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In this paper we discuss current issues in computer science and its 
application to Baduk.  We present an overview of the current state of 
the art in a number of baduk-related domains and applications.  Next, 
we present some suggestions for improvement.  In particular we 
discuss Internet go, including the distribution of baduk information on 
the net and servers such as Dashn and KGS, training software such 
as Life and Death, Junsuk(joseki) and related tools and playing 
programs.  We discuss these topics from the viewpoints of both the 
user and the area of artificial intelligence. 

 
 

1 Introduction 
 
Baduk (also known as go, igo, weiqi) is a game with a long history and playing it 
is a challenging task.  Recently, the advent of computers opened a wide range of 
new possibilities.  In this paper we look at what interesting interactions are 
possible between baduk and computer science. 
 
This interaction is bidirectional.  First, computers can help baduk.  This is shown 
by the large amount of baduk software that has been created and successfully 
used in the past years.  Also, one can observe that a growing part of the baduk 
community only exists thanks to information technology: in places where baduk is 
less popular, players have learned the game and play it only against a program 
(though still very poor for beginner enjoyable) or through the Internet. 
 
Second, perhaps less known by the baduk community itself, baduk can help 
computer science.  After all, western chess turned out to be a relatively simple 
game to learn a computer.  Baduk is providing a much tougher challenge for 
computer scientists.  On the one hand, ue to the simplicity of its rules, it is easy 
to describe.  On the other hand, it provides a complex environment where 
decisions have far-reaching consequences, where brute-force search leads 
nowhere and in contrast subtlety is required.  The lack of methods to deal with 
this kind of problems shows the limitations of current artificial intelligence.  



However, while only few current researchers believe that a really strong artificial 
go player can be constructed in the near future, baduk has inspired many recent 
great computer science innovations. 
 
In this paper we will try to give an overview of these interactions and try to point 
out possible improvements.  The sequel is structured as follows.  In Section 2 we 
will discuss basic utilities.  In Section 3 the role of the internet is discussed.  In 
Section 4 we discuss how computers can be used for training purposes. Finally, 
in Section 5 we give a summary and draw some conclusions. 
 

2 Basic utilities 

2.1 Game record editing 
One of the basic utilities for baduk are game record editors.  Probably the most 
wide-spread standard for game records is the ``Smart Game File'' (SGF) file 
format [Hol01].  In Figure 1, an example is shown of the Cgoban SGF editor. 
SGF files can contain many elements apart from just a game record: 

• Variations may be included.  SGF files are even used for variation trees of 
standard exchanges such as junsuk. 

• Comments can be included at every node of the variation tree. 
• In each node, one can also mark intersections and stones with symbols 

(triangles, circles) or letters to which one can then refer in the comments. 

Figure 1: Cgoban SGF file edit 



2.2 Organisational software 
 
Another type of helpful software are programs that help to organize a tournament 
by administering players and their results and by proposing good pairings.  E.g. 
the program MacMahon [Ger] is used in many western amateur tournaments that 
use the MacMahon or related pairing scheme.  The program tries to find an 
optimal pairing, which succeeds usually very well if the number of players is not 
too small.  A large number of parameters (about top group, handicap strategy,  
etc.) can be set.  Figure 2 shows a screen shot of this program (the last round of 
the Brussels 2002 tournament). 

 
 
 

3 The role of the Internet 
 
Probably one of the most appreciated benefits of computer technology are the 
improved communication possibilities.  Playing, discussing and analyzing baduk 
is now possible with people living all over the world in real time. 

Figure 2: The MaxMahon program 



 

3.1 Data access 
 
Another important advantage of the Internet is the possibility to make information 
available to everyone at almost no cost.  There is information on organisations 
and culture, but also on more technical aspects of the game.  Some interesting 
examples are 

• Professional games : large collections of games can be found at 
o Gobase [vdS] : probably the largest database, covering many of the 

major title matches.  It also contains a database of professional 
players (many with a short biography), and search utilities. 

o Jan Van Rongen's site [vR] provides a large collection of games by 
Cho Chikun and Yamashita Keigo. 

• Game Commentary: collections of commented games are much sparser 
on the internet.   

o The Go Teaching Ladder [GHH] is a site on which amateurs can 
submit their games for review.  These are then distributed over a 
large database of reviewers and the reviews are published on the 
site.  The system works very well, but there is a lack of stronger 
players to review the games of dan players (with dan players we 
mean amateur dan players.  For players of professional strength we 
use the term ``professional player''). 

o On the site http://www.go4go.net/, one can find professional 
games, and subscribers ($50/year) can download commented 
games of professionals and top amateurs.   

• Life and Death problems:  
o Minoru Harada, a strong Japanese amateur, publishes on his site 

[Har] weekly two Life and death problems of intermediate difficulty. 
o A number of site provide more or less interactive life and death 

problems. We will gives some examples of these in Section 4.2.3 
• Standard exchange dictionaries (Junsuk). 

o Kogo's joseki dictionary [Odo] can be downloaded from the web 
and is probably the largest junsuk dictionary available online.  
Essentially, it is a large SGF file with junsuk variations.  Figure 3 
shows one position.  The possible variations are marked with letters 
and the comments say which variation is good, equal or bad. 



 
o Gobase [vdS] has a relatively small database of junsuk variations, 

and allows for each variations to search the database with 
professional games for games where that particular sequence 
occured. 

Sensei's library 
• General baduk  

o Sensei's library (``Sensei'' is Japanese for ``teacher'') [HP] is a 
general site with much information on all aspects of the game.  The 
popularity of the site mainly results from the possibility for everyone 
to add information, so players can teach each other. To make 
editing pages easy, a special simple language has been developed 
(``wiki'').  E.g. users can enter diagrams in text.  The system 
automatically converts these into graphical diagrams.  A manual is 
available.  In Figure 4 a page on Sensei's Library is shown together 
with a window in which one can edit it.  The system also deals with 
concurrency problems by warning a user that tries to modify a page 
if another user is editing the same page. 

 

Figure 3; Kogo's joseki dictionary 



 
All this information is very useful to study baduk.  However, most information is 
composed by amateurs. Therefore, one should always take opinions given and 
variations shown with a grain of salt, as some of these sites explicitely state. 
Probably much information contains many simplifications.  Still, the quality is 
quite high (at least sufficient for most amateurs) and it is freely available and 
easily accessible. 
 

3.2 Playing and discussing 
 

3.2.1 Baduk servers 
 
Playing has always been the most important thing for baduk lovers.  So the 
earliest baduk services on the Internet allowed one to play. 
 
There are mainly two kinds of servers. On real-time servers one can play online 
and a clock is being used.  On ``off-line'' servers one posts a move and get 

Figure 4: Sensei's Library 



informed when the opponent has replied.  These games usually take much 
longer (weeks or months).  We will mainly discuss the first kind of servers. 
 
There is a wide variety of real-time servers, in different languages using different 
kinds of clients on different platforms.  A list containing some of them can be 
found in [Gos] 

 
 
In Figure 5 the main window of the Kiseido Go Server is shown. The basic 
features most servers provide are the following: 

• View information on other players: usually, this includes login, name, 
strength, and some freetext-information that players can enter themselves. 
Most servers allow the user to view a list of all players logged in.  In Figure 
5, such a list is shown at the right. 

• Select and challenge an opponent: 
• Play matches: most servers allow the users to select time limits, handicap 

and komi.  Usually, the rule set being used and the overtime system is 
fixed. 

Figure 5: Kiseido Go Server main window 



• View information on running games.  In Figure 5, the game list is shown in 
the top left. 

• Observe matches and kibitz: The kibitz is not seen by the players during 
the game, which allows kibitzers to speak freely.   

• Chat, privately with other users or in groups. In Figure 5, one can see chat 
in the bottom left.  

• A rating system: such system automatically assigns a rating to each player 
that is as consistent as possible such that players of the same rank can 
play even games.  Most servers require the user to play at least 20 games 
before a more or less accurate rating can be established. 

 
More interesting probably are the features that are only available on some newer 
servers.  These features include  

• Download of finished games. 
• Editing and discussing games online (such as on the Kiseido Go Server 

http://www.kiseido.com/ where one is essentially editing the SGF file of the 
game with all its features such as variations while other can look at it and 
discuss) 

• Upload of games and browsing finished games (such as on the Kiseido 
Go Server) 

• A system for betting on games (such as the Dashn server 
http://www.dashn.com/) 

 
Some systems also provide nice multimedia features.  E.g. on the Kiseido Go 
Server one can upload his picture to the server so others can see it.  The Dashn 
server provides avatars that can do a number of animations.  Most clients can 
make stone clicking sounds.   
 

3.2.2 Challenges 
 
The current baduk servers provide basic facilities that are sufficient to play and 
discuss.  Still, improvement is possible.  One can extend current technology in 
several directions.   
 

• First, standardisation is very useful.  In the early days there were mainly 
the Internet Go Server (IGS) and its clones, and one could access them all 
using the same client.  Recently, several servers were created using a 
different prtocol.  While the provided extensions are a good thing, they 
make it necessary for the user to install a different client for each kind of 
server he wants to play on.  A first step in the positive direction was taken 
by   Tango (http://www.amourtan.com/).  This client allows to log in onto 
several servers and presents them to the user as one large virtual server.  
Unfortunately, the protocol used by many of the new servers is not publicly 
available, which makes it difficult for others to make a client for them.   



• Second, integration of the internet functionality with different kinds of 
other baduk software would make it much easier for the user. E.g. several 
servers already allow the user to edit their games and review them online.  
Now when a user is reviewing a game, it could help if the libraries with 
standard sequences were integrated into the system so he can loop up 
junsuk easily without re-entering positions in a search engine or browsing 
through a variation tree. 

• Third, game archiving could be exploited much more than is done 
currently.  Almost all servers record the games played.  These records 
contain interesting information.  By analysing them globally, one could 
derive lots of statistics on which sequences are popular, what variations 
are tried, what are frequent mistakes (useful to prepare a course), etc.  
Using game records from one player, one could derive a profile of his 
playing style, his prefered junsuk, tactics and mistakes.  This too could be 
quite interesting for study purposes. 

 

4 Training 
 
Apart from applications that are related to the internet, computers have other 
interesting possibilities for baduk players.  In this section, we will examine the 
possiblities for computers to help study baduk. 
 
However, to teach baduk, one should know something of baduk oneself.  And 
that is often a problem as computers are not very strong at baduk.  Therefore, a 
human expert baduk player is always the best source of baduk information, but 
as the number of expert baduk players is quite low in some countries, and their 
time is limited, that is not always a real option. 
 
Still, as we can see from practice, computers can help beginning players to take 
interest in the game in general (e.g. using David Fotland's Igowin for 9x9 baduk).  
For more advanced players, computers can only help in specific areas where 
they can be educated themselves or can imitate educated behavior. 
 
 
In the following discussion we will call the person who creates the baduk training 
software or inputs the knowledge into it the ``teacher'', as this human expert is 
the real teacher and the software is only a tool for him to transfer his knowledge. 
 

4.1 General issues 

4.1.1 Interactivity 
 
One benefit of computers over other studying methods such as reading books is 
that interactivity is possible.  This allows one to faster correct mistakes and is 



more fun.  Usually, in interactive training, the user is shown problems and asked 
to solve them.  The system then gives feedback by acknowledging a correct 
answer or refuting an incorrect move.  In that sense, the system can cause the 
teacher to be ``more present'' than a book.  It is much less one-way the teacher 
speaking and the pupil listening. 
 
 

4.1.2 User modeling 
 
Another possible benefit which is less exploited in current software is user 
modeling.  Lets again compare to reading a book.  A book is static and does not 
change.  The user can usually read the title and the back cover to see if it is 
suited for his level before he decides to buy it.  On the other hand, a program is 
dynamic.  It does not have limitations such as page numbers and can present 
problems in any needed order. 
 
User modeling is the task of defining a profile of the user describing his 
properties such as his strength, his typical mistakes, etc.  The idea is to use the 
model of the user to better select problems for him. 
 
The system can acquire such a user model in a number of different ways.  First, 
it can just straightforwardly ask the user to enter his rank.  A number of systems 
currently divides its problems into classes corresponding to different levels of 
difficulty, so when the system knows the rank of the player it can provide him with 
problems that are challenging but still feasible for him. 
 
Another easy way to create a user model is simply register which problems a 
user has solved correctly.  Problems that were solved correctly several times do 
not need to be repeated any more and the system then can train the user on the 
problems he failed to solve. 
 
A more advanced idea would be to classify the problems according to the 
techniques that are required to solve them.  E.g. a life and death program could 
have problems on playing under the stones, on the timing of throwing in, or 
reducing eye shapes, on shortage of liberties etc.  Then, the system could learn 
what kind of techniques are most difficult for the user and accordingly, it could 
provide the user with more problems that illustrate that particular technique.  
Such behavior would focus the attention of the user to one particular technique at 
a time and let him better and more systematically understand the possibilities of 
it. 
 



4.2 Specific areas 

4.2.1 Standard exchanges 
 
Standard exchanges (junsuk) and their variations, are usually stored in 
``dictionaries''.  As the name itself already suggests, reading them is quite boring.  
Moreover, learning the sequences as such is not very useful.  The most 
important is to learn when to apply which idea.  A few problem books are 
available on this subject, but to our knowledge, no software exists that allows one 
to train on corner exchanges. 
 
Still, software for training junsuk would have some obvious advantages: one 
could quickly visualize the board after any desired junsuk variation,  On the other 
hand, it is difficult to formalize the opening and playing the right sequence or 
deviate from it at the right moment require creativity.  Also, evaluating the 
resulting position is difficult, and there may be many good variations among 
which the choice often depends mainly on style. 
 

4.2.2 The (late) endgame 
 
The endgame is a very difficult and computation-intensive part of the game.  Still, 
for the late endgame, a mathematical theory has been developed (see e.g. 
[BW94] and [Spi01]) based on combinatorial game theory and computers can 
play this part of the game on a level competitive to human experts. 
 
So given a simple endgame situation as they usually occur in problem books,a 
program could play optimally by itself.  It could also tell the value of moves and 
present the user some basic explanation.  So the teacher does not have to 
bother much about providing good solutions and variations for bad solutions.  He 
mainly has to provide good problems.  Therefore, while endgame theory has not 
yet been incorporated in training software, it should not be very difficult. 
 

4.2.3 Local tactic problems 
 
Local tactic problems are problems in local positions which require relatively 
deep reading such as life and death problems, capture problems, connection 
problems, endgame problems, etc.  Such problems are very useful to train 
reading and recognizing shapes.  Some interactive systems are available: 

• On the GoProblems.com website [Mil], visitors can post problems and 
their solutions.  Editors try to verify them and organize them into 
categories.  Visitors can then also interactively try to solve problems, as is 
illustrated in Figure 6. 



• The GoTools program [Wol] can generate life and death problems.  
Unfortunately, they are not very nice nor difficult.  The program can also 
solve life and death problems itself if they satisfy certain conditions (mainly 
being closed) 

• Dashn.com has an interactive life and death program on its web site (see 
Figure 7).  It is organised as a game where the player has to obtain 15 
points, can ask a number of hints and is allowed to make a number of 
mistakes (2 if he does not gain more chances during the game).  
Unfortunately, it seems impossible to select or redo a particular problem 
so if the player has a problem wrong, he can not view the correct solution. 

 
 

Figure 6: GoProblems.com 



 

4.3  Implementation methods 
In this section we discuss how one can implement interactive training software.  
As discussed in the previous section,  such systemsare most useful for local 
tactic problems where a clear solution exists.  
 

4.3.1 General methods 
Mainly, two methods can be used for creating interactive tactic trainers: 

• The first method could be called a static one.  When using this method, for 
each problem, a variation tree is stored together with the problem.  If the 
user plays a move, the system looks up what the program should reply.  
This method is applied by systems such as goproblems.com and 
dashn.com life and death.   

 
The advantages is that the teacher can review every detail of the 
explanation before the system is used and that explanations can be 
added.    
 

Figure 7: Dash life & death 



The disadvantage is that the system is static.  This means that if the user 
plays a move which is not in the variation tree, the system considers it to 
be wrong.  However, often there are seonsu moves (sente,  forcing moves 
which require a response) that do not affect the essence of the problem, 
or moves that are only very slightly inferior to the proposed optimal answer 
(e.g. have a less nice shape), in particular for the follow up moves after 
the first few essential ones.  This makes it difficult to cover all 
combinations of moves and all correct sequences several moves deep.  
Also, it is impossible for the user to try other variations than those that are 
played by the program.  E.g. weaker players might expect white 2 at 3 in 
Figure 7 and wonder what happens next (Black will cut with  a diagonal 
move) or might want to explore other variations. 

 
• The second method uses a program to generate the moves.   
 

There are several advantages.  First, the program can find a good answer 
even if the user makes an unexpected move.  Second; the user can 
explore more different variations of both sides, which is interesting as he 
has to be able to refute all possible moves that could prevent him from 
reaching his goal.  Third, less work is required to enter the problem. 
 
However, this method is not as universally applicable. One can only use 
problems that the program can solve.  E;g. the GoTools program [Wol00] 
mentioned earlier can only be applied on closed life and death problems.  
This means that research on programs that solve local problems is 
interesting.  
 
 

4.3.2 A new implementation 
Continuing on earlier work ([RFB00] and [RB01]) on learning and on the work on 
abstract proof search [Caz02], we have created a program that solves local 
problems including capturing problems, connection problems, endgame 
problems and life and death problems.  It can deal with problems with no explicit 
boundary. 
 
Essentially, the algorithm of our program uses iterative deepening and iterative 
widening to find a good move.  First simple moves are tried on points that look 
vital (using a heuristic obtained by machine learning [RFB00]).  When these 
moves do not work, the proof tree that shows their failure is used to find better 
candidate moves that influence the failure proofs.  On the other hand, the 
defender is using a similar strategy by considering simple answers first and upon 
failure by limiting new candidate moves by requiring that they refute the simple 
variations.  This combines the computational nature of computers with baduk 
specific knowledge such as the fact that usually a problem contains a number of 
vital points and the fact that moves mainly have a local influence. 



 
The user interface uses a combined approach. For each problem, the teacher 
can provide a variation tree of optimal or interesting sequences.  When going out 
of the variation tree, either because it is very small or the user does an 
unexpected move, the program tries to give good answers itself.  As seeing the 
subtle difference between an optimal variation and another variation that reaches 
the goal (but is slightly suboptimal) is difficult to see for computer programs, the 
user gets a warning if his solution is not completely in the variation tree so he can 
try for himself to find a reason why his solution is not there (either because the 
teacher was lazy or because his solution was indeed slightly suboptimal)  This 
compromise between the two methods discussed in Section 4.3.1 allows one the 
use the benefits of both and hence it is more flexible. 
 

4.4 Playing programs 
 
As already mentioned, playing the full game of baduk is a difficult task for a 
computer.  We include a short discussion here for completeness. 
 
Most playing programs are aimed at beginners.  They often include an 
explanation of the rules and a mode to play on smaller boards.  They are not very 
interesting for stronger players as it is easy to spot systematic errors and they 
have a bad playing style.  Still, trying to build better programs is an interesting 
problem from the point of view of artificial intelligence.   Algorithms that work on a 
small scale such as discussed in Section 4.2.2 and Section 4.3.2 can be included 
in playing programs and one can try to generalize them.  The importance of 
constructing strong playing programs is illustrated by the fact that regularly 
tournaments among those programs are organized, in which some amateurs win 
more money than when playing themselves.   [Enz] is a bibliography containing 
much of the work related to computer go. 
 

5 Conclusions 
 
In this paper we demonstrated the wide-spread use of computer technology for 
baduk.  In particular we discussed in a first section the role of the internet for 
communication and sharing knowledge and in a second section the possibilities 
to use a computer for baduk training.  We also pointed out some challenges and 
possible improvements. 
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