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ABSTRACT

The problems found during the development of a Hungarian
e-mail reader are reported in this paper. Hungarian is special
on one hand because of the use of diacritics for several vowels
(á, é, í, ó, ö, õ, ú, ü, û), on the other hand because of the ag-
glutinative nature of the language, which greatly increases the
number of possible valid word forms. Emphasis is placed on
text processing related issues, e.g. language detection, dia-
critic regeneration from stripped down 7bit ASCII forms, etc.
Test results for different solutions on real-life e-mail data are
also presented.

Keywords: e-mail reading, language detection, automatic dia-
critic generation, multilingual systems, TTS in Hungarian

1. INTRODUCTION

Electronically composed mails contain much more variable
and free structures as normal text files. In order to understand
and handle this new text representation in reading, new trans-
formation solutions, special speech synthesis forms are re-
quired and several technical problems have to be solved as
well. Some of them are listed below:
a) There is no uniform character representation of lan-

guages (mainly for those, where letters with diacritics are
also used) 7bit ASCII is not enough, extensions are im-
plemented in several forms.

b) E-mail is 'sluggish', planned to be read on a display or in
printed form, but not for auditory replay. Listings, tables,
etc. are also often inserted in the middle of the text.

c) The e-mail user can receive letters in a number of lan-
guages (in Hungary mostly Hungarian, English and Ger-
man) and languages are often mixed within one message
(English words in the Hungarian text).

d) E-mail servers are dispersed around the world, users
would prefer a single telephony access point to as many
servers as possible.

A test-bed and experimental system for e-mail reading has
been developed for initially Hungarian, to be extended later to
other languages. The goal was to solve most of the above
mentioned problems. The configuration is fully bi-directional.
Written e-mails are downloaded from the e-mail server by the
e-mail reader server and read. Replies can be also sent as pre-
configured written messages or as attached audio files, se-
lected and recorded by the user of the e-mail reader. The sys-
tem can be operated by any DTMF capable telephone.

2. SYSTEM ARCHITECTURE

2.1 Application  environment
The general application environment can bee seen on Fig.1.
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Figure 1. E-mail reader application environment

Using our system, e-mail from any e-mail server in the world
can be reached and read, if it is capable of FTP or POP3
transmission protocols. Access to the system is currently pro-
vided by the DTT TUB demonstration network and a standard
PSTN analogue connection.

2.2 Hardware architecture
The hardware architecture is illustrated in Fig. 2. The system
is based on standard PC and Dialogic hardware. It can be used
both in simple analogue (e.g. 4 channels) and more complex
digital (in multiples of 30 channels) configurations.

In the latter case due to better signalling capabilities (i.e. call-
ing and called number identification) more intelligent system
operation can be implemented.

2.3 Software architecture
The software architecture is introduced by Fig. 3. The experi-
mental system consists of the following main subsystems:
system control and user identification with telephony man-
ager, e-mail downloader, separator with text composition,
sentence and language determination, TTS conversion, ad-
ministrator, web registration before the first use, response
generator. Comparing this setup with e.g. the PhoneSoft e-
mail reader [3] the main difference is that Phonesoft is limited
to Lotus Notes as a baseline system and English as the only
user language, while our system can handle any e-mail server
and it is designed for multiple languages.
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Figure 2. E-mail reader hardware architecture
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Figure 3. E-mail reader software architecture

3. PROBLEM HANDLING

3.1 Dialogue design
After the authentication procedure (the system requires a
unique max. 9 digit e-mail reader mailbox number identifier
(ID) and a max. 6 digit PIN for getting access to the system),
the system downloads the full mailbox of the user in real-time.
The mailbox number ID can be identical (and automatically
identified) to the user's phone number. This feature can be
particularly useful for GSM users. The downloaded mail file
is "sliced" into individual e-mails, and further processed into
header, description and content part. The content part is then
further modified during language detection, text regeneration,
etc. The system offers two main ways of accessing e-mail
messages: (i) reading the e-mails one after the other, (ii)
reading just the table of contents of e-mails i.e. only the
sender, date and subject information is heard, with a possibil-
ity to listen to the message part as an option. After text proc-
essing the TTS subsystem (currently a professional Hungarian
TTS -Profivox- developed for telecommunication applica-
tions) receives correct Hungarian sentences to be converted
into waveform files. These files are played to the user, through
a tape recorder-like audio interface, controlled by touch-tone
not by voice as in [2]. The system is designed to be easily ex-
tendable to multiple languages. Based on the result of lan-

guage detection, the user is warned if a message is fully or
partly different from his/her default language.

3.2 Mail-to-text conversion
The downloaded e-mailbox is first separated into individual e-
mails in this subsystem. The text to be read represents only a
part of the whole e-mail. This means, that the unnecessary text
parts have to be determined and cut from the whole. Moreover
certain text parts (subject, sender etc.) have to be handled
separately from the content part of the actual letter as well.
Reading the name of the sender, the time and date also require
special text processing. Attachments also have to be resolved.
Currently the system reads the body and attachments of e-
mails written in 7/8 bit ASCII, ISO-8859-1/2 coded plain or
HTML text format. In all other cases it just mentions the name
and file type of the given attachment. These options are im-
plemented right after the downloading of the whole e-mailbox
of the user (on-the-fly). Solutions for handling more lan-
guages, mixture of languages etc. are also built into the system
(e.g. finding foreign words in a Hungarian text, or determining
the language if the whole or part of the text of an e-mail is
written in another language). These subsystems will be de-
scribed in the next section.

3.3 Text processing
The separated and pre-processed individual e-mails are fed
into the text-processing subsystem.
3.3.1 Language detection
A study of real-life e-mail data showed, that app. 40% of e-
mails passing through a Hungarian Internet provider contain
English only messages. About 56% contains mainly Hungar-
ian text. German letters account for app. 3%. This situation
requires accurate automatic prediction of the language(s) used
in a given e-mail. As a first step for language determination
word frequency lists created from text corpora for Hungarian,
English and German were used (the Hungarian Electronic Li-
brary [4], the Oxford Text Archive [5] and the archive of Hans
Christian Andersen [6]). As an example of the results the
twenty most frequent words are given in Table 1. The % val-
ues are compared to those of the most frequent words, which
are labelled by 100%.

The data, provided by word frequency lists, cannot be used di-
rectly for the detection of languages as there are character
combinations appearing in more than one language. Such ex-



amples are formatted by bold characters in Table 1, e.g. is and
in. In the next step a final list was created for every language
and these lists were used for language detection. The follow-
ing rules have been set up for the detection of the language
(English, German and Hungarian) of a sentence:
1. Any sentence containing at least one Hungarian keyword

is Hungarian.
2. The sentence is English, if it contains no Hungarian key-

word and there are more or equal English keywords than
German.

3. The sentence is German, if it contains no Hungarian key-
word and there are more German keywords than English.

4. If there was no language-related keyword in the sentence,
than the sentence language is the same, than the previous
one.

5. If there was no language-related keyword in the sentence
and there is no previous sentence, than the sentence is by
default treated as Hungarian.

It can be seen from these rules, that Hungarian has a prefer-
ence over foreign languages in this system. For this reason,
the Hungarian keywords had to be selected carefully . The
number of keywords for English and German had to be ap-
proximately the same, to ensure equal detection probability.
Let us see an example for possible wrong language detection:
My aunt said “Mein Freund hat im Januar
Geburtstag". If only the underlined English words are
included in the vocabulary, and the German words are not in
the vocabulary the sentence may be incorrectly labelled to be
English. Such mixed language sentences need further proc-
essing to be developed later.

The current language keyword vocabulary contains only 97
Hungarian (because of rules 1 and 5), 172 English and 162
German items. For Hungarian it contains both the forms of
with and without diacritics as language detection precedes
diacritic placement. The accuracy of correct detection of sen-
tences containing more than 10 characters is approximately
96%.

Hungarian English German
Word Freq.

[%]
Word Freq.

[%]
Word Freq.

[%]
1 a 100,0 the 100,0 und 100,0
2 az 35,54 of 49,50 die 72,39
3 hogy 18,20 and 35,15 der 69,97
4 s 16,42 to 29,81 sie 49,16
5 nem 15,76 a 26,21 das 43,09
6 is 12,05 his 21,58 er 42,79
7 és 10,82 in 20,35 es 36,75
8 egy 9,872 he 14,16 in 31,93
9 volt 7,457 that 12,82 war 31,51

10 meg 6,845 was 11,29 den 28,86
11 azt 6,307 with 10,31 ich 24,18
12 csak 5,716 as 9,25 ein 23,92
13 de 5,713 their 8,64 nicht 22,51
14 ez 4,837 it 8,58 zu 22,01
15 van 4,666 had 8,41 aber 20,76
16 ha 4,470 by 7,51 dem 19,63
17 már 4,367 on 6,66 auf 19,42
18 még 4,044 is 6,54 mit 18,52
19 el 3,553 which 6,49 so 18,06
20 mint 3,525 for 6,36 sich 16,66

Table 1. The first 20 words of the relative frequency list in
three languages

3.3.2 Automatic diacritic reconstruction
Letters with diacritics are represented in Hungarian e-mails in
several forms but mainly not correctly.

Vowels without
diacritics

Correct forms  of
the 14 vowels

No. of
 versions

a a á 2
e e é 2
i i í 2
o o ó ö õ 4
u u ú ü û 4

Table 2.  Possible forms of vowels with and without diacritics

Table 2 gives the possible combinations of the a, e, i, o, u
characters in Hungarian e-mails. With increasing number of
vowels in a word, assigning diacritics is a more and more
complicated task.

agyat Agyat operálni veszélyes dolog.
(It is dangerous to operate the brain)

ágyát Megvetette az ágyát                (He laid his bed)
agyát Elborította az agyát a düh.

 (His brain was overfilled by anger)
ágyat Ágyat szeretett volna venni a bútorboltban.

(He wanted to buy a bed in the furniture shop.)

Table 3.  Possible diacritic forms for the word 'agyat'

Table 3 illustrates the four possible meanings which could be
generated from the ASCII character string agyat.

The number of possible forms for giving diacritics in a word
is given by the formula below:

vnovno formsword 4_2 ≤≤ ,

where vno is the number of vowels in the word. E.g.:
|m|e|g|b|i|z|h|a|t|o|s|a|g|a
| |2| | |2| | |2| |4| |2| |2

(the correct form with diacritics:
megbízhatósága, its' reliability)

So this word may be provided with diacritics in
2 2 2 4 2 2 128× × × × × =  theoretical forms and only
one is correct.

For Hungarian there is no diacritic retrieval software available
yet. Therefore efforts have been made to combine different
available software with our new algorithms for diacritic re-
trieval. In this e-mail reader two basic versions of complex
diacritic retrieval were tested in several ways, including their
combination (results of five versions are given in Table 4.):

(i) Retrieval based on morphological analysis was developed
in co-operation with Morphologic Ltd. using always the first
offered item of their Hungarian spell checker. The lexical ba-
sis of this procedure is more than 100.000 morphemes which
serve the determination of about 10 billion different syntacti-
cally well formed Hungarian word forms. Each possible dia-
critic combination (4 in case of Table 3. or 128 in the example
given above) is checked by the spell-checker and the one pro-
viding the highest confidence score is accepted. This approach
requires several calls to the spell-checker, consequently the
longest run-time in Table 4. This version is however better
fitted to future more detailed linguistic analysis, than the one
described in (ii).



(ii) Another version -fully developed by DTT TUB- was
based on vocabularies derived from statistically processed
Hungarian text corpora of [4] (MEK) and the modern text
corpora developed by the Corpus Linguistic Group of the Lin-
guistics Institute of the Hungarian Academy of Sciences (Ny-
tud). The MEK corpora was selected from texts larger than
50kbytes and contained app. 3 million words of which
340kwords were different. The selected corpora of Nytud
contained 750 kwords which were derived from up-to-date
texts containing 21 million words. Words with diacritics (+D)
were indexed by their pairs without diacritics (-D). If more
than one word had the same -D form, the most frequent +D
version was included in the vocabulary. The final vocabulary
size for the MEK version is 328.498. The Nytud version
yielded a final vocabulary of 734.725 words. The combination
of the two vocabularies (Nytud+MEK) produced one with
900.564 words.

In the combined system words are first searched for in the vo-
cabulary and if not found there, they are sent to the spell
checker.

Type of method Runtime
[sec]

Correct words
[%]

Statistics based (MEK) 31 90.46
Spell checking 1900 89.75
Combined 863 94.90
Statistics based (Nytud) 39 94.92
Statistics based (Nytud+MEK) 51 95.18

Table 4. Runtime and efficiency of five diacritic algorithms

A test was run on part of the MEK material -used for deriving
the MEK corpus- in order to estimate the theoretical limit of
the statistics approach. All diacritics were removed from the
text, then the NYTUD+MEK diacritic placement software was
used for the re-generation of diacritics. The output was com-
pared to the original texts. Errors in this case may originate
only from those multiple diacritic forms, when the most fre-
quent +D form is not the right association to the -D version.
The result was app. 97% correct diacritic re-generation, that
can be regarded as a theoretical limit of the vocabulary based
method. Taking into account both the 97% value and the
0.26% increase of the performance of the vocabulary based
method to 95.18% only, while increasing the vocabulary size
by nearly 170.000 words, it is quite probable, that reaching
even this limit would require a prohibitively large vocabulary
size.

3.4 Implementation issues
The system is implemented as a set of  asynchronous proc-
esses, communicating through messages. In order to decrease
delay time, prospective text elements are converted by the
TTS subsystem, while a previous message is being read (the
sentences are pre-generated). With this solution, the system
can serve at least thirty channels in real-time which is a sig-
nificant advantage compared to [2]. Data given in Table 5
were produced by tests run in parallel on thirty channels for a
longer period of time on a PC with the Windows NT 4.0 oper-
ating system, 266MHz Pentium II processor and 64Mbyte
RAM.

Resources Processor load Memory Data trans-
mission

Subsystems
value

%
variation

%
required
 Mbyte

required
kbyte/sec

System control
and telephony in-
terface (answer)

10 +/- 5 8 2100

TTS conversion
(wavegenerator)

40 +60/-40 10 2500

E-mail down-
loader (pop3)

0 +60 2 20

Text converter
(atalakit)

4 +60/-4 2.5 40

Mail converter
(mailtotext)

25 +75/-25 25 15

Response sender
(sendmail)

0 +100 3 1

System startup
(start)

0 0 1 1

Table 5.  Estimated resource requirement of some subsystems

4. CONCLUSION

During this project a fully functional multi-line, real-time e-
mail reader was developed. It can handle the language detec-
tion task for Hungarian, English and German with a reliability
of app. 96%. It can also replace diacritics to 7bit ASCII repre-
sentations of Hungarian words using an over 900.000 word
vocabulary with an accuracy of app. 95%. These results could
be also applied to other agglitunative, free word order lan-
guages using a character set exceeding 7bit ASCII. Further
work is planned for extending the system to other languages
and for including speech- recognition based dialogue control.
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