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Inventions, patents, and software

The Linux Operating System

Linux (http://www.cs.helsinki.fi/linux/) is a multi-user, multitasking and multiprocessing (SMP) POSIX-compliant operating system for Intel x86, Digital Alpha, Sparc, Mips, and Motorola PowerPC machines.

The work on the Linux operating system was started by our student Linus Torvalds as a hobby. He announced the development kernel code in Internet in late 1991, and Linux was quickly pushed ahead by thousands of skilled people across the Internet. The development was co-ordinated by Torvalds. He released the first full-featured 'official' kernel version 1.0 in April 1994 at the University of Helsinki. The current version is 2.2 (released January 25, 1999),  and development continues. Torvalds' work was supported 1994-96 by the Department of Computer Science by giving him a scientific assistant position.

Linux is freely distributable under GNU Public Licence, and most of the programs run under Linux are generic UNIX freeware, many of them from the GNU project.

Linux has become a very attractive alternative to operating systems. It is largely used especially by academic institutions. It has been estimated that Linux is currently run in more than 12 million computers.

Mowgli (Mobile Workstations using GSM Links)

The MOWGLI project (M. Tienari, T. Alanko, K. Raatikainen) developed a prototype system to test the new conceptual ideas for enhanced data transportation services over a cellular telephone network. The software includes an essentially new data communication infrastructure, a set of generic and application-oriented agents, and some generic services intended for either asynchronous or weakly connected co-operation of system components over the wireless link. The system became operational in academic and demonstration versions.

Nokia Artus Wireless Data Enhancer is a wireless data product that the Nokia Corporation has announced for the Nokia Artus product family. The product is based on the mobile computing and communication architecture developed in the Mowgli project.

The ideas developed in the Mowgli project have also had their impact within various international standardisation efforts of the computer and data communication industry: some ideas have been directly adapted in WAP (Wireless Application Protocols), and they are currently under discussion in IETF (Internet Engineering Task Force) and MNCRS (Mobile Network Computer Reference Specification).

KOPTIMI

Koptimi is a tool for solving highly constrained 3-dimensional bin-packing type optimisation problems. This program, developed by the CoSCo research group (H. Tirri, P. Myllymäki) and commercialised by Tieto Corporation, is currently being used at several domestic and international branch offices of the StoraEnso company for planning the loading of paper reels and coils in large ship containers. Future versions will be provided with more sophisticated visualisation features including support for 3-dimensional VRML browsing of the solutions found by the program.

TASA

TASA (Telecommunication Alarm Sequence Analyzer) is a data mining tool developed in the Data Mining Group (H. Mannila, H. Toivonen, M. Klemettinen) for analysing telecommunication networks alarms. The purpose of TASA is to aid in the knowledge acquisition phase for creating an alarm correlation model. TASA discovers automatically both temporal connections between different types of alarms (episode rules) and relationships between alarm properties (association rules).

Different versions of the TASA system have been in prototype use in four telecommunication companies (HPY, Nokia, TPO, Radiolinja) since the beginning of 1995. Since fall 1998, one of the companies has further developed the system and they intend to integrate TASA into their existing network management systems.

sgrep

Sgrep (structured grep) is a tool for searching and indexing text, SGML, XML and HTML files, and for filtering text streams using structural criteria. The tool implements a fully compositional query language based on modelling text structures by unrestricted sets of substrings called regions. Sgrep and its query language have been developed in the DocMan group (P. Kilpeläinen, H. Ahonen, G. Lindén) since 1995. Sgrep is available on Windows 95/98/NT, Linux, and most Unix systems. Early versions of sgrep are distributed on CD-ROMs accompanying two books published by Prentice Hall ("The SGML Buyer's Guide" and "Designing XML Internet Applications"). Sgrep is also included on the Debian Linux distribution package. It is distributed and used by several thousands of people world-wide under the GNU General Public License and is available at http://www.cs.helsinki.fi/~jjaakkol/sgrep.html

Other software available from the WWW server of the department

BAYDA

BAYDA (Bayesian Discriminant Analysis) is a Java software package for flexible data analysis in classification domains. For predicting the class memberships, BAYDA performs fully Bayesian predictive inference based on a Naive Bayes model with the marginal likelihood predictive distribution. As demonstrated in several studies, using model parameter averaging improves classification performance substantially, especially with small samples. On the other hand, it is well-known that the Naive Bayes classifier model makes strong independence assumptions that are frequently violated in practice. For this reason, the BAYDA software also provides a feature selection scheme which can be used for analysing the problem domain, and for improving the prediction accuracy of the models constructed by BAYDA. The feature selection scheme utilises a novel Bayesian criterion based on supervised marginal likelihood.

BAYDA is available free of charge for research and teaching purposes from "http://www.cs.Helsinki.FI/research/cosco/" under section "Software", and it has currently been tested on Windows'95/NT, SunOS and Linux platforms. However, being implemented in 100% Java, it should be executable on all platforms supporting Java.

Jeliot

Jeliot is a Web-based visualisation environment for easy algorithm animation. Jeliot was developed by the AAPS group (J. Tarhio, E. Sutinen). The user submits his algorithm as a Java program to Jeliot and receives it back as Java byte code containing an adjustable animation as an intended side-effect. While running the animation, the user selects the variables of the algorithm he likes to visualise and controls their visual characteristics. To use Jeliot one has to have a browser that supports Java. Jeliot is available at http://www.cs.Helsinki.FI/research/aaps/Jeliot/
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Projects of the Department of Computer Science 1994-98

The research at the department has evolved over the years similarly to the international research trends in computer science. Early work in numerical analysis in the 1960's made room for work in programming languages and compilers in the 1970's. Since then the research has diversified and its volume has increased.

The main sources of research funding are the Academy of Finland, the Technology Development Centre of Finland (TEKES), the Ministry of Education and the European Union (EU) research programmes. All projects funded by TEKES also have partial funding by industrial partners.

The Department participates in two graduate schools that fund the research of some PhD students: The Helsinki Graduate School in Computer Science and Engineering (HeCSe; a joint school with the Helsinki University of Technology); and the Graduate School in Computational Biology, Bioinformatics and Biometry (ComBi; a joint school with the University of Turku and the Center for Scientific Computing of Finland. The school is co-ordinated by the Department and directed by Prof. Esko Ukkonen).

The department has three informal sections that are used in the planning of the curricula and in administration. The division is not strict, and several research projects span two sections. The sections cover roughly the following subject areas:

1. General Computer Science (Prof. Esko Ukkonen, Prof. Henry Tirri, Prof. Matti Mäkelä): algorithms and data structures, computational complexity, computational geometry, machine learning, Bayesian networks, neural networks, computer graphics, numerical and symbolic computation, computational biology, geoinformatics, computationally intensive tasks, computer-aided instruction, computers in education

2. Computer Software (Prof. Jukka Paakki, Prof. Kimmo Raatikainen, Prof. emer. Martti Tienari): programming languages, compilers, formal specification and verification, software engineering, distributed systems, computer networks, operating systems, performance evaluation

3. Information Systems (Prof. Heikki Mannila, Prof. Seppo Sippu): databases, human-computer interfaces, computer supported co-operative work, information system design methodology, design of databases, text databases, object-oriented databases, logic databases, database structures and algorithms, document management, data mining and knowledge discovery, management of spatial data (GIS).

In the following, the research activities of each section of the department are reviewed.

General Computer Science

The main research areas in the section of general computer science are algorithms and data structures, machine learning, probabilistic reasoning, computations by complex dynamic systems (cellular automata and genetic algorithms) and computational biology. Algorithms, Data Structures and Complexity (Academy of Finland, 1983-, Ukkonen) is the area with the longest tradition. The work on string matching algorithms (Ukkonen, Tarhio, Kärkkäinen) has been particularly successful. Theoretical work has often been conducted within the framework of systems research providing practical motivation for the problems studied. Currently, special emphasis is given to the research on algorithmic problems in computational biology and bioinformatics. A project on Algorithmic Methods of Biocomputing and Data Analysis (Academy of Finland, 1999-, Ukkonen) has just started.

The Complex Systems Computation Group (CoSCo, Tirri, Myllymäki) studies computational issues related to complex systems focusing on prediction and model selection issues. Current work of the CoSCo group is concentrated on theory and applications of Bayesian  (belief) networks, and related probabilistic model families, such as finite mixture models. The Computationally Intelligent Hybrid-Paradigm Environments project (HYPE/TEKES, 1995-98) studied hybrid systems integrating different modules such as neural networks, probabilistic models and genetic algorithms all aiming at solving a single problem. The general objective of the Computational Intelligence Techniques for Nonlinear Modelling in Social Sciences (NONE/Academy of Finland, 1998-99) project is to develop theoretically sound computational intelligence techniques for nonlinear modelling of data, and methodologies for applying them in the domain of educational data. The main objective of the PROMISE project (TEKES, 1998-99) is to study methods for applying probabilistic modelling techniques (Bayesian networks, finite mixture models) and stochastic optimisation methods (simulated annealing, genetic algorithms) in constructing adaptive and intelligent systems.

The Machine Learning Group (Academy of Finland, 1994-, Mannila, Ukkonen, Elomaa, Kivinen) has studied different machine learning models and the complexity of learning tasks within these models as well as their applications, e.g., in biological sequence analysis and process industry. The aim of Neural and Computational Learning (NeuroCOLT Working Group/EU, 1994-2000, 10 sites, Ukkonen) is to develop a fundamental understanding of learning and of when and how it can be implemented algorithmically. Machine Learning Methods in Hydrological Modelling and Optimisation (Academy of Finland, 1994-99, Ukkonen) applies machine learning methods in hydrological modeling (a joint project with the Finnish Environment Institute).

The Animation Aided Problem Solving (AAPS/Ministry of Education 1996-98, Tarhio, Sutinen) has studied program visualisation, teaching algorithms by means of animation, and computer-supported concept mapping. The group has developed a Web-based system for fast generation of algorithm animations. The Survey of Information Technology in Human Services in Finland (SosKart/STAKES, 1998-99, Mäkelä) analyses and evaluates the state and the prospects of the information technology applications currently used in human services in Finland.

Computer Software

Our computer software research can be subdivided into two main areas: distributed systems and telecommunication software  (Raatikainen, Tienari, Alanko) and programming languages and software engineering (Paakki). In some projects these two areas are intertwined.

The Modelling of Concurrency (MOCO/Academy of Finland, 1990-, Tienari, Kaivola) studies formal specification and verification of distributed systems, developing and using theories and software tools based on process algebras and temporal logics. The Open Distributed Computing Environments (ODCE, 1992-, Tienari, Raatikainen, Kutvonen) group concentrates on open architecture models and platforms. First, the DRYAD project (TEKES, 1992-1996, Tienari) studied middleware support for federation of sovereign systems. Conceptual results were contributed to the Open Distributed Processing reference model standardised by ISO/ITU; experimental results included a prototype trader. A newer ODCE project, the CORBA-Based Framework for Telecommunications project (CORBA-FORTE/TEKES, 1998-1999, Tienari, Raatikainen) focuses on the performance and usability of the CORBA architecture in telecommunications systems.

Mobile Computing (MOWGLI/TEKES, 1993-99, Tienari, Raatikainen, Alanko, Kojo) studies, designs and tests new data communication architectures for GSM-based mobile data services. The Service Machine Development for an Open Long-term Mobile and Fixed Network Environment project (DOLMEN/EU, 1995-98, 12 partners, Raatikainen) demonstrates, assesses and promotes a Service Architecture (called Open Service Architecture for a Mixed fixed and mobile environment ( OSAM) that meets the requirements of open provision of communication services over both fixed and mobile heterogeneous and multi-provider telecommunications networks. The Adaption Agents for Nomadic Users project (MONADS/TEKES, 1998-, Raatikainen) examines adaptive agents for nomadic users. Mobile Intelligent Agents in Accounting, Charging and Personal Mobility Support (MONTAGE/EU, 1998-, 5 partners, Raatikainen) aims to research, evaluate and assess the impact of agent technology to the telecommunications world. A new project, Promoting Interoperability for Multimedia services in Europe (Prime/EU, 1999-2000, 8 partners, Raatikainen) has just started.

The research project Database Architecture For Intelligent Networks (Darfin/TEKES, 1993-95, Raatikainen), examined database architectures that can fulfil the requirements of Intelligent Networks (IN) and Telecommunication Management Networks (TMN). The research project Real-Time Object-Based Database Architecture for Intelligent Networks (RODAIN, 1996-, Raatikainen) continues the work done in the Darfin project. In the project the research group has designed and specified a real-time object-oriented database architecture for Intelligent Networks and implemented a simple prototype.

The world-wide development of the LINUX operating system was initiated and co-ordinated at our department by Linus Torvads 1991-97. The work with Linux still continues here. The objective of the department in the High Performance Gigabit I2O Networking Software project (HPGIN/EU, 1998-2000, 3 partners, Raatikainen, Tienari) is to implement I2O extensions to the Linux standard network operating system and to add support for I2O compliant gigabit networking adapters.

The Channel into Object-Oriented Protocol Design (Kannel/Academy of Finland, Paakki) project developed Kannel, an integrated language for the design and implementation of communication protocols. The Computer-Aided Software Maintenance (HyperSoft/TEKES, 1994-96, Paakki) project developed a tool supporting typical software maintenance tasks such as debugging, side-effect analysis, and regression testing. In another project, A Framework Editor for Java (FRED/TEKES, 1997-99, Paakki, Tuovinen) the group developed a prototype CASE tool for the development of reusable application frameworks founded on design patterns. Object-based software architectures (Academy of Finland, 1999-2001, Paakki) is a new project studying software architectures.

The ESPRIT A Methodology-Based Workbench for KBS Life Cycle Support (VITAL/EU, 1990-95, 9 partners, Mannila, Tirri) designed and implemented a methodology-based workbench for knowledge-based systems.

Information Systems

In information systems the largest research project has concentrated on data mining (Mannila, Toivonen,Verkamo, Klemettinen), also known as knowledge discovery in databases. The research is done in cooperation with the machine learning group, with statisticians, and with the appliers of the work. The research started in late 1980's in the context of developing tools for inferring integrity constraints from databases. Recent research results include efficient data mining methods for database re-engineering, methods for finding recurrent episodes within event sequences, and development of automatic tools for the simulation of complex statistical models. The Data mining in telecommunications project (TASA/TEKES, 1994-87, Mannila, Klemettinen) has developed several new methods for extracting interesting information from large data sets. The From Data to Knowledge project (FDK/Academy of Finland, 1996-99, Mannila, Toivonen, Ukkonen, Verkamo,) is a large umbrella project developing methods for knowledge discovery from large masses of data. The project combines and develops methods in computer science and statistics, and the methods are applied to epidemiology, biotechnology, environmental research and archaelogy. Knowledge Extraction for Statistical Offices (KESO/EU, 1995-98, 8 partners, Mannila, Verkamo) developed tools for knowledge discovery from large statistical data sets.

The Document Management (DocMan, Mannila, Kilpeläinen, Ahonen, Lindén) research group studies the theory and application of structured documents. Former research projects include the sgrep project (1995) which designed and implemented a search tool for structured documents. Structured and Intelligent Documents (SID/TEKES 1995-98, Kilpeläinen) was a project within the DocMan group that studied and developed methods and tools for the realisation of ''intelligent documents'' which would easily adapt to the needs of different users. A central goal application was document assembly, by which we mean computer supported compilation of new documents from existing text sources. The Intelligent Management Information Systems (ÄLYJO/TEKES 1997-99, Mannila, Kilpeläinen) project studies information retrieval, computer-supported co-operative work and interactive communication in management information systems.

The Transaction Management Support for Co-operative Applications (TRANSCOOP/EU, 1994-96, 3 partners, Tirri) project studied design of co-operative systems including the description and formal specification of co-operative activities.
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C. Computer Systems Organization

C.2 Computer-Communication Networks

C.2.1 Network Architecture and Design
K. Granö, J. Paakki, A. Viljamaa and J. Viljamaa: Protocol engineering & Kannel. Dr. Dobb's Journal 23, 4 (1998), 46-53.

C.2.2 Network Protocols

M. Kojo, K. Raatikainen and T. Alanko: Connecting mobile workstations to the Internet over a digital cellular telephone network. In Mobile Computing (eds. T. Imielinski and H. Korth), Kluwer Academic Publishers, 1996, 253-270.

M. Kojo, K. Raatikainen, M. Liljeberg, J. Kiiskinen and T. Alanko: An efficient transport service for slow wireless telephone links. IEEE Journal on Selected Areas in Communications 15, 7 (1997), 1337-1348.

C.2.4 Distributed Systems

P. Kutvonen and L. Kutvonen: Measured performance of a special-purpose database engine for distributed system software. Computer Communications Journal 19, 1 (1996), 21-29.

P. Porkka and K. Raatikainen: CORBA access to telecommunications databases. In Proc. IFIP TC6 WG6.7 International Conference on Intelligent Networks and Intelligence in Networks (ed. D. Gaiti, Chapman & Hall, 1997, 281-300.

C.3 Special-Purpose and Application-Based Systems

J. Taina and K. Raatikainen: An experimental real-time object-oriented database architecture for intelligent networks. Engineering Intelligent Systems 3 (1996), 141-154.

D. Software

D.1 Programming Techniques

D.1.6 Logic Programming

T. Eiter, G. Gottlob and H. Mannila: Disjunctive Datalog. ACM Transactions on Database Systems 22, 3 (1997), 364-418.

T. Eiter and H. Mannila: Distance measures for point sets and their computation. Acta Informatica 34, 2 (1997), 109-133.

D.2 Software Engineering

D.2.2 Tools and Techniques

J. Paakki, J. Koskinen and A. Salminen: From relational program dependencies to hypertextual access structures. Nordic Journal of Computing 4, 1 (1997), 3-36.

D.2.7 Distribution and Maintenance

J. Paakki, A. Salminen and J. Koskinen: Automated hypertext support for software maintenance. The Computer Journal 39, 7 (1996), 577-597.

D.3 Programming Languages

D.3.4 Processors

G. Lindén, H. Tirri and A. I. Verkamo: ALCHEMIST: A general purpose transformation generator. Software ( Practice and Experience 26, 6 (1996), 653-676.

J. Paakki and A.-P. Tuovinen: Source-to-Source Translation of Visual Languages. Nordic Journal of Computing 5, 3 (1998), 235-264.

A.-P. Tuovinen: Error Recovery in Parsing Relational Languages. In Proc. IEEE Symposium on Visual Languages. IEEE Computer Society Press, 1998, 6-13.

D.4 Operating Systems

D.4.0. General
L. Torvalds: Linux: A Portable Operating System. Master Thesis, Report C-1997-12, Department of Computer Science, University of Helsinki, 1997.

E. Data

E.2 Data Storage Representations
O. Nurmi and E. Soisalon-Soininen: Chromatic binary search trees: A structure for concurrent rebalancing. Acta Informatica 33, 6 (1996), 547-557.

F. Theory of Computation

F.1 Computation by Abstract Devices

F.1.1 Models of Computation
P. Floréen and T. Huuskonen: Uniqueness of maximum values in discrete distributions. Journal of Applied Probability 31 (1994), 757-764.

P. Orponen: Computing with truly asynchronous threshold logic networks. Theoretical Computer Science 174 (1997), 123-136.

F.1.3 Complexity Classes

P. Orponen, K.-I. Ko, U. Schöning, and O. Watanabe: Instance complexity. Journal of the ACM 41, 1 (1994), 96-121.

F.2 Analysis of Algorithms and Problem Complexity

F.2.2 Nonnumerical Algorithms and Problems
G. Das, R. Fleischer, L. Gasieniec, D. Gunopoulos and J. Kärkkäinen: Episode matching. In Proc. 8th Annual Symposium on Combinatorial Pattern Matching, CPM '97 (eds. A. Apostolico and J. Hein), Lecture Notes in Computer Science 1264, Springer, 1997, 12-27.

T. Eiter, P. Kilpeläinen, and H. Mannila: Recognizing renamable generalized propositional Horn formulas is NP-complete. Discrete Applied Mathematics 59 (1995) 23-31.

K. Fredriksson and E. Ukkonen: A rotation invariant filter for two-dimensional string matching. In Proc. Combinatorial Pattern Matching, CPM98, Lecture Notes in Computer Science 1448, Springer

1998, 118-125.

P. Jokinen, J. Tarhio and E. Ukkonen: A comparison of approximate string matching algorithms. Software ( Practice and Experience 26, 12 (1996), 1439-1458.

P. Kilpeläinen and H. Mannila: Ordered and unordered tree inclusion. SIAM Journal on Computing 24, 2 (1995), 340-356.

J. Kärkkäinen and E. Sutinen: Lempel-Ziv index for q-grams. Algorithmica 21, 1 (1998), 137-154.

J. Kärkkäinen and E. Ukkonen: Two and higher dimensional pattern matching in optimal expected time. In Proc. 5th Annual ACM-SIAM Symposium on Discrete Algorithms, SODA '94, ACM-SIAM, 1994, 715-723. (Full version to appear in SIAM Journal of Computing.)

M. Nykänen and E. Ukkonen: Finding lowest common ancestors in arbitrarily directed trees. Information Processing Letters 50 (1994), 307-310.

J. Tarhio: A sublinear algorithm for two-dimensional string matching. Pattern Recognition Letters 17, 8 (1996), 833-838.

J. Tarhio and H. Peltola: String matching in the DNA alphabet. Software ( Practice and Experience 27, 7 (1997), 851-861.

E. Ukkonen: On-line construction of suffix-trees. Algorithmica 14 (1995), 249-260.

F.3 Logics and Meanings of Programs

F.3.1 Specifying and Verifying and Reasoning about Programs
J. Eloranta, M. Tienari and A. Valmari: Essential transitions to bisimulation equivalences. Theoretical Computer Science 179, 1/2 (1997), 397-419.

A. Valmari and M. Tienari: Compositional failure-based semantic models for basic LOTOS. Formal Aspects of Computing 7 (1995), 440-468.

F.4 Mathematical Logic and Formal Languages

F.4.1 Mathematical Logic
R. Kaivola: Axiomatising linear time mu-calculus. In Proc. 6th International Conference on Concurrency Theory, CONCUR '95 (eds. I. Lee and S. Smolka), Lecture Notes in Computer Science 962, Springer, 1995, 423-437.

R. Kaivola: Axiomatising extended computation tree logic. Theoretical Computer Science 190, 1 (1998), 41-60.

F.4.2 Grammars and Other Rewriting Systems

J. Paakki: Attribute grammar paradigms - a high-level methodology in language implementation. ACM Computing Surveys 27, 2 (1995), 196-255.

E. Ohlebusch and E. Ukkonen: On the equivalence problem for E-pattern languages. Theoretical Computer Science 186, 1-2 (1997), 231-248.

G. Mathematics of Computing

G.3 Probability and Statistics
P. Kontkanen, P. Myllymäki, T. Silander and H. Tirri: On the accuracy of stochastic complexity approximations. In Proc. Causal Models and Statistical Learning Seminar, 1997, 103-117. Also to appear in Causal Models and Intelligent Data Analysis (ed. A. Gammerman), Springer, 1998.

H. Information Systems

H.2 Database Management

H.2.1 Logical Design
J. Kivinen and H. Mannila: Approximate dependency inference from relations. Theoretical Computer Science 149, 1 (1995), 129-149.

H.2.3 Languages

G. Grahne: Updates and counterfactuals. Journal of Logic and Computation 8, 1 (1998), 87-117.

G. Grahne and A. O. Mendelzon. Updates and subjunctive queries. Information and Computation 116 (1995), 241-252.

G. Grahne, A. Mendelzon and P. Revesz: Knowledgebase transformations. Journal of Computer and System Sciences 54, 1 (1997), 98-112.

G. Grahne, M. Nykänen and E. Ukkonen: Reasoning about strings in databases. In Proc. 13th ACM SIGACT-SIGMOD-SIGART Symposium on Principles of Database Systems, PODS '94, ACM 1994, 303-312.

H.2.4 Systems

T. Imielinski and H. Mannila: A database perspective on knowledge discovery. Communications of the ACM 39, 11 (1996), 58-64.

J. Kiviniemi, T. Niklander, P. Porkka and K. Raatikainen: Transaction processing in the RODAIN real-time database system. In Real-Time Database and Information Systems (eds. A. Bestavros and V. Fay-Wolfe), Kluwer Academic Publishers, 1997, 355-375.

J. Puustjärvi, H. Tirri and J. Veijalainen: Reusability and modularity in transactional workflows. Information Systems 22, 2/3 (1997), 101-120.

S. Sippu and E. Soisalon-Soininen: An analysis of magic sets and related optimization strategies for logic queries. Journal of the ACM 43, 6 (1996), 1046-1088.

H. Tirri, J. Srinivasan and B. Bhargava: Integrating data sources using federated objects. In Distributed Object Management (ed. M. T. Özsu et al.), Morgan Kaufmann, 1994, 315-328.

H.3 Information Storage and Retrieval

H.3.1 Content Analysis and Indexing
R. Agrawal, H. Mannila, R. Srikant, H. Toivonen and A. I. Verkamo: Fast discovery of association rules. In Advances in Knowledge Discovery and Data Mining (eds. U. M. Fayyad, G. Piatetsky-Shapiro, P. Smyth and R. Uthurusamy), AAAI Press, 1996, 307-328.

L. Dehaspe, H. Toivonen, and R. D. King: Finding frequent substructures in chemical compounds. In Proc. 4th International Conference on Knowledge Discovery and Data Mining, KDD '98, AAAI Press, 1998, 30 - 36.

H. Mannila, H. Toivonen and A. I. Verkamo: Discovery of frequent episodes in event sequences. Data Mining and Knowledge Discovery 1, 3 (1997), 259-289.

H.3.3 Information Search and Retrieval

H. Ahonen, O. Heinonen, M. Klemettinen and A. I. Verkamo: Applying data mining for descriptive phrase extraction in digital document collections. In Proc. IEEE Conference on Advances in Digital Libraries, ADL '98, 1998, 2-11.

M. Klemettinen, H. Mannila, P. Ronkainen, H. Toivonen, and A. I. Verkamo: Finding interesting rules from large sets of discovered association rules. In Proc. 3rd International Conference on Information and Knowledge Management, CIKM '94, (ed. N.R. Adam et al.), ACM Press, 1994, 401-407.

H. Mannila: Methods and problems in data mining. In Proc. 6th International Conference on Database Theory, ICDT '97 (eds. F. Afrati and P. Kolaitis), Lecture Notes in Computer Science 1186, Springer, 1997, 41-55.

H.5 Information Interfaces and Presentation

H.5.2 User Interfaces

H. Erkiö: Model-based evaluation methods (in Finnish). In Design of graphical user interfaces (in Finnish, ed. A. Kalimo), Suomen Atk-kustannus Oy, 1996, 113-123.

I. Computing Methodologies

I.2 Artifical Intelligence
P. Myllymäki and H. Tirri: Prospects of Bayesian Networks (in Finnish). Technology Review 58/98, The Technology Development Centre (TEKES), 1998.

I.2.6 Learning

H. Ahonen: Automatic generation of SGML content models. In Proc. 6th International Conference on Electronic Publishing, Document Manipulation and Typography, EP '96 (eds. A. Brown, A. Brüggemann-Klein and A. Feng), Wiley Publishers, 1996, 195-206.

A. Brazma, I. Jonassen, J. Vilo and E. Ukkonen: Predicting Gene Regulatory Elements In Silico on a Genomic Scale. Genome Research 8, 11 (1998), 1202-1215.

A. Brazma, J. Vilo, E. Ukkonen and K. Valtonen: Data mining for regulatory elements in yeast genome. In Proc. 5th International Conference on Intelligent Systems for Molecular Biology, ISMB'97, AAAI Press, 1997, 65-74.
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