e c t i o n s . In a p rev ious ve rs i on of SUSY we d iscovered 
t h a t t h i s assumption i s on ly p a r t i a l l y t r u e . I n I t a l i a n the re 
are i n f a c t words l i k e " q u a l e " ( " w h i c h " , "wha t " ) o r "dove" 
( "where") t h a t very o f t e n have a b e t t e r score then caseframe 
headers end can generate u s e f u l bot tom-up p r e d i c t i o n s ( " d o v e " , 
f o r i n s t a n c e , s t r o n g l y p r e f e r s caseframes in which s LOC esse 
i s r e q u i r e d ) . 

Another problem o f these systems is the i n t e g r a t i o n o f s yn ­
tax and semant ics . In the approach fo l l owed by ( [Hayes et s i . 
1 9 8 6 ] ) , caseframes are augmented w i t h s y n t a c t i c c o n s t r a i n t s on 
case f i l l e r s and separate phrase s t r u c t u r e r u l e s s re developed 
to combine the r e s u l t i n g caseframes. Another approach 
( [ B r i e t z m s n n , E h r l i c h 1986]) i s t h s t o f deve lop ing d i f f e r e n t 
s y n t a c t i c i n t e r p r e t a t i o n s o f f r sgmsn ts , t h s t s re then compered 
t o f i n d the one t h s t f i t s b e s t . Ne i the r o f these approaches i s 
comple te ly s a t i s f y i n g . Our idea i s t h s t , bo th f o r completeness 
and c l a r i t y , the grammar should be developed independent ly 
( u s i n g f o r i ns tance phrase s t r u c t u r e r u l e s ) and i n t e g r a t e d on ly 
in a second moment w i t h semantic knowledge (as noted by [Hayes 
e t s i . 1986] t h s i r spprosch gets i n t o t r o u b l e when the syn tac ­
t i c complex i t y o f the sentence i n c r e a s e s ) . But we s l s o t h i n k i t 
i s necessary t o reduce the s i z e o f the i n f e r e n t i a l a c t i v i t y , 
by a p p l y i n g bo th s y n t a c t i c and semantic c o n s t r a i n t s s i m u l t a ­
neously even when aggrega t ing the sma l le r f ragments . 

I I I . THE SUSY SYSTEM 

The Speech Understanding SYstem (SUSY) understands and an­
swers cont inuous speech quer ies about I t a l i a n geography. SUSY 
rece i ves a l a t t i c e of l e x i c a l hypotheses produced by an i n d e ­
pendent word r e c o g n i t i o n module ( [ L a f a c e e t a l . 1987 ] ) . 



We have adopted fo r SUSY the b lackboard approach, very e f ­
f e c t i v e in such complex problem s o l v i n g tasks ([Erman e t a l . 
1 9 8 0 ] ) , and developed SUSY's pa rs ing s t r a tegy by mod i f y i ng 
' p u r e ' caseframe pa rs i ng to overcome the problems p rev ious l y 
descr ibed and make it work in the b lackboard framework. Our 
' impu re ' methodology can be summarized as f o l l o w s : 

- A set of Knowledge Sources (KSs) b u i l d and v a l i d a t e hypo-
theses about u t te rance f ragments(Dedur t ion Ins tances) t h a t 
are put on the b lackboard . Each 01 represents a sentence 
fragment at some stage of agg rega t i on , and it is supported by 
a set of l e x i c a l hypotheses ( t he Die are an e l a b o r a t i o n of 
the HWIM idea of i s l ands [Woods 1982 ] ) . 01s have a score 
de r i ved from those of the assoc ia ted LHs by us ing the score 
combining methods descr ibed in [Woods 1982] . 

- Only sentence fragments tha t can be c h a r a c t e r i z e d both syn­
t a c t i c a l l y and seman t i ca l l y are aggregated. This way we can 
e x p l o i t s y n t a c t i c and semantic c o n s t r a i n t s s imu l taneous ly 
even at the lowest l e v e l s of agg rega t i on . S y n t a c t i c and 
semantic knowledge are p a r t i t i o n e d i n t o KSs f o l l o w i n g the 
p r i n c i p l e t ha t each KS owns the s y n t a c t i c and semantic com­
petence necessary to deal w i t h a p a r t i c u l a r c la98 of sentence 
f ragments . 

- Top-down, expect at ion-based pa rs i ng a c t i v i t i e s are merged 
w i t h bo t tom-up, p r e d i c t i v e a c t i v i t i e s . An incomplete DI (goa l 
P I ) can o r i g i n a t e a search fo r m iss ing components, caus ing 
the a c t i v a t i o n of the KSs (and of those on l y ) t ha t deal w i t h 
the c lasses o f fragments that are r e q u i r e d ; v i ce versa , 
complete DIs ( i . e . cove r i ng complete ly a t ime i n t e r v a l ) when 
put on the b lackboard a c t i v a t e KSs r e q u i r i n g a DI of t h e i r 
c l a s s as a component ( f o r i n s t a n c e , a complete c a s e f i l l e r 
w i l l a c t i v a t e KSs b u i l d i n g caseframes r e q u i r i n g tha t par ­
t i c u l a r case f i l l e r ) . 

- A complete DI d c a r r i e s on an i n t e r p r e t a t i o n of the fragment 
i t r ep resen ts ; t h i s i n t e r p r e t a t i o n is used by o ther KSs to 
generate i n t e r p r e t a t i o n s of l a r g e r fragments hav ing d as a 
component. An i n t e r p r e t a t i o n is not necessa r i l y a case frame. 
Also fragments whose i n t e r p r e t a t i o n is a c a s e f i l l e r or a 
d e f i n i t e d e s c r i p t i o n are aggregated: these DIs can be shared 
by severa l Die to avo id repea t i ng the asme pa rs i ng s teps more 
than once. 

- Ne i the r s y n t a c t i c r u l e s nor caseframes are used as such, but 
compi led to get the KSs. S y n t a c t i c and semantic knowledge 
a r e , however, expressed d e c l a r a t i v e l y and independent ly deve­
l o p e d . Using t h i s approach we get more f l e x i b i l i t y than 
e i t h e r complete ly compi led systems l i k e HARPY or systems t h a t 
make use of semantic grammars, w h i l e m a i n t a i n i n g an e f f i ­
c iency and a c o n s t r a i n i n g a b i l i t y supe r io r to those t ha t can 
be ob ta ined by us ing the two forms of knowledge independent ly 
and d e c l a r a t i v e l y . 

I V . REPRESENTATIONS FOR SYNTAX AND SEMANTICS 

For s y n t a c t i c r u l e s we have used the formal ism of Dependency 
Grammars ( [Hays 1964 ] ) . There are two advantages in us ing DGs: 
s t r u c t u r e s based on ' gove rno rs ' and 'dependents ' can be e a s i l y 
napped onto caseframes (which is not c a s u a l , as both dependency 
grammar and valency theory t r ace back to the work by [Tesn ie re 
1 9 3 9 ] ) , and pa rs i ng is s t r o n g l y anchored to i npu t s i n c e , f o r a 
DC r u l e to be a p p l i e d , i t i s necessary to f i n d a s u i t a b l e can­
d i d a t e f o r the governor . 

We have adopted Conceptual Graphs (CG) [Sowa 1984] to r e p r e ­
sent caseframes. The p r i m i t i v e s repreaentab le in CGs are i n d i ­
v i d u a l s and r e l a t i o n s . Each i n d i v i d u a l is c h a r a c t e r i z e d by 

a type and an i n d i v i d u a l marker ( imarker f o r s h o r t ) . Types are 
organ ized in a type h ie ra rchy where any two types t l and t2 
have a maximal common subtype 1 l * t 2 . An i n d i v i d u a l 1 conforms 
to type I i f i t is an ins tance of a type t l <= t . A Conceptual 
Graph is r e c u r s i v e l y de f i ned a3 e i t h e r a concept , or a concept 
connected to o ther concepts by Conceptual Re la t i ons (CR). The 
Canonical Graph (CAGR), is a spec ia l CG assoc ia ted to types to 
represent s e l e c t i o n a l r e s t r i c t i o n s . 

Sowa's theory has the advantage of formal CAGRs u n i f i c a t i o n 
ope ra t i ons that conserve the s e l e c t i o n a l r e s t r i c t i o n s , f o r the 
purposes of t h i s paper we are i n t e r e s t e d in three of these 
o p e r a t i o n s : by j o i n , two CAGRs are u n i f i e d over a 'common' con­
cept (a concept appear ing in both CAGRs); by type r e s t r i c t i o n , 
the type of a concept can be s u b s t i t u t e d by any of i t s sub­
t ypes ; by r e f e r e n t r e s t r i c t i o n , a gener ic r e fe ren t in a concept 
can be s u b s t i t u t e d by an imarker . 

Caseframes are represented in SUSY as CAGRs in which one 
concept , c a l l e d thp head, represents the head of the caseframe: 
fo r i n s t a n c e , the caseframe we use for the p red i ca te LOCATEU-
IN-REGION (one of the i n t e r p r e t a t i o n s of the verb " t r o v a r a i " , 
" t o be l o c a t e d " * * * ) is represented by the canon ica l graph 

[LOCATED-IN-REGION] 
-XAGNT Obligatory)->[MQUNT*PROVINCE+LAKE]; 
-> (L0COb l i ga to ry ) -> [REGIQN] . 

F i g . 1 - The caseframe fo r LOCATEU-IN-RLGION 

in which cases are represented as CRs. In t h i s framework bo th 
caseframes connect ion and case f i l l i n g are reduced to j o i n 
o p e r a t i o n s , s ince s imple c a s e f i l l e r s are represented as con­
cepts ( i . e . conceptual graphs w i thou t CRb) and complex case-
f i l l e r s are caseframes themselves. 

V. COMBINING CASEFRAMES AND SYNTAX TO DEFINE KNOWLEDGE SOURCES 

A l l KSs share a common body of p rocedura l knowledge ( r o u ­
t i n e s to check temporal c o n s t r a i n t s , f u n c t i o n s tha t compute the 
score of a D I ) ; they a l l i nc lude knowledge about s y n t a c t i c and 
semantic c o n s t r a i n t s on case f i l l e r s , and must r e t u r n an i n t e r ­
p r e t a t i o n , t ha t i s always b u i l t us ing j o i n s and r e s t r i c t i o n s 
o n l y . The behaviour of a KS is then complete ly de f i ned by spe­
c i f y i n g l . the c lass o f DIs i t can aggregate , n . i t s a c t i ­
v a t i o n c o n d i t i o n s , i n . the set o f c o n s t r a i n t s and I V . the way 
caseframes must be i n s t a n t i a t e d to get the i n t e r p r e t a t i o n . 

Since only fragments that can be c l a s s i f i e d both from a 
semantic and from a s y n t a c t i c po in t of view are aggregated, a 
DI d cou ld be c l a s s i f i e d t w i c e : w i t h a s y n t a c t i c category C 
( s y n t a c t i c ca tego r ies are types in the type h i e ra r chy ) and w i t h 
a type T of the domain. The type that is e f f e c t i v e l y used to 
c l a s s i f y d is t h e r e f o r e Y = C*T ( f o r i n s t a n c e , the KS above 
w i l l produce DIs o f c lass VERB*L0CATED-IN-REGI0N). The d e f i n i ­
t i o n of KS23.1 in F i g . 2 i nc ludes a d e s c r i p t i o n of the com­
p o s i t i o n a l s t r u c t u r e o f the fragment in terms o f semantic t y ­
pes, tha t is used together w i t h the ( isomorph) compos i t iona l 
s t r u c t u r e s o f assoc ia ted s y n t a c t i c r u l e s fo r expec ta t i ons and 
p r e d i c t i o n s purposes: the KS above, f o r i n s t a n c e , w i l l aggre­
gate sequences whose f i r s t element is of c l ass ADV*REGI0N or 
NOUN^REGION, the second element of c l ass PART-RIFL*JOLLY or 
BE*XLLY, e t c . The type JOLLY is used to c l a s s i f y words whose -

Since in our domain there are r e s t r i c t i o n s on what e n t i t i B 8 
can be conta ined in o the rs (an i s l a n d can only be l oca ted in a 
sea, fo r ins tance) and rep resen t i ng these r e s t r i c t i o n s in CAGRs 
would lead to uneceasary c o m p l e x i t i e s , we have in t roduced d i f ­
f e r e n t subtypes of LOCATED f o r each ' c o n t a i n i n g ' e n t i t y . 
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a y n t s c t i c c l a s s i f i c a t i o n on ly i s r e l evan t (and t h a t can even-
t u e i l y be s k i p p e d ) . 

(DefKS KS23.1 

{ ; Composi t iona l C o n s t r s i n t s 
LOCATED-IN-REGION « REGION JOLLY <HEADER> MOUNUPROVINCE+LAKE 

H Assoc is ted S y n t a c t i c Rules 
(Dr23 Dr23s 0r23b Dr23c Or23d OR23e) 

;jVERB a NOUN PART-RIFL <G0VERN0R> NOUN 
;;VER8 « NOUN BE <Q0VERNOR> NOUN 
;;VER8 = NOUN PART-RIFL <G0VERNOR> PROPER-NOUN 
t;VERB s ADV PART-RIFL <G0VERNOR> NOUN 
UVERB s AOV BE <G0VERNOR> NOUN 
;;VERB s AOV PART-RIFL <G0VERN0R> PROPER-NOUN 

; ; Act ivet ion Cond i t i on 
G(*>X) s*> ACTION (?X LOCATED) 

; ; Casefraaes I n s t a n t i a t i o n Rule 
•RIS((LOCATED ! ♦ 

AGNT ?Z 
LOC *>Y)) <z» 

RIS(RECION (ACTION ! ♦ ?X ?2) ) 
RIS(MOUNUPROVINCE*LAKE (ACTION ! • 7W 7Y) ) ) 

F i g . 2 - KS d e f i n i t i o n 

KS d e f i n i t i o n s ere the r e s u l t of e c o m p i l s t i o n . They are 
produced f r o a dependency r u l e s , ceseframes and mopping r u l e s . 
For example, the d e f i n i t i o n of KS23.1 hee been ob te ined f r o a 
the set o f aeeoc ia ted dependency r u l e s in F i g . 2 , one o f which 
l e shown i n F i g . 3.8 w i t h i t s mapping r u l e ( F i g . 3 . b ) , and f r o a 
the caaefraae i n F i g . l . 

s. (Dr23 (VERB NOUN PART-RIFL <G0VERNOR> NOW) 
VERB (MODO ( INDIC) ) (TEMPO (PRES)) (PERS ( 3 ) ) 

(NUM ! ?N) (TRANS (V IT ) ) 
(COMPLEMENTO ! (STAT0-LU0G0)) 
(RIFL (RIFL) ) 

NOW (T-COMPL ! (STAT0-LUOG0)) 
PART-RIFL NIL 
NOUN (NUM I ?N)) 

b. (Mr23 ((LOCATED-REGION LOCATED-PROVINCE WASH) * 
LOC (JOLLY) <HEAD€R> AGNT)) 

F i g . 3 - A dependency r u l e w i t h i t e Mapping to caee f ranes . 

The c o m p i l a t i o n i s f a c i l i t a t e d by the a t r u c t u r a l s i m i l a r i t y 
between dependency r u l e s and caeefranes ( b o t h are e e a e n t i e l l y 
baaed on the idee of e ' head ' M o d i f i e d in soae wey ) . The com-
p o s i t i o n e l pa r t o f the KS le d e r i v e d f r o m t h a t o f the depen­
dency r u l e by s u b s t i t u t i n g s y n t a c t i c types w i t h the velue 
r e s t r i c t i o n s o n ceee f i l l e r s s p e c i f i e d i n the caae f raae i the 
p o s i t i o n o f esses i n the f regnent l a s p e c i f l s d i n the napping 
r u l e . Only those caaaa t h a t can be r i l l e d ua ing i n f o r m e t i on 
present in the fragment mre i n c l u d e d ; t h i e p r e - e e l e c t i o n evoide 
sea rch ing f o r i n f o r m a t i o n t h a t cou ld not be found . The a c t i v a ­
t i o n c o n d i t i o n s are aeeoc ia ted to typaa in the knowledge baee. 

Having p a r t i t i o n e d the knowledge in independent chunks, when 
a new a y n t a c t i c r u l e is added i t i s never neceessry to recom­
p i l e the e n t i r e eet o f KSet e i t h e r a p r e v i o u s l y d e f i n e d KS la 
m o d i f i e d to take i n t o account the new r u l e , or new KSa are 
added t o the e x i s t i n g e e t . I n t h i s l a t t e r caee, s ince not a l l 
e y n t a c t i c / e e a e n t i c combinat ions are a d m i s s i b l e , the number o f 
KSa t h a t a re generated is l i m i t e d . The cese in which s new type 

is added to the domain has more aar ioua consequences: w i t h our 
c u r r a n t aat of about 130 dependency r u l e s in the average about 
15 new KSa ara de f i ned whan adding a new e n t i t y t y p e . These 
problems ara t y p i - c a l o f semantic grammars; in our caaa the re 
i s the advantage t h a t i t l a the system i t s e l f t h a t generates 
the new KSa. 

V I . CASEFRANCE INSTANTIATION 

The aaaning of a word in the d i c t i o n a r y is a aat of p r e d i ­
ca tes ab le to a c t i v a t e the a p p r o p r i a t e KSai f o r i n s t a n c e , the 
meaning o f the word M t r o v a " i nc ludee the p red i ca te 

ACTI0N(TR0VA LOCATED) 

t h a t a c t i v a t e s KS23.1 of F i g . 2 . That KS inc ludes a c s s f r a m e 
i n s t a n t i s t i o n r u l e t h a t produces the i n a t a n t i a t e d casefremee 
c o n s t i t u t i n g the i n t e r p r e t a t i o n o f the sentence fragments i t 
a n a l y z e s . By t h i s approach, i n f o r m a t i o n d u p l i c a t i o n is avo ided , 
a inee a s i n g l e csseframe is shared by many words, and c a a e f r e ­
ams i n s t a n t i a t i o n i s more e f f i c i e n t , s ince the i n a t a n t i a t i o n 
r u l e s p e c i f i e s ' a p r i o r i ' how the caseframe assoc ia ted w i t h the 
header must be j o i n e d w i t h those aasoc ia ted w i t h the component 
O I s . 

Only two ope ra t i ons ara needed to b u i l d the i n t e r p r e t a t i o n : 
r e f e r e n t r e a t r i c t i o n a are used to f i l l concepts , and Jo ins are 
uaed to merge concepts r e p r e s e n t i n g cases w i t h canon ica l graphs 
r e p r e s e n t i n g c a e e f i l l e r e . Repreaent ing a canon ica l graph aa a 
term and gener i c r e f e r e n t s aa l o g i c v a n a b l e e , j o i n s can be e f ­
f e c t i v e l y implemented aa u n i f i c a t i o n opa ra t i ona us ing a PROLOG 
i n t e r p r e t e r a f t e r a l l components i n d i c a t e d i n the compos i t ion 
r u l e have been found. The i n s t a n t i a t i o n r u l e of KS23.1 
( reproduced in F i g . 4 . a ) toge ther w i t h the CGs c a r r i e d by DIa 
of c l a s s HOIMT+PROVINCE+LAKE ( 4 . b ) and REGION ( 4 . c ) producaa 
the i n a t a n t i a t e d caaeframe in ( 4 . d ) . This u n i f i c a t i o n haa a 
vary low c o a t , s ince the i n t e r p r e t e r runs in a s p a c i a l con tex t 
in which on ly the r e s u l t s c a r r i e d by accepted components ( t h e 
N r i a N p red i ca tea i n F i g . 4 ) have been aaaa r tad . 

F i g . 4 - Caaeframe i n a t a n t i a t i o n 

V I I . INTEGRATING TOP-DOWi AND BOTTOM-UP CASEFRAME PARSING 

Suay always moves from the best L e x i c a l Hypothes is or Deduc­
t i o n Ine tanee . A top-down, e x p e c t a t i o n baaed a c t i v i t y i s 
s t a r t e d i f a caaefraae header i s s e l e c t e d } a bot tom-up p r e d i c ­
t i v e a c t i v i t y i s i n i t i a t e d whan a D I r e p r e s e n t i n g a c a a a f i l l e r 
or a LH rep reaen t i ng a case marker are s s l s c t e d . 

Le t us cons ider the sentence ( t r a n s l a t e d word by word) t 

IN QUALE REGIONE SI TROVA IL MONTE ROSA? 
( I n which r e g i o n le l o ca ted mount Rosa?) 
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