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Notes on Encoding Ethiopic for BTEX

BERHANU BEYENE, MANFRED KUDLEK, OLAF KUMMER

1. Introduction

Ethiopic is a script consisting of more than 450 syllabic characters. It is used
to write the Ethiopian and Eritrean languages. Although the name of the
script has been given variously as “Ethiopic”, “Ge‘ez”, “Sabaean”, Ethiopian
script”, “Feedel”, “Hoheyat” etc, we prefer to use Ethiopic, since it is used as
a standard name by Unicode! and the Ethiopian Computer Standard Associ-
ation (ECoSA)? of which the governmental sole Standard Authority (ESA) is
a member. Moreover, many research societies like Scientific Society, EthCITA,
EthioSystem use the name Ethiopic.

Parallel to the development of information and communication technology,
electronic document processing systems in general and TEX/IATEX in particular
have attracted authors, publishers and typesetters. This is due to the fact that
the TEX/IATEX text processing system produces the finest quality of technical
and scientific manuscripts, books, documents etc. In addition, the TEX/KTEX
special package to support also non-latin scripts, called babel provides a multi-
language switch system which has contributed to boost text processing technol-
ogy with different scripts.

As a computer has no native tongue, it accepts and processes every character
supplied by the user as long as it is predefined to match the characters “0” and
“1”. Therefore all characters have to be encoded with “0” and “1”. The best
known and most widely applied character encoding is the ASCII code (American
Standard Code for Information Interchange). The original 7-bit ASCII encoding
system consists of only 128 characters, whereas the present encoding systems
have 256 characters, 64 of which are reserved for numerals, special commands
and characters. The remaining 192 characters are assigned for latin scripts and
some special characters. It is therefore quite necessary to consider the encoding

! UNICODE.
2 ECOSA.
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mechanism for non-latin scripts consisting of more than 256 characters, as in the
case of Ethiopic. Thus encoding Ethiopic also needs special consideration.

This article highlights the encoding of Ethiopic for WTEX and the package
ethiop developed at the University of Hamburg. The package ethiop is a collec-
tion of METAFONT and TEX/ITEX macros and helps to typeset the character
sets of the different languages in Ethiopia and Eritrea. Besides, some sample
texts are shown in Appendix A. For those interested in, a short installation
instruction of the system is also given in Appendix B.

2. Document Preparation with TgX/BTEX

Computer aided document preparation systems started timidly in the 1960s,
with the appearance of TROFF or RUNOFF formatters as an extension to
program editing tools. The first systems were low-level formatters, handling
text input through the editor used for writing programs. Essentially was the
construction of lines of equal length, and the production of justified pages on the
basis of a ribbon of text. A few commands could be introduced into the text to
control page layout. The language in which commands were expressed, showing
little formalism, was at a low level, similar to an assembly language®.

With the rapid growth in information and communication technology, and
more particularly in line with developments in programming languages, the
methods of electronic document preparation system have advanced to an inter-
active processing system, usually called WYSIWYG (What You See Is What
You Get). The interactive editing systems (like Microsoft Word for Windows),
with sophisticated typographical and user friendly features, have dominated the
document preparation world, at least in great parts of business and adminis-
tration. However, scientific and technical documents dominantly remained to
be processed by the formatting systems (such as TEX/IATEX), due to their im-
mense advantages, mainly high quality of output and freedom of authors to
choose their formatting style.

2.1. TgX/BTEX and METAFONT

TEX is a platform independent (available for most computers, ranging from PC
to Mac, from UNIX to VMS and Atari systems) typesetting system developed
by DoNALD E. KNUTH? in early 1970’s. IATEX is a macro package developed
in 1986 by L. LAMPORT, that has made TgX a powerful system with predefined

3 ANDRE.
4 KNUTH (1986A).
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Figure 1: Components of a TEX System

layout to produce the highest quality output. METAFONT is another program
developed by DONALD KNUTH to produce bitmap fonts for use by TEX, its
viewers, printer drivers, and related programs. METAFONT utilises scaling, ro-
tation, reflection, skewing and shifting, and other complex transformations and
mathematical calculations. The output of the METAFONT are so-called generic
fonts (GF) which can be compressed to equivalent packed (PK) fonts so that
they could be used by the TEX/KTEX system. TEX/IATEX uses the compiled
files called TEX Font Metric (TMF), to describe the dimensions, ligatures and
kerns of a font. Figure 1 (taken from wots.tex by Kees van der Laan®) shows
how TEX and XTREX 2¢ work together.

As graphically shown in Figure 1, the document preparation with TgX /IATEX
complies with the principle of formatting, i.e. the user edits the input file and
the formatting commands. Finally, with the interplay of the TEX/I¥TEX and

5 ToBIN.
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METAFONT systems, the file is compiled. The successfully compiled file, a device
independent (DVI) file, can either be previewed or printed on paper. Thus the
document processing in such a system goes through three distinct phases, i.e.
editing the input, processing it, and previewing or printing the output. There
exist also some quasi interactive (WYSIWYG) systems performing the editing
and previewing.

2.2. The babel package

The babel package has been developed by JOHANNES BRAAMS® to support multi-
lingual text processing in the BTEX system. More vividly, the babel package
is a collection of WTEX macros that simplify the typesetting of multi-lingual
documents. It is now an integral part of the ITEX 2¢ system.

In the first versions, babel dealt mostly with languages that use the Latin
script, but in later versions it was extended to Greek and Cyrillic. In addition to
typesetting special characters, babel supports the replacement of built-in words
like ‘Chapter’ or ‘Figure’ by language specific expressions.

2.3. The ethiop package

Since 1995 ethiop is developed by our research group at the University of Ham-
burg. This package supports Ethiopic for KTEX. A similar product had been
developed by ABASS B. ALAMNEHE known by the name EthTEX". The ethiop
group has based its work on EthTEX. Furthermore, the group has changed the
existing letters slightly to make them more robust.

The main reason to develop ethiop was that the EthTEX package uses a
special editor that is not available for all platforms and was not easily portable.
Moreover, a special version of ITEX 2.09 was required.

When we chose our transcription of Ethiopic characters, as near as possible
to the scientific transliteration, it became obvious that we would have to activate
some of the input characters, i.e. to treat them in a special way like ’accents’.
Although we wrote our own set of macros to handle the activation, we soon
decided not to introduce yet another incompatible mechanism for this task. In-
stead we used the babel package by JOHANNES L. BRAAMS? as framework for the
implementation. The TEX macros are derived from the file language . skeleton
provided with that package, which allows to add further languages to the babel
package.

6 BRAAMS.

7 ETHTEX.
8  BRAAMS.
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The ethiop group rewrote the fonts completely and embedded them into the
framework of the babel package. By this the ethiop produced a more robust and
portable system that can be used with future XTEX versions. The major part
of the work was spent on adding new characters that were not present in the
original fonts. Still more important is the addition of TEX ligatures to the fonts
in order to support our input transcriptions.

3. Encoding Ethiopic

Encoding is defined as a system of assigning numeric values to characters ?, so
that the characters can be used by a computer. Since the birth of computers,
users strive to develop a universally applicable encoding system. This effort
has come out with standards like ASCII, Unicode, etc. The encoding effort has
broadened to include new scripts, also using new techniques for that purpose.
A group of researchers interested in encoding Ethiopic for Unicode!® succeeded
with a first approval of recognition by the Unicode Standard Committee.

Until major standard organisations and software producing firms incorporate
Ethiopic to their systems, electronic publishing with Ethiopic has explicitly to
be set up by the users.

Because our transcription method does not provide support for a direct en-
try of Ethiopic characters, the input text has to be coded in some machine
readable representation. One convenient method is to enter Ethiopic text via
Latin letters. Hence we had to represent the Ethiopic character sets by Latin
characters.

3.1. The Encoding System

The main features of the Ethiopic script are the syllabary (consonants with
vowels) (&-24), numerals (A7), and punctuation marks (#Co+ y71N). A syl-
lable consists of a consonant and a vowel, making one character. As mentioned
before, the Ethiopic script is not only different from the Latin script, but it also
consists of more than 450 characters.

The order of the syllabary is simply adopted from the modern Ethiopic
syllabary layout, i.e. from ha to pa (v to T) in seven columns and the extras
(i.e. the so-called diqalla) in five columns. The diqalla represent labialized
consonants (consonants with *), like k¥ in contrast to k.

9 NADIN.
10 yacos.
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Author/Group 1 2 3 4 5 6 7
QH  hen  Adn ¢-Nd YICh agh Ao

1. Guidi a u i a € -/1 o
2. Littmann/Hofner | a/a u i a 2 sje o
3. Leslau a/d  u i a 2 3 o
4. Hammerschmidt a u i a € -/e o
5. SERA e u i a E - o
6. Aethiopica a u i a e -/ o
7. ethiop a u i A E -/e o

Author/Group 1 2 3 4 5

GPAP T

1. Guidi ua ui  ua  ué ui/é

2. Littmann/Hofner | “a/“a *i  "a  “& “g/"e

3. Leslau va Yi  Ya e “a

4. Hammerschmidt Ya wi w3 wg W_/we

5. SERA We Wi Wa WE w

6. Aethiopica Y wi Ya Ye ¥-/¥5

7. ethiop ua ui uA uE ue

Table 1: Transcription and transliteration systems by some scholars

This encoding is based on scientific transcription techniques and is closely
related to other encoding standards. One of these standards is SERA (System
for Ethiopic Representation in ASCII), which is mainly intended for the record-
ing and transmission of Ethiopic text within an ASCII environment. However,
the SERA encoding was not realizable as an input encoding for TEX.

As far as the encoding is concerned, we have also referred to different sources
adopted by different groups and individual scholars. These are the transliter-
ation and transcription codings by HAMMERSCHMIDT!!, GUIDI*?, LITTMANN/
HoEerNER!'®, LESLAU, SERA!® in AETHIOPICA, and that one mostly used
by the University of Addis Ababal®. All the adopted systems have their pe-
culiar features. In most of the cases almost all consonant representations are

11 HAMMERSCHMIDT.

12 Guip

13 LITTMANN — HOFNER.
14 LesLau (1987).

15 yacos.

16 WRIGHT.
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similar. The main difference is in the representation of the respective vowels.
To comment the details of the strength and shortcomings of these different re-
presentations is beyond the scope of this paper. For the sake of comparison we
have summarised the variations in the application of vowels in Table 1.

The representation of vowels, namely at the first (?6), fourth (&-ns), fifth
(79°n), the sixth (a&n) positions, and those in the last five columns for digalla
(8.#A42F) vary. These different representations could be classified into:

e In the first column or order (76™) the variation could be summarised in
three types: a, a/d and e.

e The fourth column or order (¢.-N6) shows variations between: a, a/a, A .
e The fifth column or order (/9°n) shows variations between: E, e, and e/€ .

o The sixth column or order (agn) shows variations between: —/e, i, e/,
and ».

e The variation in the diqalla is also similar to the representation of the vow-
els in the basic orders, but it uses some consonant + (*(vowel), *(vowel),
W(vowel), or two (i.e. (u+ vowel)) vowels together).

All the characters of Ethiopic for ethiop are developed using METAFONT.
METAFONT is a system for the design of characters (and fonts) suited to raster-
based devices that print or display text.

3.2. Syllabary

Ethiopic consists of 42 consonants ( ¢ occurring in two variants) followed by a
vowel in the first 7 orders (assumed to be basic), and 5 other orders (diqalla)
for labialized consonants. Ethiopic thus theoretically consists of 42 x (7 + 5)
letters. But not all positions are actually filled (see Table 4).

In Tables 2 and 3 you can see the Ethiopic characters that are accessible
using this package.

Characters with .d are only used for Oromo, all with ’q, 'k, ’h, ’g and mua,
mui, muE, mue only for Gurage (Chaha), all with .q only for Tigrinya, and all
with fu, pu only for Wolaytta.

Note that the first column of Tables 2 and 3 refers to the transcription used
by many authors while the second column denotes our encoding which the user
should use for typing the text.

The reason for putting A and ¢ under ua is that these characters are derived
from the first column (76H), A and ¢, respectively.
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AR & L8 & & EE &
%mm g AR A it A g AR
.y
Wamziﬁdﬂﬂzaiﬁfnﬂﬁﬁifﬁiﬁ £ g ol R
g8 § 14 # £ &
Sl § $ R & & ¢ i &
cloo|s E £ N UCK &M% ClC b g I SEECN b I A N
vl DL BELILVCCKEARCTCEAR CoRr <SF § Fad 4 e
e M LT PSR PRB SRR HR L R LEE ® bR S S o
18 |t > £ P TFYccr Ao ARk o F % FuT kRN
A HIN LT PN HR I PR O~NWILSE ® ooy oo
Bleolde £ IR PR EERRE AR LZLEE E v o bR
I8 (<€ BIVCREARCCAHET~ICF S ey e
hl.hmm.mers.sqd...bvt.ch_n.n kk_w .ZV.dd..gga“o
oS E e R mon T 0N R0 d RS s MM B W B O O b0 B0 B0

Table 2: The Ethiopic characters (continued on next page)
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a u i a € o | Ya Yi Y3 Ye WYe
a u i A E e o |ua ui wuA uE ue
U I 0 ul if preferred |
t|.tlm m m M o T O Mm m, l
C|Clem e e L ¢ T & ),
p|.p| R A& A 8 R A& R R,
s|.s| & & & R’ & & =R 8,
c|.c| @ 6 9 ki 3 6 e
f f | 4. 4 é 4. 8o G 62 & & 4% & é&
P p|l T F* T I T T 7 & ® T T F
Ql'ql® % 2 » % % %
k|l'x| & ® ® & ® K “mA o
h|'h|% % %A % % % =% “ri 12
g|’g| 4 * 4, 3 4 f 4 “fi pa

Table 3: The Ethiopic characters (continued)

3.3. Numbers

Today Arabic figures are more frequently used than the original Ethiopian fig-
ures. The ethiop package outputs the Arabic figures when the letters O up to 9
occur in the source code.

But Ethiopic figures can be typeset, too, by using the command \ethnum.
If we enter \ethnum{1} we get & as the result. But the macro \ethnum can
do more than that. In fact it can convert all numbers up to 999999 to their

It should be noted that there exists some confusion in literature about the
meaning of ¢¢ , some sources assigning to it the value 1000, and not 10000. If
there is some uncertainty the user may also use the Amharic words . for 1000,
and “2A.¢-7 for 1000000.

Arabic |1 2 3 4 5 6 7 8 9
Ethiopic | # & £ & & % % % &

Arabic |10 20 30 40 50 60 70 80 90 | 100 10000
Ethiopic | 2 % @& 4 4% & g # 3| § &

-~ L —

Table 4: The Ethiopic figures
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3.4. Punctuation

Effort is made to code as much as possible all punctuations relevant to the
Ethiopic writing system. Currently we have found 24 different punctuation
symbols in use. At the time of encoding the application of ; is not clear,
however we have included it.

Although the punctuation characters look different from the punctuation
symbols of the Latin script, they have essentially the same meaning. We made
some compromises between visual similarity and similiar interpretation when
we chose the encoding of the punctuation characters. In Tables 5-7 we have
collected the appropriate inputs for each of the characters.

O B

?
K

input |:= -,
output | + =

yout | e

Table 5: The Ethiopic punctuation characters

input |< << > >>|J ) ¢ €«
output [ < « > » [’

Table 6: The Ethiopic quotation characters

input [ ()| [ 1]\$
output [ () [ [ T $

Table 7: Special characters

The punctuation characters match their SERA equivalents closely.

3.5. Addition of new characters

A number of Ethiopian languages contain long vowels as phonemes (in most
cases @, ¢, i, 0, 4). E.g. in Oromo, oromoo is written AC9°, pronounced as
‘oromo disregarding the long 6. Actually, A and E (4*" and 5** order) can be
interpreted as long vowels a and é. But if a (1°¢ order) has the meaning d (¢)
and F means e, then some problems arise.
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Some other languages also contain tones, or even both, long vowels and
tones. Another feature are doubled (geminated) consonants (TNn#). E.g.!7 the
m in the word ng°7+ is doubled (semment) but not written, whereas in ng°g®
(semem) it is doubled in written form but not in pronunciation. In esh=274
(mak® annenenna) both occur.

Several solutions are possible. One of our proposals follows the system of
Indian scripts with separate symbols after basic syllables. This can be done
either by one symbol I denoting the length of any vowel, e.g. vl, hl, 41, A0, o,
ACTOL.

Or individual symbols denoting the length of each vowel can be used: 1 for
a, L for & L for 7, ¢ for 4, and F for 4, (or, if needed, 1 for long € ‘and J for a).
E.g. vl, hl, 8L, 1%, (+F, PJ, AC L.

To solve the gemination problem, another suffix has to be introduced denot-
ing the fact that the consonant in question is without vowel, e.g. 1 put after
consonants with e as in 7.

If A and F are used for a and & then those for 7, 0, & may be used only. We
have designed these symbols in the style of Ethiopic characters, actually from
the corresponding characters q or t: ¢, +, %, 4, &, 4, &, &, &, k.

The other possibility is the use of diacritical symbols. Unfortunately, such
symbols either increase the distance between lines, or the basic characters, and
these are more or less all, have to be decreased in size, thus multiplying the set
of Ethiopic characters.

Following the usage of linguistic articles in Ethiopia, the following diacritical
symbols above basic characters may be introduced : i for gemination ®n%, (+
for long vowels, and (1. for their combination, e.g. 19°7+ and osn=774.

Tones may be denoted by the following diacritical symbols above characters :
A for high and n. for low tone. These may be combmed with long vowels and
gemmated consonants, e.g. a, A, % (high-low), + (low-high), 9°, tn, B, B, 2
and .

So far, none of these proposals have been integrated into ethiop, but the
corresponding characters have been designed using METAFONT.

4. Applications

Using the ethiop package is not really that difficult once you get used to it. The
package consists of what we need to process a text in Ethiopic writing system
with Ethiopic character sets. Besides some applications like inserting a date

17 WRIGHT.
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and writing mathematical notations and formulas are included.

4.1. Typing the text

In Tables 2 and 3 you can see the Ethiopic characters that are accessible using
this package.

We will now explain how the characters are entered. Every character repre-
sents a syllable that consists of a consonant followed by a vowel. The characters
of the sixth order either phonetically represent a syllable with s, or a pure con-
sonant, especially in combination with other consonants. (Example : +#°uc+
pronounced as tomhort). Wherever possible, every character is encoded in a
way that matches its pronunciation or its scientific transcription as closely as
possible.

As an example we choose the letter £ which is pronounced da and entered
as da. You will find the character in the character table in row d and column
a.

The letter & might represent the syllable de, but it might also denote the
consonant d without an accompanying vowel. To reflect this, it is possible to
enter either de or d at the user’s choice.

If accented characters are used in the scientific transcription of an Ethiopic
syllable, they are entered without the accent, but prefixed with an appropriate
special character. F has ¢a as its transcription, hence we will enter it as “ca
which is as close to the proper transcription as we can get.

Long vowels are usually indicated by a bar, dé can serve as an example.
But since long vowels are fairly frequent, we did not want to use two letters for
their representation. Instead we have employed the uppercase letters for this
purpose, which leads us to dE as our transcription of the aforementioned syllable
L.

When a vowel does not have both a short and a long form, like the ¢ in di,
there is no need to insist on the proper case for the vowel. Hence we might enter
either di or dI and get 4. in both cases.

Some consonants may be followed by a diphthong, i.e. a combination of two
vowels. A diphthong occurs e.g. in 4 which is best transcribed dwa. We have
coded it as duA, thereby slightly deviating from the standard transcription. But
this is unavoidable, because if we enter dwA, we get an ambiguity with d wA which
we want to result in £¢. The SERA encoding, which was developed by DANIEL
YAcoB, YITNA FIRDYIWEK, YONAS FISSEHA and others, suggests dWA, which
has been considered as an alternative to the present encoding. It did not show
any significant advantages, however.
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All characters with .d are only used for Oromo, all with ’q, ’k, ’h, ’g and
mua, mui, muE, mue only for Gurage (Chaha), all with .q only for Tigrinya, and
all with fu, pu only for Wolaytta.

4.2. Spaces

When Ethiopic is printed today, an interword gap is signalled by a white space,
in the same way as it is done for the Latin script. This kind of spacing can be
used simply as in ordinary I#TFX documents.

But formerly word breaks used to be denoted by the character : and even
today this method is used for handwriting. One can compare the following two
examples, i.e. with : and without : representing the old and the handwriting,
and the modern writing systems.

’abAs : ’alamenahe: ’abAs :’alamenahe:
’abAs:’alamenahe: ’abAs:’alamenahe:
’abAs:’alamenahe: ’abAs:’alamenahe:: results in

AMEAATCID AN AATC YD ANNEAA T ID AN AA T YU AN AATOTU AN
AATCTY =
or

’abAs ’alamenahe ’abAs ’alamenahe

’abAs ’alamenahe ’abAs ’alamenahe:: gives

AN AATCTY AN AATCTY
AN AAZCTY AQN AATCIDE

in the output. As can be seen, line breaks are allowed after : even if there is no
space character in the source. Space characters immediately following or pre-
ceeding a : in the input are ignored as we can see from the first line. Therefore
new lines in the input will not cause any problem either. An empty line in TEX
indicates a new paragraph as can be seen in the second example.

4.3. Line breaking

The ordinary spaces as well as the white space surrounding an : can be stretched
a little, so that it is possible to achieve proper adjustment. Nevertheless, the
lack of hyphenation in the Ethiopic makes itself felt from time to time, when
TEX cannot find suitable breakpoints for a paragraph.
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There are a few standard solutions to this problem, the easiest is to use a
sloppypar environment which allows TEX to stretch the interword spaces more
than usual. But this does not work when some words are simply too long.
In that case one may want to rewrite the sentence that causes the bad break,
maybe only by changing a few words.

However, the text might not be easily changeable, e.g. because it is a quote
from some other source, or the author insists on that very phrase. In that
case you can insert a \- into a suitable breakpoint where the text will be split
between two lines. Unlike the usual TEX behaviour, no hyphen will be added
at the breakpoint. This kind of line breaking is especially well suited when the
character : is used for interword spaces.

But maybe even the insertion of breakpoints is impossible. In this case, some
explicit \hspace, i.e. inserting some white space, must be added in a suitable
position or a ragged right layout must be selected during the whole document
or part thereof.

4.4. Ethiopian dates

The calendar system is implemented in our package, so it is possible to type
\today and get A 13 1992. (This is the date on which this document has
been translated).

The simple algorithm converting Gregorian dates into Ethiopian dates can
be translated into a program using the TEX primitives \year, \month, and
\day. The implementation in TgX is straightforward, but hardly readable,
because TEX’s expressiveness for formulas is very weak. As calendar routines
are provided for all the other babel language definitions, it was obvious that this
problem had to be addressed, too.

4.5. Implementation notes

Because we have to deal with so many characters, we placed them in two separate
font tables. In the first font we preferred to place characters that result from
a TEX ligature (which must not be confused with a ligature from ordinary
printing) in the positions 0-31 and 128-255. These characters usually cannot
be entered from a keyboard and hence it is safe to assume that they resulted
from a ligature.

Only the characters in the primary font are accessible by entering ordinary
characters and forming ligatures. For the other characters it is necessary to
select explicitly the secondary font within the TEX code. But this requires the
execution of TEX macros, hence the activation of some characters was required.
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The activated characters can inspect the following characters and request the
necessary font change. In fact this method of enlarging the number of available
characters is quite general and is also used for other languages, and to provide
a unified input mechanism for all Latin characters with accents.

For a complete documentation of the input parsing mechanism we refer the
interested reader to the commented source code in ethiop.dtx, which can also
be typeset by IXTEX to get a more readable version.

4.6. Common Pitfalls

After discussing some of the internals of the ethiop package, we are now prepared
to examine some of the problems that result from our implementation.

First of all, the characters ~, =, ’, _, and . are made active. This is un-
avoidable since we chose a transcription as near as possible to the scientific

transliteration. But there are some drawbacks.

o We cannot use "~ for entering special characters. Usually this is done in
package files only, so we do not get into real trouble, since babel activates
the characters only at the beginning of the document.

e We cannot use a . in numbers and TEX dimensions while Ethiopic text
is being typeset. We can circumvent this problem by using a , instead
of the . when entering numbers for TgX. Note, that we can use the .
without problems when we have temporarily switched to a language other
than using Ethiopic, e.g. English.

In the newest version of babel some problems with activation might occur.
Since our package is not yet an integral part of the babel system, we have
some other difficulties to overcome.

o If the babel package is included explicitly in the header of a document, e.g.
to typeset both English and Ethiopic, it must be included before the ethiop
package. A failure to do so results in weird error and warning messages.
But by putting the \usepackage{ethiop} in the second place, Ethiopic is
always selected as the main script of the text. If this is not intended, the
main language must be explicitly reset by a \selectlanguage command
after the \begin{document}.

e We do not know what the future will bring. While the present translitera-
tion system might work with future versions of babel, there is no guarantee
that it will. So you should keep your old version of babel until you are
sure it works with the ethiop package or until an updated version of ethiop
is issued.
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Typing errors will usually not result in an error message. Instead, a black
rectangle will appear in the output, if some illegal character is encountered.

e Because it is allowed to enter consonants without a trailing vowel, there
are plenty of typos that simply result in the wrong letters being printed.

So look at your finished document carefully.

5. Concluding Remarks

Much work has been done during the development of this package, but much
work had been done before and there are still open points. As the preceding
efforts and developments have given us insight, we believe our work might also
be helpful for those who can continue researching in the development of the
Ethiopic script and text processing system. Although ethiop was first initiated
as an academic interest, the result has become a vital system, and could en-
rich document preparation with Ethiopic. It is also more viable that it could
facilitate further research activities in different or similar fields.

5.1. What remains to be done?

e Bugs must be detected. We know that there are some, but we do not know
which. Please report bugs to ethiop@informatik.uni-hamburg.de, we
will be happy to make some updates.

e More languages should be added. To do this, we have to know the phone-
mic inventary of such languages, especially which additional phonemes
have to be encoded. We need examples of usage for as many of such lan-
guages of Ethiopia and Eritrea as possible. Suggestions for these and other
improvements can be sent to ethiop@informatik.uni-hamburg.de.

e More characters must be added. We have provided almost all characters
of Unicode, but there might be some more.

e We have to find out more about the conventions for typesetting Ethiopic.

e Conventions for the encoding of other vowels, or short and long vowels
must be looked for.
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A. Examples

We provide the first sample text to illustrate the appearance of our font. The
IATEX source of the text begins with

pAduwA bametbAl web ya’i.tAliyA katamA si“nor bAptisetA
yatasa™nu ’and tegu_h ’sarAta™nA yenoru nabar:: ’enih sawe
hulat qon“go sEto”c le“go”c nabaruA~caw::

kuAduA.helinA yatabAla“cew webatuAnA

.tabAyua yatamuAlA naw:: puafEluA

webatuA ’enda ’e_hetuA ’amuAlto selAlesa.tAt ba‘amala”nAnatuA
tetAwagAla“c::

puafEluAd 1AbAtuA yabakuir le”g bamahonuA bazih ’alabelAbit

melAsuld sAbiyA menAlbAt bAl ’a.tetA qumo-qar ’enedAthon ’abAtuA
segAt ’aderobA”caw nabar::
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yafarut ’alqaram laqon~gowA kavEreno ’eska quidA_hualA sigorf
la‘amal™nAwA ’a.tagabuld yamiders saw .tafA::

and gives the following result:

TSP ACFHIA @ eAMNE h+7 AFC ATLhF e+aF ATL T4
wi T 84 MCE ALY Qo AT $9F ART AT INETFo-s nSAhAAS
CTAAT D @-(EG MAF ¢+T0A o= Td A, @(d AL Add ALAL OAAGTT
N0mATYE FFoPAT:

FdA AN PONC AT Naofs. OHYU AANANLYT 9°Ad, aLe I°SA0T NA
AT 2-+C APSTUT AL 0T ALCOHFo- NCH

Pt AAPLI® ASIEP hCT Anh ++8%A (LICE: AO@ATP AmI
oLECN N@ mé.=

The next example will clarify the usage of bold and slanted Ethiopian fonts.
Italic characters are mapped to slanted characters. The font selection works
just as in ordinary I'TEX with NFSS. The source text

’adis ’ababA \textbf{’adis ’ababA}
\textsl{’adis ’ababA \textbf{’adis ’ababA}}

gives us  A40 AON A4D ANO A4n Ann ASN AN as the output.
Besides we can also apply different type sizes as shown below.

{\tiny ’adis ’ababA} {\small ’adis ’ababA} ’adis ’ababA
{\large ’adis ’ababA} {\huge ’adis ’ababA}

gives us:
an aan A ANO AAN AN AL AN h-‘ih ?\ﬂﬂ

as output.

In the following examples we illustrate the use of characters indicating vowel
length in some Ethiopian languages.

Ambharic : ¢mal? NAmt+ Al ePUIT- eATNAIT TFANT £77ANh (o
ANTTTIIO =

Tigrinya : ?I A%3 Qiel i HARA hIOCH = or PI ATd (bt kEAREA
brac =

Oromo : N¢+- @Nlo-@? £F nhh 41Tt 21£: hiAIn L L7817 SlA=
or NP« @Nlo-@? £F Qhh A4LT+ $PL&il hiAK L L7&L7T SFA:

We can also apply math mode:
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$$\frac{\ethmath{ba}+\ethmath{da}"2}{\ethmath{"ca}}\qquad
(b+b) “2-(\ethmath{ba}+\ethmath{ba}) ~2\qquad
\ethmath{ba}+\frac{\ethmath{ba}}%
{\ethmath{ba}\sp{\ethmath{ba}\sp{\ethmath{ba}}}}$$

a+ e2 n

2 2
(b+b)*—(n+n) n+nW

In Table 9 we show a financial budget as an example of the combination of
I#TEX and ethiop.

| CAD POC @@, ALYYF foC om, (0NC)
[ goan M5 1 hada 250
POt 10 120

aomT 10020 A.+C 80

PMAPmMA 20 h.ie 50

PPl 15 he 45

T Cr EYS 40 Arc 100
Cho-2-01 tht Q47 2 NC 45

D HEF ANZCT hAaN neoc 50 NcC 50
nCcnc noc 50 Nc 50

mPAA &9°C 795

B. Installation

Installing the ethiop package is not difficult.
1. Check the prerequisites for this package. Make sure:

e that you have installed TEX and METAFONT.

e that the files cmbase.mf and romand.mf from the Computer Modern
fonts are accessible to METAFONT.

o that you have installed IATEX 2¢ with a release date of 1996/12/01
or later. It can be found on CTAN (e.g. at ftp.dante.de ) in the
directory tex-archive/macros/latex/.

e that you have installed the babel package with a release date of
1997/01/23 (version 3.6h) or later. It is also on CTAN in the di-
rectory macros/latex/packages/babel/.
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e to get the ethiop package, which is located on CTAN in the di-
rectory languages/ethiopia/ethiop/. Now the files mentioned in
MANIFEST should be present.

2. Generate the TEX files from their docstrip source by running
tex ethiop.ins

in the directory where the files ethiop.ins and ethiop.dtx reside.

3. Verify the installation by generating this documentation file from its source
ethiodoc.tex. Run IATEX twice to get the references right.

latex ethiodoc.tex
latex ethiodoc.tex

The resulting file ethiodoc.dvi is the user level documentation of our
package.

Summary

Encoding Ethiopic for computer application is increasingly important for linguists,
librarians, information and communication technologists. This paper focusses on en-
coding Ethiopic for the B¥TEX document preparation system, and on the methods and
principles of the ethiop package which supports Ethiopic for WTEpX. ethiop is a package
developed by a research group at the University of Hamburg, that integrates Ethiopic
to the TEX/KTEX system.

We hope that this package opens up a new venue to scientific and mathematical
document processing, using the rich and well developed TEX /IWTEX system. Moreover,
it could render a better data exchange mechanism by virtue of its platform indepen-
dence and plain ASCII nature. 8

For questions and remarks please contact

Berhanu Beyene, Manfred Kudlek, Olaf Kummer
Universitit Hamburg, FB Informatik, AB TGI
Vogt-Kolln-Strafe 30, D-22527 Hamburg

18 Different from the software normally used in AETHIOPICA the layout of this article
has been produced with I#TEX and the special ethiop package.
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