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Recognition of large numbers of different names is the
central problem in automatic directory assistance
services and many other applications for spoken
language dialogue systems. This paper investigates a
methodology of stochastically combining N-best lists
retrieved from multiple user utterances with the
telephone database as an additional knowledge source.
This strategy is used in a prototype of a fully automated
directory information system which is designed to cover
a whole country: After the city has been selected, the
user is asked to spell and say the name of the desired
person and if necessary also the first name and street.
The number of active database entries is reduced in every
turn until only a single database entry is left.
Results for different recognition strategies are presented
on a real-life data collection for databases of various
sizes with up to 1 million entries (city of Berlin). The
experiments show that a substantial part of all simple
requests can be automated with the strategy presented
(>80% correctly recognized, 10% rejected).

In recent years, the task of automating directory
assistance has generated great interest in the scientific
community. Thus, several demonstrator systems have
been set up [1, 2, 3] and some field trials were performed
[1, 4]. Besides, several groups presented quantitative
results on recognition performance for various directory
sizes and knowledge sources [4, 5, 3, 6, 7].
Nevertheless, there still is no solution for the complete
automation of directory assistance requests for a whole
country, and there are no thorough systematic results on
what is the relative value of using all available
knowledge sources. E.g. some studies restricted
themselves to combinations of spelled and spoken last
names while others only performed investigations for a
single database size.
This paper starts out from the demonstrator system for a
fully automated directory information for the city of
Aachen with 131.000 database listings [3]. Based on this
work, we created a prototype system which, by its
hierarchical structure, can handle a complete country.
A dialogue example from this system is shown in figure
2. In the course of the dialogue, the system takes a
combined decision on the joint probability over multiple
dialogue turns, using the directory database itself as
additional knowledge source [3]. In this way, the search
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In this mode, the decoder is restricted to the recognition
of a single word per utterance. An inventory of 3502
strongly tied context-dependent phonemes was used. Due
to a lack of appropriate (i.e. isolated word) speech data,
we trained this phoneme set on a large German
spontaneous speech database, consisting of 33081
utterances (12.1h non-silence) of train-schedule
inquiries. This mismatch causes, of course, an increase in
word error rate. But this is judged to be negligible for the
basic results of our experiments.

 In order to make the recognition of spelling words like
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The dialogue flow can be configured with a simple C-
like dialogue description language which is based on

 
 

 

 

 

 

 

% Berlin lexicon. size WER GER
0.1 798 30.8 4.0

1 2502 41.57 4.1
10 11237 58.0 8.4

% Berlin lexicon. size WER GER
0.1 1691 25.6 8.3

1 4714 35.4 11.5
10 7719 37.9 11.7

To improve the name recognition performance the
following alternative joint recognition scenarios were
studied [cf. 7 and 3]:
1.  separately recognizing each name category for

generation of n-best lists which are only afterwards
combined,

2.  same as 1, but (as a control experiment to
assess the importance of pruning errors) always
artificially adding the spoken word to the word
graphs (by using forced alignment),

3. hierarchical recognition, i.e. starting out with
the recognition result of one name category,
successively restricting the active lexicon for all
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subsequent recognition steps as to include only the
candidates left over so far.

In all these scenarios, combined n-best lists were
computed by a standard weighted score addition: Let 
be the score of an item in n-best list 1 and  the score
of its matching entry in n-best list 2, i.e. the one where
the combination of the two refers to a valid database
entry. Then the score  of the combined entry in the
combined n-best list is computed by

212,1 += (1)

The weighting factor  has been optimized on a cross-
validation corpus and =1 turned out to be a reasonable
choice.

In cases where several entries of the two n-best lists to be
combined match each other, e.g. if a person is listed with
two different first names, we select the best scoring
entry. I.e., for each entry of list 1, the matching entry of
list 2 is selected which has the lowest score.

For the recognition setup, we chose the scenario most
close to the human operator service, i.e. assuming that
the city already has been determined, we start out with
the last name. Then, subsequent questions are posed for
first and street name. Furthermore, to avoid the problem
of the hardly discernible last names (cf. previous
subsection), as the entrance step, a complete spelling of
the last name is employed.
Even if this scenario is not optimal from the recognition
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stage the remaining errors are completely
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% Berlin/
lex. size

method WER[%] GER[%] Rej[%]

SEP 22.3 22.2 20.6
SEP* 20.9 20.7 19.4

0.1
1,925

HIER 15.5 15.5 14.7
SEP 28.3 27.7 24.7
SEP* 21.3 20.7 18.5

1
13,416

HIER 16.1 15.5 13.0
SEP 52.5 50.4 45.0
SEP* 23.2 20.9 17.6

10
123,567

HIER 18.5 15.5 11.0
100

961,894
HIER 22.9 16.3 9.5

% Berlin/
lex. size

method WER[%] GER[%] Rej[%]

SEP 27.7 27.4 26.4
SEP* 24.1 23.8 23.1

0.1
1,934

HIER 16.3 16.1 15.2
SEP 35.5 35.2 34.2
SEP* 24.1 23.8 23.1

1
13,451

HIER 16.3 16.1 13.6
SEP 55.5 55.2 53.0
SEP* 24.3 24.0 22.6

10
128,608

HIER 16.9 16.7 11.7
100

1,263,957
HIER 19.4 18.6 10.2



[1] S.J. Whittaker and D.J. 

http://www.phonetik.uni-muenchen.de/SpeechDat.html
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