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Zusammenfassung

Diese Arb eit un tersuc h t die Phonologie, Morphologie, Syn tax und Seman-

tik der Geb

•

ardensprac he mit formalen Metho den. Nac h der Einf

•

uhrung in

die Grundlagen der Linguistik und ihrer Betrac h tung der Geb

•

ardensprac he,

wird die Eingliederung in die logisc he Struktur der theoretisc hen Linguis-

tik (nac h [Cho75]) v orgenommen. Desw eiteren w erden die morphologisc hen

und syn taktisc hen Regeln mit sogenann ten \Head Driv en Phrasenstruktur-

grammatik en" (HPSG, siehe [PS87]) mo delliert. Zum Absc hlu� wird eine

Implemen tierung in dem auf Prolog basierendem System ALE v orgestellt.

Seit William Stok o e 1960 die Bedeutung der Geb

•

ardensprac he en tdec kte,

nimm t das wissensc haftlic he In teresse an der Sprac he und Kultur der geh

•

or-

losen Mensc hen stark zu. Diese Arb eit soll zu diesem neuen V erst

•

andnis

b eitragen.





Abstract

This w ork in v estigates the phonology , morphology , syn tax and seman tics of

Sign Language with formal metho ds. After in tro ducing the basic principles

of linguistics in general and in the sp eci�c case of Sign Language, w e fo cus on

the in tegration of Sign Language in to the logical structure of linguistic theory

[Cho75]. F urthermore w e construct the morphological and syn tactical rules

using \Head-driv en Phrase Structure Grammars" (HPSG, [PS87]). Finally

an implemen tation in the Prolog-based system ALE is presen ted.

Since William Stok o e disco v ered the imp ortance of Sign Language in 1960,

the scien ti�c in terest in language and culture of the Deaf p eople increased

strongly . This w ork w an ts to con tribute to this new understanding.
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1. In tro duction

1.1 Sign Language in Con text

Sign Language is the natural language used b y the Deaf

1

comm unit y . Al-

though unique in its phonology , the grammatical structure of Sign Language,

i.e. morphology and syn tax, is comparable to an y other language. As Sign

Language dev elop ed naturally it di�ers from region to region, it is then called

for example South African Sign Language (SASL), German Sign Language

(DGS

2

), American Sign Language (ASL), etc.

When William Stok o e started to teac h English at Gallaudet College in

1955 he realized quic kly that the Deaf studen ts w ere using signs di�eren tly

from what they w ere tough t ([Mah96 ]). The sc ho ol forced them to use signed

English and to learn lipreading, but the Deaf expierenced big di�culties with

sp ok en languages. They ev en w ere regarded as men tally retarded.

Stok o e nev er b eliev ed this dogma and started to in v estigate the Sign

Language with scien ti�c metho ds. His �rst publication [Sto60 ] w as ground-

breaking, he w as the �rst to describ e the signs, in tro ducing an o wn notation

system. This allo w ed him to w ork on the �rst Sign Language dictionary ,

published 1965 ([Sto65 ]).

Although his w ork w as accepted immediately b y fello w scien tists, it to ok

another 38 y ears un til the Deaf themselv es accepted this new theory and

I. King Jordan, the �rst Deaf presiden t at Gallaudet, announced: \Deaf

p eople can do an ything but hear."

1

The terms \Deaf " and \Sign Language" are written with capital letters when they refer

to the culture of the p eople (most of them deaf or hard hearing) that use signing as their

comm unication language.

2

Deutsc he Geb

•

ardensprac he

1



2 CHAPTER 1. INTR ODUCTION

Since Stok o es �rst pap er, Sign Language researc h b ecame a rep ected �eld

in linguistics. T o da ys researc h in v estigates man y asp ects of Sign Language,

lik e the grammatical structure, the psyc ho linguistics and the so cial status

of the Deaf comm unit y .

Deaf p eople exp erience comm unication problems in their ev eryda y life.

T ranslation is essen tial b ecause man y Deaf ha v e problems reading and writing

the sp ok en languages. Human translators are v ery exp ensiv e and often not

reac hable. An automatic translation unit could help here.

The aim of this w ork is to in v estigate, ho w Sign Language can b e formal-

ized, so it can b e used for computer-based pro jects, esp ecially for automatic

translation from and in to Sign Language.

1.2 F ormalizing Sign Language

In this �rst c hapter w e giv e an in tro duction to Sign Language. W e also

presen t related w ork.

The second c hapter discusses linguistic theory in general and the phonol-

ogy and morphology of Sign Language in detail.

W e in v estigate ho w the general Sign Language structure �ts in to Chom-

skys logical structure for natural languages in the third c hapter.

The fourth c hapter in tro duces the formal grammar framew ork HPSG, and

w e sho w ho w Sign Language phonology , morphology , syn tax and seman tic can

b e in tegrated, b y implemen ting grammar fragmen ts.

In the �fth c hapter, the conclusion is dra wn and a p ersp ectiv e for further

w ork is giv en.

W e add three app endices with an explanation of the Mo v emen t-Hold

Mo del, a sample lexicon of South African Sign Language and the �nal im-

plemen tation of the HPSG based grammar.

1.3 Related W ork

With an increasing in terest in Sign Language researc h, com bined with the

p ossibilities of mo dern computer science, sev eral pro jects and publications

w ere dev elop ed and emerged.

Sp eers ([dLS02 ]) wrote his dissertation on the \Represen tation of Ameri-

can Sign Language for Mac hine T ranslation" . He dev elop ed a formal frame-

w ork on ASL linguistics, this includes phonology , morphology and syn tax.

T ranslation related issues are discussed as w ell. F or the formalism an ex-

tended v ersion of the LF G arc hitecture is used (see section 4.5 for details),



1.3. RELA TED W ORK 3

while the phonology is based on the Mo v emen t-Hold Mo del (see section 2.2.3).

Only parts of his researc h results could b e inco op erated in to this thesis b e-

cause they w ere released only recen tly . Esp ecially the ASL W orkb enc h, an

application for the Mo v emen t-Hold Mo del represen tation, w as used for the

lexicon and in
uenced the phonological approac h.

S� af� ar and Marshall ([SM01a][SM01b][SM02]) w ork on the ViSiCAST pro-

ject, a translation system from English to British Sign Language. F or their

formal Sign Language represen tation, HPSG is used and the grammar is

implemen ted utilizing the Prolog based system Ale (see app endix A). F or

the phonology HamNoSys is used. Unfortunatly the system with its fo cus

on British Sign Language is not con v ertable to South African Sign Language

and core information ab out the syn tactical structure is not published y et.

Still this is the most adv anced pro ject on Sign Language translation.

An HPSG analysis of ASL agreemen t is supplied b y Cormier ([Cor97 ]).

This w ork uses the p oten tial of HPSG as a formalism for Sign Language.

The agreemen t is realized with indexation and the imp ortance of the lo cus

is emphasised.

Saga w a, T ak euc hi and Ohki published on the description of Sign Lan-

guage. They implemen ted it for the translation system from Japanese Sign

Language in to Japanese ([STO97 ]). They use a Stok o e based lexicon to rec-

ognize the handshap e, lo cation and mo v emen t from the glo v e-based input.

A similar pro ject for the recognition of American Sign Language and its

translation in to English is initiated b y V ogler and Metaxas ([VM99 ]). The

system is based on the Mo v emen t-Hold Mo del. Hidden Mark o v Mo dels are

trained to recognize the segmen tal prop erties. In this case, video-streaming

is used as the input source.

Zhao, V ogler et al. also discuss their protot yp e for the translation from

English to American Sign Language ([Zha00 ]). Sta ying with a Stok o e based

notation system and transforming English in to ASL with T ree Adjoining

Grammar, the system fo cuses more on the tec hnical asp ects of the translation

and represen tation.

Griev e-Smith propagates a presen tation protot yp e ([GS02 ]). The sys-

tem named SignSyn th tak es ASCI I Stok o e as input and renders a VRML or

W eb3D based a v atar. It has a w eb fron tend and is also used for a English to

ASL translation with a sp eci�c v o cabulary for w eather rep orts.
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2. Linguistic Theory

In this c hapter w e lo ok at the basic terms of general linguistics. W e then

discuss the phonological and morphological concepts of Sign Language in

more detail.

2.1 Linguistic Basics

2.1.1 Linguistic Lev els

The organization of a language can b e seen as a hierarc h y of linguistic lev els.

Eac h lev el con tains units that describ e the language in a more or less abstract

w a y . The higher lev els units can b e brok en up in to smaller units of the lo w er

lev els.

Morphology

Phonemics
Phonology

Phonetics

Spoken Language

phones (sounds)

phonemes

morphemes

words

phrases

sentences

Sign Language

segments

cheremes

morphemes

signs

phrases, signs

sentences, signs

Syntax

Semantic

Figure 2.1: The linguistic lev els listed from lo w er to higher.

5



6 CHAPTER 2. LINGUISTIC THEOR Y

Figure 2.1 sho ws an o v erview of the di�eren t lev els and the terminology used

b y b oth Sign Language and sp ok en language.

2.1.2 Phonetics

In sp ok en language the study of the sounds that are used in all languages

around the w orld is called phonetics . T o mak e in v estigation easier the con-

tin uous stream of sound is brok en up in to segmen tal pieces named phones .

Generally t w o t yp es of phones can b e distinguished, namely v o w els and con-

sonan ts. The main di�erence is the 
o w of air from the lungs that is more

in terrupted at the pro duction of consonan ts while it can 
o w more freely at

the pro duction of v o w els. Other features of phones are length, stress and

tone.

In Sign Language it is di�cult to split signs in to minimal segmen ts. One

attempt w as done b y Liddell and Johnson who divided signs in to units of

hold and units of mo v emen t that w ere mean t to b e analogous to consonan ts

and v o w els ([Lid93 ]). This mo del is no w considered a phonological rather

than a phonetic mo del b ecause the distinction b et w een these t w o lev els for

Sign Language is not clearly distinguishable.

2.1.3 Phonology

Di�eren t to phones, the individual sounds of a language are called phonemes ,

and their study is called phonemics or phonolo gy . F or example ([CLSP95,

p. 81]) the w ord meaning \w ater" in Y areba, a language from Micronesia, can

b e pronounced [elio] or [erio] . The phones [l] and [r] do not c hange

the meaning of an y w ord in Y areba, so they represen t one phoneme written

as /r/: [r]-[l] .

An English example is the phoneme /p/ in the w ords \spill" and \pill" .

While \spill" uses the phone [p

h

] , \pill" uses [p] . In Hindi these phones are

t w o phonemes, while in English they can b e sw app ed without an y loss. Th us

the phoneme is giv en as /p/: [p]-[p

h

] .

Phonemes are found b y lo oking for minimal p airs . A pair of t w o w ords

forms a minimal pair when

� the t w o ha v e di�eren t meanings, and

� the t w o w ords are iden tical in ev ery w a y except for just a single sound

in the same p osition in b oth w ords.

Although Stok o e [Sto60 ] in tro duced the term cher emes (from greek �� � � �

meaning \hand" ) for the phonological comp onen ts of handshap e, lo cation and
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mo v emen t in Sign Language, in all recen t publications the term phoneme is

used. Sev eral mo dels try to de�ne phonemes fo cusing on di�eren t asp ects of

Sign Language. The Hand Tier Mo del, the ab o v e men tioned Mo v emen t-Hold

Mo del, the Moraic Mo del and the Proso dic Mo del are discussed later on.

2.1.4 Morphology

The smallest meaningful unit is the morpheme , and its study is called mor-

pholo gy . A w ord lik e unluc ky can b e divided in to the morphemes un , luc k

and y , that ha v e a sp eci�c meaning unlik e the single phonemes whic h are

meaningless.

Eac h language has rules that describ e ho w morphemes are joined. So

while un-luc k-y is a correctly built form, *luc k-un-y , *y-un-luc k and *un-y-

luc k are wrong. Note that ungrammatical forms are mark ed with an asterisk.

In Sign Language, morphological structure can b e found for example in

comp ounds, consisting out of t w o signs, temp oral asp ect, where a circular

rep etitional mo v emen t is added to sho w con tin uit y or the construction of a

gerund b y adding a fast rep eated mo v emen t.

2.1.5 Syn tax

The higher lev els con taining the w ord, phrase and sen tence are called the

syntax .

Wor ds are units with the c haracteristics

� isolabilit y { a nativ e sp eak er can break a sen tence do wn to w ords, and

natural sp eec h has man y in terruptions in the 
uen t utterance stream,

� mobilit y { w ords can b e mo v ed within a sen tence to form new sen tences

with di�eren t meanings,

� phonological indep endence { man y phonemes ha v e a sp ecial pron unci-

ation at the b eginning and the end of a w ord.

W ords are classi�ed in to wor d classes . The de�nition of the w ord classes

dep ends on the sp eci�c language, but normally the morphemic pre- and suf-

�xes or the relationship to other w ords are used. F or example, English w ords

with a su�x -s and an article a, an or the are called nouns. Imp ortan t classes

for English and Sign Language are nouns, adjectiv es, adv erbs and v erbs. But

these terms ma y ha v e a v ery di�eren t meaning in other languages, for ex-

ample P aamese has only one class for what is called adjectiv e and v erb in

English ([CLSP95, p. 27]).
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A phr ase is a group of w ords with a similar b eha viour. T ests, whether a

group of w ords is a phrase or not, are substitution b y a single w ord, mobilit y ,

the group can b e shifted around, conjoinabilit y , groups can b e conjoined and

others. Three phrases for the English language are:

Noun phrases (NP) consist of a noun, that can ha v e a n um b er of adjectiv es

and a determinater, or of a pronoun. In a more abstract w a y:

NP !

(

(DET) (ADJ) N

PR ONOUN

Prep ositional phrases (PP) ha v e a prep osition (lik e on, at, in, etc.) and

a noun phrase.

PP ! P NP

V erb phrases (VP) alw a ys con tain a v erb. Ho w ev er, noun phrases and

prep osition phrases can b e added.

VP ! V (NP) (PP)

Sentenc es are units formed from phrases that are a complete utterance

themselv es and include the features:

� The sen tences ha v e a meaning,

� they ha v e an in ternal structure without refering to other sen tences

� and they ha v e an in tonation break with a �nal falling or rising in tona-

tion marking the end of the sen tence.

2.1.6 Seman tics and Pragmatics

The study of meaning is called semantics . The main purp ose of language

is to transp ort the meaning of idea and though t b et w een t w o p ersons. The

in v estigation of seman tics is a di�cult task b ecause the meaning dep ends on

the sub jectiv e in ten tion of the sp eak er or signer.

Seman tics can b e divided in to grammatical seman tics and lexical seman-

tics. The grammatrical seman tic is the meaning of whole phrases and sen-

tences added up b y the meanings of the w ords. The lexical meaning fo cuses

on the single w ord. Ev ery w ord gets a de�nition explaining what mak es it

unique and ho w it should b e used in con text.
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2.2 Phonology of Sign Language

The phonology of Sign Language is a broad researc h �eld. Di�eren t to sp ok en

language, the actual structural features needed for the analysis of signed

language are still a matter of ongoing debate. The high n um b er of di�eren t

approac hes, some of them discussed here, re
ect this.

W e explain the structure that an y phonological mo del m ust b e based on

and lo ok further to the mo dels that are able to incorp orate suc h a structure.

W e also men tion the most imp ortan t notation systems. Of sp ecial in terest is

the Mo v emen t-Hold Mo del, the mo del of our c hoice.

2.2.1 Phonological Sign Structures

Ev ery phonological correct mo del of Sign Language m ust satisfy the struc-

tures giv en b y the forms: One-handed signs, t w o-handed signs and �nger-

sp elled signs. All signs con tain a handshap e and a lo cation of articulation.

F urthermore most signs ha v e a mo v emen t ([Bre98 ]).

The p ath movement is made b y the elb o w or shoulder, and it is mostly

straigh t or arc shap ed. The lo c al movement is made b y the wrist, kn uc kles or

�nger join ts. Sev eral di�eren t kinds of lo cal mo v emen ts can b e found, suc h

as zig-zag, circular and wiggling mo v emen ts b y wrist and �ngers are p ossible,

as w ell as handshap e c hanges and rotation mo v emen ts. The �gure 2.2 sho ws

lo cal and path mo v emen ts.

Most signs are articulated in fron t of the torso, w e refer to this area as

neutr al sp ac e or simply ; . Still other signs can b e in con tact with an y region

of the b o dy or the head, or they are signed near these lo cations.

The hand con�guration can b e an y easily pro duced handshap e. Ev ery

signer has a strong, dominan t hand (called H

1

) and a w eak, non-dominan t

hand (called H

2

). Normally a righ thanded p erson uses his righ t hand also as

strong signing hand.

One-Handed Signs

One-handed signs are alw a ys expressed with the strong hand H

1

. Figure 2.2

sho ws t w o examples.

Tw o-Handed Signs

W e can di�eren tiate among three di�eren t t yp es of t w o-handed signs:

F or t yp e-1 signs, b oth hands are activ e. The mo v emen t can b e syn-

c hronous or alternating (also called recipro cal), and the handshap es are the
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Figure 2.2: UNDERST AND (left) sho ws a lo cal mo v emen t, SIT (righ t) sho ws a

path mo v emen t in ASL (tak en from [Bre98 ]).

same. Ho w ev er the mo v emen ts can not b e destinct or b e articulated in dis-

tinct b o dy regions. This applies to all t w o-handed signs.

F or t yp e-2 signs the strong hand is activ e and the w eak is passiv e, and

b oth ha v e the same handshap e.

Figure 2.3: SINCE (left) is a t yp e-1-t w o-handed sign, REMEMBER (righ t) is a

t yp e-2-t w o-handed sign in ASL (tak en from [Bre98 ]).

F or t yp e-3 signs the strong hand is activ e and the w eak one is passiv e,

but they ha v e di�eren t handshap es. Other t w o-handed signs are not v ery

common in South African Sign Language and American Sign Language.

Fingersp elled Borro wings

Signers use an one-handed and a t w o-handed alphab et that is widely under-

sto o d all o v er the w orld. Fingersp elling can ha v e sev eral functions in di�eren t

Sign Languages. It can b e used for the sp elling of prop er names or to empha-

size w ords. Some �ngersp elled w ords assimilated and b ecame signs on their

o wn. Suc h �ngersp elled b orro wings are quite common in ASL.
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Figure 2.4: TOUCH (left) is a t yp e-3-t w o-handed sign, the righ t picture sho ws an

imp ossible t w o-handed sign (tak en from [Bre98 ]).

2.2.2 The Stok o e Mo del

Stok o e [Sto60 ][Sto65 ] w as the �rst to in v estigate Sign Language from a lin-

guistic p oin t of view. His w ork w as ground-breaking, and it is still the foun-

dation of most curren t researc h on Sign Language linguistics. He divided a

sign in to three sets of c heremes, a v oiding the linguistic term `phoneme' that

w e use. The sets represen t handshap e (called dez ), the lo cation on the b o dy

or in space where the sign is sho wn (called tab ) and the mo v emen t (called

sig ). In total Stok o e listed only 55 phonemes. Ev ery sign consists of at least

one phoneme of eac h set, whic h are expressed sim ultaneously .

As an example the SASL sign glossed YOUR can b e expressed as ; A

?

in Stok o e notation. Here ; is the tab sym b ol for neutral space, A represen ts

the dez phoneme for a �st and

?

is the sig phoneme for the mo v emen t a w a y

from the b o dy .

2.2.3 The Mo v emen t-Hold Mo del

The Stok o e Mo del assumes the sim ultaneous o ccuring of the phonemes, but

in all sp ok en languages the phonological structure is linear. The Movement-

Hold Mo del (MH Mo del) b y Liddell and Johnson ([Lid84 ] [Lid89 ] [Lid90 ])

therefore suggests a sequen tial division of the sign stream in to segmen ts,

mo v emen ts M and holds H.

During mo v emen ts some asp ects of the sign c hange, while holds are seg-

men ts where all asp ects are in a steady state for � 0 : 1 second. The segmen ts

include all the necessary information needed to describ e the handshap es, lo-

cations, orien tations, non-man ual signs (the expression of face and b o dy) and

p ossible mo v emen ts of the sign, bundled in di�eren t tiers.

Holds b et w een t w o mo v emen ts are deleted or replaced b y non-durable
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Segmen tal Timing Unit H M X M H

Bundle Con tour/Flo w [arc]/[+ant] [arc]/[-ant]

T ouc h

T-Qualit y

M-Qualit y

Lo cal Mo v e't

Strong Hand Con�g n+1234v+

Placemen t Hand Site HAND

Sprel [sup] [inf] [sup]

F o cal Site m1CH

F acing Hand Site PA

Sprel [near]

F o cal Site MP

Rotation Rotation [neut]/Ext

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS

Figure 2.5: Mo v emen t-Hold Mo del of SIGN

holds named X. This allo ws the segmen tation within a c hanging mo v emen t.

Sev eral pro jects are based on the Mo v emen t-Hold Mo del, for example

those of Sp eers [dLS02 ] and V ogler [VM99 ].

W e decided to use the MH Mo del b ecause of its wide acceptance and its

completeness in terms of structure and features. The sequen tial approac h

is widely supp orted, and the discussion is rather ab out the details of the

segmen tation. Using the Mo v emen t-Hold Mo del, w e built a small lexicon of

SASL signs, sho wing di�eren t structured signs. This phonological represen-

tation of signs is also used for the HPSG grammar. See app endix A for a full

listing of p ossible features for the MH Mo del and app endix B for the lexicon.

Example 1: The Mo v emen t-Hold Mo del of SIGN

W e analyse the w ord SIGN that is pro duced b y circling b oth spread hands at

a midline plane t w o times. In �gure 2.5 the Mo v emen t-Hold represen tation

of SIGN is sho wn.

The segmen tal bundle holds the information ab out the segmen tal t yp e (mo v e-

men t or hold), ab out an y p ossible mo v emen ts, whic h includes lo cal mo v emen t

for hold segmen ts, and whether con tact (touc h) is made. In the example w e

ha v e �v e segmen ts, consisting of t w o mo v emen ts and three holds. The hold

named X is non-durable, so it is used as a fast transition b et w een t w o mo v e-

men ts. The �rst mo v emen t is arc shap ed [arc] to the an terior side [+ant] ,
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the forw ard direction, while the second is arc shap ed [arc] to the p osterior

side [-ant] , the bac kw ard direction relativ e to the hand p osition. No con tact

is made and no lo cal mo v emen t o ccurs.

The �ngers of the strong hand are all op ened and spread n+1234v+ . This

co de is giv en b y a hand con�guration calculator ([dLS02 ]). In the �rst seg-

men t, the whole hand HAND is lo cated ab o v e, here called sup erior [sup] , a

p oin t in neutral space in fron t of the c hest m1CH . The �nger tips p oin t a w a y

from the b o dy [neut] , but the wrist is sligh tly b en t, and it is extended Ext .

The hand is facing with its palm PA to w ards a midline plane MP , but only

sta ys near the plane [near] .

No w during the arcshap ed, an terior mo v emen t, the hand mo v es from the

sup erior to the inferior p osition, b elo w the virtual p oin t [inf] and then

during the arcshap ed, p osterior mo v emen t again to the sup erior p osition

[sup] .

No non-man ual signs are needed.

The sign is still not complete, as further information is vital. So w e add

the follo wing table:

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated +

Symmetrical +

Recipro cal +

The sign is symmetrical, so the features of the strong hand also apply for the

w eak hand. It is recipro cal, as the mo v emen t of w eak hand is the opp osite

of that of the strong hand. And the sign is reduplicated, as it is rep eated at

least for a second time.

2.2.4 The Hand-Tier Mo del

Another segmen tal phonemic mo del is the Hand-Tier Mo del ([San90 ]). Signs

are divided in to the t w o segmen ts lo c ation (L) and movement (M) . L is

de�ned as \a segmen t that is presen t when the dominan t hand (i.e., the hand

that articulates one-handed signs) obligatory reac hes [a sp eci�c] lo cation in

the course of executing a sign" [San89 ]. In addition, handshap e is placed on

a separate tier. This giv es the handshap e a more imp ortan t role than in the

MH Mo del, and hence it is comparable to the imp ortance of handshap e in

the Stok o e Mo del.
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The hand con�guration tree (�gure 2.6) is used for the handshap e tier

while a similar lo cation tree and a mo v emen t tree are used for the LM tier.

[HC]

[tense]

[extended hand]

palm orientation

[contra]

[prone]
[in][up]

[spread]

[bent]
[curved]

[open]
[closed]

handshape

position
fingers

[M]

[I]

[T]

[R]
[P]

Figure 2.6: The hand con�guration tree (tak en from [Bre98 ])

[ipsi] [nose] [contra]

HC

L M L

fingers

[I]

[open]

palm orientation

[contra]

Figure 2.7: F ALSE and the Hand-Tier Mo del of F ALSE in ASL (tak en from

[Bre98 ])

2.2.5 The Moraic Mo del

The Moraic Mo del, also called the � Mo del, b y Da vid P erlm utter ([P er90])

in tro duces moras ( � ) as a timing unit. A mora is the minimal subsyllabic unit

required of a w ell-formed syllable in sp ok en languages. In addition the mo del

also includes segmen ts to represen t the sign. All path mo v emen ts b elong
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to the mo v emen t segmen t M, while all lo cations and non-path mo v emen ts

b elong to the p osition segmen t P . The moraic timing units can b e attac hed

to M and P segmen ts. F urthermore, mora insertion is an op eration that

attac hes a mora to the �nal segmen t of a phrase. This stresses a duration of

a �nal M or generates a hold for a �nal P .

[  ] [  ] [  ] [  ]
M P M P

m m

ss

m

FALSE FALSE

no hold short hold

Figure 2.8: The sign F ALSE within a phrase (left) and at the end of a phrase with

mora insertion (righ t) (tak en from [Bre98 ])

2.2.6 The Proso dic Mo del

Based on the previous w orks of the MH Mo del and the Hand-Tier Mo del,

Bren tari presen ted the Pr oso dic Mo del ([Bre98 ]).

The Proso dic Mo del distinguishes b et w een pr oso dic fe atur es and inher ent

fe atur es that are based on separated branc hes of structure. The de�nition is

as follo ws:

� Inheren t features are only sp eci�ed once and do not c hange.

� Proso dic features can c hange or are realized as dynamic prop erties.

This implies that all mo v emen t features are bundled in to one branc h, the

proso dic branc h. Figure 2.9 sho ws the Proso dic Mo del represen tation of

F ALSE. One problem of the MH Mo del is the inabilit y to pic k out minimal

pairs b ecause of the high amoun t of di�eren t phonemes. The Proso dic Mo del

handles this and also in tro duces moras for syllables construction lik e the

Moraic Mo del do es. Ho w ev er, this is compromised with a high complexit y .
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root

inherent features prosodic features

place of articulationarticulator

hand
[radial side of fingers]

x-plane

['nose'] head

selectednonselected

[flexed] fingers

[one]

setting D

inherent features [contra]

xx

s

syllable

weight unit

timing unit

Figure 2.9: Proso dic Mo del represen tation of F ALSE (tak en from [Bre98 ])

2.2.7 Notation Systems

Stok o e-based Notations

The ASCII Stoko e notation

1

transliterates the Stok o e signs in to 7-bit ASCI I

c haracters. Therefore it is system-indep enden t and is used for dictionaries

and email discussions. The SignSyn th pro ject

2

b y A. Griev e-Smith for trans-

lating English text in to ASL uses ASCI I Stok o e as notation system.

The Ham burg Notation System HamNoSys ([Pri89 ]) is a traditional

Stok o e based system. It expands Stok o e b y adding further phonemes. Ham-

NoSys is widespread, also b ecause it do es not dep end on ASL and it is easy

to use. The ViSiCAST Pro ject ([SM02]) is based on HamNoSys.

Mo v emen t Notations

The mo v emen t notations Labanotation

3

, Benesh Mo v emen t Notation

4

and

Eshk ol-W ac hman Notation

5

, w ere originally designed for dance and ballet.

The three most common ones can also b e used for an y other mo v emen t and

therefore also for Sign Language, but they are v ery complex and di�cult to

implemen t correctly without simplifying to o m uc h.

1

http://world.s td .c om /~ ma m/ AS CI I- St ok oe .t xt

2

http://www.unm .e du /~ gr vs mt h/ si gn sy nt h/

3

http://www.rz. un i- fr an kf ur t. de /~ gr ie sb ec /L AB AN E. HT ML

4

http://www.ben es h. or g

5

http://ww2.mcg il l. ca /B io lo gy /p er sp ag e/ ew _p ag e. ht m
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Sutton SignW riting

Other than the �rst men tioned scien ti�c mo dels, SignWriting

6

, in v en ted b y

V. Sutton in 1972, is used for Deaf education and as a writing system for

ev eryda y use. It is a mo v emen t notation, and for signers it is easy to learn

and to use. The di�erences b et w een SignW riting and the Stok o e mo del are

discussed b y J. Martin.

7

SWML, an XML based �le format for SignW riting,

is also a v ailable.

8

2.3 Morphology of Sign Language

Similar to sp ok en language, the Sign Language morphology divides the signs

in to meaningful units.

The morphology of Sign Language is v ery ric h and complex, with dif-

ferences b et w een the v arious Sign Language comm unities. Due to the lac k

of researc h in to South African Sign Language morphology , the w ork in this

section is based on American Sign Language.

2.3.1 Deriv ed Nominals

Sev eral v erbs can transform in to nouns b y rep eating the mo v emen t of the

v erb ([SN78 ]). Figure 2.10 sho ws the v erb CLOSE-WINDO W with one path

mo v emen t and the deriv ed noun WINDO W with t w o path mo v emen ts.

Figure 2.10: CLOSE-WINDO W (left) and WINDO W (righ t) (tak en from [Bre98 ])

6

http://www.sign wr it in g. or g

7

http://www.sign wr it in g. or g/ fo ru ms /l in gu is ti cs /l in g0 08 .h tm l

8

http://swml.ucp el .t ch e. br
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V erbstems with a tril le d movement are nouns that w ork lik e the gerund in

sp ok en languages. The trilled mo v emen ts are describ ed as \small, rapidly

rep eated, uncoun table mo v emen ts" [Lid90 ]. Note that trilled mo v emen ts b e-

long to the lo cal mo v emen ts. Figure 2.11 sho ws READING, the gerund of

READ with a trilled mo v emen t.

Figure 2.11: READ (left) and READING (righ t) (tak en from [Bre98 ])

2.3.2 Agreemen t A�xation

Signs refering to di�eren t lo ci, for example p ersons or ob jects, are called

agr e ement forms . Sev eral di�eren t agreemen t classes can b e found (see �gure

2.12):

� Spatial agreemen t v erbs ha v e no or just one �nal spatial lo cus.

� P erson agreemen t v erbs refer to p ersons who can b e men tioned as sub-

ject and/or ob ject of a sen tence.

� Mixed spatial and p erson agreemen t v erbs con tain b oth of the ab o v e

classes.

� Bac kw ard agreemen t v erbs ha v e a grammatical ob ject agreemen t lo cus.

2.3.3 Comp ounds

Comp ounds are built from at least t w o signs that can b e v erbs, nouns and/or

adjectiv es. Some examples are:

� THINK^SELF consists of a v erb and a noun represen ting the sen tence

\decide for oneself " (see also �gure 2.13).
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Figure 2.12: DRIVE-TO (left) is a spatial agreemen t v erb, HELP (middle) a p erson

agreemen t v erb and REQUEST (righ t) a bac kw ard agreemen t v erb (tak en from

[Bre98 ]).

� GIRL^MARR Y consists of a noun and v erb represen ting the noun

\wife" .

� GOOD^ENOUGH consists of t w o adjectiv es represen ting the predicate

\barely adequate" .

Figure 2.13: THINK (left) and SELF (middle) form THINK^SELF (righ t) (tak en

from [Bre98 ]).

2.3.4 Grammatical Asp ect

The system of grammatical asp ect is complex in Sign Language. F or ASL

sev eral distributional and temp oral asp ects with o wn phonological shap e ha v e

b een rep orted.

As an example, w e list three temp oral asp ects discussed b y Klima and

Bellugi ([KB79 ]):
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� The Continuative Asp e ct , an activit y that con tin ues for a long time,

has a rep eated, circular mo v emen t and a sligh t tilting bac k of the head

as a non-man ual sign.

� The R e gular Asp e ct , an activit y or ev en t that is rep eated on a regular

basis, has a rep eated, straigh t mo v emen t and a tilting of the head to

the side with pursed lips as non-man ual signs.

� The F r e quent Asp e ct , an activit y or ev en t o ccuring often, has a tense

mo v emen t rep etition and lo w ered lips as a non-man ual sign.

2.3.5 Classi�er Predicates

Whole v erb phrases and sen tences with sev eral morphemes can b e expressed

using only one or t w o syllables. Figure 2.14 sho ws an ASL sign, whic h means

\t w o, h unc hed, uprigh t-b eings, facing forw ard, go forw ard, carefully , side-b y-

side, from p oin t a to p oin t b" .

Figure 2.14: A p olymorphemic sign (tak en from [Bre98 ])



3. The Logical Structure

Noam Chomsky wrote ab out the logical structure of linguistic theory in

1975 ([Cho75 ]). W e in v estigated this formalism of the linguistic lev els to

see whether it is also v alid for Sign Language. Sev eral examples illustrate

p ossible applications.

3.1 Linguistic Lev els

W e �rst generalize the linguistic lev els as describ ed in section 2.1. Ev ery

lev el has its o wn alphab et � of elemen ts called \primes" and � as the iden tit y

elemen t. W e call �

�

the set of all strings, whereas a string is a concatenation

of primes. Relating to Chomsky

1

[Cho75, p. 105], w e de�ne the algebraic

structure with concatenation (�

�

; � ) as follo ws.

De�nition 1 [Sc h97, p.183] F or a set of strings �

�

and a c onc atenation

op er ation � we de�ne the monoid (�

�

; � ) :

x 2 �

�

^ y 2 �

�

) x � y 2 �

�

( x � y ) � z = x � ( y � z )

x � � = � � x = x

The relation b et w een lev els can b e describ ed as a mapping that w e call �.

Then an y string from a high lev el (e.g. syn tax lev el) can b e mapp ed do wn

1

W e c hanged the Chomsky notation in some cases: the alphab et L c hanged to �, the

concatenation sym b ol _ to � and the iden tit y elemen t from U to � (new notation tak en

from [Sc h97 ]).

21
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to a lo w er, less abstract lev el. The lo w est lev el maps in to the set of gram-

matical utterances GU , as a language is not more than a set of grammatical

utterances. The structural information ab out a lev el is stored in a set of

elemen ts called the L-marker . Eac h elemen t of this set is assigned to eac h

grammatical utterance.

De�nition 2 [Cho75, p.108] A lev el L is a system

L = (� ; � ; R

1

; : : : ; R

m

; �; � ; '

1

; : : : ; '

n

)

wher e as

� R

1

; : : : ; R

m

ar e m classes and r elations de�ne d within L , with R

1

the

identity r elation = and m 2 Nat

� � � �

�

is the set of L-markers

� � maps � into the set of gr ammatic al utter anc es GU

� '

1

; : : : ; '

n

expr ess the n r elations b etwe en L and other levels, wher e

n 2 Nat

W e can no w construct the phonemic lev el P m , the w ord lev el W , the lev el

of syn tactic categories C and the lev el of phrase structure P .

3.2 The Phonemic Lev el P m

Di�eren t to sp ok en language, where the terms phonetic and phonemic are

clearly de�ned, w e already sho w ed that there are sev eral de�nitions for Sign

Language phonology . As Liddell explains in [Lid93 ], the theory of dividing

signs in to segmen ts is no w accepted, and the curren t discussion is on the

segmen tation of the sign stream. Due to the segmen tation, it is easy to

transfer Chomsky's Axioms for the phonetic lev el P n to our phonemic lev el.

The alphab et �

P m

is declared as the set of all di�eren t

2

segmen ts. W e

can no w sp ecify the prop erties of the phonemic lev el b y using our general

linguistic lev el de�nition.

De�nition 3 [Cho75, p.158] The phonemic lev el is the level

P m = (�

P m

; � ; = ; �

P m

; �

P m

; '

P m

1

; : : : ; '

P m

n

) :

2

T o distinguish phones in sp ok en language, minimal pairs are formed. Whether this

can b e applied to all segmen tation mo dels in ev ery detail, is still b eing in v estigated.
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The L-marker �

P m

stor es the structur e of the phonemic level, given by the

wor d level W .

The mapping �

P m

: �

� P m

! GU has the fol lowing pr op erties:

� F or al l x 2 �

� P m

; x 2 dom(�

P m

) and for al l g 2 GU; g 2 range(�

P m

) ,

and thus �

P m

is surje ctive.

� F or al l p 2 �

P m

ther e exists a set S of de�ning physic al pr op erties, so

�

P m

( p ) is char acterize d by S .

� If x; y 2 �

� P M

, then �

P m

( x � y ) = �

P m

( x ) � �

P m

( y ) and the se quenc e of

physic al sp e ci�c ation is ( S

x

; S

y

) , wher e as S

x

and S

y

the physic al sp e ci-

�c ations of �

P m

( x ) and �

P m

( y ) ar e.

� L et g

1

; g

2

2 GU . Then g

1

= g

2

if ther e exists exactly one x 2 �

P m

with

�

P m

( x ) = g

1

and �

P m

( x ) = g

2

.

Example 2: Mo v emen t-Hold Mo del

First w e lo ok at the Mo v emen t-Hold Mo del. The sign stream is divided in to

segmen ts, mo v emen ts and holds. There is a �nite n um b er of 299 prop erties

for describing the segmen ts [Bre98 , p.85]. The ph ysical prop erties of a prime

are giv en within the MH Mo del as bundles.

The follo wing table sho ws the simple represen tation of the sign THINK

in ASL (tak en from [Lid84 ]) with t w o segmen ts M ; H 2 �

P m

.

THINK

Segmen t M H

T yp e of Segmen t Approac hing mo v emen t Hold

Handshap e 1 1

Orien tation Fingertip to w ard Fingertip to w ard

Lo cation F orehead F orehead

Con tact no y es

Non-man ual | |

The features of the segmen ts stand for the sets S

M

and S

H

of ph ysical prop-

erties. So for the mapping �( M � H ) = �( M ) � �( H ) the sequence of ph ysical

prop erties is ( S

M

; S

H

). �( M � H ) is therefore in �

� P m

, and THINK is v alid

on the phonemic lev el P m .
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Example 3: Syllable Structure in ASL

The second example is based on the Moraic Mo del (see also section 2.2.5)

that divides signs in to mo v emen ts M and p ositions P . W e use P erlm utters ex-

planation in [P er93 ] for the structure of syllables in American Sign Language.

W e no w use our logical framew ork to formalize this syllable structure.

Lo cal mo v emen t is the mo v emen t of the �ngers or wrist that can o ccur

during path mo v emen t. Regarding the Moraic Mo del, lo cal mo v emen t can

o ccur on an M and a P . Figure 3.1 sho ws the sign T APE, that consists only

of a P and has lo cal mo v emen t (�nger circling), and the sign GO-UP-IN-

FLAMES with lo cal mo v emen t (�nger wiggling) on an M.

Figure 3.1: T APE (left) and GO-UP-IN-FLAMES (righ t), tak en from [P er93 ]

In teresting is no w the fact that lo cal mo v emen t nev er o ccurs on a P preced-

ing or follo wing an M. Figure 3.2 sho ws an example for suc h an imp ossible

sequence.

Figure 3.2: Imp ossible sign, tak en from [P er93]

So the follo wing distributions of lo cal mo v emen t are p ossible (with + indi-

cating the presence and � the absence of lo cal mo v emen t):
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P

�

M

+

P

�

M

+

P

�

P

�

M

+

M

+

P

+

This is the same distribution that is found in sp ok en languages for v o cals

and consonan ts in syllables, when the mo v emen ts are replaced b y v o cals and

the p ositions are replaced b y consonan ts. With this in v estigation w e can no w

formalize the construction of the syllables b y using the follo wing de�nition

for the syllable n ucleus. The set of M-primes is called �

P m

M

and the set of

P-primes �

P m

P

, with �

P m

M

[ �

P m

P

= �

P m

.

De�nition 4 The syllable n ucleus n 2 �

P m

for a string s 2 �

� P m

, s c on-

taining n , is given by

� for n 2 �

P m

M

, n is a syl lable nucleus,

� for n 2 �

P m

P

, n is not a syl lable nucleus, if ther e is an m 2 �

P m

M

so

that s c ontains n � m or m � n .

Similar to lo cal mo v emen t, handshap e c hange on the handshap e tier and

orien tation c hange also only tak e place in the syllable n ucleus. While ev ery

syllable with an M-n ucleus is w ell-formed, a syllable with P-n ucleus needs at

least one of the men tioned features.

De�nition 5 F or a string s 2 �

� P m

c ontaining the prime n 2 �

P m

P

, n is

a syl lable nucleus, if S

n

, the set of physic al pr op erties of n , includes lo c al

movement, handshap e change on the handshap e tier or orientation change.

All ASL signs ha v e only one or t w o syllables. But monosyllabic and disyllabic

signs can ha v e an M as n ucleus, while only monosyllabic signs can ha v e a P

as n ucleus.

Theorem 1 Every string s 2 �

� P m

with a nucleus n 2 �

P m

P

is monosyl labic,

so s = n .

P erlm utter sho ws that there is no sign with t w o adjacen t P-primes. And

b ecause a P can not b e follo w ed b y an M, the string s m ust b e monosyllabic.

The follo wing forms are indeed imp ossible:

*PP *PPMP *PMPP
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3.3 The W ord Lev el W

F or the w ord lev el W w e don't ha v e to distinguish b et w een signed and sp ok en

language an ymore. In the alphab et �

W

the v o cabulary is stored, while the

structure �

W

is giv en b y the syn tactic categories. Ev ery w ord is mapp ed

do wn to the phonemic lev el b y �

W

.

De�nition 6 [Cho75, p.165] The w ord lev el is the level

W = (�

W

; � ; = ; �

W

; �

W

; '

W

1

; : : : ; '

W

n

) :

� The alphab et �

W

is the set of al l wor ds.

� �

W

is a set of strings of wor ds which wil l b e de�ne d on the level of

syntactic c ate gories.

� �

W

is the mapping �

W

: �

� W

! �

� P m

with the pr op erty �

W

( x � y ) =

�

W

( x ) � �

W

( y ) , for x; y 2 �

� W

.

3.4 The Lev el of Syn tactic Categories C

Nouns, v erbs, adjectiv es are all sets of w ords with similar b eha viour within

phrases and sen tences. W e call these sets syntactic al c ate gories .

F ormally , syn tactic categories sort w ords in to sets of primes C

n

of the

order n . The order giv es an lev el of abstraction, th us the order with the

largest n um b er of categories is 1. An example for categories of the order 3:

NP VP

S

verb

sleepsdogThe

det noun

nOrder

3

2

1

De�nition 7 [Cho75, p.166] L et C

n

i

b e the i -th category of order n then the

alphab et is

�

C

= f C

n

n

i

g ; wher e

� 1 � n � N ,

� 1 � n

i

� a

n

and

� a

1

> a

2

> : : : > a

N

.
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The relation g of generation is applied to the strings of the lev el of syn tactic

categories C and the w ord lev el W .

De�nition 8 [Cho75 , p.166] L et g b e the relation of generation de�ne d as

� if C

n

i

2 �

C

and g ( C

n

i

; x ) , then x 2 �

W

,

� if y ; z 2 �

� C

( y ; z 6= � ) , then g ( y � z ; x ) i� ther e ar e s

1

; s

2

2 �

W

such

that x = s

1

� s

2

and g ( y ; s

1

) and g ( z ; s

2

) ,

� for al l C

n

i

2 �

C

, ther e exists an x such that g ( C

n

i

; x ) , and

� for al l C

n

i

; C

n

j

2 �

C

and i 6= j , ther e is an x such that g ( C

n

i

; x ) but not

g ( C

n

j

; x ) .

The set Gr

1

( W ) is an appro ximation to �

W

, the set of grammatical strings

of w ords.

De�nition 9 [Cho75 , p.166] A grammatical sen tence form of or der n in

terms of a given c orpus K (a set of strings of wor ds) is the string x =

C

n

a

1

� : : : � C

n

a

m

, such that some y gener ate d by x is in the c orpus K . Gr

1

( W )

is the set of x 's, such that for some gr ammatic al sentenc e form y of or der 1 ,

g ( y ; x ) .

The L-mark er is giv en b y:

De�nition 10 [Cho75 , p.167] M 2 �

C

is an L-marker M 2 �

C

if and only

if M = f C

0

; : : : ; C

N

g , wher e

� C

i

is a gr ammatic al sentenc e form of or der i ,

� f x j g ( C

i

; x ) g � f x j g ( C

i +1

; x g ; (0 < i < N ) and

� C

0

is a string of wor ds and g ( C

1

; C

0

) .

The mapping �

C

asso ciates with eac h �

C

with the string of w ords C

0

. W e

can no w assem ble the lev el of syn tactic categories.

De�nition 11 [Cho75 , p.166] The lev el of syn tactic categories is given by

C = (�

C

; � ; = ; �

C

; �

C

; g ) :
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3.5 The Lev el of Phrase Structure P

Due to the complexit y of the phrase structure lev el P , w e shall only giv e a

short, more informal in tro duction.

Consider the lev el of phrase structure as

P = (�

P

; � ; = ; �

P

; �

P

; !

P

) :

The alphab et �

P

is a set of w ords lik e Sen tence (S), Noun Phrase (NP),

V erb (V) etc., called variables , but also the w ords of the w ord lev el W . The

v ariables are just names without deep er meaning. W e address this arbitrary

describtion in the next c hapter in the HPSG in tro duction.

F urthermore the relation !

P

is used within lev el P to express the relation

b et w een v ariables and strings. An expression x !

P

y is called a rule .

Axiom 1 [Cho75, p. 175] The r elation !

P

is irr e
exive, asymmetric al, tr an-

sitive and nonc onne cte d.

De�nition 12 [Cho75, p. 175] �

� P

is the set of strings without variables x

such that for no y , x !

P

y .

Examples for !

P

are

S !

P

N � VP or simpli�ed S ! N VP

N !

P

HOUSE or simpli�ed N ! HOUSE

Note that this grammatical structure with only one v ariable on the left side

of !

P

, or more formally , with x !

P

y , where x 2 �

P

n �

� P

and y 2 �

� P

, is

called a Chomsky typ e 2 gr ammar or a c ontextfr e e gr ammar [Sc h97]. See also

de�nition 13.

The L-mark er �

P

is the set of strings out of �

� P

relating to the terminal

strings . These are the strings that are deriv ed from S b y using the relation

!

P

as a partial ordering with the prime Sen tence (S) as the �rst elemen t

and the primes of �

� P

the last elemen ts.

The L-mark er �

P

is mapp ed do wn to a set con taining Gr

1

( W ) on the

w ord lev el W with the mapping �

P

.

Keeping this logical structure in mind, w e de�ne a gr ammar as a structure

con taining the v ariables, the alphab et, the set of rules and the start v ariable.

De�nition 13 [Sc h97 , p. 13] A grammar is a 4-tuple G = ( V ; � ; P ; S ) , wher e

� V is the �nite set of variables,

� � is a �nite set, the alphab et,
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� P is the �nite set of rules and

� S 2 V is the start variable.

Note that V relates to the set �

P

n �

� P

, and � relates to the set �

P

\ �

� P

.

W e also ha v e to consider that not all grammatical rules can b e expressed

with con textfree grammars. Therefore Chomsky in tro duced the lev el of trans-

formational analysis, but is b ey ond our scop e.

Example 4: Negativ e Sen tences in ASL

W e no w sho w an example for a syn tactical rule in ASL. W e �rst in tro duce

a notational simpli�cation, that allo ws us to mark w ords with a nonman ual

sign. F or example

Neg

HOUSE refers to the negated w ord HOUSE com bined

with a head shak e.

De�nition 14 F or a gr ammar G = ( V ; � ; P ; S ) and a set of marking symb ols

�

mar k

the grammar with markings G

M

= ( V

M

; �

M

; P

M

; S

M

) is de�ne d as

fol lows:

F or al l m 2 �

mar k

�

M

= � [ f

m

u g , for al l u 2 �

V

M

= V [ f

m

u g , for al l u 2 V

P

M

= ( V

M

[ �

M

)

+

� ( V

M

[ �

M

)

�

S

M

2 V

M

We use the fol lowing abbr eviation for b etter c ompr ehension:

m

u

1

� � � u

n

:=

m

u

1

� � �

m

u

n

for u

k

2 ( V [ �)

�

; n 2 N at ; 1 � k � n ; m 2 �

mar k

In ASL the follo wing phrases are grammatically correct:

� JOHN

Neg

NOT BUY HOUSE (John is not buying a house.)

� JOHN

Neg

NOT BUY HOUSE (John is not buying a house.)

� JOHN

Neg

BUY HOUSE (John is not buying a house.)

But these phrases are incorrect:

� *JOHN NOT BUY HOUSE
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� *

Neg

JOHN NOT BUY HOUSE

W e can describ e these sen tences with a con textfree grammar:

S ! N VP

VP ! V N

VP !

Neg

NEG V N

VP !

Neg

NEG V N

VP !

Neg

V N

N ! JOHN j HOUSE

V ! BUY

Neg

N !

Neg

JOHN j

Neg

HOUSE

Neg

V !

Neg

BUY

Neg

NEG !

Neg

NOT



4. F ormal Represen tation using

HPSG

W e describ e the structure of the Head-driv en Phrase Structure Grammar

(HPSG) [PS87][SW99][Mat96 ] and its application for ASL syn tax.

4.1 In tro ducing HPSG

A con textfree grammar (CF G) as describ ed in section 3.5 has t w o ma jor

disadv an tages, rules are often massiv ely redundan t and the description is

arbitrary . W e explain these problems and ho w to deal with them, in tro ducing

features, heads and the more complex parts of HPSG.

4.1.1 F eatures

In example 4 in section 3.5 w e had to declare the v erbphrase four times and

the nouns t wice:

N ! JOHN j HOUSE

Neg

N !

Neg

JOHN j

Neg

HOUSE

This redundancy can not b e a v oided for an y complex grammatical structure.

Therefore w e in tro duce fe atur es . A category is no w a complex of grammatical

prop erties, asso ciated with the w ords. A feature structure can b e though t as

functions sp ecifying a v alue for eac h of a set of functions. F or the notation,

w e use capitalized w ords and squared brac k ets:

2

6

6

4

FEA TURE

1

V ALUE

1

.

.

.

.

.

.

FEA TURE

n

V ALUE

n

3

7

7

5

31
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The nouns can b e enhanced with a feature for negation, this a v oids the double

declaration. W e call the tuple consisting of the w ord and its features a lexic al

entry . The lexical en tries for

Neg

JOHN and HOUSE no w lo ok as follo ws:

*

JOHN,

2

6

4

wor d

POS 1 noun

NEG y es

3

7

5

+ *

HOUSE,

2

6

4

wor d

POS 1

NEG no

3

7

5

+

W e called the feature structure wor d with the features POS (part of sp eec h)

for the w ordt yp e and NEG as a b o olean t yp e represen ting the presence of

a negation. The b o xed n um b er indicate iden tical o ccurances, th us b oth are

nouns.

4.1.2 Heads and Categories

In our example w e declared rule (a). No w consider w e w ould c hange rule (a)

to rule (b):

(a) VP ! V N

(b) VP ! N S

This is still a correct rule in terms of the CF G formalism, but the the phrase,

VP , has an arbitrary name. Of course w e w an t to relate to a v erb, if w e call

the head of a v erbphrase VP . In natural language ev ery phrase con tains a

k ey prop ert y lik e nounho o d, v erbho o d, etc. with a w ord of the corresp onding

syn tactical class. This w ord is called he ad . So the head of (a) is the v erb V,

(b) do es not ha v e a head. Because of the imp ortance of the \headness" , w e

shall capture the prop erties of the head and transp ort it to the phrase.

W e create a new feature structure called c ate gory , CA T, that includes the

head and the negation feature. The POS feature is not necessary an ymore.

2

6

4

wor d

CA T

"

HEAD noun

NEG y es/no

#

3

7

5

The headed v erbphrase (a) is no w giv en b y the follo wing rule, H is the head

daugh ter, while the phrase is the head mother. Both m ust b e uni�ed as

stated in the Head F eature Principle.

[ phr ase ] ! H

2

6

4

wor d

CA T

"

HEAD v erb

NEG y es/no

#

3

7

5

N

De�nition 15 (Head F eature Principle HFP) [SW99, p.63] In any

he ade d phr ase, the HEAD value of the mother and the HEAD value of the

he ad daughter must b e uni�e d.



4.2. BASIC SYNT A CTICAL STR UCTURES 33

4.2 Basic Syn tactical Structures

4.2.1 Sub ject-Head Rule

No w consider the simple Sign Language sen tence JOHN SLEEP . The CF G

set of rules is simple:

S ! N V

N ! JOHN

V ! SLEEP

The lexical en tries are giv en:

*

JOHN,

2

6

4

wor d

CA T

"

HEAD noun

NEG no

#

3

7

5

+

*

SLEEP ,

2

6

6

6

4

wor d

CA T

2

6

4

HEAD v erb

SUBJ h noun i

NEG no

3

7

5

3

7

7

7

5

+

Note that the new feature SUBJ describ es the sub ject the v erb relates to.

By unifying the sub ject feature of the v erb with the head of the noun, the

new phrase is generated. Using the feature structure for the noun JOHN

and the v erb SLEEP and the new feature SUBJ, w e can build the structural

description tree (see �gure 4.1).

The structural description tree consists of the lexical structural descrip-

tion (lexical SD) and the phrasal structural description (phrasal SD).

The lexical SD is a tree diagram with t w o no des, the lo w er no de is the �rst

mem b er of the lexical en try tuple, th us JOHN and SLEEP in our example.

The upp er no de consists of the w ord description, that describ es the second

mem b er of the lexical en try tuple, or of an extension of the second mem b er,

that is, if all or ev en more information of the second mem b er is presen t in

the extension. In the example the phrase strucure is an extension of the

description of the second mem b er of the w ord tuple.

The mothers and daugh ters of ev ery lo cal subtree of the phrasal SD in-

clude all information of the grammar rule that allo ws the subtree. Also the

subtrees ha v e to unify according to the principles lik e the HFP . Our exam-

ple sho ws the uni�cation of the HEAD v alues of the phrases and w ords, the

HEAD 1 of the w ord m ust b e the v alue `noun' while 2 is uni�ed to `v erb'.

The negation is generally uni�ed to `no'. Note that this allo ws the phrase

JOHN SLEEP but the grammatical correct JOHN

Neg

SLEEP is rejected. T o

allo w this, w e c hange the righ t-hand branc h, see �gure 4.2 for details. No w

the NEG feature 4 can b e uni�ed to `no' and `y es', th us

Neg

SLEEP and SLEEP
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2

6

4

phr ase

CA T

"

HEAD 2 v erb

NEG 3

#

3

7

5

�

�

�

�

�

�

�

�

�

�

X

X

X

X

X

X

X

X

X

X

2

6

4

phr ase

CA T

"

HEAD 1 noun

NEG 3 no

#

3

7

5

2

6

6

6

6

4

phr ase

CA T

2

6

6

4

HEAD 2

SUBJ h 1 i

NEG 3

3

7

7

5

3

7

7

7

7

5

2

6

4

wor d

CA T

"

HEAD 1

NEG 3

#

3

7

5

2

6

6

6

6

4

wor d

CA T

2

6

6

4

HEAD 2

SUBJ h 1 i

NEG 3

3

7

7

5

3

7

7

7

7

5

JOHN SLEEP

Figure 4.1: The structural description tree for JOHN SLEEP .

are allo w ed and the en tire phrase is negated as w ell.

4.2.2 Complemen ts Rule

Let us consider the Sign Language sen tences sho wing an in transitiv e v erb

without an y ob ject (a), a transitiv e v erb with one direkt ob ject (b), and a

ditransitiv e v erb with t w o ob jects (c). Note that (d) is not p ossible, the

ob jects are required.

(a) JOHN SLEEP (John sle eps)

(b) JOHN BUY BOOK (John buys a b o ok)

(c) JOHN GIVE SAND Y BOOK (John gives Sandy a b o ok)

(d) *JOHN GIVE SAND Y

The corresp onding CF G syn tactical rules are as exp ected:

VP ! V

VP ! V N

VP ! V N N
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2

6

4

phr ase

CA T

"

HEAD 2 v erb

NEG 4

#

3

7

5

2

6

6

6

6

4

phr ase

CA T

2

6

6

4

HEAD 2 v erb

SUBJ h 1 i

NEG 4

3

7

7

5

3

7

7

7

7

5

2

6

6

6

6

4

wor d

CA T

2

6

6

4

HEAD 2

SUBJ h 1 i

NEG 4

3

7

7

5

3

7

7

7

7

5

SLEEP j

Neg

SLEEP

Figure 4.2: The negation of the v erb is uni�ed with its mother, but not the noun.

F or HPSG w e in tro duce the he ad-c omplement rule b y adding the new feature

complemen ts COMPS to the category structure CA T.

"

phr ase

CA T [COMPS hi ]

#

! H

"

wor d

CA T

h

COMPS

D

1 ; : : : ; n

Ei

#

1 � � � n

Th us, in the lexical en try of a v erb, the n um b er of complemen ts m ust b e

sp eci�ed. These are then uni�ed with the complemen ts themself. Note that

the phrase nev er has comp onen ts, so in the mother the COMPS feature m ust

sta y empt y . Figure 4.3 explains the v erb phrase GIVE SAND Y BOOK with

the structural description tree.

4.3 Seman tics

F or adding meaning to w ords and phrases, w e in tro duce the new feature

CONT for con ten t. In the general structure CONT and CA T are com bined

to the feature LOC (for lo cal) that is explained in the next section.
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2

6

4

phr ase

CA T

"

HEAD v erb

COMPS hi

#

3

7

5

�

�

�

h

h

h

h

h

h

h

h

h

h

h

h

X

X

X

X

X

X

X

X

2

6

6

4

wor d

CA T

"

HEAD v erb

COMPS

D

1 , 2

E

#

3

7

7

5

1 N 2 N

GIVE SAND Y BOOK

Figure 4.3: The structural description tree explaining the COMPS feature.

2

6

4

wor d/phr ase

LOC

"

CA T category

CONT con ten t

#

3

7

5

4.3.1 Noun Seman tics

T o giv e nouns a grammatical meaning, the t w o features INDEX and RESTR

are used.

The index INDEX tak es an unlimited n um b er of atomic v alues represen t-

ing references, expressed with lo w er-case letters. The example (tak en from

[Mat96 , p. 93]) illustrates the usage.

The man lik es the b o ok.

INDEX a b

lik es( a , b )

He often reads them.

often(reads( a , b ))

The restrictions RESTR sp ecify the lexical meaning. They tell us, what

prop erties distinguishes a b o ok from other ob jects. A restriction con tains a

n ucleus NUC with the core prop erties for the description.

The prop erties of common nouns are atomic. Hence w e use the feature

INST ANCE to bind the prop ert y to the index of the noun.

The lexical en try for the common noun BOOK giv es an example:
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*

BOOK,

2

6

6

6

6

6

6

6

6

4

wor d

LOC

2

6

6

6

6

6

6

4

CA T

"

HEAD noun

NEG no

#

CONT

2

6

4

INDEX a

RESTR

*"

NUC

"

BOOK

INST ANCE a

## +

3

7

5

3

7

7

7

7

7

7

5

3

7

7

7

7

7

7

7

7

5

+

A prop er noun do es not ha v e an y restrictions, so JOHN is represen ted as

follo ws:

*

JOHN,

2

6

6

6

6

6

6

4

wor d

LOC

2

6

6

6

6

4

CA T

"

HEAD noun

NEG no

#

CONT

"

INDEX a

RESTR hi

#

3

7

7

7

7

5

3

7

7

7

7

7

7

5

+

4.3.2 V erb Seman tics

The lexical en tries use the indices for the sub ject and complemen ts, and for

the seman tic relations as w ell. F or example lo ok at the sen tence:

HE LIKE BOOK (He likes the b o ok.)

LIKE refers to the sub ject HE, that w e call LIKER, and to the ob ject BOOK,

called LIKEE. The lexical en try for LIKE with all features:
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4.3.3 The Seman tic Principle

The seman tic principle uni�es the con ten t of a mother with the head daugh-

ter's con ten t.

De�nition 16 (Seman tic Principle) In any he ade d phr ase, the CONT

value of the mother and the CONT value of the he ad daughter must b e uni�e d.

The diagram sho ws the structural description tree for the sen tence JOHN

LIKE BOOK (John likes the b o ok) . Note the uni�cation of the con ten t,

esp ecially the restrictions.
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4.4 Lexical En tries

4.4.1 Phonology

T o complete our lexical en tries with all ma jor features, w e also ha v e to con-

sider the phonology of the w ords and phrases. Therefore the PHON feature

is used. F or a w ord, the list of the segmen ts and their ph ysical prop erties

can b e used, when relating to a segmen tal phonological mo del. But also a

Stok o e-based mo del lik e HamNoSys can b e implemen ted b y supplying a list

of the phonemes. An example for a PHON feature using the Mo v emen t-Hold

Mo del could lo ok lik e this:

PHON h [ HOLD, handshap e, lo c ation, . . . , non-manual signs ] ;

[MO VEMENT, movement c ontour, . . . ] ; � � � i

F or the phrase, all PHON features of the underlying w ords are com bined.

De�nition 17 (Phonological Principle) In any wel l-forme d phr ase struc-

tur e, the mother's PHON value is the sum of the PHON values of the daugh-

ters.

4.4.2 General Arc hitecture

As men tioned in the last section, w e still ha v e to motiv ate the in tro duction of

the lo cal feature LOC. Lo ok at the follo wing t w o questions (the wh-marking

expresses the non-man ual sign for wh-questions, lik e WHA T, WHO, WHY,

etc.):

(a)

wh

JOHN GIVE SAND Y WHA T? (What is John giving to Sandy?)

(b)

wh

*JOHN GIVE BOOKS SAND Y WHA T? (*What is John giving b o oks

to Sandy?)

Ob viously question (a) is missing a noun phrase, but it is still a correct sen-

tence. Ev en w orse, question (b), with the noun phrase included, is wrong. T o

handle these so-called long-distance dep endencies, the NONLOCAL feature

is needed. It builds a dep endency tree, and it is a replacemen t for Chomskys

transformational analysis (see c hapter 3.5). F or more detailed information

on long-distance dep endencies, please refer to the literature [Mat96][SW99].

In the complete arc hitecture the lo cal and the non-lo cal features are com-

binded to the o v erall SYNSEM feature. The iden ti�er sign represen ts wor d

and phr ase com bined and is not to b e confused with the Sign Language signs.
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4.4.3 Lexical Rules

T o reduce further redundancy in the lexicon, lexical rules are used to deriv e

lexical en tries from the basic lexical en tries, called the lexemes .

De�nition 18 [SW99 , p. 185] A lexic al rule X ) Y pr o duc es the lexic al

entry Y fr om the lexeme X by c opying al l fe atur es, with the exc eptions:

� If a fe atur e F has di�er ent values in X and Y , then the input and

output entries have di�er ent values for F .

� A value v for a fe atur e F in X , that is not sp e ci�e d for F in Y , is

applie d for F in Y .

� A value v for a fe atur e F in Y , that is not sp e ci�e d for F in X , then

the input value for F in X is uni�e d with v .

As an example, w e pro duce negated lexical en tries from our lexemes without

negation. Already negated lexemes lik e

Neg

NOT should b e ignored.

HOUSE )

Neg

HOUSE

SLEEP )

Neg

SLEEP

*

Neg

NOT )

Neg

Neg

NOT

The lexical rule for this generation copies all features except for the negation

NEG.

*

1 ,

"

wor d-lexeme

LOC [CA T [NEG no]]

# +

)

*

1 ,

"

wor d

LOC [CA T [NEG y es ]]

# +

4.5 HPSG in Con text

HPSG is not the only grammar framew ork a v ailable to da y . Our c hoice w as

HPSG b ecause of it's high p opularit y and the a v ailabilit y of the implemen-

tation system ALE. Other structures are also suitable, lik e the follo wing:
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4.5.1 T ransformational Grammar

Chomskys transformational grammar ([Cho75 ]) is able to handle complex

syn tactic constructions b y �rst building a tree with normal con textfree gram-

mar and then transform it in to di�eren t trees. F or example, an English

passiv e sen tence is deriv ed from the activ e part b y tree transformation.

4.5.2 The Standard Theory

Based up on the tranformational grammar b y Chomsky , Katz and P ostal

([KP64 ]) impro v ed it b y allo wing the use of recursiv e phrase structure rules

and, more imp ortan t, adding seman tic comp onen ts. The initial tree in the

deriv ation of the sen tence represen ts all necessary information while the w ords

and phrases are lo cated on the �nal tree.

4.5.3 Lexical F unctional Grammar

The Lexical F unctional Grammar (LF G) ([Bre82]) uses tree structures and

relational concepts. The t w o main features are the functional structure, used

mainly for agreemen t, and the constituen t structure, whic h is similar to the

�nal tree in the Standard Theory . LF G do es not use transformations. Sp eers

([dLS02 ]) uses the LF G framew ork for his Sign Language represen tation.



5. Conclusion

In this w ork, w e presen ted a formal framew ork for Sign Language. W e discuss

no w, what has b een done and what w ork lies ahead for the future.

First w e had a view on the linguistic theory of Sign Language and on

curren t topics of Sign Language researc h. W e discussed sev eral phonological

mo dels in general and the Mo v emen t-Hold Mo del in detail. The small lexicon

of signs in South African Sign Language rev ealed ho w the Mo v emen t-Hold

Mo del w orks. The morphology of American Sign Language w as in tro duced

to o.

Using our kno wledge of the linguistic lev els, w e w ere able to in v estigate

ho w Chomskys logical structure for linguistic theory applies for Sign Lan-

guage. An example ab out syllable construction in American Sign Language

w as sho wn and con textfree grammars w ere in tro duced.

The problems with the redundan t rules and arbitrary names of con textfree

grammars motiv ated the usage of a mo dern grammar arc hitecture, HPSG. W e

in tro duced heads and features, syn tactical and seman tical rules and lexical

en tries and implemen ted them using the Prolog-based system ALE. Finally

more complex rules w ere sho wn and other grammar systems w ere considered.

Using this gained exp erience for computational metho ds, w e are no w able

to implemen t customized grammar fragmen ts, complete with the corresp ond-

ing phonological basis. This allo ws translation, analysation and presen tation

of Sign Language with the computer as utilit y .

F or the translation to or from Sign Language, the grammar is needed to

build correct sen tences. Sev eral existing to ols can b e used as a parser for the

sp ok en language or to construct translation trees. These can b e link ed to our

Sign Language grammar in HPSG. Note that �rst the linguistic researc h for

the targeted Sign Language m ust b e done. In v estigations on the morphology

43
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and syn tax are necessary , and a lexicon con taining the essen tial v o cabulary

needs to b e assem bled. Deaf p eople should b e in v olv ed during the planing

and implemen tation of the pro ject, not only as a reference and for testing.

They should b e consulted for �nding the righ t goals of suc h a pro ject.

T ec hnically , the grammar should b e enhanced. The v ery complex mor-

phology of American Sign Language but also the syn tax needs more consider-

ation. Long-distance dep endencies should b e implemen ted and more features

supplied.

Suc h a grammar w ould allo w the linguist to analyse the common and dif-

feren t asp ects of Sign Languages in depth. T ranslation systems for t w o Sign

Languages w ould help to understand the historical and cognitiv e dev elopmen t

of Sign Language and ho w it �ts in to the univ ersal grammar system.

Finally a presen tation system is needed for Sign Language output. Our

framew ork, based on the Mo v emen t-Hold Mo del, but 
exible enough for an y

other mo del as w ell, supplies all necessary data needed for the correct visu-

alization. This should b e an a v atar system, capable to sho w all handshap es,

mo v emen ts and non-man ual signs.

Lo oking ahead, w e hop e that b etter equipmen t, deep er understanding

and more basic researc h on Sign Language impro v es the qualit y of life for the

p eople of the Deaf comm unit y . In return, w e shall learn more ab out a v ery

w onderful language, Sign Language.



A. The Mo v emen t-Hold Mo del

The features of the Mo v emen t-Hold Mo del in tro duced b y Liddell are de-

scrib ed according to the Lexicon Main tenance T o ol b y Sp eers.

The features are divided in to the segmen tal bundle, the strong hand (H

1

),

the w eak hand (H

2

) and the non-man ual features. Structure building features

giv e additional information.

The p ossible parameters of the v arious features in detail:

Segmen tal Bundle

The mobile timing unit determines, whether the segmen t is a mo v emen t (M,

D) or a hold (H, X). Note, that the mo v emen t units (M, D) only ha v e the

segmen tal bundle tier.

Timing Unit

M Mo v e mobile timing unit [-Fixed, -Durable], also needs a con tour.

D Mo v e mobile, durable timing unit [-Fixed,+Durable]

H Hold [+Fixed, +Durable]

X Hold non-mobile, non-durable timing unit [+Fixed,-Durable]

The con tour of a mo v emen t can b e straigh t, arc-lik e or a lo cal mo v emen t

without a path. The prop erties of the arc ha v e to b e sp eci�ed in detail,

while the lo cal mo v emen t is a feature itself.

Contour

Straight [+Direct,-Arc] Straigh t mo v emen t

Arc [-Direct,+Arc] Arc-shap ed mo v emen t

Non-path [-Direct,-Arc] Lo cal mo v emen t

45
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Superior

Inferior

Posterior

Contralateral

Ipsilateral

Anterior

A r c Contour

[+Superior] Up w ards

[-Superior] Do wn w ards

[+Anterior] F orw ards

[-Anterior] Bac kw ards

[+Ipsilateral] T o the ipsilateral side

[-Ipsilateral] T o the con tralateral side

If a con tact o ccurs on a segmen t, touc h is used.

T ouch

[+Touch] A con tact o ccured

If a segmen t is signi�can tly shorter or longer, temp oral qualit y is used.

T emp or al Quality

Sustained Longer duration

Clipped Shorter duration

Similar, if a segmen t has enlarged or reduced mo v emen t, mo v emen t qualit y

applies.

Movement Quality

Enlarged Enlarged mo v emen t

Reduced Reduced mo v emen t

Sev eral lo cal mo v emen ts are p ossible. See section 3.2 for syllables construc-

tion in ASL based on the in v estigation of lo cal mo v emen t in the Moraic

Mo del.

L o c al Movement

Oscillating F urther information required

Zig Zig-zag mo v emen t

Circle Circular mo v emen t

Progressive Progressiv e handshap e c hange

Wiggle Wiggling mo v emen t

Oscil lating Movement

[hc] Oscillating handshap es

[rot] Oscillating rotations (orien tations)

[spat] Oscillating lo cations
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Strong/W eak Hand F eatures

The features of the con�guration, placemen t and p oin ting of the hand can

b e applied to b oth the strong (dominan t) and to the w eak (non-dominan t)

hand.

The hand con�guration is computed with the help of a hand con�guration

calculator. Note that if the forearm is included, then the rotation features for

the wrist apply to the whole forearm. Metacarpal exclusion instead means the

exclusion of c hanging the wrist. The follo wing features are to b e considered:

Hand Con�gur ation

Fingers to select Index, Middle, Ring and Pinky

Finger extension Op en, Flat, Ho ok ed or Closed, Rounded optional

Finger in teraction Radial Stac king, Ulnar Stac king, Crossed

and Spread

Th um b con�guration Unopp osed, Opp osed, Beneath, Lateral

or Neutral

Th um b extension Op en, Flat, Ho ok ed or Closed

Th um b con tact Con tact, Under Con tact or none

F orearm included y es or no

Metacarpal exclusion y es or no

F or the placemen t the hand site, the spatial relations and the fo cal site are

imp ortan t.

Figure A.1 sho ws the p ossible hand sites.

Figure A.1: P ossible hand sites (tak en from the Lexicon Main tenance T o ol)

The spatial relations de�ne the relation to the fo cal site.
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Sp atial R elations

[at] A t a lo cus

[contra] Con tralateral remo v al from a [-Man ual] lo cus

[ipsi] Ipsilateral remo v al from a [-Man ual] lo cus

[ant] An terior remo v al from a [-Man ual] lo cus

[post] P osterior remo v al from a [-Man ual] lo cus

[sup] Sup erior remo v al from a [-Man ual] lo cus

[inf] Inferior remo v al from a [-Man ual] lo cus

PA-> Remo v ed in the direction of the palm

BK-> Remo v ed in the direction of the bac k of the hand

BA-> Remo v ed in the direction of the base of the hand

TI-> Remo v ed in the direction of the tip

RA-> Remo v ed in the direction radial side

UL-> Remo v ed in the direction ulnar side

The fo cal site informs ab out the place in space, at the b o dy , at the head or

on the hand, where the sign is to b e articulated. The p osition can b e either

giv en b y its spatial co ordinates including the heigh t or b y the name of the

b o dypart. Figure A.2 sho ws the p ossible head and b o dy lo cations, �gure A.1

the p ossible hand lo cations and the follo wing tables the spatial co ordinates.

Sp atial Co or dinates

Medial 0 1 2

Proximal 0 1 2

Height

FH F orehead

NK Nec k

ST Stern um

CH Chest

AB Ab domen

Unsp eci�ed

Figure A.2: Head and b o dy lo cations (tak en from the Lexicon Main tenance T o ol)
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T o determine, where the hand is facing to, the already men tioned hand site

features are used. F urthermore the spatial relations no w state if the hand is

p oin ting to a plane or are near a plane. F or example within the sign SIGN,

b oth hands are near the midline plane.

Sp atial R elations

Unsp eci�ed

Points P oin ts to a plane

Near Near a plane

The fo cal site giv es a selection of p ossible plains.

F o c al Site

[HP] Horizon tal Plane

[VP] V ertical Plane

[SP] Surface Plane

[MP] Midline Plane

[OP] Oblique Plane

The rotation of the hand is giv en b y the listed prop erties. Figure A.3 explains

the terms pronated and supinated.

R otation

Unsp eci�ed

Pronated

Neutral

Supinated

Hyp er-pronated

Figure A.3: Pronation and supination (tak en from [Bre98 ])
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The 
exion and ab duction of the wrist also ha v e to b e sp eci�ed. Note that

if the feature \F orearm included" in the hand con�guration is selected, the

wrist prop erties apply for the whole forearm. Figure A.4 explains the use of

these features.

Wrist Flexion

W rist Flexed

W rist Extended

W rist Flexion Neutral

Wrist A b duction

W rist Ab ducted

W rist Adducted

W rist Ab duction Neutral

Figure A.4: Flexion and extension of the wrist and forearm (tak en from [Bre98 ])

The non-man ual signs (NMS) are an in tegral part of Sign Language. A sign

articulated without its facial expression migh t not b e understo o d. W e giv e a

small (incomplete) list:

Non-Manual Signs

Aspiration

Lip press

Mouth op en

No d

Puc k er

Shak e head

Suc k

The structure building features giv e further insigh t ab out the nature of a

sign. They are applied to the giv en segmen ts.

Structur e Building F e atur es

Alternating Dominance + = �

Bidirectional + = �

Reduplicated + = �

Symmetrical + = �

Recipro cal + = �



B. SASL Lexicon

Ov erview of all included signs:

I

I-NOT-UNDERST AND

I-UNDERST AND

MY

NAME

NIGHT

SIGN

UNDERST AND

W ORK

YES

YESTERD A Y

51
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I

Segmen tal Timing Unit H M H

Bundle Con tour/Flo w [str]

T ouc h [touch]

T-Qualit y

M-Qualit y

Lo cal Mo v e't

Strong Hand Con�g n-1+

Placemen t Hand Site TIFI

Sprel [ant] [at]

F o cal Site ST

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [sup]/Flx

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated �

Symmetrical �

Recipro cal �
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I-NOT-UNDERST AND

Segmen tal Timing Unit H M H

Bundle Con tour/Flo w [str]

T ouc h [touch]

T-Qualit y

M-Qualit y

Lo cal Mo v e't [prog]

Strong Hand Con�g n-1234- n-1+

Placemen t Hand Site BAFI

Sprel [at] BK->

F o cal Site TM p2FH

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [neut]

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS Head Shake

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated �

Symmetrical �

Recipro cal �

Commen ts: See also I-UNDERST AND and UNDERST AND.
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I-UNDERST AND

Segmen tal Timing Unit H M H

Bundle Con tour/Flo w [str]

T ouc h [touch]

T-Qualit y

M-Qualit y

Lo cal Mo v e't [prog]

Strong Hand Con�g n-1234- n-1+

Placemen t Hand Site BAFI

Sprel [at] BK->

F o cal Site TM p2FH

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [neut]

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS Nod

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated �

Symmetrical �

Recipro cal �

Commen ts: See also I-NOT-UNDERST AND and UNDERST AND.
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MY

Segmen tal Timing Unit H M H

Bundle Con tour/Flo w [str]

T ouc h [touch]

T-Qualit y

M-Qualit y

Lo cal Mo v e't

Strong Hand Con�g n-1234-

Placemen t Hand Site PA

Sprel [ant] [at]

F o cal Site ST

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [neut]

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated �

Symmetrical �

Recipro cal �
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NAME

Segmen tal Timing Unit H M H

Bundle Con tour/Flo w [str]

T ouc h [touch] [touch]

T-Qualit y

M-Qualit y

Lo cal Mo v e't [prog]

Strong Hand Con�g o^1^ o^c1^

Placemen t Hand Site RAFI

Sprel [at] BK->

F o cal Site LP

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [neut]

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated �

Symmetrical �

Recipro cal �
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NIGHT

Segmen tal Timing Unit H M H

Bundle Con tour/Flo w [arc]/[-ipsi]

T ouc h

T-Qualit y

M-Qualit y

Lo cal Mo v e't

Strong Hand Con�g /n-1+

Placemen t Hand Site HAND

Sprel RA-> [at]

F o cal Site m0CH

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [pro]/AbdN Add

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated �

Symmetrical +

Recipro cal �

Commen ts: Due to the feature \Symmetrical" , the information for the w eak

hand is not needed.
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SIGN

Segmen tal Timing Unit H M X M H

Bundle Con tour/Flo w [arc]/[+ant] [arc]/[-ant]

T ouc h

T-Qualit y

M-Qualit y

Lo cal Mo v e't

Strong Hand Con�g n+1234v+

Placemen t Hand Site HAND

Sprel [sup] [inf] [sup]

F o cal Site m1CH

F acing Hand Site PA

Sprel [near]

F o cal Site MP

Rotation Rotation [neut]/Ext

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated +

Symmetrical +

Recipro cal +

Commen ts: Due to the feature \Symmetrical" , the information for the w eak hand is not needed.
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UNDERST AND

Segmen tal Timing Unit H M H

Bundle Con tour/Flo w [-path]

T ouc h [touch] [touch] [touch]

T-Qualit y

M-Qualit y

Lo cal Mo v e't [osc]/[hc]

Strong Hand Con�g n-1234- n-1+

Placemen t Hand Site BAFI

Sprel [at]

F o cal Site TM

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [neut]

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated +

Symmetrical �

Recipro cal �

Commen ts: See also I-NOT-UNDERST AND and I-UNDERST AND.
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W ORK

Segmen tal Timing Unit H M H

Bundle Con tour/Flo w [str]

T ouc h [touch]

T-Qualit y

M-Qualit y

Lo cal Mo v e't

Strong Hand Con�g /n+1234+

Placemen t Hand Site UL

Sprel [at] RA->

F o cal Site m1CH m1ST

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [neut]/Add

W eak Hand Con�g /n+1234+

Placemen t Hand Site RAFI

Sprel [at]

F o cal Site m1CH

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [neut]/Add

NMS NMS

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated +

Symmetrical �

Recipro cal �
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YES

Segmen tal Timing Unit X M X

Bundle Con tour/Flo w [-path]

T ouc h

T-Qualit y

M-Qualit y

Lo cal Mo v e't [osc]/[rot]

Strong Hand Con�g n-1234-

Placemen t Hand Site HAND

Sprel [at]

F o cal Site m1ST

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [pro]/FlxN Flx

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated �

Symmetrical �

Recipro cal �
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YESTERD A Y

Segmen tal Timing Unit H M H

Bundle Con tour/Flo w [str]

T ouc h

T-Qualit y

M-Qualit y

Lo cal Mo v e't

Strong Hand Con�g /n+1234-

Placemen t Hand Site HAND

Sprel [at] RA->

F o cal Site m2ST

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation [neut]/FlxN Flx

W eak Hand Con�g

Placemen t Hand Site

Sprel

F o cal Site

F acing Hand Site

Sprel

F o cal Site

Rotation Rotation

NMS NMS

Structure Building F eatures

Alternating Dominance �

Bidirectional �

Reduplicated �

Symmetrical �

Recipro cal �



C. Implemen tation in ALE

Our grammar fragmen t w as implemen ted in ALE ([Mat96 ]), a grammar sys-

tem based on Prolog. ALE supp orts all features and structures of HPSG.

W e sho w parts of our program, the t yp e hierarc h y is giv en �rst, then the

lexical en tries, the lexical rules, the syn tactical rules and �nally the principles.

The T yp e Hierarc h y

As a reminder, the general t yp e hierarc h y lo oks lik e this:

2

6

6

6

6

6

6

6

6

6

6

6

4

sign

PHON h : : : i

SYNSEM

2

6

6

6

4

LOC

"

CA T category

CONT con ten t

#

NONLOCAL non-lo cal

3

7

7

7

5

3

7

7

7

7

7

7

7

7

7

7

7

5

Let us in tro duce the t yp e hierarc h y . In ALE all features b elong to the t yp e

bot .

bot sub [sign, synsem, loc, non_loc, cat, cont,

head, list, features, boolean, neg, ind].

The feature SIGN holds the phonology as a list and the SYNSEM part.

sign sub []

intro [phon:list,

synsem:synsem].
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All syn tactical subfeatures of SYNSEM and a b o olean t yp e are in tro duced:

synsem sub []

intro [loc:loc,

non_loc:non_loc].

non_loc sub [].

loc sub []

intro [cat:cat,

cont:cont].

cat sub []

intro [head:head,

subj:list,

comps:list,

neg:boolean].

head sub [noun, verb].

noun sub [].

verb sub [].

boolean sub [yes, no].

yes sub [].

no sub [].

The t yp e hierarc h y for the CONT feature is sligh tly more complex than in tro-

duced b ecause of the feature PSO A (state of a�airs), follo wing the suggestions

of the b o ok.

% -------------- Semantic types

cont sub []

intro [index:ind,

restr:set_psoa].

% ----------------------- nom_obj

nom_obj sub []
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intro [index:ind,

restr:set_psoa].

% ----------------------- ind

ind sub [].

% ----------------------- psoa

psoa sub []

intro [nucleus: qfpsoa].

%----------- qfpsoa def taken from hpsg.pl in ALE

qfpsoa sub [property,un_relation, bin_relation, tri_relation].

property sub [book]

intro [instance:ref].

book sub [].

un_relation sub [snore].

snore sub []

intro [snorer:ref].

bin_relation sub [like].

like sub []

intro [liker:ref,

likee:ref].

tri_relation sub [give].

give sub []

intro [giver:ref,

givee:ref,

gift:ref].

The phonological features do not need a complex hierarc h y . This list is not

complete, it just sho ws the idea.

features sub [move, hold, one_o_minus, rafi, prox, ipsi,
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contra, non_manual_negation].

move sub [].

hold sub [].

one_o_minus sub [].

rafi sub [].

prox sub [].

ipsi sub [].

contra sub [].

non_manual_negation sub [].

The Lexical En tries

Some lexical en tries are sho wn here. The phonological list is not pro vided.

Note the @np , it refers to a macro con taining the features for the noun phrase

category .

%% ---- Proper Nouns

john ---> phon:[],

@np,

synsem:loc:cat:neg:no.

%% ---- Nouns

house ---> phon:[],

@np,

synsem:loc:cat:neg:no.

dog ---> phon:[],

@np,

synsem:loc:cat:neg:no.

%% ---- Verbs

buy ---> phon:[],

synsem:loc:cat:(head:verb,

subj:[@np],

comps:[@np],

neg:no).
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sleep ---> phon:[],

synsem:loc:cat:(head:verb,

subj:[@np],

comps:[],

neg:no).

Lexical Rules

Our lexical rule for the negation has a **> standing for the ) relation.

All features sta y , except for the NEG feature. Note also that the NON-

MANUAL-NEGA TION feature is added to the phonological list. The neg_

string is added to the name of the lexical en try , so john b ecomes neg_john

represen ting the marking.

negate lex_rule

(phon:Phon,

synsem:loc:cat:(head:Head,

subj:Subj,

comps:Comps,

neg:no))

**>

(phon:[Phon,non_manual_negation] ,

synsem:loc:cat:(head:Head,

subj:Subj,

comps:Comps,

neg:yes))

morphs

X becomes (neg_,X).

Syn tactical Rules

This is the sub ject-head rule. The SUBJ is uni�ed with the en try of the

sub ject-daugh ter Sub jDtr. The goals are the principles, that are the uni�-

cation of the head of the mother and it's daugh ter and the concatenation of

the phonological features.

subject_head rule

(Mother, phon:ConcatPhon, synsem:loc:cat:(subj:[],

comps:[],

neg:no))
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===>

cat> (SubjDtr, phon:Phonem1, synsem:loc:cat:neg:no),

cat> (HeadDtr, synsem:loc:cat:(subj:[SubjDtr],

comps:[],

neg:_),

phon:Phonem2),

goal> (head_feature_principle(Mother, HeadDtr),

append(Phonem1, Phonem2, ConcatPhon)).

Principles

These are the ab o v e men tioned principles. Only if the t w o parameters of

the head-feature principle can b e uni�ed, is the principle true. The app end

principle concatenates t w o features to a list and returns true.

head_feature_principle(synsem:loc :cat: head: Head ,

synsem:loc:cat:head:Head) if true.

append([],Xs,Xs) if

true.

append([H|T1],L2,[H|T2]) if

append(T1,L2,T2).
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