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Abstract— This paper proposes a timetabling method of
conferences by using Kohonen’s self organizing map (SOM).
The timetabling problem is articulated as granulation of key-
words into coherent sessions. The highly dimensional fea-
ture vector (representing keywords) is mapped with the aid
of SOM onto a 2-dimensional grid that represents temporal
and spatial dimension of individual sessions.
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I. Introduction

Timetabling of a conference is a practical problem. Time
is divided into several timeslots which are called “sessions”.
Each session must consist of several papers which deal with
similar problems. The timetabling problem treated here is
to group the papers to form a session, and allocate each
session to a specified timeslots of a specified room.

This problem is widely known to all conferences’ orga-
nizers, but very few number of papers dealing with this
problem can be found even at major timetabling confer-
ences ([3]-[5]). However, there are some related papers.
For example, Cowling et al. [7] proposed a tool for person-
nel scheduling. Desrosiers et al. [8] dealt with a problem of
designing MBA student teams. These problems have some
sort of related issues.

Recently in many conferences, organized sessions are
very popular. As is well known, an organized session is
organized by a person who calls for papers and/or selects
them for a session. Then the task of the conference orga-
nizer is to find session organizers and allocate the sessions
on the timetable. The hierarchical structure of such an
ogranizing method of a conference is useful in simplifying
the procedure of timetabling, but there are various draw-
backs, i.e. the problems of the quality of papers, the topics,
etc. Even if the ogranizer is capable of collecting enough
amount of good quality of papers, some authors who are
competing in the field may not join the session. Consid-
ering this aspect, the amount of ogranized sessions in a

general conference should be restricted. The importance of
the ordinary sessions should be emphasized. The follow-
ing discussion is focused on timetabling of non-organized
sessions. Then the problem arises how to ogranize good ses-
sions consisting of papers where each paper has attributes
such as keywords, abstract, authors, and so on. Probably
the common way is to divide the set of papers into several
subsets based on the primary keyword or abstract and then
sub-committees divide them into the set of several papers
each of which are understood as a session by the attached
information of the papers.

This is a safe method, however, the members of the com-
mittee have to meet at a certain place, which is very ex-
pensive with respect to time and money. Even if this is
done, it seems impossible to avoid the cases that some pa-
pers are quite heterogeneous among other papers in same
sessions. This could happen when the first partitioning of
all the papers is errornous or some papers of minor fields
are collected in sessions such as “miscellaneous session”.

To avoid creation of miscellaneous sessions and to make
each session filled with papers of similar interest, we treated
this problem by using the grouping genetic algorithm [18].
The grouping genetic algorithm used there is based on the
method proposed by Falkenauer [10], [11], [12], [13], [14]
and adapted to our problem. The algorithm can yield a
timetable of high-quality while satisfying the hard con-
straints. The major drawback of using this algorithm is
that it implies heavy computational load. A program in
Visual Basic, running on Pentium 4 PC, takes several hours
to execute. Another drawback is that it intrinsically yields
sessions of the same size, thus it is not a trivial task to
meet the requirement of making a different size of sessions.

The method proposed in this paper is quite different from
previously published methods in that it uses Kohonen’s
SOM [15], [16], [17]. SOM has several good features to be
applied to the conference timetables, namely,
• The keywords can be used as the input vectors to the
SOM.



2

• The generated 2-D map can be directly used as the
timetable. Since the map preserves the topological rela-
tionship in the original data, the vectors mapped on the
same unit are similar in nature, and the vectors mapped
to the neighboring units have the similarity based on the
distance upon the map.
• Large clusters are automatically spread over many units,
and the numbers of data for the units tend to be uniform.
This is suitable for session forming.

SOM was desined in early 80’s by T. Kohonen [15], [16]
and is a paradigm of the neural network of unsupervised
learning. It is used to map a high-dimensional vectors
onto a low-dimensional (typically one or two-dimensional)
space so that humans can visually understand the high-
dimensional data, which is otherwise hard to understand
with regard to the similarity and the difference between
the data points.

SOM is useful not only for visualization but also for gran-
ulation of the patterns. Bargiela and Pedrycz [1] used SOM
for granulation of traffic data. Our problem here is also a
kind of granulation of patterns. In this paper, we will show
a preliminary experiment result of a new method of con-
ference timetabling by using 2-dimensional (2D) SOM.

II. Problem Description

A. Conference Timetabling Problem

Let P = {P1, P2, · · · , Pn}, i = 1, · · · , n are accepted pa-
pers. Each paper Pi is supposed to have some predefined
keywords

Ki = {ki(1), · · · , ki(ni)} ⊂ K
where K is the set of keywords related to the conference and
ni is not necessarily constant. Let a(i) is the presenting
author of the paper Pi which is represented as a unique
number.

Table I is an example of the papers with attributes.

TABLE I

Papers and the attributes.

Paper keywords presenting
Number k(1) k(2) k(3) k(4) k(5) author

32 12 11 28 65 – 102
73 3 11 17 46 37 15
...

...
...

...
...

...

The Cartesian product of the rooms and the timeslots,
i.e. rooms × timeslots are called “resources” R.

Our problem is to allocate P to R, or to find mapping:

φ : P → R (1)

This problem has various kinds of constraints which can
be classified into two categories: the hard constraints that
must be kept strictly otherwise the generated timetable
may contain severe problems, and the soft constraints by
which the quality of the timetable may be affected.

The following constraints are probably the typical ones
for timetabling of conferences.

Hard Constraints

H1 Each session has an upper limit of the number of pa-
pers.
H2 Any speaker cannot be a speaker in another session of
the same timeslot.

Soft Constraints

S1 The papers of a same session are preferred to have as
many as possible common keywords.
S2 The gap between the capacity and the number of actu-
ally allocated papers in each session should be as small as
possible.
S3 The sessions in the same room are often preferred to
have keywords in a same category.

B. Objective Function for Session Construction

Since we will use SOM, the objective function need not
be defined strictly because the problem is not dealt with
as an optimization problem. However, it may be useful if
we define the objective function explicitly so that we can
share the common awareness for the problem.

Probably the most important feature of the timetable
is that the papers of a same session should have common
keywords. Since the common keywords at each session can-
not be predefined because SOM is unsupervised learning
method, the fitness function must be defined by the key-
words that actually appeared there. For this objective,
we define the objective function based on the commonality
among the papers in same sessions.

Let k
(i)
1 , · · · , k(i)

m(i) are the keywords appearing in session

i, and the number of papers that have keyword k
(i)
j is

N(k(i)
j ). The objective function is the summation of the

utility u(N(k(i)
j )) over the timetable, i.e.

f =
∑

i


∑

j

u(N(k(i)
j ))




where k is the number of papers that have this keyword in
the current session.

The nonlinear function u(·) should be a nonlinear func-
tion which increases significantly as k becomes large.

C. The Objective Function for Session Allocation

In our approach using SOM, similar sessions come to
neighbors. This is a welcome feature indeed for the neigh-
boring time slots, but the similarity of the sessions is not
needed in neighboring sessions of the same timeslots.

III. Solution Method

A. Paper Data for SOM

The input data must represent the feature of each paper.
Thus we use keywords as the elements of the input vector.
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Suppose there are distinct n-keywords in the papers. Then
we define the paper k as a n-vector with elements

xi(k) =
{

1, if keyword i is assigned for paper k
0, otherwise

B. Structure and Training of SOM

As we have explained so far, we will use the 2D SOM.
The coordinate of the unit is expressed as (i, j), where

i ∈ {1, 2, · · · , p} and j ∈ {1, 2, · · · , q}. Now we define q as
the number of parallel sessions to be held simultaneously,
and p is the number of time slots during the conference
days. Assume the data is n-dimensional. Each unit has
a codebook vector m(i,j) ∈ Rn. The codebook vector is
a representative of the data, and each instance of data is
mapped onto the unit whose codebook is nearest among the
whole units. The training of SOM is done as the following
procedure.
1. Initialize SOM. Randomly generate the codebook vec-
tors m(i,j), i = 1, · · · , p, j = 1, · · · , q.
2. Repeat the training by gradually making the neighbor
size small.
(a) Pick up the training datum u from the data set.
(b) Find the unit (i∗, j∗) whose codebook vector is near-

est among all the codebook vectors.
(c) Move the corresponding codebook vector slightly to-

ward u. That is

mi∗,j∗ := mi∗,j∗ + c (u − mi∗,j∗)

and also train the neighbor units in the same way, where c
is a small positive parameter.

When the SOM is trained for sufficient large amount of
time, the training data (papers) will be assigned to the
units relatively scattered. However, we cannot expect that
same number of papers are assigned to the units uniformly.
Thus we need to modify the timetable.

C. Modification of Schedule

The method is heuristic that can be done automatically
or manually. The authors think that it is not necessary to
define this heuristic algorithm in a rigid way. Rather, this
can be done arbitrary suitable to the conference.

An example is shown here. The heuristic is given as the
following.
1. Find the largest session. Assign the papers to the empty
sessions to make them full. When the session is full, it is
removed from the table.
2. Do the above for the second largest, third largest,... ses-
sions.
3. Assign the papers to its nearest free space. When the
neighbor session is over-capacity, move the papers that
were originally there to its neighbor.
4. Repeat the above procedure until every paper is as-
signed to a session.

IV. Experimental Result

In this section, we show a result using real data. The
data set is the paper data presented at a domestic con-

ference SCI’01 of the Institute of Systems, Control and
Information Engineers in Japan.

The number of papers was 313. Originally the keywords
were arbitrary given, but they were summarized into 86
keywords by us manually. The category keywords and the
keywords were defined based on the covering fields of this
institute described on the web page of this institute1.

Table II shows the distribution of the keywords. First,
101 keywords were prepared, but some of them were not
used in any papers.

TABLE II

Distribution of keywords.

Category keywords ocuurence times
1 1 ∼ 14 168
2 15 ∼ 32 175
3 34 ∼ 42 67
4 43 ∼ 60 98
5 61 ∼ 79 223
6 80 ∼ 101 148

Table III shows the keywords that appear in Table IV.

TABLE III

Category keywords and keywords (in part)

number meaning
1 Structure analysis
3 Stability
5 Optimization
6 Multiobjective Optimization
15 System identification
16 Estimation
17 Linear and Nonlinear Control
18 Analysis of Stability
19 Digital Control
20 Optimal Control
21 Adaptive Control
22 Learning control
26 Robot Control
27 Process System
28 Stochastic Systems
30 Distributed, Time-Delay System
32 Others
33 Sensor
34 Actuator
37 Measuring method
38 Image processing applied measurement
39 Signal processing
40 Transmission
41 System instrumentation
42 Others
44 Software engineering
53 Virtual reality
60 Others
62 Inference
67 Image comprehension
70 Fuzzy Theory
71 Fuzzy inference
75 Genetic Algorithm
77 Distributed system
82 robot
89 Medicine
90 Energy
93 Traffic
99 Society

Table IV shows the number of papers first assigned by
SOM.

1see Web page at http://www.iscie.or.jp/index-e.html
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TABLE IV

Number of papers first assined by SOM.

R1 R2 R3 R4 R5 R6 R7
T1 18 8 7 14 1 9 15
T2 3 1 2 1 0 1 18
T3 13 2 9 0 0 4 5
T4 4 0 8 0 13 6 5
T5 8 2 6 0 1 0 16
T6 9 3 27 5 5 0 7
T7 3 1 3 0 3 6 6
T8 13 8 5 11 3 6 16

The variance of the number of papers on the SOM is
34.62. The distribution of the mapped data on SOM is not
so uniform as expected. This is because the elements of
the vectors take either 0 or 1, and hence there are fairly
a large amount of completely same vectors which cannot
be separated on SOM by any method. In our paper us-
ing SOM [19], we created a new method of equalizing the
number of papers on the SOM. The method is based on
the adaptive weighting of the elements of the input vector.
However it did not work well for this data. A notable fea-
ture of the data in this paper is that the vector is very high
dimensional, and the elements are binary. These feature
did not match well for the method in [19].

So, we cannot use this table as the schedule itself. How-
ever, we can see the quality of the classifier. For example,
the paper information at unit (3, 3) are shown in Table V.

TABLE V

Papers at the unit (3,3).

paper number keywords
34 26 82
39 62 67 82
41 77 82
66 53 82
120 26 35 82
205 26 82
206 26
225 6 82 99
276 33 82 89

We can see that 8 papers out of 9 have the keyword “82”
which is “robot”. Another keyword that is fairly common
is “26” which is “robot control”. So, we assign a session
name “Robot control”.

A neighbor unit (4, 3) has the following papers.
We can see that and 7 papers out of 8 have “37” (mea-

surement) in common, and 5 papers out of 8 have the com-
mon keyword “33”(sensor). So, this session can be named
as “Measurement Sensors”. Note that there is certain sim-
ilarity between the contents of the above two units.

Now we check the unit far from these. As an example,
let us check the unit (2, 5).

Here, 3 (stability) and 17 (linear and nonlinear control)

TABLE VI

Papers at the unit (4,3).

paper number keywords
56 33 37 39
270 33 37 41
271 33 37
277 37 38 62
290 37
291 33 38
292 33 37
309 18 37 93

TABLE VII

Papers at the unit (2,5).

paper number keywords
86 3 17 18 90
110 3 17 44
154 3 17 60
163 3 17
170 3 17 22 99
190 3 17 70 71

are common to all the papers. Thus the session can be
named as “Control and Stability”.

V. Conclusions

In this paper, the problem of timetabling of conference
programs was considered by applying SOM. We used 2D
SOM, however, it may be interesting to use 3D SOM by
taking the 3rd axis for the date. Since we defined the neigh-
borhood in the usual way for SOM, the similarity held not
only for the time-axis but also for the room number. How-
ever, it is not usually necessary for the neighboring rooms
to provide similar kinds of sessions. They can be inde-
pendent. Then the question may arise how to define the
neighborhood. These topics will be the research themes for
us in the future.
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