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Abstract

The SVENSK project is developing an integrated toolbox of language processing components and resources for Swedish.
SVENSK employs GATE, General Architecture for Text Engineering from the University of Sheffield as a platform in which
the components are to be integrated. The goal is that the resources included in SVENSK should be freely available for non-
commercial use. A wide range of different modules have been incorporated so far, both in-house modules, commercially
available modules, and modules from academia.

The results of the integration of the modules in the GATE environment are very encouraging: it is possible to mix
modules from different sources, written in programming languages from completely different paradigms and have them
interact with each other, thus maintaining a high degree of reuse of algorithmical resources. However, the use of Tcl/Tk
and the associated API for processing structurally relatively complex data, is time consuming and considerably slows the
processing in GATE.

1. Introduction

Traditionally, the level of reusability of language pro-
cessing resources within the research community has been
very low. Most of the recycling of linguistic resources has
been concerned with reuse of data, that is, of corpora, lex-
ica, and (to some extent) grammars, while the algorithmic
resources far too seldom have been shared between differ-
ent projects and institutions. Even though there are some
repositories for algorithms (e.g., the DFKI Natural Lan-
guage Software Registry, an initiative of the Association for
Computational Linguistics) in the same fashion as there are
archives for data (such as the Linguistic Data Consortium
or the Oxford Text Archive), a prime obstacle to reuse of
algorithmic resources has been that there have been few
easily-available development platforms for language engi-
neering. A researcher willing to reuse somebody else’s pro-
cessing components has been forced to invest major efforts
into issues of integration, inter-process communication, and
interface design.

In a national Swedish effort to circumvent this prob-
lem, the SVENSK project aims to develop a multi-purpose
language processing system for Swedish based, where pos-
sible, on existing components. Rather than building a
single monolithic language processing system which at-
tempts to meet the (diverse) needs of academia and industry,
the project creates a general toolbox of reusable language
processing components and resources, primarily aimed at
teaching and research. The generality of the system arises
from its adherence to general principles of language engi-
neering, combined with tools which facilitate adaptation to
specific domains and applications.

The reusability of the system arises from having each
component integrated into a language engineering develop-
ment platform called GATE, General Architecture for Text
Engineering (Cunningham et al., 1996b), which together
with the definition of standard interfaces, ensures interop-
erability of the major components. The system makes it
possible to incorporate linguistic data resources (such as
lexica, tagged corpora, etc.) provided by Swedish universi-
ties and research institutes, so that SVENSK can be seen as a
computational linguist’s toolkit for the Swedish language.

In the US, there has been some efforts in the direc-
tion of open architectures for language processing, both by
single companies — such as the multimodal Open Agent
ArchitectureTM from SRI International (Cohen et al., 1994;
Moran et al., 1997) — and in particular within the re-
search programmes sponsored by DARPA, the Defense Ad-
vanced Research Projects Agency where a general architec-
ture called TIPSTER (Grishman and others, 1997) has been
agreed upon.

In Europe, there has so far has been few efforts in this
direction. ALEP, the Advanced Language Engineering Plat-
form (Simpkins and Groenendijk, 1994; Bredenkamp et al.,
1997) is an initiative of the European Commission which
aims in this direction. It provides a range of processing
resources and is particularly targeted at supporting multi-
linguality. ALEP does, however, impose its own formalisms
(for grammars, etc.) on the users.

The German Verbmobil architecture (Bub and Schwinn,
1996) incorporates components developed at several dif-
ferent sites and in many different programming paradigms.
It employs a communication package called ICE (Intarc
Communication Environment), but is of course primarily
developed for the specific needs of the Verbmobil project.

The University of Sheffield GATE system — the plat-
form underlying SVENSK — is based on the US TIPSTER
architecture and is in itself language and domain indepen-
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dent, providing merely an environment in which language
processing resources may communicate with each other us-
ing a standardised interface, a so-called “wrapper”. The
strong modularity of GATE gives users the choice of work-
ing with supplied, off-the-shelf systems or to create their
own, built from integrated modules in a point-and-click
fashion. The system is also equipped with a set of “view-
ers”, that is, programs that format and display the output
from the modules in a number of different ways depending
on the nature of the data under consideration.

In the rest of the paper, we will first discuss the overall
system architecture in the next section and then in Sec-
tion 3 describe the different language processing compo-
nents which have been included in the SVENSK toolbox so
far. The integration task is discussed in Section 4, while
Section 5 outlines the future directions which we intend the
SVENSK project to move in.

2. System Architecture

The SVENSK system as such is mainly the sum of a
fairly large set of different reusable language processing
resources. In this section, we will briefly outline the SVENSK

project itself, but first go into detail on the GATE platform,
discussing both its architecture and the design schemewhich
it in turn builds on, the TIPSTER architecture.

2.1. The TIPSTER Architecture
The TIPSTER project is led by DARPA and is funded

by a number of US Government agencies. The main aim of
the project is to provide developers and users with an archi-
tecture that allows for document detection and information
retrieval in very large texts.

The architecture is described in (Grishman and others,
1997). It is developed with governmental agencies with
similar text handling requirements in mind. There are four
components to the architecture: detection, extraction, an-
notation and document management. Detection is the tech-
nology which perform text retrieval, Extraction is the tech-
nology for identifying entities and relations between entities
in free text. The Annotation Model allows for information
sharing between the former two components, while Docu-
ment Management handles files.

2.2. GATE
The “GeneralArchitecture for Text Engineering”, GATE,

language engineering platform (Cunningham et al., 1996b)
is developed at the University of Sheffield and funded by the
U.K. Engineering and Physical Sciences Research Council
(EPSRC). GATE provides a communication and control in-
frastructure for linking together sets of language engineer-
ing software and is based on the Tcl/Tk communication
toolkit. GATE does not adhere to a particular linguistic
theory, but is rather an architecture and a development envi-
ronment designed to fit the needs of researchers and appli-
cation developers. However, a set of example components
are included in the GATE release; together these compo-
nents form a system called VIE, for “Vanilla Information
Extraction” (Humphreys et al., 1996a).

Each component integrated into GATE has a standard
I/O interface, which conforms to the annotation model of
the TIPSTER architecture.1 This means that GATE compat-
ibility equals TIPSTER compatibility, allowing developers
(and users) to easily add all types of TIPSTER compatible
components to the platform, and then link them together to
form an application.

GATE supports reuse of resources, data as well as al-
gorithms, since it provides for well-defined, user-friendly
application programmers interfaces (APIs). Once a module
has been integrated in the system, it is very easy to com-
bine it with already existing modules to form new systems.
GATE contributes to the portability of components in the
sense that software written in programming languages stem-
ming from completely different paradigms can be mixed.

GATE is available free for non-commercial use. It will
most likely only be used as a development platform in the
SVENSK system; commercial exploitation is not expected to
use GATE directly, only the relevant SVENSK components.

2.3. The SVENSK Project
The SVENSK project (Eriksson and Gambäck, 1997) is

divided into three phases, the first of which was covering
the period from spring 1996 to the end of 1996 and the
second from the beginning of 1997 to August 1997. The
third phase started in January 1998 and runs until the end of
1999. SVENSK is funded by the Swedish National Board for
Industrial and Technical Development (Nutek) and SICS.

During the first two phases of the project, a large set
of reusable, modular components have be integrated into
the GATE environment, components for text preprocessing,
for morphological processing and tagging, as well as for
different levels of grammatical analysis. Some of the re-
sources come from commercial companies and some from
Swedish academia, while others have been developed at
other projects as well as directly for SVENSK. The compo-
nents, which will be described in detail in Section 3, are

SWETWOL: a two-level morphology for Swedish.

SWECG: a constraint grammar style tagger for Swedish.

SWETWOL and SWECG were originally developed at the
Department of General Linguistics, University of Helsinki
and then turned into a commercial product by Lingsoft Inc.,
Helsinki.

Brill Tagger: a Swedish version of Eric Brill’s part-of-
speech tagger.

UCP: a large-scale chart processing component which can
operate at several levels of linguistic description.

UCP and the tagger were developed for other projects by
Uppsala University.

DUP: a deep-level unification-based processor consisting
of a grammar and an LR-parser.

1Currently, the GATE platform supports document manage-
ment but not the information retrieval classes, see (Cunningham
et al., 1996a, 16-18).
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Figure 1: The SVENSK system

DSP: a domain-specific, shallow-level processor in depen-
dency grammar style.

DUP and DSP were previously developed at SICS for other
projects: DUP together with Telia and SRI International;
DSP together with the Royal Institute of Technology and
Stockholm University.

SWECG2SLE: a conversion module that converts SWECG
tags into corresponding feature structures which can
serve as input to DUP.

Tokeniser: a rule based tokeniser utilizing a stop list of
frequent Swedish abbreviations for identifying tokens
in unrestricted text.

Sentence Splitter: a rule based sentencesplitter for Swedish.

These modules were developed at SICS explicitly for the
SVENSK project; the tokeniser and sentence splitter together
with Uppsala University.

All these components conform to GATE interface stan-
dards, hence allowing their integration into user applica-
tions.

3. Language Components

Figure 1 shows how the modules in GATE are intercon-
nected to form different processing chains in the system.
As indicated in the figure, several processing chains are
possible, for example, SWECG � DSP and SWECG �

SWECG2SLE � DUP. This section gives a description of
the core components of the SVENSK system.

3.1. Tokenisation and Segmentation Resources
The tokeniser and sentence splitter for Swedish (Ols-

son, 1998) are both based on similar modules for English

included in the GATE release (Humphreys et al., 1996b).

3.1.1. A Tokeniser for Swedish
The tokeniser functions as a pre-processing module for

the sentence splitter and UCP modules described below
and uses mainly structural — and only a limited amount
of linguistic — information in its aim to recognise tokens.
The problem of tokenisation is often set aside even though
tokens are the basic items in many text processing systems.
Tokenisation is far from trivial. Some, but not all, of the
tokens may be described and identified without the use of
linguistic knowledge.

The linguistic knowledge employed by the tokeniser is
in the form of a stop list containing frequent abbreviations.
The list is used for distinguishing the cases of a token con-
taining a period (.) in which the period should be considered
as a sentence delimiter from those cases where it should not.
The tokeniser also recognises and signals consecutive new-
line characters in the input, information that may be used
at later processing steps to identify headings as sentence
fragments.

The stop list of abbreviations is obtained from a 300,000
word portion of the Stockholm-Umeå Corpus (Ejerhed et al.,
1992). After extracting them, the abbreviations were sorted
according to frequency, and all those which occurred more
than once and had a period in them were picked out.

3.1.2. A Sentence Splitter for Swedish
The sentence splitter for Swedish is a pre-processing

module intended for use in the GATE platform, which may
as well be run as a stand alone program. Its primary task is
to provide the Brill tagger described in Section 3.2.1 with
sentences and annotations associated with them.

The problem of splitting a text into sentences is related
to that of tokenisation. Possible approaches to solving the
problem of finding and, if necessary, disambiguating sen-
tence boundaries may involve a system that uses rules (e.g.,
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a hand-made or induced grammar), probabilistics (e.g.,
HMMs), or some sort of neural network. Common to all
approaches is that they require one or more pre-processing
modules such as a tokeniser, morphological analyser, or a
program that calculates word frequencies.

The sentence splitter for Swedish implements a rule-
based approach using a minimum of information since it is
not geared towards any specific corpora (thus assuming a
minimum of information to be present in the input). The
information present is mostly structural. The amount of
linguistic knowledge is small and implicitly provided by
the tokeniser.

3.2. Resources for Tagging and Morphology
Currently, there are three components that facilitate part-

of-speech tagging and morphological processing in SVENSK;
a version of the Brill tagger for Swedish; the Swedish two-
level morphology and constraint grammar; and the morpho-
logical processing level of the Uppsala Chart Processor.

3.2.1. A Swedish Version of the Brill Tagger
The Eric Brill’s tagger (Brill, 1992) uses a method

called transformation-based error-driven learning for infer-
ring rules from a tagged training corpus. The rules are then
applicable for tagging previously unseen text. The Brill
tagger is public domain software.

The Swedish version of the tagger has been trained on
the Swedish side of a multilingual parallel corpus developed
at Uppsala University (Prütz, 1997).

3.2.2. Two-Level Morphology and Constraint Grammar
SWETWOL (Karlsson, 1992) is a comprehensive mor-

phological description of Swedish utilizing the two-level
morphology technique (Koskenniemi, 1983). It consists
of a set of finite-state rule automata and a dictionary of
approximately 80,000 entries where a typical entry covers
all inflectional forms of one word, and possibly also forms
of some words derived from the entry. The SWETWOL
output is the words in the input text together with their as-
sociated tags. There could be several tag sets associated to
one word, corresponding to some ambiguity in the morpho-
logical analysis.

SWECG (Swedish Constraint Grammar) is a surface-
oriented syntactic description of Swedish grammarusing the
samedependency-grammar-related description technique as
in the English Constraint Grammar (Karlsson et al., 1995).
The SWECG component disambiguates multiple morpho-
logical readings, determines the location of intra-sentential
clause boundaries, and assigns syntactic roles to individual
words. It picks the correct alternative with an error rate
not exceeding 0.3%, leaving some 5% of the morphological
ambiguities undecided.

Since SWETWOL and SWECG are commercial prod-
ucts from Lingsoft Inc., SVENSK users are required to obtain
a separate license for these.

3.2.3. The Uppsala Chart Processor, UCP
The Uppsala Chart Processor, UCP, is written in LISP

and was originally developed at the Center for Compu-
tational Linguistics, Uppsala University in the early 80’s

(Sågvall-Hein, 1981).
UCP is able to process the input in a variety of ways

and with respect to different levels of linguistic description,
e.g., only morphological processing of the input, or syn-
tactic processing using a top-down filtering, chart-guided
bottom-up parsing approach. The system has been used
within several research projects, most recently as a part of
a grammar checker for controlled Swedish in the SCANIA
project (Sågvall-Hein et al., 1997).

3.3. Grammatical Processing Resources
Two different grammatical descriptions for Swedish and

associated parsers have been integrated into the system, so
far. One large-scale unification-based grammar with an LR
parser and one shallow-level dependency-based processor.

3.3.1. Deep-Level Unification-Based Processor
The deep-level processing component DUP comprises a

Swedish unification grammar (Gambäck, 1997) and an LR
parser (Samuelsson, 1994) developed at SICS. The grammar
is supplemented with a fully-defined lexicon of about 1500
words. The component provides a relatively ‘deep’ level of
analysis but at the cost of robustness. DUP is written purely
in Prolog.

The unification-based grammar was originally devel-
oped for the Swedish Language Engine system (Gambäck
and Rayner, 1992) and designed from the Core Language
Engine, a similar system for English built by SRI Inter-
national Cambridge, England (Alshawi et al., 1992). The
grammar formalism is a feature-category type with declara-
tive bidirectional rules, which means that the same grammar
can be used for both analysis and generation of sentences
into (resp. from) their equivalences in Quasi Logical Form
(Alshawi and van Eijck, 1989), an underspecified, compo-
sitional semantic representation.

3.3.2. Domain-Specific Processor
The domain-specific processing component DSP builds

directly on the SWECG output to provide semantic repre-
sentations and is aimed at projects which require a shal-
lower, but robust, natural language interface for a specific
application (unlike DUP, there is no compositional semantic
analysis). As DUP, DSP is Prolog-based. It was originally
developed as a speech recognition back-end in the multi-
modal agent system OLGA (Beskow et al., 1997).

DSP builds an explicit dependency graph representation
from the SWECG surface analysis: the representation may
include multiple graphs spanning the same input in cases of
ambiguity; or it may be a set of dependency analyses in cases
where the input is incomplete or fragmentary. The depen-
dency graph analyses are transformed into semantic repre-
sentations by matching the graphs against domain-specific
templates (Sunnehall, 1996).

4. Integrating Modules in GATE

The infrastructure of GATE provides several levels of
integration, reflecting how closely a new module should be
connected to the core system; however, at all integration
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levels a wrapper code must surround the core module code.
This code describes the communication between the module
and the GATE system, i.e., it describes the mapping between
the I/O of the module and the corresponding structure in the
TIPSTER Annotation Model.

Also, for each module, there must be a specification of
the type of input and output data of the module in terms of
the Annotation Model. This is the information that GATE
needs in order to connect the module to the other integrated
modules in the system.

There are two APIs facilitating the integration of mod-
ules in GATE; one in C++ and one in Tcl. The choice of
integration level for a new module affects mainly the wrap-
per coding and the way the module is loaded into the system.
Three levels of integration, or couplings, are provided:

tight coupling
demands that the wrapper must be written in C, or in
languages which obey C linkage conventions. The
wrapper is compiled together with the whole GATE
system. This is the most efficient level concerning
execution speed, but each time a new version of the
module is to be loaded, the whole GATE system must
be recompiled. Thus, this level is for final versions
of the modules, and for modules that always should
reside in GATE.

dynamic coupling
also requires that the wrappers should be written in
C, but shared libraries make the module loadable in
run-time.

loose coupling
allows the user to write the wrapper in Tcl, making
it easy to develop a wrapper and load the module at
run-time. Also, wrappers can be altered and reloaded
without having to leave GATE. Thus, this coupling is
most suitable for the development phase.

In the SVENSK system each module is loosely coupled,
allowing for ease of integration. However, the use of Tcl/Tk
and the associated API for processing structurally relatively
complex data, is time consuming and considerably slows
the processing in GATE. Below are descriptions of the inte-
gration considerations for each of the modules in SVENSK.

4.1. Tokenisation and Segmentation
Both the tokeniser and the sentence splitter for Swedish

were designed with a future integration in GATE in mind,
but may also be used as stand alone programs.

The tokeniser is implemented in C, employing flex
(Levine et al., 1995), which is a tool for generating finite
state lexical scanners. flex allows the developer to de-
scribe tokens in terms of regular expressions that it then
translates to C code, utilized in the tokeniser. The tokeniser
expects the input to be plain text, and the output is an an-
notation for each token in the input. The integration of the
tokeniser in GATE was quite straightforward: since it re-
turns each token together with the associated span of byte
offsets, the wrapper itself does not have to calculate the
offsets.

The sentence splitter is implemented in the Perl pro-
gramming language. The process of integrating it in GATE
differed somewhat from that of the tokeniser since the in-
put to the splitter needs to be more structured. It requires
the input to be tokens with the associated byte offsets, as
output by the tokeniser. The output produced by the splitter
is sentences together with the corresponding spans of byte
offsets.

4.2. Tagging and Morphological Processing
The Brill tagger and SWECG predates GATE. However,

since the I/O formats of these modules are well defined, it
was possible to wrap the components up in Tcl code to have
them “talk” to GATE and to the other components in the
system.

SWECG does not have information of the exact position
(in byte offset) of each word in the input text. Since the An-
notation Model requires such information, a preprocessing
procedure has been implemented. For each word a position,
together with the other information of the word produced by
SWECG, is stored in an annotation structure. The position
finding procedure is not integrated into SWECG, but resides
in the wrapper code.

The Brill tagger relies on information provided by the
tokeniser and the sentence splitter; thus, the wrapper does
not contain a preprocessing procedure for calculating byte
offsets in the input. Unlike the Brill tagger included in the
VIE system, the source code of the tagger for Swedish has
not been altered, so this wrapper should enable integration
of any tagger conforming to the I/O format of the original
Brill tagger.

UCP assigns zero or more morphological analyses to
each token in the input, each analysis appearing as an
attribute-value structures spanning several lines. Thus, the
wrapper is required to process a number of lines in the out-
put before information about one token can be recorded.
The UCP wrapper is therefore quite complex and the time
spent in it is relatively longer than the time spent in the
wrappers integrating the other components described.

To enable users to view the results from UCP, a new
GATE-viewer for displaying the output from UCP was im-
plemented and integrated in GATE. It takes a hypertext
approach towards solving the problem of showing an arbi-
trary number of analyses to the user; when the user clicks
on a portion of the input, displayed in one window, the
corresponding analyses are shown in another window.

4.3. Grammatical Resources
DUP does not need any specific position finding proce-

dure, since it takes the input positions from the output of
SWECG. But changes were made to the source code so that
the positions are propagated to the output of DUP.

The DUP module works with an internal lexicon. In ad-
dition, DUP gets lexical information from SWECG. Thus,
DUP can get information from either one of the lexica,
or both. Connecting independent linguistic algorithmic
modules often requires a mapping between data structures
treated by the different modules. In the case of connecting
SWECG with DUP, the tagset of SWECG must be mapped
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onto the feature structures of DUP.
There are several ways to transform data structures in

GATE. One way is to transform the data in one of the
modules, for example in the parser in DUP, or in the wrapper
(as is done in the preprocessing module for SWECG). But
then a communicating module is committed to always take
input data of the same kind as the other module. If another
module is to be connected, treating different types of data,
the transformation must be made in the module itself.

Another way is to have a separate module that transforms
between data sets. This is a dynamic approach since no
module needs to be changed. Connecting another module
means adding a new transformation module between the
old and the new ones. Connecting SWECG to DUP, we
have adopted the second approach, i.e., we have developed
a separate module (called SWECG2SLE in Figure 1) which
undertakes the necessary format conversions.

DSP treats the same data as SWECG outputs, so no
transformation module between them is needed: The input
to DSP is the word annotations from SWECG, and the output
is the annotations of the semantic structures produced by
DSP. As in the DUP module, some changes in the code
of DSP had to be made, since the word positions must be
propagated to the output.

5. Conclusions and Future Work

The paper has described the SVENSK project, which de-
velops a toolbox of reusable language processing resources.
SVENSK uses GATE, General Architecture for Text Engi-
neering, as a platform in which the resources are integrated.
A range of different modules have been incorporated into
the system so far, both in-house modules, commercially
available modules, and modules from Swedish academia.

In addition to the core components described in this pa-
per, SVENSK can include language resources and auxiliary
tools for corpus analysis, text pre-processing, testing, eval-
uation and so on, which have been developed at SICS or
contributed by external sources. Some resources already
available at SICS which would tentatively be included:

� S-VEX, the Swedish Vocabulary Expander (Gambäck,
1992), a tool for extending the fully-defined lexicon
of the deep-level processing component.

� A generator component based on so-called Semantic-
Head Driven Generation (Shieber et al., 1990).

� An interface component to a toy database (Gambäck
and Ljung, 1993).

� The “parser-box”, a toolkit for educational purposes
which includes several types of parsers.

A wide range of components from external sources could
possibly be integrated, including another Swedish version
of the Brill tagger developed at the Department of Swedish,
Göteborg University (Nivre et al., 1996) and trained on the
SUC corpus tag set.

The key aim of the project is that the resources included
in SVENSK should be freely available for non-commercial

use, at least for Swedish institutions. Currently, all com-
ponents except for SWECG and SWETWOL meet this re-
quirement. Of course, processing resources included in
the system in the future should preferably also match this
free-for-all strategy.
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Mikael Eriksson and Björn Gambäck. 1997. SVENSK: A
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Björn Gambäck. 1992. Lexical acquisition: the Swedish
VEX system. In L. Ahrenberg, editor, Papers from
the 3rd Nordic Conference on Text Comprehension in
Man and Machine, pages 59–70, Linköping University,
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1997. Scania Swedish – a basis for multilingual ma-
chine translation. In Proceedings of the 19th Conference
on Translating and the Computer, London, England,
November. ASLIB.
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