Diagram Understanding Utilizing Natural Language Text
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Abstract as the extension of diagram analysis (ex. [Lak87, Fut90,

, ) , ) ] PSSW89)); researches to summarize textual data and gen-
Diagram understanding and its cooperative use with other ¢ 4te a5 diagrams (ex. [Tab91, ET91]); researches on multi-
media are important subjects in both pattern understand- yedia for user interface or presentation (ex. [AMSSS,
ing and communication. However, it is quite difficult to  Nsgg RMMSS FMO9O0)).
understand diagrams without supplementary explanation These researches, however, analyze diagrams or gen-

by olir;er media. _Fortr(ljis purpg;e, er p(;(_)pose abnewlll‘-ra-me- erate diagrams by using knowledge about diagrams quite
work for semantic understanding of a diagram by utilizing separately from natural language information. There are

tgxtual mformgtrl]oln. l'lnkthls framework, thhe elements 'r_‘ a stronger demands for developing a framework to integrate
diagram Ialre tightly linked todwrt])rds or other structure 'P textual information and diagram information for multi-
a natural language text, and the semantic structure of a . qia database and knowledge base.

diagram is interpreted clearly by using natural language For this purpose, we propose a new framework for the

|nforrr_1at|or]:.h The obtaln((ajd relsglt cgljtrlbutes to the con- integration of diagram information and textual information
struction of hyper-text and multi-media. for semantic understanding of a diagram. In this paper, we
show the basic idea of the integration across media, the
. methods for elements linking across media, and semantic
1 Introduction interpretation of elements.

) The experiments for the diagrams and texts taken from
Generally, diagram and text are used complementary as ef+,q Encyclopedic Dictionary of Computer Science (here-

fective means of communication in many situations. Al- afiar abbreviated a&DCS. Iwanami Publ. 1990) showed
though a text can convey precise information with one di- he effectiveness of our framework.

mensional sequence of letters, textual data are sometimes

quite complicated and redundant including a lot of mis-

cellaneous information. On the other hand, a diagram can ; :
express an idea very clearly in a two dimensional structure. 2 Dlag ram U nderstandlng

People often use diagrafis describe their concepts to . .
their audience in their presentation. However, it is difficult 2.1 Understanding across Two Media

to unde.rstand the semantic structure of a dlagr.am W',thOUtThe aim of this research is to clarify the way of integrating
textual information. Consequently, we have to investigate diagram information and natural language information.
the mechanism of cooperative usage of both information First we assume that the information in each medium

sources. As one important topic of this field, we have in- . . . : .
vestigated the diagram understanding by using natural lan-'> organized in a network after some process in which ele-

uage text analvsis ments are extracted and organized by certain relationships.
g T?] yf ' h tobi lated to this: In other words, elements (ex;) in each medium are ex-

ere are a lew research topics reated 10 this. T€- yacted and relations (exelation({x1, x2}, reltype)) be-
searches to recognize the semantic structures of a dlagran?Ween them are extracted. Then, we consider the integra-
IFor the simplicity of notation, we use the term “diagrams” for figures 0N Of m_ed_ia as the comb_in:fition of tV\_/O important pro-

and other style of diagrams. cesses, linking and semantic interpretation.




Figure Text Table 1: Example of Semantic Categories
Element transmission: transmit, send, inform, etc.
transformation: transform, deform, etc.
operation: repeat, do, work, etc.
creation: create, make, generate, etc.
appearance/extinction: appear, disappear, etc.
observation/record: observe, record, analyze, etc.

Relation \Semantlc
' Thesaurus §J interpretation . . i
; example: A link of this type shows that a figure element
; : is one example of a natural language element, or vice
versa.

description: A link of this type shows that a natural lan-
guage element is a description for a figure element
(but no natural language element which is identical to
the figure element can be found).

Figure 1: Integration of a Diagram and Text

linking: An element of a diagram and the corresponding . .
element of natural language text (word, etc.) have a 2-3 Semantic Interpretation

link (across media). - L .
The semantic interpretation is considered as a set of map-
semantic interpretation: To each element, an appropri-  ping (si) from an element (or a relation) to a semantic cat-
ate semantic interpretation is attached. egory. We prepared 21 categories (several are shown in
We can see an example in Fig.1. Initially, each element Table 1) to roughly meet variety of notions expressed in
in the two media (diagram and text) is not related to each diagrams in encyclopedic dictionary or other texts. This
other at all. By analyzing each medium, the elements are categorization is made by human by using thesaurus infor-
connected by relations within each medium. By linking matior?.
corresponding elements (for exampi,andAn) between With these semantic categories, let us denote semantic
the two media, the data of diagram and text are integrated.interpretation across media as follows:
At the same time, the structure is semantically interpreted ]
by using thesaurus information. Assume, for example, that si(di, nj, scr) @)
Bf has semantic interpretatids, and that there is a link The above formula shows that a diagram ele-
which shows the equality df andBn. In this case, the  ment/relationi; has a correspondence to a natural language
two elements from different sources can share the sameelement/relatiom;. The semantic interpretation that these
semantic interpretation. two share isscy,, that is one of the semantic categories.
Let us describe the two important notions briefly in the
followings.
3 Diagram Information
2.2 Linking between Two Media . _ .
In this research, the following structure of a diagram, that
This operation can be considered as a process to generat@ve callphysical structurgis handled.

links denoted as follows. physical element: letters (letter, word, sentence), line

link(d;,n;, linktype) Q) (straight line, dotted line, curve, arrow), geometric el-

wherelinktype is a category of a link ( mentioned below). ements (circle, ellipse, rectangle, polygon), and en-
d; is a diagram element or a relation, anglis a natural closure.
language element or a relation. physical relation: spatial  relationship  (inclusion,

There can be many kinddifktype) of correspon- overlapping, touch, stab, adjacent, parallel,
dences between elements in two media. In this research,  collinear/alignment (horizontal, vertical, oblique)),
however, we use only three kinds of links as shown be- relationship of attributegshape, inner region (color,
low, since it is difficult to detect delicate relationships at texture), and boundary (line width, dotted, line
the current stage. color))
identical:  Alink of this type shows equality of elements 2Since this categorization is adjusted for the analysERES, further

in a diagram and a text. tuning may be required for the diagrams in other fields



Table 2: Physical Elements which can be interpreted as4  Textual Information
logical relations

We consider a text as a collection of words tightly related
to each other. In this sense, the natural language elements
in the formulae (1) and (2) are the words in a text and the
relations between words. We handle this structure in three

enclosure: an enclosure in which more than one element forms:
are located. This element can be interpreted as rela-word: Nouns and verbs in any part of a text. Words are
tion of enclosed in the same enclosure basis of linking and semantic interpretation.

case frame: The meaning of each word or a relationship
between words can be detected by checking up to
However, we need more abstract structure of a diagram  which slot of a case frame the word corresponds. The

line: aline (on the condition that it has adjacent to some
other elements), an arrow. This element can be inter-
preted as relation afonnected by a line (arrow)

in which notions and relationships between notions are ex- fo||owings are the pieces of information held by case
tracted and related to each other. For this purpose, we clas-  frames.
sified figure elements into three groupsgical elements (a) A relation (of other types) between words.

logical relations andlabels ex. A verb(wd,) B

logical element: An element which corresponds to an = relation({wd;, wd;, ...}, wdy),
atom of notion. wherewd; is a word specifying the relation.
logical relation:  An element or a relationship which cor-  (b) A direct mapping from diagram contents to a word or
responds to relationships between “logical elements” semantics.
label: The words attached to logical elements or relations ex. A (for instance, “upper left box'ls B.
for their explanation. = link(d;, wdy, identical)
We call this structure thiegical structureof a diagram. (c) A direct semantic description of a word.
To get logical structure, we need the conversion from the ex.Ameans B = si(wd;, sc;)
physical structure, since they are not directly correspond- (d) Equivalence of the semantic categories of words.
ing. Currently, our criterion for the conversion is simple: (e) Equivalence of words in a context.
Every physical element/relation can be translated coordinate strgcture: A coordinate structure sh_ows that
into any of logical element, relation and label, if the coordinate words have the same meaning or they
it has possibility. are replaceable.
ex.A,Band C are ....
Therefore, the following conversion is performed. = relation({wd;, wdy }, coordinate)

« Special kinds of physical elements shown in Table 2 These are obtained through natural language process-
can be interpreted as both logical elements and logical ing: morphological analysis [Nag92]; dependency analysis
relation. [KN92]; finally case frame analysis by pattern matching.

e A word (letter) can be interpreted both as an element We have to skip details for lack of space.

and as a label.

e Other physical elements are interpreted as logical el- 5
ements.

e Physical relations are interpreted as logical relations. As mentioned in Section 2, the integration process is

For example, an arrow, which is a physical element of mainly composed of linking process and semantic interpre-
a diagram, may be classified not only alogical element  tation process. Since the intermediate result obtained these
but as dogical relationbecause it simply expresses some two process is not reliable, two more process are performed
relationship between physical elements. to obtain better results. We show these four processes in
the followings.

Integration Process

In addition to that, each word (sequence of letters in a
diagram) is attached to the nearest logical element as a la-
bel. The pair is considered as an element of a diagram. Theg 1 Linking Process
label is used in checking relationships in natural language
expression, while the logical element is used in checking During the linking process, links mentioned in Section 2
relationships between logical elements in a diagram. are generated. The conditions to generate links are the



similarities of words in letter expression and case frame in-

formation obtained by text analysis shown in the previous

section.

similarity of words: The similarity in letter expression
between the labell¢) and a word {d). For ex-
ample, “subway” and “way” is similar in letter ex-
pression. Exact match generatesidantical link.
Partial match with high score generatesidentical
link, while partial match with low score generates an
example link.

direct pointing: The direct pointing of a physical ele-
ment by words, for instance, “the upper right box”.
This generates aklentical link.

description: If a case frame includes words which cor-
respond to elements in either mediudescription
links are generated.

5.2 Semantic Mapping by Thesaurus

Level 1

Verb/)\ou

7N\
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Level 4

,,,,,,,,,,,, Level 5
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Figure 2: Brief overview oBGH

links to words are sparse in usual case. We need further op-
erations for the rest. For this purpose, two operations are
performed, that are propagation of semantic interpretation
and refinement after that.

For the propagation process, we picked up stable struc-
tures which appear frequently in many situations. Fig.3
shows three of them which includdentical links. (a) is
the simplest one that appears frequently. (b) is a more gen-

To find the category of a word and to find the similarity o5 one in which elements are connected by relations and

between words, we use a thesaurus organized in a net
work. Although there are many thesauruses we can read

on computer, there are only a few in which words are hi-
erarchically organized. ‘Bunrui Goi Hyou’ (abbreviated as
BGH)[Lan64] is one of these thesaurus in which “verb”s
and “noun”s are hierarchically organized according to the
semanticsBGH has a six layer abstraction hierarchy, and

more than 60,000 words are assigned to its leaves. A frag-

mentary portion of the structure BIGH is shown in Fig.2.
By checking the location of a word iBGH, we can

estimate rough meaning of a word. In other words, we can

regardBGH as a mapping functionA{ap) from a word
(wd) to a semantic categorgd).

3

Map(wd;) = s¢; = si(—,wd;, sc;)

where “—” means something that is not specified.

links.

Using these structures, the propagation process attach
semantic interpretations to the elements which have not
been attached yet. The basic idea is to complete the stable
structure that is mentioned above by giving an appropriate
semantic interpretation. Assume that a diagram eleaent
(which has an interpretatiost;) and natural language el-
ementn; have andentical links between them. Them;
has strong possibility of having the same semantic inter-
pretationsc; . Therefore, this operation gives; to d;.

This operation can be formally denoted as the following
heuristic rules.

si(dy, —, sc1) A link(dy, ny,identical) = si(dy,ni,sc1)

In this research, each pre-defined semantic category e have ten more rules for propagation according to

shown in Table 1 has a certain scopdBiBH. The seman-
tic interpretation of every word in inside the scope can be
regarded as this category.

It is often the case that a word is classified into more

than one category, since the boundaries of categories can

overlap. For example, the word “way” can be used as ei-
ther “place(road)” or “means”. In this case, the semantic
interpretation of the word is a set of categories.

5.3 Propagation and Refinement

The interpretation obtained by the previous step is not re-

liable enough. One reason is the multiple interpretation

variety of structures which include variety of links. Using
these rules, the propagation process repeats the following
operation:

For each element that has no semantic interpre-
tation, attach appropriate interpretations by cre-
ating the stable structures.

After all possible propagations are performed, the re-
finement process takes place. In this process, multiple in-
terpretations which are mutually contradictory are reduced
to the most possible candidate(s) by checking the con-
straints to other elements tightly related.

The operation we took is very simple. For each element

mentioned in the previous section, another is the sparsenesthat has more than two semantic categories, the intersection
of the links. Not many elements in both media can be se- to the categories of elements which are related by strong
mantically interpreted, since diagram elements which have relations are checked. Finally, we get the unified result.



identical

del nel [ The linking result before refinement process is partially

de: element in a diagram shown in Fig.4. The translations of Japanese words are
r:relation in a diagram 3 T
ne: element in a text presented in Table 3. The result of semantic interpreta-
tion is shown in Fig.5. In this example, most figure el-

Link

G

del %A ne1 del<2 e ements in the diagram are given semantic interpretations
2 identical n:g dra e which incl'ude corrgct semantig categori_es, although sev-
; ; j identical eral are given multiple semantic categories (Thel! O
B B V1 de2 O (system architecture design)”, for example, has three
®) © interpretations). A few of them are interpreted incorrectly

because the wrong interpretations are propagated through

(@) link(dei,ne1,identical), si(dei,nei, sc1) wrongidenticallinks.

( ), si(

(b) link(de1,ne1,identical), si(de1,ne1, sc1)
link(dez, nes, identical), si(des, nes, sca)
link(drs, nes, identical), si(drs, nes, scs) Table 3: Japanese Text and English Translation

() link(dei,ne1,identical),link(desz, ne1,identical)
drs = relation(des, dez, coordinate),

) : 0000 (000 0000)design process
si(de1, ne1, sc1), si(dea, neq, sci)

000000 oooooooooog,ooocoooon (de-
sign methodologyl 000 000000000000 O0O
00000.0000000000,0000 (manufacturing
6 Experimental RGSU't process)1 000 (testprocess OO OO0 OOOOOO
oo0.00o0o0ooodbooooo,booo,o0o0o,0d
0o,0000,0000@UOo Lsioon),ooooo
O00O00OonD.0000000000nooO, ...

Figure 3: Basic Structure for Semantic Propagation

Targets

We applied this system to about ten topics which contain
[9|taht|V?|)|’| Slmple qtlag'ra.lms. Topics are selected according The flow of operations in which designs of several steps are
0 the Tollowing criteria. proceeded to attain objective hardware according to design

e Diagrams which contain physical elements in Sec- methodology. Manufacturing process and test process follow
tion 3 are chosen. this process to obtain the hardware we want. The process is

e Topics in which a text does not describe the diagram foughly composedof................
enough are chosen. Translation of important terms in the diagram

0O O 00O : system architecture design,0 O O : functional de-
. sign,0 0 0O O: circuit design,0 0 0O O : logic designd O O
Flow of Operatlons O : testdesignd O O O : physicaldesign) OO 0000 OO
The flow of whole operations is as follows: 00 0: library database) 00 00 OO : layout designd O :
manufacturingd O : test,00 O : completion,0 O O O : manu-
facturing procesd,) 0 O O : test process,] 00O O O : test data

Design process (Hardware)

1. The input diagrams are selected fr&&®CS. They
are encoded as a set of physical structures mentioned
in Section 3 by human hand.

2. Independent analysis of a diagram and text.
3. Linking and Semantic Interpretation.

4. Interpretation propagation and Refinement 7 Conclusion

Results
We proposed a new framework for the integration of di-

Through experiments, about half of the elements in dia- agram information and textual information. The follow-
grams were correctly interpreted. Rest half of elements areing structure for both media are proposed: physical struc-
left un-interpreted or mis-interpreted. This is mainly be- ture and logical structure for diagrams; words, case frames,
cause of the lack of description by text and the mismatch and coordinate structure in natural language text. Two
of the semantic categories (pre-defined in Table 1) to the important integration processes are proposed: linking el-
semantic structure of a diagram. Although obtained links ements across media; semantic mapping with thesaurus.
between the two media are rather sparse, most of them arel'he experimental system worked out fairly well for rela-
correctly generated. tively simple diagrams ieDCS.
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