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Integration of Document Representation,
Processing and Management

ANDREAS DENGEL & NELSON M. MATTOS1

Authors´ abstract

This paper describes a way for document representation and proposes an
approach towards an integrated document processing and management
system. The approach has the in-tention to capture essentially freely
structured documents, like those typi-cally used in the office domain. The
document analysis system ANASTASIL is capable to reveal the structure of
complex paper documents, as well as logical objects within it, like
receiver, footnote, date. Moreover, it fa-cilitates the handling of the
containing information. Analyzed documents are stored in the
management system KRISYS that is connected to several different
subsequent services. The described integrated system can be considered
as an ideal extension of the human clerk, making his tasks in information
processing easier. The symbolic representation of the analysis results
allow an easy transformation in a given international standard, e.g.,
ODA/ODIF or SGML, and to interchange it via global network.
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1 INTRODUCTION

All activities in an organisation require or produce information. Therefore, a

document is not only the main information carrier but also the central aid for

the integration of office functions /1/. The office of the future will be charac-

terized by new fundamental tendencies which lie not only in a more compre -

hensive possibility for information interchange but also in an altered processing

of the information /3/. As a part of communication, documents play the central

role in todays office domain. A document can be described as a structured

amount of text that can be interchanged between an originator and a receiver

/2/. A given document is characterized by its contents and its internal organi-

zation, where the organization is defined by a logical and a layout structure. The

elements of the logical structure of a document are constituents like receiver,

sender, author or signature. Layout objects are titles, text blocks, words or

single characters.

In today´s office, software tools on personal workstations facilitate the

generation, modification and handling of electronic documents. An unavoidable

consequence thereof is an increasing amount of information. Despite the

advances in electronic aids, paper consumption increases 10-15% every year

/4/. The handling of electronic Inhouse-documents, on one hand, is normaly

less problematic, becuase they are available in a coded version within memory.

Incoming paper documents, on the other, contain an amount of structured infor-

mation in text form, which can not be evaluated and processed automatically

without problems. For that reason, an effective support of the human in

information handling is necessary and moreover software interfaces for the

extraction of information within paper documents have to be provided.

This continuing dependence on paper documents as an important information

medium and the simultaneous thrust in the direction of electronic media

require the development of systems, which allow information (structural,

content-based) to be exchanged between paper and electronic carrier media. As

a result, it will become possible to manage both electronic and paper documents

by using a common electronic archive. The framework of a document processing

and management system, which we are developing has the following charac-

teristics:

• Reception of printed information. Using pattern recognition procedures, as

well as image processing methods, it is possible to automatically transform

printed information into a symbolic representation without any loss of infor-

mation.

• Document evaluation. Applying AI techniques, a document interpretation pro-

cedure is initiated. It attempts to identify several layout objects of a docu -

ment at hand by their logical meaning, thus creating a conceptual structure.

Moreover, it provides a restricted context for further content-based analysis

/5/. Consequently, a OCR-system is used for partial recognition of textual

information within the logical objects. The resulting ASCII-Code is employed
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to initiate a full text search with keywords in connection with morphological

analysis. As a result of the reception and evaluation phases, we obtain diffe-

rent perceptions of a document, namely a layout, a conceptual, and a seman-

tic view.

• Document management. To support the processes of reception and evalua-

tion and their corresponding hybrid document representations in an appro-

priate manner, knowledge representation concepts will be applied. Further-

on, a persistent and efficient document management is a prerequisite to the

integration of subsequent services, e.g., document archiving and retrieval,

document manipulation (i.e., DTP), and mailing.

2 OVERALL ARCHITECTURE

In order to accomplish these objectives, the architecture of our experimental

document processing and management system is based on the integration of

document processing and management (reflected in Fig.1). It is composed of

the ideas and concepts of  two systems:

Structural &
Conceptual

Analysis

Semantic
Analysis

DTP
Response
Generator

Archive
Browser

Text
Recognition

USER  INTERFACE

Services

Knowledge Base Management System
        

Document Analysis System

KRISYS

Document

Knowledge Base

.......

Figure 1: An Integrated Document Management System
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• knowledge base management system (KBMS) /6/ responsible for effective

document management and service integration, as well as on a

• document analysis system /7/ capable of document reception and evaluation.

Due to the KBMS´ flexibility in document representation, this layered architec-

ture allows for easy extensibility of further services (e.g., archive browser,

response generator) under a user-friendly interface.

The classification system ANASTASIL /7/ being developed at the University of

Stuttgart and the German Research Center for AI uses a hybrid knowledge base

to support structural and conceptual analysis of paper documents. The goal of

the analysis is to provide a multitude of information possibilities. Firstly, the

layout of the whole document and its parts is completely described in a treelike

structure that offers easy modification and efficient access down to the smallest

layout objects /8/. Secondly, logical labels (e.g., the sender the footnote or the

date of a letter) are assigned to all layout objects recognized. In addition, an

Optical Character Recognition (OCR) procedure is applied for analyzing each

layout object and finally assigning every basic textual layout object (characters)

specific ASCII codes. Moreover, text recognition can be supported by appro-

priate views on a structured dictionary depending on the conceptual meaning

assigned to the layout object under consideration. The obtained word descrip-

tions are furthermore used as key words to access associated conceptual models.

The results of the analysis offer different views on documents with respect to

different abstraction levels. Figure 2 schemes the central information structures

encountered during document analysis. The bidirectional arrow represents

relations between the different structures.

letter

sender

name

zipcode

5

date

address

town

...

...

...

...8

Conceptual Structure

Document Classification

Document Topics

Semantic Structure

page

block

line

word

char

block

line

word

...

...

...

...char

Layout Structure

Figure 2: Central Information Structures encountered during Document

Analysis.

The task of the underlying document management component comprises effi-

cient and reliable management of the various information structures used or

generated by ANASTASIL, or other services. The compliance with these con-

straints is crucial to the overall system behavior and efficiency. Therefore, we
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rely on the KBMS KRISYS /1/ (see Fig. 1) developed at the University of Kaisers-

lautern. KRISYS offers a rich set of powerful and flexible constructs for object

modeling and manipulation /9/, as well as object management, e.g.:

• Structural object orientation (i.e., support for complex objects) is provided by

the abstraction concept of aggregation.

• Behavioral object orientation is yielded by integrating procedural informa-

tion, i.e., methods, into the object description.

• Sematic structuring of information is provided by means of an integrated view

of abstraction concepts (classification, generalization, association, and

aggregation), allowing the same object to act in different roles at the same

time /10/.

• Active system behavior is achieved by means of demons (allowing flexible

reaction on certain events) and rules (used to represent intentional informa-

tion being dynamically derived).

• Expressive query and manipulation language.

• Efficient knowledge base management and support of application program-

ming.

Based on these facilities, KRISYS provides for an accurate representation and

management of all information structures encountered during document pro -

cessing.

In this reearch report, we describe the architectural approach of our

integrated document processing and management system. We present the

fundamental ideas of document processing. In more depth, we concentrate on

the representation formalisms provided by KRISYS and used by ANASTASIL.

Especially, we discuss the main issues of this integration and present solutions,

which provides the basis for an efficient overall system behavior.

3 DOCUMENT PROCESSING

To automatically "read & understand" a document, classical approaches of pat-

tern recognition, concepts for a suitable knowledge representation and several

AI-techniques can be fruitfully combined. Many applications using knowledge-

based systems have been developed in the last years. In /29/ i.e., the use of

relational data bases coupled with a PROLOG expert system is illustrated. The

applications of production systems for document understanding have been pro-

posed /30, 31/. In /32/, for the analysis of business letters, ATN´s (Augmented

Transition Networks) in combination with fuzzy relationships are used. To

model syntactical knowledge about paper forms, the application of Petri-Nets

are proposed /33/ and finally the use of X-Y trees for the representation of

information about a document image has been introduced in /34/.

The task of document analysis requires the scanning of a given document and

the examination of the resulting binary image. The symbolic representation of a

document has to capture information about contents as well as about logical and

layout structure. The first step in the recognition process is scanning of the



6

paper document as well as filtering and binarization of the internal document

image. Subsequently, a segmentation method is used to establish a layout repre-

sentation of the whole document and the different layout objects within it. Diffe-

rent techniques have been proposed and used, to varying degrees and success

/7/. An overview of the different techniques is given in /21/. The resulting

formal representation of the document page is the input for a highlevel control

structure, that classifies the different layout objects as logical objects, like the

subject and the date of a letter, or a specific company logo. IN this sense, we

have developed the document analysis system ANASTASIL, that is composed of

four basic parts:

• The input of the system consists of the digitized document image data. A

Document Preprocessing Modul takes clusters of black pixels, which have

been segmented as basic and composite layout-objects (characters, words,

lines, and textblocks) to obtain data about various printed blocks in the

document. The data are represented in a hierachical data structure. It includes

for all layout objects intrinsic properties, as well as spatial relationships

between them.

• The Knowledge Base contains the structural knowledge of the geometric tree

and a Statistical Database (SDB).

• The Control Structure (Inference Engine) tries to successively refine the

layout of a concrete document, using the knowledge from the two sources. It

uses different tools. The most important are: a consistency check, an agenda

and several evaluation functions.

• Additionally the system contains a Knowledge Acquisition Modul for collecting

new knowledge and automatically modify the different knowledge sources /7/.

Figure 3 shows the overall system and the interaction of the four parts

Document

Preprocessing

Modul

Knowledge

Base

Inference

Engine

Knowledge

Acquisition

Modul

Dataflow

Controlflow

User-Interface

Document
Preprocessing

Modul

Knowledge
Base

Inference
Engine

Knowledge
Acquisition

Modul

User-Interface

Dataflow
Controlflow
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Figure 3: Architecture of the system ANASTASIL.

In the following, we introduce the main steps in document analysis in more

detail thereby focusing on the data structure needed by ANASTASIL and pro-

vided by KRISYS.

3.1 DOCUMENT LAYOUT EXTRACTION

To automatically extract the layout structure of a given document, different

phases have to be passed through. They are mainly based on methods of pattern

recognition and are more or less supported by knowledge and AI techniques.

The phases contain the classification of textual and graphical information, its

segmentation in basic and composite layout objects, and their mapping into a

data structure, which represents the appropriate layout of the given document.

Layout objects which are text and graphics elements, e.g., characters, words,

text-lines, text blocks, bussines graphs, diagramms, company logos are hie-

rarchically nested. The different objects can be described by rectangular regions

of text or graphics information. Different results of the preprocessing have to be

stored with each object:

• Position and size of layout objects resulting from segmentation processes

/11/, /12/.

• ASCII codes provided by an optical character recognition procedure /13/.

This representation must also take into account different alternative recog-

nition results.

• Recognition results obtained by the analysis of graphical objects /14/, /15/.

3.2 REPRESENTATION OF DOCUMENT STRUCTURE

So far, we have described how documents are manipulated by ANASTASIL. But

how can the knowledge base management system KRISYS be employed to model

such documents?

KOBRA, the knowledge model of KRISYS, provides an object-centered

representation of the real world /10/. That is, every entity existing in the

application domain is expressed as an object of the KOBRA model, the so-called

schema, in which descriptive, operational, and organizational aspects of the real

world are integrated. In other words, a schema (not to be confused with a DB-

schema!) is the symbolic representation of a real world entity (roughly analogous

to frame or unit in other representation systems). It is always identifiable by a

unique schema name and is composed of a set of attributes. The attributes may

again be further described by aspects in order to characterize an object in more

detail. Attributes are of different kinds. A schema may possess declarative

attributes (slots) describing descriptive aspects of an object, procedural attri-

butes (methods) that describe operational aspects, and structural attributes (ab-

straction relationships) used for expressing organizational relationships of the

application domain.
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The object-centered approach supported by KRISYS fits well the purposes of

the representation of ODA (Office Document Architecture) /2/ developed or

under development of the CCITT, ISO, and ECMA /35, 36, 37/.

Layout objects are complex structures composed of other layout objects. For

example, a document page is composed of several text blocks, which, in turn,

contain several text lines. The latter ones are built of words that are composed

of characters. In this sense, a layout of a document can be represented by

aggregation hierarchy (c.f. Fig. 4a).

Layout Object

document
document

page
text block text line word character

p p p p p

s c
s c s c s c s c

s c

graphic
block

graphic
primitive

p
p

s c s c

sc-class/subclass-relationships

p-part/subpart-relationships

Figure 4a: Aggregation Hierarchy of Layout Objects.

Layout Object
has-subclasses (document, document page, ... , character) terminal ownslot

x-origin terminal instanceslot
possible-values (integer)
cardinality [ 1 1 ]

y-origin terminal instanceslot
possible-values (integer)
cardinality [ 1 1 ]

width terminal instanceslot
possible-values (integer)
cardinality [ 1 1 ]

height terminal instanceslot
possible-values (integer)
cardinality [ 1 1 ]

document page
subclass-of (layout-object) terminal ownslot

in-document nonterminal instanceslot
possible-values (instance-of (document))
cardinality [ 1 1 ]

has-text-block nonterminal instanceslot
possible-values (instance-of (text block))
cardinality [ 1 ∞ ]

has-graphic-block nonterminal instanceslot
possible-values (instance-of (graphic block))
cardinality [ 0 4 ]

Figure 4b: Representation as KOBRA Schemas.
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Therefore, all layout objects hold the same information, however, with partially

different semantics, i.e., all of them are complex objects built of distinct

components. This is represented by means of the KOBRA model as shown in

Figure 4b. The class Layout Object describes the aspects which every character,

word, text line, etc. has in common. That is:

x-origin, y-Origin position of left-upper corner of circumscribing rectangle

width, height size of circumscribing rectangle

The different semantics of their components are then specified in the corres-

ponding subclass by means of particular attributes and the aspects possible-values

and cardinality. Moreover, the instances of object class Character and Graphic-

Block have additional slot variables

ASCII ASCII code as resulting of the OCR-procedure (only 

Character)

chain-code1 internal representation of the original binary image /17/.

It is important to point out the different types of attributes supported by KOBRA:

• Ownattributes (i.e., ownslots and ownmethods), as subclass-of in Figure 4b,

are used to describe properties of the object itself, and as such may have

values.

• Instanceslots and instancemethods, on the other hand, describe properties

of the object´s instances, and have, therefore, no values (e.g., x-origin, y-

origin, width, and heigth).

• Ownslots and instanceslots are further classified in nonterminals or termi-

nals. Nonterminal slots indicate part-of properties (i.e., the components) of

objects since their values correspond to other objects of the knowledge

base (e.g., in-document, has-text-block, and has-graphic-block). Terminal

slots, on the other hand, describe either characteristics of the objects

themselves (terminal ownslots) or of their instances (terminal instance-

slots).

Therefore, the abstraction concept of aggregation (/10/, /19/) is represented in

KRISYS by means of user-defined attributes, allowing for the specification of

several kinds of relationships, each of with very fine semantics (observe, for

example, the distinct integrity constraint associated to has-text-block, has-

graphic-block, which can not be expressed by systems supporting aggregation by

means of one single part-of relationship).

1 A chain code  /16/ is a description for clusters of black pixels, dicribing the boundary
of image objects. It is defined by a eight direction code. In the actual application, it is
stored in form of a structure, containing  the inner and outer boundary codes  for
basic layout objects (characters, line segments, geometric primitives).
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3.3 REPRESENTATION OF DOCUMENTS

Documents are represented in the knowledge base as instantiations of the

structure previously described. During preprocessing of a document, its

different layout objects are extracted and represented as instances of corres-

ponding classes, as illustrated in Figure 5. By means of generalization (i.e., class/

subclass) and classification (i.e., class/instance) relationships, inheritance is

automatically applied by KRISYS, exactly defining the properties with associated

integrity constraints of every recognized layout object.

Since the extraction process is based on hierarchical analysis of the document

structure, it also provides the existing relationships between the several layout

objects which are expressed in the part-of attributes of each introduced

instance.

The KOBRA model provides several built-in reasoning facilities on specified

abstraction relationships between objects (/9/, 10/). Inheritance, as mentioned

above, is the reasoning as to the structure of an object apllied on generali-

zation/classification hierarchies.

Aggregation-relationships are the basis for reasoning with so-called implied

predicates (/10/, /20/). For example, the width and height of layout objects

must grow upwards. Therefore, the knowledge about the size of a text line may

be used by KRISYS either to infer minimum sizes for text blocks, pages, etc., or

to control whether specified widths and heigths of layout objects are in

accordance to each other.

Bernard Mitschang
University of Kaiserslautern
CS Dept.
Erwin-Schrödinger-Straße
D-6750 Kaiserslautern

West Germany

Layout Objects

document document
page

text block text line word character
p p p p p

i i i i i i

p p p p p

s c
s c s c s c s c

s c

sc-class/subclass-relationships

p-part/subpart-relationships

i-class/instance-relationships

Figure 5:  Representation of Document Layout.
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3.4 DOCUMENT LAYOUT CLASSIFICATION

The goal of the classification phase comprises the assignment of semantics to

parts of the layout structure such that essential logical objects of the document,

like the sender, the receiver, or the footnote are determined.

A starting point for this process comprises formal attributes. Therefore,

knowledge as to the possible layout and the composition of information in the

document is used. Existing knowledge about document classes, which has been

obtained by experience and from empirical tests, serves as a basis for the

execution of this rough analysis. Documents which are created with today's text

systems fulfil, for the most part, a minimum amount of formal criteria. This

trend towards standardization makes the possibility of identifying individual

logical objects easier, e.g. receiver or sender as a result of the typical layout of a

letter.

While the structuring level of information in electronic documents often

plays a subordinate role (e.g., E-mail), the layout of paper documents in a

particular document class, such as for example business letters, publications or

forms, is almost characteristic. For the classification and the interpretation of

documents, the formal structure is, therefore, the ideal knowledge source and

basis.

In a sense, we have developed our own data structures for document page

representation /5/, because we believe that documents form a very special class

of images. General data structures and algorithms for arbitrary picture

representation would be inefficient.

To obtain a document classification, we use a hybrid, modular knowledge base.

It is composed of a document layout model and a Statistical Data Base (SDB). The

ANASTASIL system, which have been used for document analysis, is based on a

tree search. The fundamental tree structure represents knowledge at different

layout abstraction levels. The tree is called geometric tree (see Fig. 5).

The nodes of the tree contain hypotheses for different logical objects, like

date or receiver of the letter. Using this knowledge source during analysis,

ANASTASIL generates working hypotheses about the logical meaning of layout

objects in a document, by comparing its individual layout structure with the

nodes in the geometric tree. To verify the hypotheses, a statistical data base

(SDB) is used. It is composed of different packages of rules for the description of

different possible logical objects /5/. During the classification process, the SDB

is used to pinpoint these predicates that help identify different logical objects.

Branching in the tree is directed by different measures of similarity. Thus, we

perform a best-first search, which is a variant of the uniform-cost search,

proposed by Barr and Feigenbaum /18/.

Classification is achieved by inspection of corresponding layout characteristics

of the global document in combination with layout features of possible logical

objects which are compared to those of given layout objects.

As a result of the classification phase, we obtain a document image in which all

important constituents have assigned a logical label. The label indicates a com-

mon logical meaning for one or more layout objects grouped together.



12

In KRISYS, the geometric tree is represented by a generalization hierarchy.

Every schema in this hierarchy contains slots corresponding to the labels, they

indicate different logical objects of a document (such as sender, receiver, sub-

ject, date and body in the case of a letter) as well as their respective layout

features within the document. Since a node in the tree is a specialization of its

parent node (superclass), as well as a generalization of its more specialized

children nodes (subclasses), ANASTASIL exploits the inheritance mechanism

provided by KRISYS to support the classification of documents. Therefore, only

these layout features are stored within the slots of a specific subclass which

distinguishes it from its “sibling” classes. Common aspects are stored in the

corresponding superclass. Once layout features of a particular node have been

determined, they are described in corresponding slots automatically inherited

by all children nodes.

Goal-Driven

Best-first Search

FT

D/
B

Figure 6: A Simple Geometric Tree and Principle of Best-First Search.

The document itself is represented as an instance of one terminal node of the

layout hierarchy. Each of the document´s logical objects (e.g., receiver, sender,
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date, etc.) is represented as a slot expressing a different aggregation relation-

ship between the document and the existing text blocks. In other words, several

text blocks have to be aggregated to build the information about one logical

object, as illustrated in Figure 7.

i i i i i i

p p p p p

Layout Objects

document
document

page
text block text line word character

p p p p p

s c
s c s c s c s c

s c

FT

D/
B

sc sc

sc

i

sc-class/subclass-relationships

p-part/subpart-relationships

i-class/instance-relationships

Figure 7: Representation of Logical Objects.

3.5 SUPPORT OF DOCUMENT EVALUATION

Based on the determined layout structure, a semantic analysis of the document

is performed. Every slot representing a logical object possesses a demon (i.e., an

attached procedure) which is automatically triggered if a value (i.e., a corres-

ponding text block) is assigned to it. The purpose of such a demon is to activate

a special package of rules which then will interpret the contents of the text

blocks and establish its “semantical” meaning.

In KRISYS, demons are represented by special schemas in which code for the

respective procedure is stored. The linkage between slots and corresponding

demons is done by storing the name of the schema containing the specified

procedure in a special aspect. If a slot is accessed, KRISYS checks if there is a

demon attached to this slot and activates it by sending a message to the

corresponding schema, demanding the evaluation of its procedure /6/. By not

storing the demon code directly in the aspect of the slot, as is done in many

systems, KRISYS allows many slots to use the same demons without having to

introduce redundancy in the representation. This is particularly important if
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slots representing different positions of the same logical object in the docu-

ments request the activation of the same demon.

The method employed by the interpretation rules is mainly based on a full text

search with key words in connection with morphological analysis. Such rules

take the conceptual meaning of the logical objects into consideration in order to

perform a content-based analysis. They considerably restrict the context of

search to a plausible set of patterns. Thus, the results of the interpretation

process is remarkable. With a relatively simple model, it has been possible to

identify important contents in business documents (particulary letters) such as

client´s name, what is the document about, its date, etc.

Based on the information extracted from the document, another set of rules is

then employed to classify it according to different criteria. In KRISYS, objects

fulfilling common conditions are grouped into sets by means of association

relationships (/9/, /10/). Thus, classification criteria are represented by hie-

rarchies of abstraction concepts of association. Figure 8 shows a letter (docu-

ment Y) which was classified by the system as one of the several documents

received from client X, as being top-secret, and which has to be processed by

Mary until 10th of September.

Client

Small Medium Large Regular Top-secret

kind-of-

document

Processing

deadline

9-109-12

Mary John Peter

Document Y

Client X

..... ..... ..... .....

..... .....
.....

.....

.....

.....

Figure 8: Example of an Association Hierarchy.

Again, the advantage of representing such criteria as association hierarchies is

the built-in reasoning facilities supported by KRISYS (/9/, /10/). In the case of

association, sets possess some properties that describe the characteristics of the

group of their elements as a whole. As such, the set represented by the

documents to be processed by Mary has, for example, properties defining the

average of her processing time, the number of documents to be analysed, etc.

Since such set properties are typically based on characteristics of each indi-

vidual element, conclusions about the values of set properties are automatically

drawn by KRISYS when a new document is connected to a particular set. Based

on this reasoning facility of the association concept, KRISYS can, for example,

keep track of documents to be processed by each person, or generate warnings

if the amount of work is too large to be done until the desired date.
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4 DOCUMENT MANAGEMENT

After having described the analysis of documents as well as its representation

using KRISYS, we now want to focus on the management of documents.

The system architecture of KRISYS is divided into three hierarchically

ordered layers which control the stepwise abstraction process and the reali-

zation of the corresponding tasks within each layer (Figure 9). In the previous

section, we have pointed out some features of the knowledge model KOBRA. The

application interface of KRISYS is achieved by the query language KOALA /22/,

which supports flexible and powerful operations for document retrieval and

processing. The goal of the lowest layer is to efficiently cope with storage of the

knowledge structures of KOBRA and its supply to the other layers. At this level,

most of the issues are related to traditional DB problems applied to large KB,

possibly shared by multiple users: storage structures, access techniques,

efficiency, integrity features, transaction support, etc. Therefore, this layer is

realized by a non-standard database system (NDBS) which seems to be quite

advantageous in a KBMS architecture for a number of reasons /23/ and by the

Working-Memory System (WMS).

goal interfaces Application
Programs

Knowledge
Engineer

efficiently coping with
knowledge storage

adequate
knowledge model

adequate
query language

object-abstraction

object-centered

object-supporting

KOALA

KOBRA

Working-Memory System

Knowledge Base

layers

Application

Engineering

Implementation
PRIMA-NDBS

Figure 9: Overall System Architecture of KRISYS

The kernel chosen for KRISYS, named PRIMA (/24/,/25/), offers powerful

mechanisms for managing the KB efficiently; among them are storage techni-

ques for a variety of object sizes, flexible representation and access techniques,

basic integrity features, locking and recovery mechanisms.

From the point of view of higher levels, there is another very important issue

(besides efficient storage management) when working with large KB: to effi-

ciently cope with long execution paths of KB accesses, and time consuming

requests to secondary storage. Thus, the tasks of WMS are to considerably

reduce the path length and secondly to minimize the number of kernel calls

when accessing KB objects. This is achieved by temporarily storing needed

objects in a main-memory structure, called working memory, that offers almost
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direct access at costs comparable to a pointer-like access. The working-memory

is a form of application buffer with very fast access to stored objects. WMS

supports a processing model aiming at high locality of object references, by

drastically reducing the path length when accessing the KB. To reduce the

number of NDBS calls, WMS offers the concept of contexts being a collection of

objects which are needed during a specific processing phase. Based on this

concept, WMS fetches and discards contexts if notified by specific control calls

from the application during changes of processing phases. These calls are then

transformed into set-oriented kernel operations (complex queries) to extract

specified objects from the DB or to discard them from the working memory

/26/.

5 CONCLUSION

We propose an approach towards an integrated document processing and mana-

gement system that has the intention to capture essentially freely structured

documents, like those typically used in the office domain. The ANASTASIL

component is capable to reveal the structure as well as the contents of complex

office documents. Moreover, it facilitates the handling of the containing

information. Analyzed documents are stored in a management system KRISYS

that is connected to several different subsequent services.

The described system is an ideal extension of the human clerk, making his

tasks in infor-mation processing easier. The symbolic representation of the

analysis results allow an easy transformation in a given international standard, for

example, ODA/ODIF or SGML, and to interchange it via global network.

For further use of the results, one can imagine the following szenario:

In larger organisations incoming electronic and printed information is sorted

automatically according to tasks, subjects or receiver. Consequently, it is pos -

sible to send it to the corresponding departments via electronic mail. At the

same time, an intelligent, multimedia filing system administrates all incoming

documents in a document database which constitutes the central part of an

office information system. By using a text or publishing system, it will be

possible to reproduce an individual information from the document database

again on Din_A4 sized screens, or further, to print it in original form, edit or

mail it.

REFERENCES

/1/ H. Donner, Normen schaffen Freiheit im Büro, com Siemens-Magazine for: Computer

& Communications, 4 (1985), pp. 8-13

/2/ W. Horak, Office Document Architecture and Office Document Interchange Formats:
Current Status of International Standardization, Computer, Oct. 1985, pp 50-60

/3/ H. Balzert, Entwicklungstendenzen integrierter Bürosysteme: Ökonomie durch neue
Qualität & Quantität, Proceedings ONLINE´85, Europ. Kongreßmesse für technische

Kommunikation, Düsseldorf 1985, pp. 2j-1



17

/4/ M. Schäfer and H. P. Fröschle, Die Vision vom papierlosen Büro, Funkschau 19, 1986,

p. 45

/5/ A. Dengel and G. Barth, High Level Document Analysis Guided by Geometric Aspects,

Internat. Journal on Pattern Recognition and AI, Vol. 2, No. 4, Dec. 1988, pp. 641-

656

/6/ N. Mattos, KRISYS - A Multi-layered Prototype Supporting Knowledge Independence;
Proceedings of the Internatl. Comp. Science Conf.-Artificial Intelligence: Theory

and Applications, Hong Kong, Dec. 1988, pp. 31-38.

/7/ A. Dengel and G. Barth, ANASTASIL: Hybrid Knowledge-based System for Document
Image Analysis, Proceedings of the IJCAI´89, Vol. 2, Detroit, MI, Aug. 1989, pp.

1249-1254

/8/ A. Dengel, A. Luhn and B. Ueberreiter, Model Based Segmentation and Hypothesis
Generation for the Recognition of Printed Documents; Proceedings of the SPIE´87,

Vol. 860, Real Time Image Processing: Concepts and Technologies, Cannes, Nov.

1987, pp. 89-100

/9/ N. Mattos and M. Michels, Modeling with KRISYS - The design Process of DB-
Applications Reviewed, Proceedings of the 8th Interntl. Conf. on Entity-Relationship

Approach, Toronto, Canada, Oct. 1989. pp 159-172

/10/ N. Mattos, Abstraction Concepts - The Basis for Data and Knowledge Modeling,

Proceedings of the 7th Interntl. Conf. on Entity-Relationship Approach, Roma,

Italy, Nov. 1988, pp. 331- 350

/11/ G. Nagy and S. Seth, Hierarchical Representation of Optically Scanned Documents,

Proceedings of the 7th. ICPR, Montreal 1984, p. 347

/12/ E. Schweizer, Erfassung, Justierung und Segmentierung von Dokumentstrukturen,

Diploma Thesis, CS Department, University of Stuttgart, 1989

/13/ F. Hönes, Möglichkeiten der visuellen Erkennung von Worten mit Hilfe von geome-
trischen Eigenschaften der enthaltenen Zusammenhangskomponenten, B.Sc. The-sis,

CS Depart-ment, University of Stuttgart, 1988

/14/ E. Egeli, F. Klein and G. Maderlechner, Model-Based Instantiation of Symbols from
Structurally Image Primitives, Proceedings of the SPIE´85: Image Processing, Cannes

1985

/15/ P. Kuner and B. Ueberreiter, Knowledge-Based Pattern Recognition in Disturbed Line
Image Using Graph Theory, Optimization, and Predicat Calculus, Proceedings of the

8th ICPR, Paris 1986, p. 240

/16/ H. Samet, Region Representation: Quadtrees from Boundary Codes, Communications

of the ACM, Vol. 23, No. 3, March 1980, pp. 163-170

/17/ A. Dengel, A. Luhn and B. Ueberreiter, Data and Model Representation and Hypohesis
Generation in Document Recognition; Proc. of the 5th. SCIA, Stockholm, June 1987,

pp. 57-64

/18/ A. Barr and E. A. Feigenbaum, The Handbook of Artificial Intelligence, Vol. 1, The

William Kaufmann Inc., Los Altos, 1981

/19/ J.M. Smith and P.C.P. Smith, Database Abstractions: Aggregation and Generali-
zation, ACM Transcations on Database Systems, Vol. 2, No. 2, June 1977, pp. 105-

133

/20/ A. Rosenthal et al, Query Facilities for Part Hierarchies: Graph Traversal, Spatial
Data and Knowledge-based Detail Supression, Research Report, CCA, Cambridge,

MA, 1987



18

/21/ S. N. Srihari and G. W. Zack, Document Image Analysis, Proceedings of the 8th

ICPR, Paris, 1986, p. 434 - 438

/22/ N. Mattos, S. Deßloch and F.-J- Leick, An Approach to Knowledge Base Languages,
internal report, University of Kaiserslautern, 1990, submitted for publication

/23/ N. Mattos, An Approach to Knowledge Base Management - requirements, knowledge
representation, and design issues -, Doctoral Thesis, University of Kaiserslautern,

Computer- Science Department, Kaiserslautern, 1989

/24/ T. Härder (ed.), The PRIMA Project: Design and Implementation of a Non-Standard
Database System, SFB 124 Research Report No. 26/88, University of Kaiserslautern,

Kaiserslautern, 1988

/25/ T. Härder, K. Meyer-Wegener, B. Mitschang and A. Sikeler, PRIMA - A DBMS Proto-
type Supporting Engineering Applications, in: Proceedings of the 13th Conf. Brighton,

UK, 1987, pp. 433-442

/26/ F.-J. Leick and N. Mattos, A Framework for an Efficient DB-Support of Knowledge
Based Systems, in: Proc.eedings of the 4th Brazilian Symposium on Data Bases,

Campinas, Brazil, April 1989

/27/ A. Dengel, N. M. Mattos and Bernhard Mitschang, An Integrated Document Manage-
ment System, Proceedings of the SPIE/ IEEE - Applications of Artificial Intelligence

VIII, Orlando, FL, April 1990

/28/ N. M. Mattos, Bernhard Mitschang, Andreas Dengel and Rainer Bleisinger, An
Approach to Integrated Document Processing & Management, Proceedings COIS-90,

Boston, MA, April 1990

/29/ K. Woehl, Automatic Classification of Documents by Coupling Relational Data Bases
and Prolog Expert Systems, Proceedings 2nd Conf. on Very Large Data Bases,

Singapore 1984, p. 529

/30/ K. Kubota, O. Iwata and H. Arakawa, Document Understanding System, Proc. 7th Int.

Conf. on Pattern Recognition, Montreal 1984, p. 612

/31/ D. Niyogy and S. Srihari, A Rule-based System for Document Understanding, Proc.

AAAI´86, p. 789

/32/ O. Bergengrün, A. Luhn, G. Maderlechner and B. Ueberreiter, Dokumentanalyse mit
Hilfe von ATN´s und unscharfen Relationen, Proc. of 9. DAGM-Symposium, Braun-

schweig 1987, p. 78

/33/ L. Domke, A. Günther and W. Scherl, Wissensgesteeurte Formularinterpretation mit
Hilfe von Petrinetzen, Proceedings 8. DAGM-Sym-posium, Paderborn 1986, p. 29

/34/ G. Nagy and S. Seth, Hierarchical Representation of Optically Scanned Documents,

Proc. of the 7th Int. Conf. on Pattern Recognition, Montreal 1984, p. 347

/35/ Information Processing - Text Processing and Interchange - Text Structures, Parts 1 to

6 ISO/DIS 8613, June 1986

/36/ Office Document Architecture, ECMA 101, Sept. 1985

/37/ Message Handling System: Presentation Transfer Syntax and Notation, CCITT

recommendation X.409



Deutsches
Forschungszentrum
für  Künstliche
Intelligenz  GmbH

DFKI
-Bibliothek-
PF 2080
67608 Kaiserslautern
FRG

DFKI Publikationen

Die folgenden DFKI Veröffentlichungen sowie die
aktuelle Liste von allen bisher erschienenen
Publikationen können von der oben angegebenen
Adresse oder per anonymem ftp von ftp.dfki.uni-
kl.de (131.246.241.100) unter pub/Publications
bezogen werden.
Die Berichte werden, wenn nicht anders gekenn-
zeichnet, kostenlos abgegeben.

DFKI Publications

The following DFKI publications or the list of all
published papers so far are obtainable from the
above address or per anonymous ftp from
ftp.dfki.uni-kl.de (131.246.241.100) under
pub/Publications.
The reports are distributed free of charge except if
otherwise indicated.

DFKI Research Reports

RR-92-41
Andreas Lux:  A Multi-Agent Approach towards
Group Scheduling
32 pages

RR-92-42
John Nerbonne:
A Feature-Based Syntax/Semantics Interface
19 pages

RR-92-43
Christoph Klauck, Jakob Mauss:  A Heuristic driven
Parser for Attributed Node Labeled Graph
Grammars and its Application to Feature
Recognition in CIM
17 pages

RR-92-44
Thomas Rist, Elisabeth André: Incorporating
Graphics Design and Realization into the
Multimodal Presentation System WIP
15 pages

RR-92-45
Elisabeth André, Thomas Rist: The Design of
Illustrated Documents as a Planning Task
21 pages

RR-92-46
Elisabeth André, Wolfgang Finkler, Winfried Graf,
Thomas Rist, Anne Schauder, Wolfgang Wahlster:
WIP: The Automatic Synthesis of Multimodal
Presentations
19 pages

RR-92-47
Frank Bomarius:  A Multi-Agent Approach towards
Modeling Urban Traffic Scenarios
24 pages

RR-92-48
Bernhard Nebel, Jana Koehler:
Plan Modifications versus Plan Generation:
A Complexity-Theoretic Perspective
15 pages

RR-92-49
Christoph Klauck, Ralf Legleitner, Ansgar Bernardi:
Heuristic Classification for Automated CAPP
15 pages

RR-92-50
Stephan Busemann:
Generierung natürlicher Sprache
61 Seiten

RR-92-51
Hans-Jürgen Bürckert, Werner Nutt:
On Abduction and Answer Generation through
Constrained Resolution
20 pages

RR-92-52
Mathias Bauer, Susanne Biundo, Dietmar Dengler,
Jana Koehler, Gabriele Paul: PHI - A Logic-Based
Tool for Intelligent Help Systems
14 pages

RR-92-53
Werner Stephan, Susanne Biundo:
A New Logical Framework for Deductive Planning
15 pages

RR-92-54
Harold Boley: A Direkt Semantic Characterization
of RELFUN
30 pages

RR-92-55
John Nerbonne, Joachim Laubsch, Abdel Kader
Diagne, Stephan Oepen: Natural Language
Semantics and Compiler Technology
17 pages

RR-92-56
Armin Laux: Integrating a Modal Logic of
Knowledge into Terminological Logics
34 pages

RR-92-58
Franz Baader, Bernhard Hollunder:
How to Prefer More Specific Defaults in
Terminological Default Logic
31 pages



2 0

RR-92-59
Karl Schlechta and David Makinson: On Principles
and Problems of Defeasible Inheritance
13 pages

RR-92-60
Karl Schlechta: Defaults, Preorder Semantics and
Circumscription
19 pages

RR-93-02
Wolfgang Wahlster, Elisabeth André, Wolfgang
Finkler, Hans-Jürgen Profitlich, Thomas Rist:
Plan-based Integration of Natural Language and
Graphics Generation
50 pages

RR-93-03
Franz Baader, Berhard Hollunder, Bernhard
Nebel, Hans-Jürgen Profitlich, Enrico Franconi:
An Empirical Analysis of Optimization Techniques
for Terminological Representation Systems
28 pages

RR-93-04
Christoph Klauck, Johannes Schwagereit:
GGD: Graph Grammar Developer for features in
CAD/CAM
13 pages

RR-93-05
Franz Baader, Klaus Schulz:  Combination Tech-
niques and Decision Problems for Disunification
29 pages

RR-93-06
Hans-Jürgen Bürckert, Bernhard Hollunder, Armin
Laux:  On Skolemization in Constrained Logics
40 pages

RR-93-07
Hans-Jürgen Bürckert, Bernhard Hollunder, Armin
Laux: Concept Logics with Function Symbols
36 pages

RR-93-08
Harold Boley, Philipp Hanschke, Knut Hinkelmann,
Manfred Meyer: COLAB : A Hybrid Knowledge
Representation and Compilation Laboratory
64 pages

RR-93-09
Philipp Hanschke, Jörg Würtz:
Satisfiability of the Smallest Binary Program
8 Seiten

RR-93-10
Martin Buchheit, Francesco M. Donini, Andrea
Schaerf: Decidable Reasoning in Terminological
Knowledge Representation Systems
35 pages

RR-93-11
Bernhard Nebel, Hans-Juergen Buerckert:
Reasoning about Temporal Relations:
A Maximal Tractable Subclass of Allen's Interval
Algebra
28 pages

RR-93-12
Pierre Sablayrolles: A Two-Level Semantics for
French Expressions of Motion
51 pages

RR-93-13
Franz Baader, Karl Schlechta:
A Semantics for Open Normal Defaults via a
Modified Preferential Approach
25 pages

RR-93-14
Joachim Niehren, Andreas Podelski,Ralf Treinen:
Equational and Membership Constraints for
Infinite Trees
33 pages

RR-93-15
Frank Berger, Thomas Fehrle, Kristof Klöckner,
Volker Schölles, Markus A. Thies, Wolfgang
Wahlster:  PLUS - Plan-based User Support
Final Project Report
33 pages

RR-93-16
Gert Smolka, Martin Henz, Jörg Würtz: Object-
Oriented Concurrent Constraint Programming in
Oz
17 pages

RR-93-17
Rolf Backofen:
Regular Path Expressions in Feature Logic
37 pages

RR-93-18
Klaus Schild: Terminological Cycles and the

Propositional m-Calculus
32 pages

RR-93-20
Franz Baader, Bernhard Hollunder:
Embedding Defaults into Terminological
Knowledge Representation Formalisms
34 pages

RR-93-22
Manfred Meyer, Jörg Müller:
Weak Looking-Ahead and its Application in
Computer-Aided Process Planning
17 pages

RR-93-23
Andreas Dengel, Ottmar Lutzy:
Comparative Study of Connectionist Simulators
20 pages

RR-93-24
Rainer Hoch, Andreas Dengel:
Document Highlighting —
Message Classification  in  Printed  Business  Letters
17 pages

RR-93-25
Klaus Fischer, Norbert Kuhn: A DAI Approach to
Modeling the Transportation Domain
93 pages



2 1

RR-93-26
Jörg P. Müller, Markus Pischel:  The Agent
Architecture InteRRaP: Concept and Application
99 pages

RR-93-27
Hans-Ulrich Krieger:
Derivation Without Lexical Rules
33 pages

RR-93-28
Hans-Ulrich Krieger, John Nerbonne,
Hannes Pirker: Feature-Based Allomorphy
8 pages

RR-93-33
Bernhard Nebel, Jana Koehler:
Plan Reuse versus Plan Generation: A Theoretical
and Empirical Analysis
33 pages

RR-93-34
Wolfgang Wahlster:
Verbmobil  Translation of Face-To-Face Dialogs
10 pages

RR-93-35
Harold Boley, François Bry, Ulrich Geske (Eds.):
Neuere Entwicklungen der deklarativen KI-
Programmierung — Proceedings
150 Seiten
Note: This document is available only for a
nominal charge of 25 DM (or 15 US-$).

RR-93-36
Michael M. Richter, Bernd Bachmann, Ansgar
Bernardi, Christoph Klauck, Ralf Legleitner,
Gabriele Schmidt: Von IDA bis IMCOD:
Expertensysteme im CIM-Umfeld
13 Seiten

RR-93-38
Stephan Baumann: Document Recognition of
Printed Scores and Transformation into MIDI
24 pages

RR-93-40
Francesco M. Donini, Maurizio Lenzerini, Daniele
Nardi, Werner Nutt, Andrea Schaerf:
Queries, Rules and Definitions as Epistemic
Statements in Concept Languages
23 pages

RR-93-41
Winfried H. Graf:  LAYLAB: A Constraint-Based
Layout Manager for Multimedia Presentations
9 pages

RR-93-42
Hubert Comon, Ralf Treinen:
The First-Order Theory of Lexicographic Path
Orderings is Undecidable
9 pages

DFKI Technical Memos

TM-91-14
Rainer Bleisinger, Rainer Hoch, Andreas Dengel:
ODA-based modeling for document analysis
14 pages

TM-91-15
Stefan Busemann: Prototypical Concept Formation
An Alternative Approach to Knowledge Representation
28 pages

TM-92-01
Lijuan Zhang: Entwurf und Implementierung eines
Compilers zur Transformation von
Werkstückrepräsentationen
34 Seiten

TM-92-02
Achim Schupeta: Organizing Communication and
Introspection in a Multi-Agent Blocksworld
32 pages

TM-92-03
Mona Singh:
A Cognitiv Analysis of Event Structure
21 pages

TM-92-04
Jürgen Müller, Jörg Müller, Markus Pischel,
Ralf Scheidhauer:
On the Representation of Temporal Knowledge
61 pages

TM-92-05
Franz Schmalhofer, Christoph Globig, Jörg Thoben:
The refitting of plans by a human expert
10 pages

TM-92-06
Otto Kühn, Franz Schmalhofer: Hierarchical
skeletal plan refinement: Task- and inference
structures
14 pages

TM-92-08
Anne Kilger:  Realization of Tree Adjoining
Grammars with Unification
27 pages

TM-93-01
Otto Kühn, Andreas Birk: Reconstructive
Integrated Explanation of Lathe Production Plans
20 pages

TM-93-02
Pierre Sablayrolles, Achim Schupeta:
Conlfict Resolving Negotiation for COoperative
Schedule Management
21 pages

TM-93-03
Harold Boley, Ulrich Buhrmann, Christof Kremer:
Konzeption einer deklarativen Wissensbasis über
recyclingrelevante Materialien
11 pages



2 2

DFKI Documents

D-92-19
Stefan Dittrich, Rainer Hoch: Automatische,
Deskriptor-basierte Unterstützung der Dokument-
analyse zur Fokussierung und Klassifizierung von
Geschäftsbriefen
107 Seiten

D-92-21
Anne Schauder: Incremental Syntactic Generation
of Natural Language with Tree Adjoining
Grammars
57 pages

D-92-22
Werner Stein: Indexing Principles for Relational
Languages Applied to PROLOG Code Generation
80 pages

D-92-23
Michael Herfert: Parsen und Generieren der
Prolog-artigen Syntax von RELFUN
51 Seiten

D-92-24
Jürgen Müller, Donald Steiner (Hrsg.):
Kooperierende Agenten
78 Seiten

D-92-25
Martin Buchheit: Klassische Kommunikations- und
Koordinationsmodelle
31 Seiten

D-92-26
Enno Tolzmann:
Realisierung eines Werkzeugauswahlmoduls mit
Hilfe des Constraint-Systems CONTAX
28 Seiten

D-92-27
Martin Harm, Knut Hinkelmann, Thomas Labisch:
Integrating Top-down and Bottom-up Reasoning in
COLAB
40 pages

D-92-28
Klaus-Peter Gores, Rainer Bleisinger: Ein Modell
zur Repräsentation von Nachrichtentypen
56 Seiten

D-93-01
Philipp Hanschke, Thom Frühwirth: Terminological
Reasoning with Constraint Handling Rules
12 pages

D-93-02
Gabriele Schmidt, Frank Peters,
Gernod Laufkötter: User Manual of COKAM+
23 pages

D-93-03
Stephan Busemann, Karin Harbusch(Eds.):
DFKI Workshop on Natural Language Systems:
Reusability and Modularity - Proceedings
74 pages

D-93-04
DFKI Wissenschaftlich-Technischer Jahresbericht
1992
194 Seiten

D-93-05
Elisabeth André, Winfried Graf, Jochen Heinsohn,
Bernhard Nebel, Hans-Jürgen Profitlich, Thomas
Rist, Wolfgang Wahlster:
PPP: Personalized Plan-Based Presenter
70 pages

D-93-06
Jürgen Müller (Hrsg.):
Beiträge zum Gründungsworkshop der Fachgruppe
Verteilte Künstliche Intelligenz  Saarbrücken 29.-
30. April 1993
235 Seiten
Note: This document is available only for a
nominal charge of 25 DM (or 15 US-$).

D-93-07
Klaus-Peter Gores, Rainer Bleisinger:
Ein erwartungsgesteuerter Koordinator zur
partiellen Textanalyse
53 Seiten

D-93-08
Thomas Kieninger, Rainer Hoch: Ein Generator
mit Anfragesystem für strukturierte Wörterbücher
zur Unterstützung von Texterkennung und
Textanalyse
125 Seiten

D-93-09
Hans-Ulrich Krieger, Ulrich Schäfer:
TDL ExtraLight User's Guide
35 pages

D-93-10
Elizabeth Hinkelman, Markus Vonerden,Christoph
Jung: Natural Language Software Registry
(Second Edition)
174 pages

D-93-11
Knut Hinkelmann, Armin Laux (Eds.):
DFKI Workshop on Knowledge Representation
Techniques — Proceedings
88 pages

D-93-12
Harold Boley, Klaus Elsbernd, Michael Herfert,
Michael Sintek, Werner Stein:
RELFUN Guide: Programming with Relations and
Functions Made Easy
86 pages

D-93-14
Manfred Meyer (Ed.):  Constraint Processing –
Proceedings of the International Workshop at
CSAM'93, July 20-21, 1993
264 pages
Note: This document is available only for a nominal
charge of 25 DM (or 15 US-$).


