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1. Introduction

HORNMORPHO is a Python program that analyzes Amharic and Tigrinya words into their constitu-
ent morphemes (meaningful parts) and generates words, given a root and a representation of the
word’s grammatical structure. It is part of the L3 project at Indiana University
<http://www.cs.indiana.edu/~gasser/Research/projects.html>, which is dedicated to de-
veloping computational tools for under-resources languages. Later we plan to expand the program
to handle other languages spoken in the Horn of Africa.

Natural language applications, such as question-answering, speech recognition, information re-
trieval, and machine translation, rely on a lexicon of possible forms in the relevant language. Mor-
phological analysis is important for morphologically complex languages like Amharic and Tigrinya
because it is practically impossible to store all possible words in a lexicon, and many words have
close to 0 probability of occurrence in any given corpus. This becomes obvious in the context of
machine translation to a morphologically simple language such as English, where the correspon-
dence between words in Ambharic or Tigrinya and the other language will often be many-to-one. The
Ambharic word 02h&. FAF@-9°, for example (which incidentally does occur in an online corpus),
could be translated as ‘even if it isn’t opened for them’. While a system for processing English
could include all of the English words in the translation (even, if, it, isn t, opened, for, them) in its
lexicon, an Amharic system that includes all words such as Aghé.FAF@-9° is clearly impractical.
For translation into Amharic or Tigrinya and sophisticated question-answering, morphological gen-
eration is also desirable because it is probably impossible to store all of the words that the system
will output.

HORNMORPHO requires Python 2.5 or 2.6; it will not run under Python 3.! In order to use the pro-
gram, you must also have a Unicode Ge’ez (Ethiopic) font such as Ethiopia Jiret or GF Zemen? on
your computer. In addition, if you want to use the program to analyze particular words, rather than
(or in addition to) Amharic or Tigrinya text in a file, you will need a way to enter Ge’ez characters.
HORNMORPHO has been tested under Windows, Linux, and MacOS. Some of the options are not
possible with Windows because of issues related to the display of non-roman characters (see the

! To download Python to your computer, go to <http://www.python.org/download/>

2 Downloadable at <http://www.senamirmir.com/download/jiret.zip> and
<ftp://ftp.ethiopic.org/pub/fonts/TrueType/gfzemenu.ttf> respectively.
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discussion in Section 8.b), but the main functionality of the program applies across all three plat-
forms.

HORNMORPHO is free software: you can redistribute it and/or modify it under the terms of the GNU
General Public License as published by the Free Software Foundation, either version 3 of the Li-
cense, or (at your option) any later version. See the GNU General Public License for more details.
You should have received a copy of the license along with HORNMORPHO. If not, see
<http://www.gnu.org/licenses/>.

HORNMORPHO is a work in progress, and it is certain to have bugs, as well as the limitations de-
scribed in the last section of this document and features that make it awkward to use. Questions,
comments, corrections, and suggestions (to <gasser@cs.indiana.edu>) are very welcome.

In the rest of this document, it is assumed that you have at least a basic knowledge of Amharic and/
or Tigrinya and basic grammatical terminology. No familiarity with Python is assumed.

2. Installation

If you haven’t already done it, uncompress the file that you downloaded. This will yield a directory

(folder) called HornMorpho-1. 0, which contains all of the files that you need to run HORNMOR-
PHO.

The program is most useful if you install it on your computer; this places the program files in the
place where other third-party Python programs reside on your system so that you can use them
wherever you are running Python. If you are on a system with multiple users and separate adminis-
trative privileges, you will need these privileges to install the program, or you can ask a system ad-
ministrator to do it for you.

To install HORNMORPHO, you will need to open a shell (often called “command prompt window”
in Windows).? In the shell, go to the HornMorpho-1. 0 directory (folder), and enter the following if
you are on a Unix or Unix-like system:

python setup.py install
If you are using Windows, it will probably suffice to enter:
setup.py install

To test whether the installation succeeded, start up the Python interpreter (see Section 8.a if you
don’t know how to do this), and type

import 13

If you don’t want to install the program, you can still use it. Just move the whole directory to a con-
venient place in your file system, and then make sure you run the Python interpreter from the
HornMorpho-1. 0 directory, wherever that is. See Section 8.a for details.

3 How you open a shell depends on your operating system. In Unix or Unix-like systems, including MacOS,
you run a terminal application (in MacOS this is found in Applications/Utilities). On computers running Win-
dows, you need to run “Command Prompt” in Vista, “cmd.exe” in other versions.
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The next section describes the conventions used in this document and in HORNMORPHO for repre-
senting Ambharic and Tigrinya words using roman characters. Section 4 discusses the theory behind
the program. If you just want to use the program and are not interested in the theoretical back-
ground, you can skip that section and go straight to Sections 5 and 6, which are concerned with as-
pects of Amharic and Tigrinya morphology and phonology that are implemented in the program.
Section 7 deals with implementation details, in particular, the format of the data files; you can skip
this section if you don’t intend to look at any of these files. Section 8 is the most important section
for most users; it describes the functions available in the program. Section 9 lists some of the limita-
tions of the current version of the program.

3. Conventions

In the rest of the document, Amharic and Tigrinya words and morphemes will sometimes be written
in Ge’ez characters and sometimes romanized. The romanization follows the conventions of the
SERA system (Yitna and Yacob, 1996), with the following exceptions.

1. Gemination (consonant lengthening; ?1¢-t) is not normally indicated in the Ge’ez
script. However, since it plays a significant role in the morphology of both languages and
will be important (in later versions of HORNMORPHO) for speech applications, it is
shown in the romanized forms of words, both in this document and within HORNMOR-

PHO. The underscore character following the consonant indicates gemination: te7eq_e-
meb_et (‘tmPae-t).

2. Ge’ez script does not distinguish between consonants that are not followed by a vowel
and consonants that are followed by the high central vowel (phonetically [1], sometimes
also represented as [9]) that the language uses to break up clusters of consonants, known
in linguistics as an “epenthetic” vowel (Amharic AC2-71, Baye, 2000 E.C.). Both are
represented by the sixth order (A£N) character in a series. Again because this distinction
matters for speech applications, it is usually made here, with the character / used for this
vowel: zIfIS Im (N&&9°).

3. SERA uses two-character sequences to represent three consonants: ‘s (#, etc.), 4 (1,
etc.), 'S (8, etc.). However, the backquote is also used for the consonant in the 0 series in
Tigrinya. To avoid confusion between sequences such as 60 and 27, the backquote is here
replaced by the caret (%), for example, in "ser_a (wé-).

4. All bare occurrences of vowels in Amharic are preceded by either an apostrophe (repre-
senting the A series) or a backquote (representing the 0 series). This is a more direct rep-
resentation of Ge’ez orthography and agrees with Tigrinya, where these two series al-
ways represent consonants plus vowels. For example, ‘IbEtu ‘al e (a7 AR).

5. Tigrinya has a vowel, phonetically [€] or [#], in addition to those represented by the
seven Ge’ez orders, that is of somewhat uncertain status. It appears after the laryngeal
consonants ’, ', h, H, where we would otherwise expect the vowel ¢, and is sometimes
written with the first order (“10H) character, sometimes with the fifth order (-h9°0) char-
acter, for example, & / 0& dh, aPA.A7 / 4. k7. In HORNMORPHO, this Tigrinya
vowel is represented by @: beSH@, meSi’@n.
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Other than the cases noted in 3 and 4, HORNMORPHO uses the SERA conventions for Amharic and
Tigrinya consonants: U ha, & le, ch Ha, a° me, v "se, ¢ re, (1 se, T xe, ¥ ge, ¥ Qe, O be, + te, T ce,
"1 “he, 1 ne,’7 Ne, h 'a, h ke, i Ke, ® we, 0 "a, Hze, W Ze, ? ye, L de, E je, 1 ge, m Te, éh, Ce, & Pe,
& Se, 8 "Se, 4. fe, T pe. Labialized consonants are represented with a following W, for example, %
qWe, 0. bWa. The vowels, in traditional Ge’ez order are e, u, i, a, E, (), o.

A few other conventions apply to the representation of verb roots; these are discussed below.

4. Theory

a. FINITE STATE MORPHOLOGY

When analyzing words, HORNMORPHO takes as input an Ambharic or Tigrinya word in Ge’ez script.
The word is first romanized, using the variant of the SERA romanization system described above.
Next the program checks to determine whether the word is stored in a list of unanalyzable or pre-
analyzed words. If not, it attempts to perform a morphological analysis of the word. It first does this
using a “lexical” approach, based on a built-in lexicon of roots or stems and its knowledge of Am-
haric or Tigrinya morphology. If this fails, it tries to guess what the structure of the word is, using
only its knowledge of morphology and the general structure of roots or stems. If the “guesser” ana-
lyzer fails, the program gives up.

Both the lexical and guesser analyzers operate within the general framework known as finite state
morphology.* Morphology (and phonology) is traditionally viewed within linguistics as the rela-
tionship between a surface form and a corresponding lexical (or underlying) form. For example, the
surface Amharic form h(l 3~¥7 can be analyzed into the sequence of three morphemes h+(0F+&T7

or, more abstractly, into a lexical representation that makes the structure of the word more explicit:
)] [stem=0+, possessor=[person=1, number=plural], preposition=ke]

In ordinary English, this says that the word (L 37 is derived from the noun stem (b7, with a first
person plural possessor (‘our’) and the preposition h. The knowledge that an Amharic noun stem
can be preceded by a preposition and followed by a possessive suffix is part of Amharic morpho-
tactics.

For example, one stage in the analysis of the word 0% sefena ‘we drank’ is the conversion of the
second vowel e into the sequence ey, revealing the third root consonant y of the verb whose com-
plete root is sty. Expressed in romanized form:

2) setena — seteyna

The arrow represents the direction of analysis, from a form that is closer to the surface to a form
that is closer to the lexical representation. The reverse direction is that of generation, from a more
abstract to a less abstract form (closer to the surface). Seen from the perspective of generation, (2)
represents the merging of the ey sequence to the single vowel e. This is an example of a phonologi-
cal rule: it combines two vowels to make the word conform to the constraints of Tigrinya phonol-
ogy. It is also an orthographic rule because the resulting vowel also appears in the conventional

4 For a more in-depth introduction to finite state morphology, see Beesley & Karttunen (2003), and for another
example of the application of finite state technology to Amharic morphology, see Saba & Girma (2006).
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spelling of the word. Rules of both types are known within the finite state morphology community
as alternation rules because they reflect alternations in the form of morphemes when they come
together.

One complication that arises when we think of morphological analysis and generation in terms of a
set of alternation rules is that the rules often have to apply in a particular order. For example, there
is another rule which optionally converts the sequence ey to E, as in, H&AN / ROAN- zeybelku /
zEbelku. Consider the order of these two rules in the generation direction, assuming that the input to
the rules is the relatively abstract form setey+na. If the ey—E rule precedes the ey—e rule (as in 3a
below), then we will get a form like setFna and will fail to get a form like setena. In the other direc-
tion (as in 3b), we get a form like sefena, but nothing like setEna (which is apparently rare or non-
occurring). Thus the order of the rules matters.

(3a) 1. ey—E rule: seteyna — setEna

2. ey—e rule: setEna (rule fails to apply)
(3b) 1. ey—erule: seteyna — setena

2. ey—FE rule: setena (rule fails to apply)

An FST consists of a set of states, joined by transitions, with one state designated the initial state.
Each transition has a condition on it, consisting of an input and an output character, either of which
may be zero (the empty character). To transduce an input string into an output string, we start in a
start state and then, as long as it is possible, move from one state to the next by replacing an input
character with an output character. That is, as the FST “consumes” the characters in the input string,
one by one, it adds characters to a resulting output string. If we reach the end of the input string in
one of the designated final states of the FST, the transduction has succeeded and the resulting out-
put string is returned.

For example, consider a simple FST that is responsible for the merging of the sequence ey into the
single vowel e in a word like A4 setena above, shown in Figure 1 below.> In the figure, states are
represented by circles and transitions by arrows. Input and output character pairs are separated by
colons and multiple conditions on the same transition are separated by semicolons. A single charac-
ter on a transition represents the same input and output character, and the absence of a character on
either side of a colon represents an empty character. The character C represents any consonant, and
C alone represents the same input and output consonant. C—y represents any consonant but y. The
initial state is 0, and the circles with double borders (in this case, all states) represent final states.

Given the input string seteye, this FST outputs the same string because it goes eventually from state
0 to state 1 to state 2, then back to state 0, and none of the transitions changes the input character to
a different output character. Given the input string setena, there are two possibilities. Either it out-
puts the same string, this time staying in states 0 and 1, or it outputs the string seteyna, passing
through states 1 and 3 between the ¢ and #, as shown in (4).

4 0 s:s0e:el t:t0e:el :y3 nnoa:aod

Note also that the FST fails on the input string sefeyna; after state 2 is reached following the ey,
there is no state that can be reached with an input #.

5 The rule shown in the figure is an oversimplification in several ways of what happens in the language and
what is implemented in HORNMORPHO.
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Figure 1. FST for converting surface e to lexical ey in Tigrinya.

Among the great achievements of the theorists of finite state morphology (Johnson, 1972; Kaplan &
Kay, 1994; Karttunen et al., 1992; Koskenniemi, 1983) are the following results.

« All of the normal alternation rules known from natural languages, as well as morphotactics, can
be captured by FSTs; that is, more complex devices requiring stacks, for example, are not re-
quired. Furthermore, since FSTs are invertible, an FST for analysis can be trivially converted into
one for generation.

+ Alexicon of roots or stems can be incorporated into a morphotactic FST.

« A series of FSTs, for example, implementing a sequence of ordered alternation rules and the mor-
photactics for a particular word, can be compeosed into a single FST which behaves exactly like
the series of FSTs when applied to an input in the order that they are composed.

The upshot of these three facts is that it is possible to build a single FST that handles all aspects of
the morphology for a particular class of words in a language, for example, an FST that analyzes all
Ambharic nouns.

A deterministic FST is one for which there is only one possible next state for a given unconsumed
input string. For a given input string, a deterministic FST yields either nothing, if it fails on the
string, or a single output string. In general, words in natural languages may be ambiguous; that is, a
given word may have more than one legitimate analysis. Consider the Amharic orthographic word
A1+0“7. This has at least four possible analyses, corresponding to the English translations ‘if you
hear’, ‘if you are heard’, ‘if she hears’, and ‘if she is heard’. For most applications, we would like a
morphological analyzer to return all of the possible analyses. Therefore the FSTs that HORNMOR-
PHO uses are non-deterministic; for a given input string and FST, there may be multiple successful
paths through the FST, each corresponding to a different grammatical analysis of the string.

b. HANDLING NON-CONCATENATIVE MORPHOLOGY

Semitic languages like Amharic and Tigrinya, in particular their verbs, present a problem for finite
state morphology, a problem that is well-known in the literature. Finite state morphology, without
the introduction of special-purpose mechanisms, becomes very inefficient for non-concatenative
morphology, that is, any case in which words don’t consist simply of sequences of morphemes or
morphemes don’t consist simply of sequences of characters.® Amharic and Tigrinya morphology is
non-concatenative in at least two ways.

¢ For a more complete discussion of non-concatenative finite state morphology, see Cohen-Sygal & Wintner
(2006).
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First, there are discontinuous morphemes (so-called circumfixes), which are separated by other
morphemes, for example, the morpheme that indicates negation in non-subordinate Tigrinya verbs:
ALL.AM7 ay-feleTe-n. A related problem is that the morphotactics of the end of the verb depends on
what occurs at the beginning. For example, the Tigrinya relative prefix M preceding the negative
prefix normally precludes the negative suffix 7: 1&é.am zl-ay-feleTe.

Second, as in other Semitic languages, Amharic and Tigrinya verb stems have a so-called root-
template structure. Consider these Amharic verbs, all based on the verb root meaning ‘repeat’:

(5) LLAMIA yldegmal
LLIAMIN yld _eg emal
LALATIN yasdeg Imal
LLINMN yldegag Imal

Each of these verbs has the prefix and suffix that indicate a verb in the imperfective tense/aspect
(corresponding roughly to English present tense) with a third person singular masculine subject
(‘he’ or ‘it”). What is left with the prefix and suffix removed is the verb stem (Amharic ~A9°£, Ti-
grinya 99°4.). Each of these stems is composed of two parts, the root (Amharic O, Tigrinya (+C
“I.), consisting of the consonant sequence dgm, and the template, consisting of a pattern of vowels
and in some cases a prefix or the gemination of one or more consonants (the gemination is of course
not indicated in Amharic orthography). For example, the template in the first case consists of the
vowel e between the first and second root consonants and no vowel between the second and third
consonants, and the template in the second case consists of the vowel e in both positions and the
gemination of the first and second consonants. We can represent the templates using Ci, etc. to rep-
resent the stem consonants.

(6) dgm+ CieCoCs — degm
dgm + C1C1eC2C2eCs — d eg em

Root-template morphology is non-concatenative because the two morphemes that make up the
stem, that is, the root and the template, are interleaved with one another rather than being concate-
nated; as with the negative circumfix, the root and template are discontinuous.

Non-concatenative morphology presents a problem because finite state morphology has no memory
other than the states themselves. For example, consider how an FST would handle a negative Tigri-
nya verb like A®4.am7 ‘ayfeleTen. Once the initial @ and y have been consumed by the FST, it
needs to “know” that the verb is negative so that it will expect the » at the end. But how will it re-
member this while the stem of the verb (4.Am) is being processed? The only option would seem to
be an increase in the number of states, with separate negative and affirmative states for each of the
positions between the negative prefix and suffix. But there are a number of other dependencies be-
tween prefixes and suffixes, and the required increase in the number of states would be sizable.

To avoid the massive duplication that this approach would require, finite state morphology re-
searchers have introduced several techniques to provide limited memory or divide the work of rec-
ognizing different morphemes among separate parallel FSTs (see Cohen-Sygal and Wintner, 2006
for an extended discussion). HORNMORPHO makes use of the proposal of Amtrup (2003), which
adds the possibility of grammatical constraints on the FST transitions in addition to the input-output
character conditions. The application of this proposal to the analysis and generation of Tigrinya
verbs is described at length in Gasser (2009). Its application to Amharic and Tigrinya is summarized
in what follows.
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One way of representing grammatical structure is through so-called feature structures (FSs) (Car-
penter, 1992), consisting of sets of feature-value pairs. An Amharic example is provided by (1)
above, repeated here for convenience, with abbreviated feature and value names:

(7) [stem=0T, poss=[pers=1, num=plur], prep=ke]

The features in this FS include stem, poss, and prep; their values follows the equal signs. Note
that the values of features can be simple strings, as in the case of stem and prep or FSs in their
own right, as in the case of poss. The fundamental operation on FSs is unification, essentially a
pattern-matching process. Informally, unification takes two FSs, and if they are compatible, it re-
turns the combination of the two. The details of how unification works are complex, but a few ex-
amples should make the general notion clear. If we attempt to unify the FS in (7) with a second FS,
[conjunction=m], the result is this more complex FS:

(8) [stem=0T, poss=[pers=1, num=plur], prep=ke, conj=m]

In fact this represents the structure of the grammatical Amharic word h(, 279", If we attempt to
unify the FS in (7) with the FS [prep=be], unification fails because the feature prep has two dif-
ferent values in the two FSs. Informally this corresponds to the constraint that a word can only have
one preposition. Unification also fails if we attempt to unify the FS in (7) with the FS
[poss=[pers=1, num=sing] ] because the num feature in the FS that is the value of the poss
feature has different values (plur and sing) in the two FSs. Informally, a noun cannot have both a
first person plural possessor (‘our’) and a first person singular possessor (‘my’).

The insight of Amtrup’s (2003) work was to recognize that sets of FSs could be added to the transi-
tions in an FST, adding additional constraints to the possible paths through the FST, at the same
time maintaining the fundamental properties of FSTs that make them desirable, in particular the
possibility of concatenating, inverting, and composing FSTs. An FST augmented with FS con-
straints works as follows:

 Processing begins with not only an input string but also an initial FS set, representing any gram-
matical constraints that are given, and at any given point during processing, a current FS set is
maintained along with the remaining unconsumed string.

« When there is an attempt to traverse a transition, as with ordinary FSTs, the input character on the
transition must be present at the beginning of the unconsumed input string. In addition, the current
FS set must unify with the FS set on the transition (if there is one). The result of unifying two FS
sets is the set of all possible unifications of pairs from the two sets. If the set unification fails (no
two pairs of FSs unify), it is impossible to traverse the transition. If the set unification succeeds,
the resulting FS set (the set of all of the successful unifications of pairs from the two sets) be-
comes the new current FS set.

« For each successful path through the FST, the resulting output string and the resulting FS set are
both returned. That is, each analysis consists of a string and set of possible grammatical represen-
tations.

FSTs augmented with FS constraints solve the problem of non-concatenative morphology because
the FS set that accumulates along each possible path through the FST represents a sort of memory
for what previous transitions have been traversed. Consider again the case of the Tigrinya negative
circumfix. Figure 2 shows a simplified representation of an FST for handling negation in the perfec-
tive tense/aspect. The input character sequence <ay> is an abbreviation for a transition with a single
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{[+rel]} {[+neg]} +neg -rel]}
<ay>:

z e
/(1)/\ -: HSTEM—DI 3 '—SBJ—':\ 4 5< ;.

(l-rel}  {l-negl} {l-negl[+rell}
Figure 2. FST handling relativization and negation for perfective Tigrinya verbs.

character and one intervening state. The transitions with uppercase labels, STEM, SBJ, and OBJ, are
abbreviations for the multiple states and transitions that are responsible for the stem, subject suffix,
and optional object suffix of perfective verbs. Transitions labeled ““:” consume no input character
and add no output character. Six of the transitions have FS set constraints. The relevant features for
this example are rel, which has the value True for relativized verbs such as H&®N and HE.LPN
and the feature False for non-relativized verbs such as £#0 and A2 L+N7, and neg, which has the
value True for negative verbs such as A2 L#07 and HELP0 and the value False for affirmative
verbs such as £¢#0 and H&PA. (The values True and False are abbreviated with + and - signs be-
fore the relevant features.) A semicolon separates different FSs within an FS set; the only example is
on the lower transition from state 5 to state 6. The interpretation of this FS set is that this transition
is compatible with either -neg or +rel (or both). The FST does not show how the prefix combina-
tion z+ay becomes zey; this results from a rule discussed in 6.a.

Now consider how this FST succeeds or fails on different input strings. In each case we assume that
there are no initial grammatical constraints; that is, the initial FS set contains the single “top” ele-
ment which unifies trivially with any FS. Presented with the string £#0 deq_ese, Table 1 shows
what happens. It is assumed that the STEM portion of the FST outputs the three-character root of the
verb (the gemination character ““ ” is also part of the root) and that the SBJ portion of the FST ac-
cumulates the grammatical properties of the subject of the verb on the FS set.

Tables 2, 3 and 4 show the processing of the strings A2LP07 aydeq esen, W& LPO zeydeq ese
(zaydeq _ese), and the ungrammatical string HLPN7 zeydeq esen.” The analysis of zeydeq esen
fails because the final state in the FST is reached while the unconsumed input string is not empty (it
still consists of the character n).

For other examples of the use of FS sets as grammatical constraints on transitions, see the discus-
sion of Amharic morphology below and the examples of particular FSTs among the program data
files.

5. QGrammar

Any computational morphology system is based on a theory (explicit or implicit) of the grammar of
the language. HORNMORPHO relies on a long history of research on Amharic and Tigrinya gram-
mar, while introducing a few new notions. I have also been helped greatly by the output of Biniam
Gebremichael’s web crawler for the languages, available at

www.cs.ru.nl/~biniam/geez/crawl.php>, which provides counts for 227,984
Tigrinya and 397,352 Amharic words found on the Internet. These data are extremely useful as a
means of assessing current usage, especially for Tigrinya.

7 In fact HELPOT7 zeydeq esen is grammatical, but the n suffix at the end is the one that translates as ‘and’
rather than the negative suffix. This distinction is not handled by the simplified FST in Figure 2.
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state input string output string FS set

0 deq_ese {}

1 deq ese {[-rel]}

2 deq ese {[-rel,—neg]}

3 e dq s {[-rel,—neg]}

4 dgq s {[-rel,—neg,sbj=[...]1]1}
5 dgq s {[-rel,-neg,sbj=[...]1]1}
6 dq s {[—rel,—neg,sbj=[...]]1}

Table 1. Analysis of the string £Pa deg ese.

state input string output string FS set

0 aydeq_esen {}

1 aydeq_esen {[-rel]}

2 deq esen {[-rel,+neg]}

3 en dg s {[-rel,+neg]}

4 n dg s {[-rel,+neg,sbi=[...]11}
5 n dq s {[-rel,+neg,sbj=[...]11}
6 dq s {[-rel,+neg,sbj=[...]11}

Table 2. Analysis of the string A2LPN7 aydeq esen.

state input string output string  FS set

0 zaydeq _ese {}

1 aydeq_ese {[+rel]}

2 deq ese {[+rel,+neg]}

3 e dq s {[+rel, +neg]}

4 dq s {[+rel,+neg,sbj=[...]1]}
5 dq s {[+rel,+neg,sbj=[...]1]}
6 dq s {[+rel,+neg,sbj=[...]]1}

Table 3. Analysis of the string H& L0 zeydeq ese (zaydeq_ese).

This section is not meant to be anything like a thorough overview of Amharic and Tigrinya mor-
phology; for more in-depth coverage, see Baye (2000 E.C.), Bender & Hailu (1978), or Leslau
(1995) for Amharic; Leslau (1941) or Amanuel (1993) for Tigrinya.

An Ambharic or Tigrinya word consists of a lexical part, or stem (Amharic A9°£, Tigrinya %9°%.),
and one or more grammatical parts. This is easy to see with a noun, for example, the Amharic noun
R1CFFo-1. The lexical part is the stem A71C; this conveys most of the important content in the
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state input string output string  FS set

0 zaydeq_esen {}

1 aydeq_esen {[+rel]}

2 deq esen {[+rel,+neg]}

3 en dg s {[+rel,+neg]}

4 n dq s {[+rel,+neg,sbj=[...]1]}
5 n dq s {[+rel,+neg,sbj=[...]1]1}
6 n dq s {[+rel,+neg,sbj=[...1]1}

Table 4. Failed analysis of the string H&LPN7 zeydeq esen (zaydeq esen).

noun. Since the stem can’t be broken into smaller meaningful units, it is a morpheme (Amharic
J°0A L), a primitive unit of meaning. This is followed by four grammatical suffixes, each of which
provides information that is more abstract and less crucial to the understanding of the word than the
information provided by the stem: -oc_, -ac_ew, -n, and -s. Each of these suffixes can be seen as
providing a value for a particular grammatical feature (or dimension along which Amharic nouns
can vary):

9 -oc_: [number=plural]
-ac_ew: [possessor=[person=3,number=plural]]
-n: [case=accusative]
-S: [conjunction=s]

Since each of these suffixes can’t be broken down further, it can be considered a morpheme. Ex-
actly what these grammatical morphemes contribute to the meaning of the whole word is complex
and will not be discussed further in this document.® The output of a morphological analyzer such as
HORNMORPHO is not really a semantic representation of the input word; it is a representation of the
grammatical structure of the word. In any case, the grammatical structure would be needed by any
system that performs a semantic analysis.

HORNMORPHO analyzes Amharic nouns and verbs and Tigrinya verbs. We begin with a discussion
of verbs, which are significantly more complex than nouns but which are dealt with more thor-
oughly by the program.

a. VERBS

i. Stems: templates

An Ambharic or Tigrinya verb consists of zero or more prefixes, zero or more suffixes, and a stem.
The prefixes and suffixes are all grammatical morphemes; they are discussed below. The stem is the
lexical part of the verb and also the source of most of its complexity.

As discussed in Section 4.b., an Amharic or Tigrinya verb stem can be broken down into two com-
ponents, a verb root (Amharic NC) and a grammatical template, each of which can be viewed as a
morpheme in its own right. A given root can be combined with as many as 40 templates for Am-

8 For more on morphology, including the distinction between lexical and grammatical morphemes, see Gasser
(2006).
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haric and 24 templates for Tigrinya, though it is rare for a root to occur with all. Different templates
can be described as varying along three grammatical dimensions:

« tense/aspect/mood
Tense/aspect/mood (TAM) is signalled mainly by the prefixes and suffixes that indicate the sub-
ject of the verb but is also reflected in the stem template. In both languages, TAM has four possi-
ble values, traditionally referred to as perfective (or perfect), imperfective (or imperfect),
jussive/imperative, and gerundive (or gerund). Here are examples from both languages of each
with everything else held constant; in the romanization, the stem appears in boldface.

« perfective: Ll der es-e 1L.4. gedef-e
« imperfective: L.LCAN yl-ders-al 2184 yl-ged If

* jussive: g.L:4n yl-dres 2184 yl-gdef
imperative: €40 dres aL.q gldef
« gerundive: LCO ders-o 14%.4- gedif-u
« voice

Voice has three possible values in Tigrinya, four in Amharic. It is signaled by the stem prefixes fe-
and a- for both languages and as- for Amharic, as well as particular patterns of vowels between
the root consonants and gemination of the root consonants. I will refer to the plain form that has
no prefix as simplex voice. Both languages have a further form that it conventionally called
passive/reflexive (for simplicity, usually referred here to as “passive”). Amharic has two further
forms, which I will call transitive and causative. In Tigrinya (as in Ge’ez) these correspond to a
single form that I will call transitive/causative (for simplicity, usually shortened to “transitive”).
These terms are only suggestive of the semantics, which in many cases depends on the particular
root (for example, Amharic -+#0a, Tigrinya +#0A is passive/reflexive in form but neither passive
nor reflexive semantically). In fact, most Amharic roots fail to appear in all four forms, and many
Tigrinya roots fail to appear in all three forms. Here are examples in both languages of each op-
tion in perfective and imperfective.

« simplex: Ll0 der_es-e L.L.CAN yl-ders-al
18.4. gedef-e 2184 yl-ged If
* passive: TL.40 teder_es-e L.LLAN yI-d er es-al
T1L4. tegedf-e L84 yl-gld_ef
« transitive: h&dN ader _es-c £LCAA y-aders-al
transitive/causative: K184, agdef-e 1% q y-agld_If (yegld If)
« causative: ANLLN asder_es-e EOLCAN y-asder_Is-al

« stem-internal aspect
In Amharic and Tigrinya, like other Semitic languages spoken in the Horn of Africa, there are two
ways to modify stems through the introduction of the vowel a. In combination with different val-
ues for the voice feature, these two forms convey a wide range of subtle meanings, depending to a
large extent on the particular verb root. I will refer to these two options by names which are based
on their frequent meanings but by no means do justice to all of the possible interpretations. Re-
ciprocal is formed by the insertion of a between the third and second consonants from the end of
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the root; this can only occur in combination with passive and transitive voice. Iterative is formed
by the reduplication (copying) of the second consonant from the end of the root and the insertion
of a between the two copies of this consonant; this occurs in combination with all four voice op-
tions in Ambharic (though only rarely with the causative) and all three voice options in Tigrinya.
Other details of the templates depend on the values of the TAM and voice features. The plain
form, with no a inserted in the stem, is again referred to as simplex. Here are examples of the
three stem-internal aspect options, in combination with perfective TAM and both simplex and
passive voice.

« Simplex aspect:
+simplex voice: £40 der_es-e +passive voice: T£4N teder_es-e

1£.4. gedef-e T1£: 4. tegedf-e

« Reciprocal aspect:
+simplex voice: (not possible) +passive voice: T840 tedar_es-e
T84 tegadef-e

« [terative aspect:
+simplex voice: £&-40 derar_es-e +passive voice: ‘+£é-4N tederar_es-e
14£.4. gedadef-e 115 L.4. tegedadef-e

ii. Stems: roots

The Amharic and Tigrinya verb stem is complicated not only because of the large number of com-
binations of TAM, voice, and stem-internal aspect; a whole set of additional complications results
from the different categories that roots fall into. Like TAM, voice, and stem-internal aspect, the
category of a root can affect the template vowels and consonant gemination.

HORNMORPHO relies on a new classification of root types, based on seminal earlier work by
Bender & Hailu (1978) and also designed to reflect the commonalities between the Semitic lan-
guages, in particular for those cases which have only two overt root consonants in Amharic but
three in Tigrinya and Tigre. Each root consists of a sequence of consonants and in addition, possibly
a single a, a single character (“_”) indicating gemination, and a single character (“|”) following the
first consonant indicating that is always “fused” to the next consonant. In the rest of this document,
roots are written surrounded by angle brackets (“<>”). The root categories are described below.
Each root example is followed by its citation form, that is, the third person singular masculine per-
fective form in simplex voice if this is possible for the root, otherwise passive or transitive voice.

+ CCC(C)(©O)
Most roots consist only of consonants. There are three main subcategories, differing in the num-
ber of consonants.

(332

« CCC: simple three-consonant roots. Examples: <sbr> A&, <mrT> avldm; <mrS> avLA.
« CCCC: simple four-consonant roots. Examples: <k/kl> haha, <dngT> L£11m; <dngS> £7¥1A.

« CCCCC: simple five-consonant roots (very rare). Examples: <wxngr> @0'11¢; <nblbl>
1MAN0A.

. CC_C

Three-consonant roots for which the second consonant is geminated in most templates. In Am-
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haric this category is indistinguishable from CCC in the perfective, distinguished in pronunciation
but not writing in the imperfective and gerundive, and distinguished in both writing and pronun-
ciation in the jussive/imperative: &00C (CCC), £29°C (CC_C). In Tigrinya it is distinguishable
in pronunciation but not writing from CCC in the perfective and gerundive, distinguished in both
writing and pronunciation in the imperfective and jussive/imperative: £0-1C, £00C (CCC);

eeEc, £E9°C (CC_C). Examples: <Ty_g> mPe, <Cr_s> emdh; <Ty_g> meF, <ws_k> ONQ.

« CaCC, CCaCC, C|CCaCC
Roots in which the vowel a always appears before the second-to-last consonant. Examples:
<gabz> J0H, <mark> *1&0, <glamT> 1Ma>m; <bakn> N1, <mark> 140, <brabr> t+0&04;
<bakn> O, <mark> "1,

« C|CaCC, C|CCCC, C|CCaCC
Roots in which the first consonant is never followed by a vowel.? These roots appear only in pas-
sive and transitive voice (never in simplex or causative). Examples: <n|saff> +704.4., <s|gbgb>
+01010, <n|xratt> 70 CAt; <H|xkWxkW> A0, <n|gsaqs> +1PaP0.

Particular root consonants result in templates that deviate from what is expected. This is especially
true for Amharic.

« When any of the consonants in an Amharic root is " or °, and when the second root consonant is
ungeminated w or y, the consonant is realized as a vowel; hence these roots are usually described
as biconsonantal. Examples: <sr> A0&, <s'm> 0191, <bl’> 04, <s_b> KON, <TT_’'> mM, <qgwm>
$a, <mwi> P, <xyT> Am, <hyd> L, <'nTs> R'ima, <fnd’> &.1%, <b’b’> 4.

« When any of the consonants in a Tigrinya root is a laryngeal (’, °, &, or H), the vowel before or
after this consonant may differ from what is usual: <’tw> At+®, <SHf> &Hhé., <bl™> (A0,
<s'’s > a60o0.

« A special subcategory of Amharic CCC and CCCC roots consists of roots that originally ended in
y and behave to some extent like CC’ or CCC’ roots. The symbol “*” is used to represent the final
root consonant. Examples are <mx*> a0, <fj*> .8, <slc*> AA’F, and <zgy*> H1¢. The excep-
tional roots <gr*> @£ and <s7*> am, though they apparently never contained a y, are included in
this subcategory because they behave like the other members.

« When the second or third consonant in a Tigrinya root is ungeminated w or y, the consonant is
realized as a vowel in some templates. Examples: <xyT> fim, &0 &F; <fiw> &A@, A0, Ld. k;
<sty> a-te, O+, et

« In any of the four categories, root consonants may be labialized (Amharic ?h94%C; Baye, 2000
E.C.), indicated in the romanization with a following . In some templates, this may cause the
following vowel to be o or u, sometimes optionally. In HORNMORPHO these changes are handled
by an alternation rule. Examples: <kWr > hé- (CCC), <dWidWm> &a&av (CCCC), <bWaCr>

 Many of the CICCCC roots are derived from CCC roots through the reduplication of the last two con-
sonants, for example, Amharic rgfgf hC14.14 from rgf &14.. However, since this process is not particularly
productive, and the meanings of the resulting CICCCC roots are not always predictable, these are
treated as independent roots in their own right in HORNMORPHO.
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Q.end (CaCC), <xmWaTT> hTi%.mm (C|CaCC); <HgWf> HBd. | hF4 (CCC), <mWg s>
+9°10 (CC_C), <mrkWs> tavChien / tarchn (CCCC).

While most roots occur with all three values of stem-internal aspect, this is not the case for voice. A
sizable subset of roots fail to occur in the simplex voice (in addition to the roots beginning with
“C|”, which, as noted above, appear only in passive and transitive voice). Examples: <drg> +£41,
<gb [> tPOA, <mlkt> tavat, <gm T> tParm, <ds > +Lat; <zrb> -tHCA, THLO; <rd >
+e&h; <gb [> TPOA; <gm_T> t+Paem; <Sb_y> Ta0F.

iii. Affixes

The verb in both languages has four slots for prefixes before the stem and four slots for suffixes af-
ter the stem. The positions of the affixes are as follows. Parentheses indicate optionality, and a ver-
tical bar indicates different options within a given slot. Each of the affixes is described briefly be-
low.

(10) Ambharic: (prep|conj)(rel)(neg) sbj
STEM
sbj (obj|def) (neg|aux|acc) (conj)
Tigrinya: (prep|conj)(rel)(neg) sbj
STEM
sbj (obj) (neg) (conj)

An Amharic or Tigrinya verb must agree with its subject. Subject agreement (sb3j) is expressed by
suffixes in the perfective, gerundive, and imperative and by prefixes and suffixes (in the second per-
son singular feminine and second and third person plural) in the imperfective and jussive. There are
eight possible combinations of person, number, and gender in Amharic and ten possible combina-
tions in Tigrinya. Some forms are ambiguous; for example, Amharic &a®MNk- ylmeTal u can have a
second or third person singular polite subject, as well as a third person plural subject; Tigrinya
0% tIKedu can have a second person masculine singular polite subject, as well as a second person

masculine plural subject.

Following the subject agreement suffix, there may be an object suffix (obj). Here there are nine
possible forms for Amharic because the second person polite form (-wo(?)) is distinguished from the
the third person plural (-ac_ew). Both languages also have the possibility of an indirect (or applica-
tive or prepositional) object suffix. In Tigrinya, these are marked by the prefix -/- before the object
suffix, with a range of meanings: ‘to, for, for the benefit of, on, at, from, to, with, by, to the detri-
ment of”. In Amharic, indirect objects are marked by one of two prefixes before the object suffix:
-l - ‘to, for, for the benefit of”, -b_- ‘on, at, from, to, with, by, to the detriment of”. Thus there are a
total of 20 possible object suffixes in Tigrinya, 27 in Amharic. Examples of each type: A4 FFm-
‘aq_efec -ac_ew ‘she hugged them’, A¢&TATF® "ag efec -1l ac_ew ‘she hugged (somebody) for
them’, APLTNF® 'aq efec -Ib_ac_ew ‘she hugged (somebody) to their detriment’; hF4.-F9°
HaQwifat_om ‘she hugged them’, A®¥~4-+a9> HaQwifatll om ‘she hugged for/against them’.

Negation (neg) in both languages is indicated by a prefix and, for non-subordinate verbs (see be-
low), a suffix as well: ANTZ21m9° ‘al-teregag eTe-m, h@1+L 1T ‘ay-teregageSe-n ‘it was not

verified’; The gerundive is never negated.
In both languages, verbs in the perfective and imperfective may be relativized (rel) with the prefix

ye- (perfective) or yem -/Im_- (imperfective) for Ambharic, z- for Tigrinya. A relativized verb fills
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the verb position in a relative clause (Amharic AH918 A& T 11C, Baye, 2000) and, as such, func-
tions more like an adjective than a verb: P£4+ RW7enT ye-der eqge 'InCet, H&LF OFem. &1 71-
dereQe "InCeyti ‘wood that dried; dry wood’. A relativized verb without a modified noun behaves
like a noun clause: ££4P®@- ‘what dried; the dry thing’. Note that the third person singular mascu-
line object suffix in Ambharic (but not Tigrinya) doubles as a marker of definiteness (def) for rela-
tivized verbs: ¢ L4LP@ Rren T yeder eqe-w ' InCet ‘the dry wood’.

Relativized verbs are subordinate; that is, they cannot act as the main verbs of sentences. Verbs can
also be made subordinate through the addition of a prefix conjunctions (conj) such as Amharic b/-
and /ndI- and Tigrinya nIKI- and ’Inte-. A verb with one of these prefixes functions as the verb in an
adverbial clause: 222 N0A "siga bl-bela ‘if I eat meat’, I'L.H &7%.LCO begizE ’Ind-iders ‘so that he
arrives on time’; A7 +& AN 'IntereKibkay a ‘if you (masc. sing.) meet her’, 717 @7 nIK-
In_IKew In ‘so that we become’. Except for the negative following &%t ’Inte-, prefix conjunctions
never co-occur with the relativizing prefix.

A noun that is modified by a relative clause may be the object of a preposition, and in Amharic and
Tigrinya this preposition (prep) is prefixed to the relativized verb rather than the noun itself, as
would be the case with an unmodified noun (see the section on nouns below). With a prepositional
prefix, the Amharic relative prefix drops out in the perfective and is shortened to -m_- in the imper-
fective. This does not happen in Tigrinya, and the preposition is often written as a separate word.
Examples: A@LP@- +91¢ le-wed _eqgew temari ‘for the student who failed’, 0°L77%0-+ h+27 be-
m_ig eN Ib_ et ketema ‘in the town where it is found’; 7HhA$ 4 Gav 3+ nl-zIHalefu 4 "ametat
‘for the four years that passed’.

A noun that is modified by a relative clause may also be the direct object of a verb, and in Amharic
it then requires the accusative (acc) suffix under some circumstances. As with prepositions, this
suffix is added to the relativized verb rather than the noun: A2 eam-+7 @ 3T 710 Fo- '[j
veseT ut-In wet_ad eroc_mar _ekWac_ew ‘they captured the soldiers who surrendered’.

Ambharic verbs in the imperfective and gerundive may take a form of the auxiliary (aux) verb AA
‘al e as a suffix. The auxiliary is required for affirmative, non-subordinate imperfective verbs in
most contexts: &@L P yIwedg-al_u. With the gerundive, the auxiliary creates a non-subordinate
form similar to English present perfect: ® &+ PA wedgew-al ‘they have fallen’. The corresponding
auxiliaries in Tigrinya are normally written as separate words, and they are not handled in HORN-
MORPHO.

Finally, verbs in both languages may take one of a set of conjunctive or adverbial suffixes (con3j):
+@MG tIwTa-n_a ‘let her go out and...”, ¢+ LNP@9I° yetedeb eqew-m “also what was hidden’;
HP° & h9°7 zemSI 'om-In ‘who brought them and...”, T&2.h0& tered iuk i-do ‘do you (fem. sing.)
understand?’

b. NOUNS

An Amharic noun consists of a stem and zero or more prefixes and suffixes. Since Amharic nouns
and adjectives are similar morphologically, they are not distinguished in HORNMORPHO, and many
of the words referred to as “nouns” in what follows are more properly thought of as adjectives.
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i. Stems

Noun stems are of two types. Some are unanalyzable in that they are not derived from a simpler
stem or root. Examples: (W bEL, 9°4 misa, end.¥ Cereqa.

Other stems are derived from verb, adjective, or noun roots. Like other Semitic languages, Amharic
has many ways of deriving nouns from verbs. As with verb stems, each of these deverbal noun
stems is formed through a combination of a verb root and a grammatical template. HORNMORPHO
handles four categories of deverbal nouns, those that are possible with all verb roots.

« infinitive
The infinitive is recognizable by the stem prefix m(e)-. As with full-fledged verbs, an infinitive
stem has values for voice and stem-internal aspect. The infinitive is the only deverbal noun that
has a negative form. Examples: @&+ megWreT, root: <gWrT>, voice: simplex, aspect: sim-
plex; AAT148-0 ‘alemas adeb, root: <sdb>, negative, voice: transitive, aspect: reciprocal.

instrumental

The instrumental is based on the infinitive, differing only in the suffix and its possible effect on
the last root consonant. The name “instrumental” comes from a common meaning of this form,
the instrument that is used in the action associated with the verb, but it has other functions as well.
Like the infinitive, it varies in terms of voice and stem-internal aspect. Examples: @®né.F mek-
feca, root: <kft>, voice: simplex, aspect: simplex; a®Fm(. £ met_alebiya, root: <'Th>, voice:
passive, aspect: simplex.

agentive

The agent stem may refer to the “doer” of the action of the verb, but it has other functions as well,
including adjective-like functions. Like the infinitive, agentive forms vary in terms of voice and
stem-internal aspect. Examples: I geZ, root: <gz ™, voice: simplex, aspect: simplex; A@®54%¢
‘aw_edadari, root <wdr>, voice: transitive, aspect: iterative.

manner

The manner stem refers to the manner or way in which the action of the verb is performed. Its
template is based on the transitive iterative template, but it is invariant across all voice and aspect
values. Examples: A1.21C ‘an_egager, root: <ngr>, A0-t4LC ‘astedader, root: <’dr>.

Ambharic noun stems are also derived from adjectives, for example, 18+ neSa-nnet, and nouns, for
example, A0¢F€ ‘ablyot-awi. Of these possibilities, only the -awi suffix is handled in HORN-
MORPHO; the program does not analyze stems such as Y&’ further.

ii. Affixes

The Amharic noun has two prefix slots and four suffix slots. None of the affixes is obligatory. The
possibilities are as follows. Each is described briefly below.

(11) (prep | gen) (distrib) STEM (plur) (poss | def) (acc) (conj)

The plural (plur) noun suffix is normally -oc_. Other cases are treated as irregular plurals; only
some of these are known to HORNMORPHO, for example, 279 3t menglst-at.

There are nine possible possessive (poss) suffixes for the different combinations of person, num-
ber, and gender (including the second person polite suffix -wo(?)). The third person singular suffixes
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are ambiguous since they double as definite (def) articles, for example, n4a klfl-u ‘his room; the
room’.

If the noun is definite and the direct object of a verb, it must normally take the accusative (acc) suf-
fix -n.

When a noun is the object of a preposition and not modified by an adjective or relative clause, the
preposition (prep) is prefixed on the noun. The genitive (gen) marker ye- appears in the same posi-
tion.

The distributive (distrib) prefix Iy _e- translates roughly as ‘each’.

Finally, more or less the same set of conjunctive or adverbial suffixes (conj) is possible with nouns
as with verbs.

Some examples: APAAK le-y e-kll 1l-u, stem: kIl II, [prep=1le, +distrib, +def];
PCI BT @75 ye-rmlj_a-c_ew-n-In_a, stem: 'Irmlj a, [+gen, +acc, poss= [pers=3,
num=plur], conj=nal; W@F7LPFTV9° ke-wendlm -oc -ac_Ihu-m, stem: wendIm_,
[prep=ke, +plur, [poss= [pers=2, num=plur], conj=m].

6. Alternation rules

As discussed in the last section, Amharic and Tigrinya are quite similar at the level of verb morpho-
tactics, as well as with respect to the options that are available for each of the positions in the verb.
But there is more to words than morphotactics, which is meant to apply as generally as possible. In
specific cases, when particular phones appear in particular positions within words or particular
combinations of phones come together, the surface wordform that results may be different from
what the morphotactics would dictate. Alternation rules, implemented as finite state transducers,
specify these changes. The alternation rules for Amharic and Tigrinya are very different, so they are
dealt with separately in what follows.

a. ALLOMORPHY

i. Amharic

Allomorphy refers to variation in the form of a morpheme, depending on its context. HORNMOR-
PHO includes three alternation rules for Amharic allomorphy, listed below along with the data files
in which they are implemented and some examples.

1. Third person singular object suffix
t following o and u, w following other vowels, ew following consonants
Implemented in 3sm. £st, where the suffix is represented on the lexical end by “3”
®L5%F wed edu-t, ®LLM wed ede-w, LOLPA ylwed -ew-al

2. Consonant in the first person singular and second person masculine perfective subject
suffixes
h following vowel, 4 or k following consonant
Implemented in kh. £st, where the consonant is represented on the lexical end by “7”
AU res_a-hu, hAWY al-ku, h&\U~ "al-hu
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3. Third person singular possessive suffix, noun masculine definite suffix
u following consonants, w following vowels
Implemented in u2w. fst.
AB. [j-u, RAD® ‘alga-w.

ii. Tigrinya
HORNMORPHO includes two alternation rules for Tigrinya allomorphy.

1. Relativizing prefix
z-, optionally /- (geminating the next consonant) before a prefix beginning with ¢ or n
Implemented in rel. fst, where the prefix is represented as “R”
Examples: HAN& zI-sebere, WHOAL z7l-tesebre, & T0L *It-tesebre

2. a/e in transitive and negative prefixes
In the transitive stem prefix a- and the negative prefix ay-, the initial vowel is realized as
e unless it starts the word (that is, after the consonant °).
Implemented in A. £st, where the vowel is represented as “A”
Examples: ARLAST ‘ayre’ayon, HLLAT zeyre 'ayo, hPaem9® ‘aQem_eTom, HFaomg®
zeQem_eTom

b. PHONOLOGY AND ORTHOGRAPHY

i. Amharic

When morphemes come in contact with one another in an Amharic word, there a number of general
phonological processes and a few orthographic variants that apply, all of which can be captured in
alternation rules. The following is a list of those that have been implemented in HORNMORPHO,
along with the names of the files specifying the FSTs for the rules and one or more examples. Each
of the rules is described as it applies in the generation direction, that is, from more abstract (lexical)
to more concrete (surface). In the rule notation, “C” means any consonant (note that in the romani-
zation of words it represents the consonant of ém); “}J”” means any vowel; “#” represents the end of

aword; “ ” indicates gemination of the preceding consonant; ““|” represents alternatives; other ab-
breviations are given following the rule. Unless otherwise indicated, the rules are obligatory.
1. CC—C_

Implemented in gem. fst
viberral — ylber_al (£0¢-A)

2. gk|gk—k ,Tt—t ;optional
Implemented CC_ass.fst
fel egkut — fel ek _ut (é.01F), seTtoal — set_oal (— setW _al) (AL:A)

3. s§S— 88, 8,7, x, z, Z; only applies within verb stems (as- causative prefix)
Implemented in stem SS.fst
aszereg a — az_ereg a (hHLD)

4. CWe — Co, CW(l) — Cu; optional for g, &, g; only applies within verb stems
Implemented in stem lab.fst
xWel _eke — xol_eke (f"Ah)
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5. Ko — KWe, Ku — KW; K: g, k, q; optional; only applies within verb stems
Implemented in stem_lab.fst
qome — gWeme (®.av)

6. Cwa | Coa | Cua — CWa; optional
Implemented in w2W. £st, ou2wW. fst
"sergwa — "sergWa (WC*), sebslboal — sebslbWal (0-100.A)

7. VE— WE, Vo — Vwo, ia — iya | Iya, ua — uwa, oa — owa; mostly optional
Implemented inn_C_epen.fst,y_epen.fst
gelaE — gelayE (14%), gelaoc — gelawoc  (1APT), tifel Igial ex — tlfel Igiyal ex
(té.aLea)

8. aal (e)ea|ae(a) > a,eu|au— u,ao— o,ai — i,ee — e, VI — V; obligatory with
exception of ao and ea in some circumstances
Implemented in VV.fst, n_VV.fst, ao.fst, ea.fst
glbau — glbu (°NYy), ger _eec— qer _ec_ (PLT)

9. hC—iC, bV —iyV
Implemented in y2i.fst
sIySIf — siSIf (0L.&4)

10. JiV | J( )EV — J( )V, Ji#t — J#; J: ¢, C, ], N, x, y, Z; the second rule is optional
Implemented in vn_pal.fst
teqem_IC Eal ehu — teqem IC_al ehu (++9°2AU-)

Another phonological process characteristic of Amharic, palatalization (A72®t in Baye, 2000
E.C), occurs only in certain morphological environments. Palatalization makes the following
changes in consonants: t—c, d—yj, s|s—x, z—Z, T|S|"S—C, n—N, [—y. It is implemented in the
files pal iE.fst (where “8” represents the palatalization context on the lexical side) and
vn_pal. fst. It occurs before the vowels i and £ in the following contexts.

1. Imperfective and imperative second person singular feminine subject suffix i
Example: bert-i — berci (0CE)

2. Gerundive first person singular subject suffix £ (in this case the preceding consonant is
always geminated)
Example: kefll -E — kefly E (h&%)

3. Agentive suffix 7 (the i is usually dropped by rule 10 above if it ends the word)
Example: Cek_an-i — Cek_aNi (— Cek_aN) (én"F)

4. Instrumental suffix ia (the i is later dropped by rule 10 above)
Example: meCer_es-ia — meCer_exia (— meCer_exa) (aPen.d1)

ii. Tigrinya
The following is a list of most of the Tigrinya phonological and orthographic rules that have been

implemented in HORNMORPHO, along with the names of the files specifying the FSTs for the rules
and one or more examples. This aspect of Tigrinya grammar is notoriously complex, and a number
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of details, in particular concerning the interaction of the different rules, have been omitted. Each of
the rules is described as it applies in the generation direction, that is, from more abstract (lexical) to
more concrete (surface). In the rule notation, “C” means any consonant; “}”” means any vowel; “#”
indicates the end of a word; “$” indicates a stem boundary; “ ” indicates gemination of the preced-
ing consonant; “|” represents alternatives. Unless otherwise indicated, the rules are obligatory. The
first three rules apply only within verb stems; rule 4 applies at the boundary between stems and suf-

fixes; rules 5, 6, and 7 apply within affixes; the other rules apply anywhere.

1. Within verb stems; CWe — Co, CW(I) — Cu; optional for g, k, g
Implemented in stem lab.fst
mWeleQe — moleQe (TPAP)

2. Within verb stems; Xo — XWe, Xu — XW, X: g, k, ¢; optional
Implemented in stem lab.fst
qome — qgWeme (%)

3.  Within verb stems: ew(e)C — oC, ey(e)C — eC, ewiC — 0yC, eyiC — eyC, CweC —
CuC, CyeC — CiC
Implemented in stem _wy.fst
mewete — mote (1), yIKeydu — ylKedu (£1%), kewinu — koynu (%), xeyiTu —
xeyTu (A &m-), gwem — qum (€9°), kyedu — kidu (h.%-)

4. At stem-suffix boundaries: ew8C — oC, ey$C — eC, ey8e — e, WS {C|#} — u{C|#},
${C\#} — i{C|#}, w8V | iy$V — yV, iw$C | iy8C — iC; vary in obligatoriness
Implemented in Vwy . fst
fetewka — fetoka (— fetoKa) (é.+M), deleyna — delena (24%), teSeb_eyen_i — te-
SeB _en i (Ta0%), ylfet Iw — ylfet u (%é. k), ‘aSiwom — “aSyom (A&¢9°), gen_iykin
— gen_ikIn (— gen_iKIn) (277)

5. Within affixes: Iy(l) — i | I, Iye — e, uw — Iw; the second rule optional
Implemented in CyC. fst, u2Iw.fst
zlylgeb Ir — zigeb Ir, zIgeb Ir (L.1NC, WINC), ‘ayre’ayuwon — ‘ayre’aylwon
(AhLLALPT)

6. Within affixes: ea — a, eo — 0, ee — e
Implemented in Vv. fst
re’ayeo — re’ayo (&RY), feleTeen — feleTen (d.0m7)

7. Within affixes: ey(yl) — E, Iye — E; optional
Implemented in ey2E. fst
zeytensl'u — zEtensl'u (W1 710k), zeyyISIg Imek _a — zESIg Imek _a (& “1avh)

8. CC—C_
Implemented in gem. fst
viseddu — ylsed u (£0%)

9. Vk— VK, Vg — VQ (unless k or g is geminated)
Implemented in KQ. fst
bekeye — beKeye (WTI?), yIwls Tk — ylwls IK (&@0M), ziglm_eT — ziQIm_eT

(. paor)
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There is some variation in the vowels that occur before laryngeal consonants (°, °, 4, or H) within
verb stems. Some of this is handled in HORNMORPHO, but I am unclear on exactly what the rules
should be. Examples: AShAA7 ‘ayke 'alen, R&NANT ‘ayka’alen, A&nAhNT "aykl alen.

7. Implementation

a. CASCADE OF COMPOSED FSTs

HORNMORPHO includes separate lexical and guesser analyzer FSTs for Amharic and Tigrinya verbs
and for Amharic nouns, stored in the files Am/vb. fst, Am/vb0.fst, Ti/vb.fst, Ti/vb0. fst,
Am/n.fst, and Am/n0. fst. There are also separate lexical and guesser generator FSTs, stored in
Am/vbG. fst, Am/vb0G. fst, Ti/vbG.fst, Ti/vb0G. fst, Am/nG. fst, and Am/n0G. fst.
Though an analyzer FST can be trivially inverted to yield a generator FST, in the program, the gen-
erator FSTs are created separately because they do not need to handle the phonological or ortho-
graphic variation that is required by the analyzer FST. For example, the lexical analyzer for Am-
haric verbs yields a single analysis for the alternate spellings (\C#AA and NCLA, but the generator
that starts with this analysis produces only ACRA.

There are also lexical analyzers for the copula (1@<, §5U~; A%, AS, etc.) in each language, treated
separately because of its irregularities and stored in Am/cop.fst and Ti/cop. fst. For Amharic,
the negative of the copula (A& LA9°, AL LAT9°, ctc.) is also included in this FST; for Tigrinya, the
negative of the copula (A®h77, etc.) is only recognized as the regular negative past perfective of the
verb <kwn> 11 and not included in the copula FST. The past of the copula (1014, 10C, etc.) for both
languages is treated only as the regular perfective of the verb <nbr>. The generators for the copula
are created by inverting the analyzers; they are not stored separately in files.

Each of these 14 FSTs results from the composition of a cascade of simpler FSTs, each of which is
responsible for an alternation rule, for the morphotactics of a word or stem belonging to a particular
class, or for a list of lexical roots or stems. The overall structure of this cascade for the Amharic
lexical verb FST is shown in Figure 3 and described in what follows. (The architecture for Tigrinya
verbs is similar.) Each rectangle in the figure represents an FST; the symbol “.0.” represents the
composition operation (from lower to higher rectangle).

The files for the FSTs that are composed to make the complete FST are listed in in the cascade file
Am/vb.cas. By far the most important of these is the last one, the FST that covers the morphotac-
tics of the verb, stored in the file Am/vb_mtax. fst and represented by the large yellow box in the
figure. Within this there is a sequence of prefix and a sequence of suffix positions. These are con-
catenated onto the FST representing the verb stem (the darker yellow box). This is the output of the
composition of an embedded cascade of FSTs, listed in the cascade file Am/vb_stem.cas. Two of
the constituent FSTs (in red) are phonological, representing alternation rules that apply only to the
verb stem. Three (in blue) are morphotactic, representing the structure of the stem, in particular how
the root and template fit together, at three levels of abstraction. One (in purple) is the FST that en-
compasses all of the verb roots known to the system, stored in the lexical FST file
Am/vb_root.lex. The FSTs making up the stem are composed in order from bottom (closer to the
surface) to top (the lexical end). The verb stem FST can analyze a bare verb stem. For example,

(12) teTeyay q — Ty _gq; [tm=ger,vc=ps,as=it]
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<TT'>;
[tm=imf, vc=smp, as=smp, +neqg,
sb=[-pl,—p2,+plr], ob=[-pl,—p2,—plr,—fem]]

Prefixes

Morphotactics
Stem (Root+Template)

AR RAARE=

ay IeT a u3m

Allomorphy

Phonology

i

ayTel wtim...

K B
Orthography

hemm-+9° ‘ayTelutm
Figure 3. Cascade of FSTs in Amharic lexical verb analyzer

That is, the stem teTeyay g has the root <7y _¢>, gerundive TAM, passive voice, and iterative stem-
internal aspect.

The remaining FSTs implement alternation rules that apply beyond the stem, two for the first two
allomorphic rules described in Section 6.a. (in green in the figure), eleven for the phonological rules
described in Section 6.b. and a few other miscellaneous rules (in red), and one to convert between
the phonological representation of the input that includes gemination and the vowel 7 and a purely
orthographic representation that omits these features (in orange).

The figure illustrates the analysis of the word A2mm-+9° ‘they don’t drink it’. This is first roman-
ized to ‘ayTeTutm. The orthographic-to-phonological FST converts this to all possible pronuncia-
tions of the input string, including the correct one, shown in the figure above the dashed border that
surrounds the phonological part of the system. This form and the other surviving strings are proc-
essed by the intervening phonological FSTs. One of these replaces u with au; another replaces ¢ with
3, the character representing the third person singular masculine object suffix. Among the strings
that make it to the morphotactic FST is ayTeT au3m, which is analyzable as the pair of prefixes
a+y, the stem TeT a, and the three suffixes u+3+m. The final output analysis is shown at the top of
the figure. The root of the word is <77 "> ‘drink’, its TAM is imperfective, its polarity is negative,
its voice and stem-internal aspect are simplex, its subject is third person plural (‘they”), and its ob-
ject is third person singular masculine (‘him/it’).

The cascade of FSTs that are composed to form the Ambharic lexical noun FST is similar, except that
it includes a separate lexicon of simple noun stems such as (b7 (in the file Am/n_stem. lex) along-

side the embedded cascade that is responsible for deverbal noun stems such as *1£:&“1 madreg.
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The cascades for the noun and verb guesser FSTs are similar, except that they lack the stem and root
lexicons that are part of the full lexical FSTs. There are also some restrictions on the root categories
that the guesser FSTs recognize; this prevents massive ambiguity that would other occur. For Am-
haric they only accept verb roots in the canonical categories (CCC and CCCC, where none of the
consonants are ’, w, or ). Thus the Amharic verb guesser analyzer will analyze the word
FHCo1AFU-, based on the imaginary root <Zrm>, but not the word 1 &ATFv-, based on the imagi-
nary root <Zr’>.

The lexical analyzers can deal with irregular words as well as those that obey the rules. One sort of
irregularity is in the formation of verb stems. For example, the Amharic verb root <drg> has the
alternate transitive imperfective stem arg (as in £C,24), alongside the regular stem aderg (as in
£LCoA), and the Tigrinya verb root <whb> ‘give’ loses the w in most of its forms (70, &v, &7,
1.(+). Irregular stems are stored in separate files, Am/irr stem.lex and Ti/irr stem.lex, and
the analyzer tries these stems along a separate path in the FST in parallel with the path implement-
ing the regular stems.

For Amharic, constraints on the voice that occurs with particular roots are included within the root
file, Am/vb_root.lex, in the form of FS sets. For example, along with the root <gm_T> is the
feature set {[vc=ps]; [vc=cs]; [vc=tr,as=it]}, representing the constraint that this root can
only occur in the passive and causative voice and the iterative transitive voice.

b. DATA FILES

Data used by HORNMORPHO appear in three file types, distinguished by their extensions: . fst,
files describing FSTs explicitly in terms of states and transitions; . cas, files specifying cascades of
FSTs to be composed; . lex, files containing lists of roots, stems, or complete words, to be con-
verted to FSTs. Any of these files may contain lines with comments; these begin with “#”.

The only files needed to run the program are the FST files containing the fully composed analyzers
and generators for verbs, nouns, and copulas. The other files are included in the distribution for
those who would like to use the grammatical and lexical information that is contained in them for
other purposes.

i. FST files

An FST (. £st) file implements one or more alternation rules or the morphotactics for a word class
in the form of an FST. Each uncommented line in an FST line takes one of the following forms:

e —> STATE
Makes STATE the initial state of the FST.

« STATE ->
Makes STATE a final state of the FST.

» STATE1l -> STATE2 CONDITIONS FSSet
Creates one or more transitions from STATE1 to STATE2. CONDITIONS has one of the following
forms.
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e [IO1;I02;...]
Each of 10* represents the condition on a transition from STATE1 to STATE2. It has one of
the following forms:

 CHAR1:CHAR2
CHAR1 and CHAR?2 are either characters from the alphabet of romanized Ambharic or Tigri-
nya characters, a character set abbreviations (defined in the cascade file for this FST file),
or nothing (the empty character).

Examples:
[i:y] input character i corresponds to output character y
[X:] any input consonant (represented by the character set abbreviation “X”)
corresponds to nothing in the output
[:] no input character is consumed and no output generated on this transition
« CHAR

CHAR is either a character from the alphabet or a character set abbreviation. This repre-
sents identical input and output characters.

Examples:

[1] input and output characters are both i

[X] input and output characters are the same consonant

e <CHARS:>
CHARS is a sequence of characters from the alphabet. This represents a sequence of states,
each with a transition into it with one of the characters as the input character, no character as
output character.
Example:
STATEl1l -> STATE2 <et:>
equivalent to
STATE1l -> STATEl.2 [e:]
STATE1.2 -> STATE2 [t:]

FSSet, which is optional, represents any FS constraints which apply to the transition. Each FS
has the form [FV1, Fv2, ...].Each Fv* represents a single feature-value pair. It has one of
these forms

e +FEATURE, -FEATURE
These are equivalent to FEATURE=True and FEATURE=False respectively.

« FEATURE=VALUE
Values is either a string or a full FS.

If there are multiple FSs in the set, they are separated by semicolons. The interpretation of multi-
ple FSs is that at least one of the FSs must unify with the current accumulated FS at the point an
attempt is made to traverse the transition.

e STATE1l -> STATE2 >>FST<<
FST is the name of an FST file (without the . £st extension). The FST described in this file is to
be inserted between STATE1 and STATE2.
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e STATE1l -> STATE2 +LEX+

LEX is the name of a lexical file (without the . lex extension). The FST represented by the list of
roots, stems, or words in the file is inserted between STATE1 and STATE?2.

HORNMORPHO currently has no facility for compiling FSTs from abstract descriptions of linguistic
rules or from regular relations, as is possible in most other FST packages, such as OpenFst
(<http://www.openfst.org/>) and the Xerox finite state tools (<http://www.stanford.edu/
~laurik/fsmbook/home.html>). In later versions of the program, this capability may be added.

ii. Cascade files

A cascade file (. cas) gives a list of FST to be composed to create a single FST. Each of the FSTs is
represented by the name of an FST or lexical file. Each of these appears on a separate line without
its extension and surrounded by ‘“>...<” for FST and “+...+” for lexical files.

Before the list of files, a cascade file may also contain a list of character set abbreviations. Each
abbreviation is a character or sequence of characters (for example, X, vV, !X, 3J). The specification
for each abbreviation appears on a separate line. It begins with the abbreviation, is followed by “="
and the list of characters in the set, separated by commas, and surrounded by “{}”, for example,

(13) 33 ={d, 1, n, s, t, T, z}
iii.Lexical files

A lexical file (. 1ex) contains a list of lexical forms (roots, stems, or complete words) which are to
be converted to an FST that accepts the forms as sequences of input characters. Each uncommented
line has one of the following forms.

« FORM
FORM is a string representing a root, stem, or word. It is incorporated into the FST as a sequence
of states joined by transitions with identical input and output characters.

« FORM ROOT FSSet
FORM is a string representing a root, stem, or word. ROOT is the root that is to be associated with
FORM. In this case, the FORM is incorporated into the FST as a sequence of states joined by transi-
tion with different input and output characters; that is, FORM as input results in ROOT as output.
FSsSet specifies a set of FS constraints that are associated with FORM. FSSet is optional. If
FSSet appears, and no separate root is to be specified, the second position is filled by the empty
string ". An example, from the file Am/irr stem.lex:

(14) tegenaNt gN* [tm=ger,vc=ps,as=it]

This indicates that the form fegenalNt is the passive, iterative, gerundive stem of the Amharic verb
with the root <gN*> AT7. (This is irregular because we would normally expect tegeNaNt.)

Roots which are regular but which fail to occur with certain voice features are also notated with
FS constraints in the lexicon file where they appear. An example, from the file containing regular
Ambharic verb roots, Am/vb_root. lex:

(15) ds_ t v [ve=ps];[vc=cs];[v=man,pos=n]
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This indicates that the Amharic root <ds_£> -+£0-t occurs only in the passive and causative
voices or the manner form for nouns.

8. Use

a. STARTING THE PROGRAM

To use HORNMORPHO, you must be running the Python interpreter. There are several ways to do
this; you can run Python as a self-standing program or from within an integrated development envi-
ronment, such as IDLE, the one that comes with the Python distribution. If you want to use the ca-
pability of the program to process Ge’ez characters within the Python interpreter (only possible with
Linux and MacOS), you should not use IDLE because it currently fails to handle Unicode charac-
ters properly. Before you go any further, be sure your computer has version 2.5 or 2.6 of Python. If
not, you can download version 2.6 from the Python site: <http://www.python.org/download/>.
(The program will not run under Python 3.)

To start up Python on computers running Unix (including Macintosh computers) or Linux, you type
python in a shell. On computers running Windows, you start the interpreter either by selecting Run
in the Start menu and then typing python, by double-clicking on the Python application icon, or by
typing python in a command prompt window. (If the third option fails, you will need to change
your path variable so that it knows where to find Python. How to do this is beyond the scope of
this document.)

If you (or a system administrator) have installed HORNMORPHO on your computer, you can run
Python from anyplace in the file system. If not, you need to run it in the HornMorpho-1. 0 direc-
tory. You can either change to this directory in the shell before you start up Python, or you can
change directories within Python after you start it up. To change directories within Python, first im-
port the os module, then use the os.getcwd () command to see where you are, and the
os.chdir () command to move around. For example,

>>> import os

>>> os.chdir('../../Projects/HornMorphol.0")
>>> os.getcwd()

' /Users/gasser/Projects/HornMorphol.0’

On a Windows machine, you would use “\\” instead of “/” for the directory separator.

If HORNMORPHO is installed on your computer or you are in the HornMorpho-1. 0 directory, you
should be able to import all the files you need.

If the import statement fails, you will probably see this message: ImportError: No module
named 13. This happens because the path that the interpreter searches doesn’t include the current
directory. To fix this, do the following:

>>> import sys; sys.path.append('"')
Now the import statement should work.
HORNMORPHO has four functions. Of these the most useful for most users will be anal file,

which analyzes the Amharic or Tigrinya words contained in one file, writing the analysis to another
file. If you only want to use this function, you can skip to section d. The other functions analyze or
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generate individual words; by default these expect words to be written in Ge’ez characters. That is,
the Python interpreter must be able to handle Unicode, both as input and output. As far as I can tell,
this is not yet possible under Windows, but it is straightforward under Linux and MacOS. The next
section explains what you need to know to make the Python interpreter deal with Ge’ez under these
operating systems.

b. GE’EZ CHARACTERS IN THE PYTHON INTERPRETER

When you start Python in a shell, the characters that Python can recognize and print out depend on
the character encoding of the terminal program you are running. You need to make sure that the en-
coding is set to UTF-8 in order for Ge’ez characters to show up properly in the Python interpreter.

In Linux, UTF-8 is usually the default, in which case you won’t have to set anything. If you do have
to change the setting, what you do will depend on the terminal program you’re running. In RedHat
Linux, for example, you would be running a program called Terminal, which has a menu called
“Terminal” with a menu item called “Set character encoding”.

To set the character encoding in MacOS, start up the Terminal program; then go to the Preferences
menu item (in the Terminal menu). You’ll see different configuration of Terminal windows on the
left; select the configuration that you’d like to set the character encoding for. Click on the Advanced
tab. At the bottom of the window, under “International”, you’ll see a a list titled “Character encod-
ing”. Select “Unicode (UTF-8)”. Then close the Preferences window. Now when you open a new
Terminal window (shell) with the configuration that you changed, it should be able to display Ge’ez
characters.

You can test your shell without running Python by typing something like the following (“%” is the
prompt).

% echo '4.19'
4 1q

Assuming you have a Unicode Ge’ez font on your computer, you should see what appears above.

c. ANALYZING A WORD
To analyze a single word, enter the following at the Python interpreter prompt:
13.anal word(language, word)

where language is a Python string representing the language you want to analyze, either ‘am’ or
‘ti’, and wordis a word in Ge’ez characters and enclosed in quotation marks (either single or
double). If you are using Windows or running Python in a shell that is not set up to handle Unicode
characters, you can type the word in romanized form instead, setting the non_roman option to
False.

13.anal_word(language, word, non_roman=False)
In the romanization you should not include gemination or the vowel /.

If you have not called anal word or one of the other functions to be described below for 1an-
guage, the program will first have to load the data it needs to perform the analysis. Because the
data files are very large, it could take perhaps 30 or 40 seconds for this to complete.
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After the data are loaded, the program checks to see whether the word is in its lexicon of unana-
lyzed words; in these cases, it just prints out the word.

(16) >>> 13.anal word('ti', '€0")
Word: &l

The romanized alternative would be as follows.

(17) >>> 13.anal word('ti', 'nab', non roman=False)
Word: nab

Some of these “unanalyzed” words could be analyzed into constituent morphemes, for example, the
Ambaric adverb £A®79°, but because they function as idiomatic semantic wholes, such an analysis
would not be particularly useful.

If the word is not in the unanalyzed lexicon, the program checks its lexicon of pre-analyzed words,
words which either have irregular morphology or are very common. If it is not there, the program
attempts to analyze it using one of its FSTs, first with lexical FSTs for verbs and nouns that contain
lists of noun stems and verb roots, then with “guesser” FSTs that attempt to guess an unknown stem
or root based on the prefixes and suffixes and the shape of the possible stem.

If the program succeeds in analyzing a word, it will print out the root or stem, the citation form, and
the grammatical analysis. Here are examples of the analysis of relatively complex verbs in both lan-
guages.

(18) >>> 13.anal word('am', '?71£NLADTN')
Word: P71£04.A2T 0
POS: verb, root: <fl g>, citation: AN4A1
subject: 3, sing, masc
object: 3, sing, fem
grammar: imperfective, causative, relative, negative
conjunctive suffix: s
>>> anal word('ti', 'AHITeeG')
Word: -AHIToeq
POS: verb, root: <gTm>, citation: A, Ima»
subject: 3, sing, masc
object: 1, plur
grammar: imperfective, reciprocal, transitive, relative
preposition: bI
The first line in the analysis just repeats the word. The second line gives the part of speech, the root
of the word, and the citation form. For verb root categories and their representation in HORNMOR-
PHO, see Section 5.a.ii above. The citation form used here incorporates the voice and stem-internal
aspect of the input word (see Section 5.a.i for a discussion of these grammatical features). Thus
what appears here is A4.A7 for the Amharic example and A, 2ma? for the Tigrinya example rather
than the more basic forms 4.A7 and 7me®, which have the value simplex for both voice and stem-
internal aspect. On the following lines is the grammatical analysis of the word. On the first two
lines of the examples are the features of the verb’s subject and object. The next line lists miscella-
neous grammatical features: imperfective tense/aspect/modality, reciprocal stem-internal aspect for
the Tigrinya example, causative voice for the Amharic example, transitive voice for the Tigrinya,
and True values for the relative feature for both languages and the negative feature for Am-
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haric (see Section 5.a.ii and 5.a.iii for more on what these mean). The last line lists any prefixed or
suffixed prepositions, conjunctions, or adverbs (see Section 5.a.iii for more on these).

Here is an example of the analysis of an Amharic noun that is not derived from a verb (more pre-
cisely, a noun that the program does not know is derived from a verb).

(19) >>> 13.anal word('am', 'heIALPFF@-')
Word: he3ALPFFo-
POS: noun, stem: 2Aé
possessor: 3, plur, masc
grammar: plural, definite, distrib(Iyye-)
preposition: ke

Since there is no known verb root for the word, only the stem is given in the second line: 3A4.. The
third line gives features of the possessor; it is third person plural. The fourth line gives miscellane-
ous grammatical properties—the noun is plural, definite and distributive (that is, it has the prefix A¢
"Iyye-)—and the fifth line gives any prepositional, conjunctive, or adverbial prefixes or suffixes, in
this case the preposition h ke-.

Here is an example of the analysis of an Amharic noun that is derived from a verb.

(20) >>> 13.anal word('am', '0A“ImSPFTT')
Word: NATImS+FT7
POS: infinitive, root: <Tngg>, citation: AmS+e
possessor: 1, plur
grammar: reciprocal, transitive, negative
preposition: be

The part of speech that is given in the second line of the analysis of a deverbal noun is either infini-
tive, agentive noun, instrumental noun, or manner noun; the root given is the verb root, and the cita-
tion form is that of the verb, incorporating the voice and stem-internal aspect of the input word (in
the example, transitive voice and reciprocal aspect).

If anal word relies on one of its guesser analyzers, the second line of the analysis is preceded by a
question mark. In the following Tigrinya example, the verb guesser analyzer is called for because
the verb root <mnT/> is not in the lexical analyzer’s lexicon.

(21) >>> 13.anal word('ti', 'ASePTImAT')
Word: aASe?TmA-+t
?POS: verb, root: <mnTl>, citation: @?7mA
subject: 3, sing, fem
grammar: perfective
conjunctive prefix: Inna

If anal word fails to analyze the word, then a question mark precedes the single line that is printed
out.

(22) >>> 13.anal word('ti', 'FTML')
?Word: TFTN.

If multiple analyses are possible, they are all printed out by anal_ word.
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(23)

>>> 13.anal word('am', '1&FU')
Word: 11&70-
POS: noun, stem: 7IC
possessor: 2, plur
POS: verb, root: <ngr>, citation: 714
subject: 3, sing, masc
object: 2, plur
grammar: perfective
POS: verb, root: <ngr>, citation: 174
subject: 2, plur
grammar: perfective

Ambaric and Tigrinya have two verbs which behave like no others, the copula (1@-; A%, etc.) and
the verb of existence (Ah, PA9®; Ad=, PA7, etc.). HORNMORPHO outputs <ne> for Amharic and <'y>
for Tigrinya as the root of the copula and <a/ e> as the root of the verb of existence. Here are two
examples.

24

>>> 13.anal word('am', 'ARLATI')
Word: ALLATFI
POS: copula, root: <ne>
subj: 3, sing, fem
negative
>>> 13.anal word('am', 'fAA0TU-')
Word: PaAANTU-
POS: verb, root: <al _e>, citation: An
subject: 3, sing, masc
object: 2, plur, prep:-b-
grammar: present, relative, definite, negative
>>> 13.anal word('ti', '&¢9')
Word: £¢9°
POS: copula, root: <'y>
subject: 3, plur, masc
grammar: yes/no
>>> 13.anal word('ti', 'HPNAL')
Word: HPNAL
POS: verb, root: <al e>, citation: af°
subject: 3, sing, masc
object: 1, sing
grammar: present, relative, negative

If you would like to suppress the root/stem, citation form, and/or grammatical analysis that are
printed out by anal word, you can do this by specifying False for the options root, citation,
and/or gram.

(25)

>>> 13.anal word('am', 'MLEAM7EAF® ', root=False, gram=False)
Word: 0.fhen7RAT®:

POS: verb, citation: AOeIP

>>> 13.anal word('ti', 'MéAN{', gram=False)

Word: MHLANE-

?P0S: verb, root: <flsf>, citation: <AdL
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d. ANALYZING A FILE

To analyze all the words in a file and write the analyses to another file, enter the following at the
Python interpreter prompt.

13.anal file(language, input file, output file)

where language is again either 'am' or 'ti', input fileis a file name or a path to a file con-
taining Ambharic or Tigrinya in Unicode Ge’ez, and output file is a file name or a path to an
output file. All must be surrounded by quotation marks. The file at input file must exist; other-
wise the program reports an error. The file at output file need not exist, but if output fileis
a path to a file in a directory, the directory must exist, and the user must have permission to write to
a file there.

The function anal file segments the input file into words and attempts to analyze each of these,
using anal_word. It writes the result of the analyses to the output file. Punctuation marks, other
than ‘-’, which can be word-internal in Amharic and Tigrinya, are separated and treated as words.
No attempt is made to analyze these or any words that contain non-Ge’ez characters or Ge’ez nu-
merals.

Assume that following sentence (the first sentence from the new preface to Abe Gubegna’s novel

hAOAL9°) is contained in the file am. txt, which is located in a directory called Data in the 13

directory under the directory where Python is running (this file is included with the distribution in
that location).

LY L G PHS 01 Govt 1857 (L7 9°Cove- AAE. F-T9° (@M LH FAP TFIC LPCN7 I0C =

Then the following will analyze this sentence, writing the analysis to a file in the same directory
called alweledm out.txt. (You would use ‘\\’ instead of ‘/’ in the paths in Windows.)

(26a) >>> 13.anal file('am', 'am.txt', 'l3/Data/alweledm out.txt')
Analyzing words in 13/Data/am.txt
Writing analysis to 1l3/Data/alweledm out.txt

The contents of alweledm out.txt are then as follows.

(26b) Wword: £v

POS: noun, stem: £V

Word: a°%h&

POS: noun, stem: Xh&

Word: fHé

POS: noun, stem: Hé
grammar: genitive
POS: noun, stem: HC
possessor: 1, sing
grammar: genitive

Word: 01

Word: 9ot

POS: noun, stem: 9o}

Word: 1£97

POS: noun, stem: 1877

Word: 0L£7(+
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POS: noun, stem: £71
possessor: 3, sing, masc
preposition: be

POS: noun, stem: L7
grammar: definite
preposition: be

Word: 9°Cavi-

POS: noun, stem: 9°Caré-

Word: AA&

POS: verb, root: <'lf>, citation: AA<l
subject: 3, sing, masc
grammar: gerundive

POS: verb, root: <1'f>, citation: AAd
subject: 3, sing, masc
grammar: gerundive, transitive

Word: 2t

POS: verb, root: <'t m>, citation: J~tov
subject: 3, sing, masc
grammar: gerundive, passive

Word: (@

POS: verb, root: <wT'>, citation: @q)
subject: 3, sing, masc
grammar: perfective, relative
preposition: be

Word: 1L.H
POS: noun, stem: ‘LH
Word: Jad

POS: noun, stem: J-Ad
POS: verb, root: <lqg>, citation: hAd+®
subject: 3, sing, fem
grammar: jussive/imperative, reciprocal, transitive
Word: C
POS: noun, stem: TG
Word: &TcN%
POS: verb, root: <fTr>, citation: 4.mdé
subject: 3, sing, masc
object: 1, sing, prep:-b-
grammar: gerundive
Word: 11C
Word:

e. GENERATING A WORD

You can also use HORNMORPHO to generate words, given their root or stem and grammatical fea-
tures. In order to do this, you will need to be familiar with the way verb roots and grammatical fea-
tures are represented in the program.

In its simplest form, the generation function looks like this:

13.gen(language, root/stem)
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where 1anguage is again either 'am' or 'ti' and root/stemis a romanized noun stem or verb.
In this form, the function generates the wordform that conforms to a default set of features associ-
ated with the part-of-speech for the word. For verbs, the default grammatical structure is as follows.

« subject: third person masculine singular; no object
« tense/aspect/mood: perfective

« voice: simplex; stem-internal aspect: simplex

- affirmative, non-relative

« no prepositional, conjunctive, or adverbial affixes

Here is two examples of verbs with the default structure.

(27) >>> 13.gen('am', "mWwl'")
°A
>>> 13.gen('ti', "gWyy")
199

That is, 9°A mo!_a is the third person masculine singular perfective form of the verb with the root
<mWI ' >. Note that the root is surrounded by quotation marks, which in the first case must be dou-
ble because the root contains the single quotation character. For more on the representation of verb
roots in HORNMORPHO, see Section 5.a.ii.

If you are using Windows or running Python in a shell that is not set up for Unicode, you can have
these functions produce romanized output by setting the non_roman option to False.

(28) >>> 13.gen('am', "mWl'", non roman=False)
mola

For nouns, the default grammatical structure is as follows.

+ 1O POSSESSOr

« singular number, indefinite

« no prepositional prefix, genitive prefix, or conjunctive/adverbial suffix
« not derived from a verb

Thus if you give the generation function a noun stem and no grammatical specification, the function
just returns the stem unchanged.

(29) >>> 13.gen('am', "meng“st")
NPT

To specify grammatical structure other than the default, you put this after the root or stem (with a
comma in between), using abbreviated versions of the feature structure representation described in
Sections 4.b. and 7.b.i. above. Each feature-value pair that you include represents a change in the
default set of features. Feature structures are enclosed in brackets and surrounded by quotation
marks. A simple feature-value pair is represented by the feature and the value separated by an
equals sign. For example, if you want the passive form of a verb, with no other features in the de-
fault changed, you would set the voice feature (vc) to passive (ps).

(30) >>> 13.gen('am', "mWl'", '[vc=ps]')
T9°A
>>> 13.gen('ti', 'HSb', '[vc=ps]')
Tha0
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Values of True and False can be represented using + or - signs before the feature name. For ex-
ample, to make a noun definite (def) and plural (plr), you would do the following.

(31) >>> 13.gen('am', "meng”st", '[+plr,+def]’)
av’o) p» ok

To specify the subject or object of a verb, you will need a nested feature structure because the value
of the subject and object features is itself a feature structure. For example, to make the subject (sb)
of a verb second person (p2) singular feminine (£em) and the object (ob) third person plural (plr),
you would do the following.

(32) >>> 13.gen('am', "mWl'", '[sb=[+p2,+fem],ob=[+plr]]"')
PAYFa-
>>> 13.gen('ti', 'HSb', '[sb=[+p2,+fem],ob=[+plr]]"')
haNhe9°

Object suffixes may also be indirect. To generate an indirect object in Tigrinya, you use the object
feature +prp. For example, you have to specify one of the features +b or +1, depending on the indi-
rect object prefix.

(33) >>> 13.gen("mwl'", '[sb=[+p2,+fem],ob=[+plr,+1]1]")
PATAT @
>>> 13.gen('ti', 'HSb', '[sb=[+p2,+fem],ob=[+plr,+prpl]")
A Nhaed®

To generate an Amharic noun that is derived from a verb, use gen with a verb root, and, in addition
to the part-of-speech (pos=n), specify which category of deverbal noun you want as the value of
the v feature: infinitive (inf), agentive noun (agt), instrumental noun (ins), or manner noun
(man). For all but the manner noun, you may also specify values of the voice (vc) and stem-internal
aspect (as) features.

(34) >>> 13.gen('am', "sdb", '[pos=n,v=agt,vc=cs,as=rc]’)
AN40,

The generation function does not normally use the guesser FSTs; if you’d like to force the use of the
guesser FSTs, use the option guess=True.

(35) >>> 13.gen('am', 'kongo', '[pp=bel')
This word can't be generated!
>>> 13.gen('am', 'kongo', '[pp=be]', guess=True)
nr77

Ambaric noun stems must be romanized and must include gemination, even though this is not indi-
cated in the standard orthography. The vowel / should not be included.

(36) >>> 13.gen('am', 'wddr', '[+gen, poss=[+pl,+plr]]')
This word can't be generated!
>>> 13.gen('am', 'wdd r', '[+gen, poss=[+pl,+plr]]"')
PO 8 LT

To see the full list of features and possible values for a language and part-of-speech, use the func-
tion get features, which returns a Python dictionary.
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(37) 13.get_features('ti', 'v')

{u'vc': [u'ps', u'smp', u'tr'], u'yn': [True, False], 'pos':
['v'], u'as': [u'smp', u'rc', u'it'], u'sub': [True, False],
u'pp': [u'sIle', u'Inte', u'nab', u'nl', u'kab', u'bl', u'kem',
u'ab'], u'd': [True, False], u'neg': [True, False], u'ob':
{u'p2': [True, False], u'pl': [True, False], u'plr': [True,
False], u'xpl': [True, False], u'fem': [True, False], u'prp':
[True, False]}, u'tm': [u'imf', u'j i', u'ger', u'prf', u'prs'],
u'rel': [True, False], u'cj2': [u'n', u's', u'ke', u'do’',
u'Immo'], u'sb': {u'p2': [True, False], u'p3': [True, False],
u'fem': [True, False], u'pl': [True, False], u'plr': [True,
Falsel]}, u'cjl': [u'mIs', u'InkI', u'kI', u'Inte', u'mI',
u'Inna', u'nIKI', u'nIi']}

For reference, here is the full list of abbreviations for features and values that you may need is as

follows:

subject: sb; object: ob; possessor (nouns): poss

Ist person: p1; 2nd person: p2; feminine: fem; plural: plr; formal: £rm; prepositional ob-
ject: 1, b (Amharic), prp (Tigrinya)

tense/aspect/mood: tm; perfective: prf, imperfective: imf, jussive/imperative: j i, gerun-
dive: ger

voice: vc; simplex: smp, passive-reflexive: ps, transitive: tr, causative (Ambharic): cs

stem-internal aspect: as; simplex: smp, reciprocal: rc, iterative: it

genitive (nouns): gen; definite (Amharic): def; relative: rel; negative: neg; accusative
(Amharic): acc; distributive (Ambharic, lyye-): dis

auxiliary (Amharic): ax; alle: al

prefix conjunction: ¢j1; suffix conjunction (verbs): ¢j2; suffix conjunction (nouns): cn3j

preposition: pp

More examples:

(38) >>> 13.gen('am', "ngr", '[pp=ke,tm=imf,vc=ps,as=it,cj2=m]')

hL1.21C9°

>>> gen('am', 'ne', '[+neg, sb=[+pl,+plr]ll')

hLLATI°

>>> 13.gen('am', 'brkt', '[pos=n,v=ins, pp=ke, cnj=m, +def]')
heochFa-9

>>> 13.gen('ti', 'n|qTqT', '[vc=ps, tm=imf, sb=[+pl,+plr]]’')
TP reT

>>> 13.gen('ti', 'gdf','[tm=j_i,+neg,sb=[+p2],0b=[+plr],vc=ps,as=rc]')
ARAILET°

>>> 13.gen('ti', 'gS_1', '[sb=[+p2,+plr], ob=[-plr], cjl=kI, tm=imf]')
nrexn®
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9. Limitations

a. GENERAL USABILITY

In HORNMORPHO speed is sacrificed in favor of coverage. Because all possible analyses are re-
turned, the search is non-deterministic; after an analysis has been found, the program backtracks
and looks for another, until there are no more options. This can take considerable time. Generation
is even slower, especially for relatively long verbs; this is due to the placement of feature structure
constraints at the end of roots, a problem that Amtrup (2003) discusses.

A related problem that is less easy to fix concerns the program’s inability to rank different analyses
by their likelihood. Consider the Amharic word 2-A#. The usual interpretation of this is word is as
an adjective (called “noun” in HORNMORPHO). But there is a much less likely possibility, that the
word represents the third person singular feminine jussive form of the verb </gg> in transitive voice
and reciprocal aspect, an interpretation that might be translated ‘let her make someone let go of
something’. HORNMORPHO returns both analyses, with no indication of preference. The problem is
worse with the Amharic noun guesser analyzer because of the different ways in which noun suffixes
can be segmented when the stem is unknown. The guesser analyzer is called in the following Am-
haric example because £ Ta=77-F is not in the program’s lexicon of noun stems.

(38) >>> 13.anal word('am', '&ToPRFTT')

Word: &.Tho1+¥ 77

?POS: noun, stem: &TA4F
possessor: 1, plur

?POS: noun, stem: 2 TA1T
possessor: 1, plur
grammar: plural

?POS: noun, stem: & TA1fFF
grammar: accusative

?POS: noun, stem: &TA1}
possessor: 1, plur
grammar: plural

The program would perhaps be usable to a wider audience if more of the interface, including the
grammatical terminology, were in Ambharic or Tigrinya rather than English. The author will need the
help of native speakers to make this improvement in future versions of HORNMORPHO.

b. MORPHOLOGICAL ISSUES

A significant weakness of the Tigrinya component of HORNMORPHO is that it only handles verbs.
Tigrinya nouns are more complex than Ambharic nouns because of their plural formation, and there
is apparently no digitized dictionary that lists plural forms along with the corresponding singular
forms.

For both languages common words are stored in a dictionary of forms that the program returns un-
analyzed. In the current version, no part-of-speech or other information is provided for these words.

An important category of Amharic and Tigrinya words (in fact one of the important defining fea-
tures of the Ethio-Semitic language family) that HORNMORPHO does not currently analyze are
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those that Baye (2000 E.C.) calls hA£&-4°1 h01£: in Ambharic. These are derived from verbs and

behave semantically like verbs (or adverbs) but are not conjugated themselves; instead they com-
bine with the verbs Af or 4£.47 in Amharic, A or AQA in Tigrinya. For example, 0-0C AA, A7k 0A.

In general, HORNMORPHO handles Amharic nouns and adjectives less completely than verbs. Spe-
cifically, the program does not yet know about the following.

a. Noun plurals formed with the prefix /n_e, for example, ATh0 L.
b. Adjective plurals formed through reduplication, for example, +771.

¢. Noun and adjective derivation from other other nouns or adjectives through the suffixes
-n_et,-m_a, -N_a, for example, 127, @37, L7107 .

d. Noun and adjective derivation from verbs beyond the four categories discussed above, for
example, 0L+ (from <kbd>), PProLM (from <mWTmWT>), &2.9° (from <fS_m>).
¢. LEXICAL ISSUES

The Amharic root and stem lexicons in the program were derived mainly from the Amharic-English
dictionary of Amsalu (1979 E.C.), which is available under the Creative Commons Attribution-
Noncommercial 3.0 United States License at <http://nlp.amharic.org/resources/

lexical/word-lists/dictionaries/amsalu-aklilu-amharic-english-dictionary/>. The
noun stem lexicon is far from complete; in particular it is missing all personal names and almost all
place names.

The Tigrinya verb root lexicon in the program is limited to verb roots that could be extracted from
Efrem’s (2009) online Tigrinya-English dictionary (in the version as of February 2008) and a few
others that have been added by hand; there are currently about 600 entries. Thus the guesser ana-
lyzer must be relied on much of the time.

Intransitive and transitive verb roots are not distinguished in the lexicon, so the program analyzes a
number of words that are not actually possible, such as Amharic *4°+% or Tigrinya *q®£-k%. There
is also nothing that prevents verbs in passive/reflexive voice from taking direct objects, so an im-
possible word like Amharic *+4a» &t or Tigrinya *+7¢a7# is also analyzed as though it were
grammatical. (Note that some formally passive Amharic and Tigrinya verbs can take object suf-
fixes: +011, +POAN-T; F07L0-7, +PO.AL; etc.) Within the framework used to implement
HORNMORPHO, it is straightforward to include constraints like these in the lexicon; the root is sim-
ply annotated with a feature structure constraint that limits the possible values for the obj feature. A
goal in future work is to have this happen automatically in response to what possibilities occur in
Ambharic and Tigrinya corpora.

d. ORTHOGRAPHIC AND PHONOLOGICAL ISSUES

There is some variation in the spelling of Amharic words, and the program handles some of the op-
tions, for example, AM.FU- ~ Am-A7Fv~. Other variation is not covered. For example, only the first
of these alternative spellings is analyzed by the program: Z¥TN@ ~ ALPA.@-.

Ambaric orthography includes two ways to represent the phoneme s, two ways to represent the
phoneme S, three ways to represent the phoneme 4, and two ways to represent vowels with no pre-
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ceding consonant or a glottal stop. Although lexicographers have attempted to standardize the spell-
ings of words with these sounds, and there is some agreement for common words, there is still con-
siderable variation in the selections that writers make to spell these sounds. Ideally a morphological
analyzer would handle all of this variation, but HORNMORPHO currently does not. Although it does
include alternate spellings for a few roots and stems, for the most part, a word must conform to the
single spelling the program is familiar with in order to be analyzed.

(39) >>> 13.anal word('am', '@v')
Word: @-v
POS: noun, stem: @V
>>> 13.anal word('am', '@3')
?Word: @3

Within Tigrinya writing, there appear to be two different competing tendencies regarding the use of
the characters that have the same pronunciation (note that in Tigrinya the & and 0 series are not pro-
nounced the same). One is to attempt to standardize the spellings of words with these sounds based
on the way they, or related words, were written in Ge’ez itself. Another is to forego the use of the
less common characters altogether, that is, to avoid the -1, v, and 8 sets. HORNMORPHO follows
this second trend and thus fails to handle any words containing characters in these sets.

(40) >>> anal word('ti', '*tACh')
Word: -+AChH
POS: verb, root: <srH>, citation: -T0Cdh
subject: 3, sing, masc
grammar: perfective, passive
>>> anal word('ti', 'tTwCh')
?Word: TwCd

Future versions of the program will have an option allowing users to choose to handle characters in
the -1, v, and @ sets for Tigrinya.

Of course HORNMORPHO also fails to handle genuine misspellings, including some that are quite
common, such as the substitution of @ for @-,
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