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Abstract—The process of marking up the syntactic structure of in terminal position in the tree. [7, chap. 14], and otheeseh
the sentences in a corpus is facilitated by having a graphi¢aree  found it useful to have non-terminal empty nodes to repriesen

editor. A type specification constrains the nature of acceptble things like coordination and ellipsis
trees, and visual indication of non-conformities makes caections )

easy. Projectivity checking can also be a useful way to notc
errors, depending on the linguistic design of the tree type ) o )
specification. A small test corpus has been marked up using i The notion of projectivity describes a formal property of

method. Only the English language has been investigated sarf the kind of trees that are natural for representing the major
and the tool takes no other input than the type specification ad jt, of constructions in the common languages. The explicit
the corpus. Adding a lexical database is an obvious way to mak . .
it more generally useful, mcomp_leteness of this statement_ reflects the facts that, as
far as is known to the present writer, no language has been
|. INTRODUCTION found whose syntax can be consistently represented usigg on
HIS paper presents a graphical editor for dependenggojective trees, and the frequency of constructions it ldrou
trees, which typically represent the syntactic structulee natural to represent non-projectively seems to varyeduit
of sentences. Nodes in the tree correspond to tokens in tiie fostering a suspicion that some language may in facitexi
sentence. The dependency links between the nodes carmbere those constructions are the majority.
edited using ‘drag and drop, and the link labels and nodeAs to the property itself, [8, p. 183] offers a succinct
types and attributes selected from pop-up menus. The tdoimulation. A dependency tree representation of a seetenc
also supports a type specification of the trees, defining ttseprojective if
possible combinations of node and link types. Errors in theo No two branches of the tree cross one another.
tree relative to the type specification are indicated vigual © No vertical projection from a node onto a horizontal line
and the available choices for labels, types, and attribates drawn below the tree crosses a branch of the tree.
limited to those that are compatible with the type specificat An example of a construction in English that it is natural to
A dependency type specification for English has been crigpresent by non-projective trees is relative clausesefexé
ated, and a test corpus of 691 sentences has been markedhgprelative pronoun fills the subject role).
to verify the usefulness of the tool. The intended applirati
for this work is rapid construction of consistent markup 0?' Levels
syntactic structure in corpora. After a couple of backgun When dependency representations are used for the syntactic
sections, on dependency grammar and tree editors, there Sifecture only, as in e.g. [2] and [9], then tréese sufficient,
two sections on the type specification, followed by one o#d, with some exceptions noted in section II-B, they can
the data format, one on the tool, one describing the restilts@gnerally be projective. In some corpora, dependencies are

experiments to date, and one on further work. used more generally, to represent also morphological and
semantic relationships, and then the graphs can easily get

Il. DEPENDENCY THEORY complicated, with multiple paths between nodes. One way

While the tool described here is a general tree editor, andt manage this complexity is to separate the representation
would in principle be possible to use it for a phrase-strieetuinto ‘levels, where each level is a separate graph, buthal t
corpus such as the Penn Treebank, it is mainly intended fﬁﬁphs have the same set of nodes (or where the nodes are
dependency type corpora, where there are approximately fi€least related somehow — a single node on the syntactic
same number of nodes in a tree as there are tokens in &gl may correspond to several on the morphological légel,
sentence (cf. [1, pp. 78ff]). example). In the Meaning-Text Theory [8], [6] there are seve
such leveld and in the Prague Dependency Treebank [10],
11] there are threé.The tool described here only supports a
éngle graph per sentence.

B. Projectivity

A. Tokenisation and empty nodes

In traditional dependency grammar [2, p. 512], [3, p. 306
[4, p. 260] it was always assumed that the nodes in th
dependency tree are exactly the words in the sentence. [3je. graphs with exactly one path between any two nodes.

pp. 46—7] and [6, p. 15] allow extra ‘empty nodésjut only  3Surface-phonological, Deep-phonological, Surface-tolguical, Deep-
morphological, Surface-syntactic, Deep-syntactic, S#ina
INodes in the tree that do not correspond directly to any paithen text. 4Morphology, Syntax, Meaning.
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the whisky is good but the meat is rotten
det  noun verb adj conj det noun verb adj
count = no baseform = be count = no baseform = be
num = singular tense = present num = singular tense = present
type = common type = common

Fig. 1. A graphical tree showing the syntactic structure

I1l. GRAPHICAL TREE EDITORS Examples of this are given in section V below. Besides the

With modern software development tools, it is a relativelfyPes Of the two nodes involved, and the label, a link type
simple matter to implement a graphical editor for Synta§pe_c|flcatlon_ can also constrain the direction of_the liret(l
trees, and several such applications are freely availdiie. ©F Might), which corresponds to word-order requirements. F
‘TrEd’ tree editof is designed for dependency trees ang®Me link types (e.g. ‘subject) there cannot be more than
has apparently been used in the creation of the Prague B8€ modifying a given token, but for others (e.g. ‘adverpial
pendency Treebarfk.Other examples include ‘Arboratrix’ there can. It has also been found useful to have a general

and ‘Treeform® None of these, however, perform type- ormeta—lt_avel' rule for conjunctions, as the alternative Wbbe _

projectivity-checking. to dupllcate_all (or most)_ of the_other rules, and for relativ
[12] and [13] report recent work on this problem whos&lauses, which systematlca_lly \_/|9Iate_(so to spea_k) both th

results have apparently not yet become publicly availabfrmal word-order, and projectivity. Finally, sometiméeere

The need for automatic checking of structural consistescy @€ N0de types (e.g. punctuation) and attributes (such as

mentioned in [12, p. 217], but this is very limited compareﬁemam'c information) in the data which have no function in

to the dependency type specification described in this papdf€ type specification and should be ignored. In summary, the
type specification needs to include the following inforroati

IV. FORMAT OF THE TYPE SPECIFICATION o Node types (part-of-speech codes)

L e . _~f0 Attributes, for each node type, specified either as a lisabfes,
When designing the type specification there is a trade-off~ - ‘any string.’ (cf. Table | below.)

betwgen expressiveness and adequacy on the one hand andy jnk |abels (dependency types, or ‘grammatical functipns’

practical usefulness on the other. There is, for exampleeatd o Legal combinations of node types (head and modifier) and link
relation between the number of node types and the number label type. Also includes the direction of the link, and the
of possible link types. A normal ‘subject’ link goes from a number of links with the same label that can modify the same

: ‘ v node. (cf. Table Il below.)
noun to a verb. If, as is often the case, ‘pronoun’ is a node | Exceptions: “extra” attributes: “meta-level rule” for danc-

type of its own, separate from ‘noun;’ then two link types are  tjons; unconnected tokens (e.g. punctuation); non-ptiggc
needed. In some part-of-speech code sets, the nouns have bee constructions (e.g. relative clauses).

sgbdivided into several differgnt ca_tegories, a_nd_ eacﬂnfuﬁe The next section explains how this has been used to describe
will then mean an extra ‘subject’ link type. Similarly, ifof e syntax of English.

instance, adverbials are sub-divided, then there will beta s

of link types that differ only in the label, as it will presuirig V. A TYPE SPECIFICATION FORENGLISH

be difficult to find any syntactic property that can be used to The dependency-based description of English syntax given
tell them apart. In this situation, there cannot be any aat@m pere is a development of [14] and [15] and exemplified by
way to recognise errors, which was of course the purposemf. 1. |t uses ten node types, and twenty link types. In g&ner
the type specification in the first place. the root of the sentence tree is the finite verb, except if the
One way to both have a reasonable set of node types agghtence is complex [16, p. 719], in which case the conjancti
avoid pointless multiples of link rules is sub-typing, s@tth s the root. The tokens are the surface forms, and all verbs
a rule can be said to apply to a certain node type if it algghd nouns have the baseform stored in an attribute. Names
has a given attribute (or even attribute with a specific Valugand numerical expressions) are one single token. Tab#sl |i
Shttp:/lufal.mft.cuni.czpajas/red/ t_he node_ '_cype_s and their attributes. In order to simplify the
Shittp-//ufal mff.cuni.cz/pdt2.0/ link speC|f|cat|_0ns, both nouns and verb.s.are more inclusive
Thttp://arboratrix.sourceforge.net/ classes than is perhaps traditional. Auxiliary verbs, amel t
8http://treeform.sourceforge.net/ infinitive marker, are distinguished with the help of tlaix’
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TABLE |

WORD CLASSES AND THEIR ATTRIBUTES

Word class Node Attributes Possible attribute values
type Obligatory Optional
Verb verb form base , present , past , pres_part , past_part
baseform (any string)
Auxiliary verb verb aux be , have, do, modal
form base , present , past , pres_part , past_part
baseform (any string)
Infinitive marker  verb aux to
form base
baseform to
Particle prt —
‘that’ that —
Pronoun noun type pronoun
subtype personal , reflexive | reciprocal |, relative ,
interrogative , demonstrative  , universal
assertive , nonassertive , negative
pers 1,2,3
num sg, pl
case common, subject , object , genitive
Determiner det type pre ,central , post , emphatic
pers 1,2,3
num sg, pl
gender masculine |, feminine , nonpersonal
case common, subject , object , genitive
Numeral noun type numerical
subtype date , measure , number, percent , time
Common noun  noun type common
baseform (any string)
num sg, pl
case common, genitive
Proper noun noun type proper
case common, genitive
Adjective noun type adjective
form base , comparative , superlative
Adverb adv form base , comparative , superlative
type wh
Preposition prep —
Sub. conj. subcj type wh
Conjunction conj —
Punctuation punc —
TABLE Il
SYNTACTIC DEPENDENCY TYPES(GRAMMATICAL RELATIONS)
Label Modifier Direction Head Number
(node type) (node type) of links
modal verb[form=base] N verb[aux=modal] One
perfect verb[form=past_part] N verb[baseform=have] One
progressive  verb[form=pres_part] AN verb[baseform=be] One
passive verb[form=past_part] N verb[baseform=be] One
do verb N verb[aux=do] One
infinitive  verb N verb[aux=to] One
that verb N that One
particle part N verb[ —aux] * One
subject pron  /noun / name/ that /! verb One
dirobj pron / noun / name / that N verb[ —aux] One
indobj pron /noun / name N verb[ —aux] One
complement adj /prep /that N verb[ —aux] Many
frontobj noun /! verb One
prepcompl pron / noun / name/ adv N prep One
adjcompl prep /that / verb[aux=to] N adj One
determiner det /! noun / nhame Many
premod adj /noun / name/ verb / noun Many
postmod verb / prep N noun Many
adverbial adv [ prep [/ verb (either) verb Many

'The node cannot have the attributix .
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sentence(0,”,[0,1,2,3,4,5,6,7,8],[])-

word(0,0, the, det, ] ).
word(0,1, whisky, noun, [type-common,num-singular,coun t-no] ).
word(0,2, is, verb, [baseform-be,tense-present] ).
word(0,3, good, adj, ]

word(0,4, but, conj, [

word(0,5, the, det, []

word(0,6, meat, noun, [type-common,num-singular,count-
word(0,7, is, verb, [baseform-be,tense-present] .
word(0,8, rotten, adj, ] ).
dependency(0,w(0), determiner, w(1)).

dependency(0,w(1), subject, w(2)).

dependency(0,w(2), conjunct, w(4)).

~———

noj ).

dependency(0,w(3),
dependency(0,w(5),
dependency(0,w(6),
dependency(0,w(7),
dependency(0,w(8),

complement, w(2)).
determiner, w(6)).
subject, w(7)).
conjunct, w(4)).
complement, w(7)).

Fig. 2. Prolog representation of the example sentence (fig.

Clause::= sentence(  SentNum, IdString, WordNums, NodeNums )
| word( SentNum, WordNum, Word, Category, Attributes )
| node( SentNum, NodeNum, Category, Attributes )

| dependency( SentNum, Depnode, Dependency, Depnodeto )
SentNum:=  Number (Identifying the sentence)
WordNum::=  Number (ldentifying the word)
NodeNum:= Number (Identifying the empty node)
IdString ::= Atom (Arbitrary string identifying the sentence)
WordNums::= List of numbers (In the right sentence order)
NodeNums:= List of numbers (In arbitrary order)
Word ::= Atom
Category::=  Atom
Attributes::=  List of pairs of atoms
Depnode:= w( WordNum ) | n( NodeNum )

Dependency:= Atom (Name of the grammatical relation)

Fig. 3. The format of the Prolog corpus data format

attribute. For the noun class, which here includes pronands which is useful if the data has semantic or some other type
adjectives used as heads of noun phrases, the correspondingarkup which cannot be type checked, and declarations of
attribute is calledtype .’ For the sub-category pronouns, ther@xceptions to the link direction constraints (and the ganer
is an additional distinguishing attributesubtype ,” which requirement that the trees be projective), which is needed f
is mainly used for other attribute type definitions that aneelative clauses.

different for the various pronoun subclas8es.

The link type restrictions (Table Il) fairly directly enced
well-known grammatical generalisations, such as thatether The editor uses a Prolog syntax data format. The example
cannot be more than one direct and indirect object per (mafi§ntence has the representation in Fig. 2, and Fig. 3 shews th
Verb_lo The telescopic structure Of Eng“sh Verb groups [14PNF of the format. Thenode /4 Clauses, of which there are
[16, pp. 151-3] is accurately represented by the four togtmd'one in the example, are used for ‘empty nodes’ (section)li-A
link rules in table II. In addition to the data in Tables | & I, This data format allows the dependency links to form arbjtra
there are various exceptions, including a meta-rule for- cographs, but the rendering code requires (at present) teee th
junctions, where aconj ' node is allowed in any position, are no directed cycles.
and can only haveconjunct ' child links. An example of Besides being (somewhat) shorter and easier for a human
this is shown in Fig. 1. to read and write, compared to XML-based formats (e.g. [17,

The type specification currently uses a Prolog syntax form&gect. 19.2]), data in Prolog format can be loaded into a @rolo
from which the tables (I & I) are automatically pretty-ptéul. interpreter database with a single command, and then eglor
As mentioned in section IV above, the format contains, kessidvery easily by querying the database, or printed in other
the token types and attributes, link types, and legal comiiprmats using short bits of code. This combination of human-

nations of these things, declarations of attributes to rignofriendly syntax for data and an interpreter with a database i
unigue to Prolog (and some closely related languages).

It would not be difficult to add functionality for reading
free text data, or importing/exporting XML, but in the forme
case, there need to be tokenisation rules, either harddoarde
specified somehow, and in the latter case a mapping between

VI. THE INPUT/ OUTPUT DATA FORMAT

9The attributes pers ;' ‘num,’ and ‘case’ are defined for certain sub-
classes only. This is not shown in Table | because of lack atespand is
motivated mainly on aesthetic grounds. It is not clear if itves any purpose.

10There can only be one each of the link typdidbj ' and ‘indobj
and the verb cannot have aaux’ attribute.
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i:
File Tools Agenda Help |
maodal
dirobj
postmod
adverbial
prepcompl
subject
infinitive
EOTpREERE- )
determiner prepcompl
L]
Meridian will pay a premium of %30.5 million to assume 52 billion in  deposits .
noLmn verh verb det i prep O verb verk noun Bl noun punc
wh wl w2 w3 wd w5 wE w7 wB wl wll wll wl2
type = proper aux =modal baseform =pay type = central baseform = premium subtype =measure  aux =to baseform =assume subtype =measure baseform =depasit
form = base num =sg type = numencal form =base type = numencal mm =pi
fype = comman type = common
¥
= |
| | Standard v Attributes
Wrong adverbial/dominant node type ‘noun' (w4) adj/adv/conjprep/subcifthat/verb = i 1= i
Wreng complement/dominant node type “noun' (we) verb ‘ 2 69 I
Wreng complement/dominant node type “noun' (w6) verb £ 3 Agenda_|
Wrong complement/medifier node type “prep' (w10) verb 4
w6 non-projective ¥ 5 - J
Kalashnikov 691 1/691

Fig. 4. Graphical dependency tree editor

the data objects (word classes, attributes, links) and XML common convention is to always split tokens at white
elements is needed. space, the editor also supports merging and splitting afriek
via pop-up menu options. In addition, the text of tokens
and attribute values can be edited in a separate edit box
'gtﬁnmediately above the error messages, cf. Fig. 4).

VIl. THE GRAPHICAL EDITOR

The editor displays a dependency tree in the classical for
[9, p- 16], [1, pp. 78-82] where the words are shown
the bottom in a straight horizontal line, and the nodes are VIIl. EXPERIMENTAL RESULTS

aligned horizontally directly above the corresponding agor A small corpus of 691 sentences [#5]originally from the

and vertically according to the structure of the tree (dbtua po, Treehank, has been marked up in the format described
%lrecteddagycllg gra;]pf;]). The I(ljnksl can tgen ge mOd('jf,'ed USING section v, using the graphical editor presented herer& he
rag and drop, with the tree display updated accordingy] are 15209 tokens and 12420 dependency links. Table Il shows

the type names and attnbut_e_s can be modified usINg POPHR number of occurrences for each node type and link label.
menus. The latter are sensitive to the type specification, $Re data is available at

that only valid choices are displayed. Any errors in the tree
relative to the type specification, are shown visually. 1e th http://www.basun.net/nlp/kalashnikov691/

case of invalid names (of node types, link labels, or attebl In total, in the 691 sentences in the corpus, four empty nodes

the background of the label changes to red. Other errors A% used, to encode ellipsed verbs and implied conjunctions

listed in a separate area below the tree display. - PR
) o . There are also four legitimate non-projectivities in thepecs,
As an example of how this works, in Fig. 4 there are two in- 9 brol

. ; o in ition h n or relative cl .
correct links, causing several type specification violaiorhe addition to the (ten or so) refative clauses
infinitive markerw7 has been linked to the noun ‘premium’ IX. FURTHER WORK
(w4) instead of the verb ‘payw2), which makes the link label

. P e Currently, the pop-up menus for selecting link labels and
adverbial  unacceptable. An infinitive clause modifying %ode attributes are sensitive to the type specification ab th
noun should have the labglostmod (cf. Table Il). The ype sp

second problem is that the preposition iv10) has been only valid choices are displayed. An obvious extension of

. o . his i I ke in nt the word string, for exampl
linked to the noun ‘$30.5 million’ \{6) instead of the verb t s 1S to aiso ta. € into account the word string, fo example
. : : . . by including attributes that occur on the same word in other

assume’ (v8). Here the link labetomplement is not right,

. o o g . senten in th r rh r fr ncy. | n
since it is supposed to be modifying a verb. This incorreudt i sentences in the co bus, pernaps so ted by freque cy tca
T be expected that there will be many word types, particularly
also cause a projectivity violation, reported on the wo@l

Because the dependen?y format de;crlbed above (sectlon V)‘AII that is complicated is unnecessary; all that is neceséa simple.’
treats names and numerical expressions as one token, whil®tichail Kalashnikov
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NODE TYPES AND LINK LABELS IN THE KALASHNIKOV 691 DEPENDENCY BANK (MAY 2009)

Node type Occurrences Link label Occurrences Link (cont'd) Occurrences
verb 2555 modal 159 complement 1010
prt 66 perfect 97 frontobj 15
that 137 progressive 69 prepcompl 1574
noun 4917 passive 127 adjcompl 76
det 1672 do 22 determiner 1791
adj 982 infinitive 231 premod 1604
adv 651 that 137 postmod 1293
prep 1600 particle 66 adverbial 1326
subgcj 165 subject 1170 apremod 39
conj 358 dirobj 642 subcon;j 165
punc 2099 indobj 8 conjunct 760

in closed classes, where the entire set of attributes sHmildup is quick and easy. If the type specification is designed so
identical on all occurrences in the corpus. In those cases that most legal trees are projective, which is natural astlea
tool could simply fill in the whole set automatically by defiau for English, and the exceptions are noted, then projegtivit
Since a number of dictionaries are available in machinehecking can also be helpful for ensuring that the trees are
readable format, it would also be possible for the tool téorrect.
maintain a lexical database and use this to find suggested

node types and attributes for new words. This would of course
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involve not just parsing the data format of the dictionanyt b Mark Steedman and Erich Rast commented on a draft

also selecting which pieces of information from it to useg a
how to map this to the categories described in section V.
It seems likely that the type specification formalism will

need some further development, to handle other varieties
the English language, besides financial news, and, of course
to be useful also for languages other than English. Ver litt [!
thought has been given to this problem so far. Since the quitg
limited specification format in section IV seems adequate fo
(a large subset of) English syntax (cf. section V), and manip!
parts of it seem to apply equally to other languages, it otmht (g
be possible to create a format general enough for any natural
language, which would clearly be a useful thing to do. g}

As mentioned in section VI above, adding facilities for
importing and exporting corpus data in other formats, sucfe]
as XML, would be both useful and not very difficult. Thel®!
main problem is to define a general and flexible way to define
the mappings between the node types and link labels in the
dependency format (section V), and the XML elements in tH&!!
data file format.

Additionally, there are of course many possibilities forz]
further development of the visual display of type specifaat
errors, but that has not yet been felt to be necessary. The mos
important operations when marking up a corpus is to edit tfi]
links (drag and drop) and attributes (pop-up menus), and the
colour coding of errors is helpful for this, but it is not ctda
adding more colours, for example, would bring any benefit$14]

X. CONCLUSIONS
[15]

A graphical tree editor is useful for marking up the syntacti
structure of the sentences in a corpus. With a formal specifié]
cation of the legal combinations of node types and link lape

. J oo . 17
and visual indication of any deviations, the process of mar ]

pversion of the paper.
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