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1.
Introduction

An African Wordnet is timely for several reasons. First, Wordnets have been shown to be essential resources for many Natural Language Processing (NLP) applications that require lexical disambiguation. These applications include information retrieval, document sorting, automatic question-answering, and machine translation. Wordnets are not only useful but indispensable components of such larger automatic language understanding systems being developed and tested in academe and industry. WordNets have been built since the mid-1980s; its design has undergone several changes but is now mature and ready to be applied to more languages. In particular, Wordnets have shifted from a more psycholinguistic perspective and are oriented strongly towards applications in Human Language Technology and Information Science. 

Adding several African languages to the Wordnet web will enable many such applications for each of these languages in isolation. Moreover, linking the African Wordnets to one another and to the many global Wordnets will make crosslinguistic information retrieval and question answering possible, and significantly aid machine translation. Wordnets have also been shown to be very useful for language learning.

Besides these practical considerations, there are many purely linguistic motivations for building African Wordnets. Wordnets exist in some 40 languages, many of them typologically and historically unrelated. But no African language, and no language with the particular linguistic features of the languages of South Africa, has developed a Wordnet. Doing so will force a new and broader perspective of the lexicon and will enrich our understanding of this component of human language. 

2.
Wordnet Training Workshop
In the light of the crucial contribution of global Wordnets to NLP, it was decided to

create an infrastructure for Wordnet development for African languages. This was

accomplished by means of  a proposal for seed research funding for a week long workshop with the aim of developing a platform for Wordnet development for African languages. 

The workshop took place from 19 - 23 MARCH 2007 at the CSIR International Convention Centre, Meiring Naudé Road, Brummeria, Pretoria, South Africa, and was facilitated by international experts in the field of WordNets, namely: 
· Dr Christiane Fellbaum 
(http://wordnet.princeton.edu/~fellbaum/)
as one of the pioneers of WordNets 
· Prof. Piek Vossen 

(http://www.vossen.info/)
as project coordinator of the EuroWordNet project 
· Prof. Karel Pala 

(http://www.fi.muni.cz/usr/pala/.en)
as developer of the lexicographer's editing tools DebVisDic in particular (cf. http://nlp.fi.muni.cz/trac/deb2/wiki/DebVisDicManual). 
The Principal Researcher/Project Leader was:

· Prof. Sonja Bosch 

boschse@unisa.ac.za
The project afforded linguists, translators and lexicographers representing the 9 official African languages in South Africa, as well as computer scientists, the opportunity of high level multi-disciplinary training.  (cf. Addendum A: Workshop Participants)
3.
Accomplishments

The facilitators each gave lectures on the area of their speciality that related to the methods, theory, and practical steps for Wordnet construction (Cf. Addendum B (Workshop Programme).
Dr. Fellbaum lectured on the design of Wordnet and invited the participants to reflect on specific questions from the viewpoint of their native languages. A number of hands-on exercises were carried out, where the participants built "toy" Wordnets for their languages. 

Prof. Vossen lectured on his experiences with EuroWordNet, where he introduced some fundamental changes to the original Princeton WordNet. 

Prof. Pala introduced his editing tool and the participants trained on it under his guidance. The tool will be made available freely and is to be installed at Unisa for the use of the Wordnet builders in a next stage of the project. 

Extensive reading matter was distributed among participants before, during and after the workshop.  A CD ROM containing the reading matter as well the presentations of the facilitators was handed to participants after the workshop.
Co-operation between this project and the project of NWU was recommended by the funder so that both teams could benefit from the three experts that were being sponsored. The travel expenses of Prof. Piek Vossen were therefore shared between the UNISA and NWU projects, and the NWU project team was invited to participate in the workshop. Only one participant, Gideon Kotzé, was registered for participation, but unfortunately he could not attend due to illness.
4.
Challenges specific to African languages
During the workshop various challenges for Wordnets specific to the African languages were identified, the first and foremost being the morphological complexities of agglutinative languages centred around a noun class system and roots. Wordnets for such languages pose novel challenges, especially with respect to the concept of "word," which must be defined to determine synset membership. 

The Nguni languages (isiXhosa, isiZulu, siSwati and isiNdebele) are particularly challenging, as they are written "conjunctively"; for example, basic noun forms are written together with concord morphemes. These morphological complexities make the notion of "words" and their lexicographic treatment exceptionally challenging.  

A feature particular to the South African languages that were represented are ideophones. These can be accommodated in the Wordnets in the following way. Often, they can map to the "canonical" parts of speech (nouns, verbs, adjectives, adverbs) in the existing Wordnet. For example, the workshop participants cited over 200 verbs denoting manners of motion, many encoding ideophones. These can be entered as manner-specific subordinates ("troponyms") in the Wordnets, and, wherever possible, mapped to the corresponding manner-of-walking verbs in other languages. Similarly, colour words involving ideophones can be linked to colour words (adjectives and nouns) in existing Wordnet. Wherever necessary, basic ideophones or words including an ideophone will be accommodated as a new lexical category. 

In the course of the workshop, some noun and verb synsets were created in the various African languages. (cf. Addendum C)

Secondly, limited availability of electronic language resources, such as large corpora, parallel corpora, electronic dictionaries and machine-readable lexicons was identified as a stumbling block, particularly in comparison to the generous availability of language recources for other Wordnets in the world. 

Workshop participants relied on both monolingual and bilingual dictionaries available in their African languages for semantic information. A need for corpus compilation was expressed, as corpora enable researchers to find and examine a particular word in context. Corpus data captures language use by many people in different contexts over time, and thus corpus data is more reliable than introspection by a few linguists or lexicographers. Corpus data is vital for determining the sense inventory of a language. 

African languages are still lagging behind with regard to corpus compilation. General corpora are available for all nine African languages at the University of Pretoria, but with access restrictions which involve on site computer processing of the corpus and downloading only the results of the analyses. The sizes of the various corpora range from 1 million tokens for IsiNdebele to 5.8 million tokens for Northern Sotho (Sepedi) 
The hope was expressed that the availability of electronic resources would increase in view of the National HLT Network that has been established.

In conclusion, it was stressed that:

i)
Wordnet is a lexicon, not a grammar; therefore, African languages Wordnet entries will be stems without suffixes/infixes/ prefix. Derivations will be handled by an independent morphology or grammar component. 
ii)
Morphology should be handled as in the Princeton WordNet PWN, i.e. the entries in the African languages Wordnet will be base (uninflected forms). A morphological database separate from that containing the base forms but referring to it will contain a list of morphemes and rules for their attachment to base forms. The effect will be such that when a user queries an inflected form, he/she will be given the corresponding base form.
5.
Outcomes
The outcomes of the workshop deal with issues such as the careful investigation of linguistic phenomena like classifiers that have not yet been explored in the context of Wordnet building of other languages. For instance the treatment of ideophones, a word category characteristic of languages belonging to the Bantu language family, led to a re-examination and proposed broadening of the Wordnet structure. On the software side, the editing tool DebVisDic, freeware multilingual software, designed for the development, maintenance and efficient exploitation of the aligned Wordnets, was introduced and the participants trained on it under supervision. 
6.
Deliverables
· Infrastructure created for ongoing work for developing Wordnets for African languages

· Small representative prototype for at least one African language pair (isiXhosa and isiZulu)
· Results to be made available on Meraka National HLT Network website 

· User manual for the editing tool DebVisDic was updated after contributions made by workshop participants regarding the user friendliness of the software tool (cf. http://nlp.fi.muni.cz/trac/deb2/wiki/DebVisDicManual). 
7.
Dissemination of research
A few members of the research team undertook dissemination of research findings in collaboration with the workshop facilitators at international conferences in South Africa as well as abroad:

· International Conference Papers:

“African languages Wordnet – laying the foundations”, 12th International Conference of the African Association for Lexicography (AFRILEX), Soshanguve, 28 June 2007 (Authors: Sonja Bosch, Christiane Fellbaum, Karel Pala, Piek Vossen)

“Introducing the African Languages Wordnet”, 14th International Conference of the African Language Association of Southern Africa, Nelson Mandela Metropolitan University, Port Elizabeth, 9 July 2007 (Authors: Koliswa Moropa, Sonja Bosch, Christiane Fellbaum, Karel Pala, Piek Vossen)

· International Conference Proceedings:

le Roux, Jurie, Koliswa Moropa, Sonja Bosch & Christiane Fellbaum. 2008. Introducing the African Languages Wordnet. Proceedings for the Fourth Global WordNet Conference, Szeged, Hungary, January, 2008.

Bosch, Sonja, Christiane Fellbaum & Karel Pala. 2008. Enhancing WordNet with Morphological Relations: A Case Study from Czech, English and Zulu. Proceedings for the Fourth Global WordNet Conference, Szeged, Hungary, January, 2008.

8.    Future work

The long term aim of this project is the development of aligned WordNets for African languages spoken in South Africa (i.e. languages belonging to the Bantu language family) as multilingual knowledge resources which could be extended to include a wide variety of related languages from other parts of Africa. 

The construction of Wordnets in a number of African languages presents exciting prospects since these languages unfortunately have not yet been as widely studied as European and Asian languages. At the same time, their sophisticated properties are of great linguistic interest. Building Wordnets will necessitate the careful investigation of linguistic phenomena like classifiers that have not yet been explored in the context of non-Asian languages and may force a re-examination and broadening of the Wordnet structure. Undoubtedly, the crosslinguistic study of lexicalization patterns, an interest of the GWA (Global WordNet Association), will benefit greatly from the addition of the new perspectives afforded by African languages.

Needs that were identified:

-- corpora
-- (electronic) dictionaries

-- hardware (laptop for coders)

-for future integration into comprehensive NLP systems:

--POS-taggers
--morphological analysers
-- syntactic parsers

-human resources: 

-- database manager with appropriate technical training

Finally such research and development would depend on the availability of further funding following the seed research funding.

Prof. Sonja Bosch 









Principal Researcher/Project Leader

boschse@unisa.ac.za
30 November 2007
Addendum A

WORKSHOP PARTICIPANTS

1.
UNISA

1.1
Department of African Languages

Northern Sotho

Kgalabi Maseko

Masekfm@unisa.ac.za
Deborah Mampuru

mampudm@unisa.ac.za
Southern Sotho

Sekere



sekernb@unisa.ac.za

Tsiu



tsiumw@unisa.ac.za

Tswana

Jurie le Roux 


Lrouxjc@unisa.ac.za

Swati

Basie Taljaard


taljapc@unisa.ac.za

Xhosa

Thandi Zililo


Zililot@unisa.ac.za

Koliswa Moropa

moropck@unisa.ac.za

Zulu

Mncamsile Makhambeni
makhamn@unisa.ac.za
Danisile Ntuli


ntulicd@unisa.ac.za

Lindelwa Mahonga

mahonl@unisa.ac.za

Tsonga

Shirley Mukhari


mukhass@unisa.ac.za

Eric Mabaso


mabasxe@unisa.ac.za

Venda

Taki Matamela


matamta@unisa.ac.za

1.2
School of Computing
Laurette Pretorius

pretol@unisa.ac.za
Winston Anderson  

Winston.Anderson@btgroup.co.za
2.
IsiNdebele Lexicography Unit
Ndebele

Sponono Mahlangu

sponono.mahlangu@up.ac.za
Abegail Dube


abegail.dube@up.ac.za
3.
Translate.Org

Friedel Wolff


friedel@translate.org.za
4. 
Cambridge University
Paa Kwesi Imbeah

imbeah@suuch.com
5. 
NWU

Gideon Kotze  


Gideon.Kotze@nwu.ac.za
(enrolled as participant, but could not participate due to illness) 
Addendum B
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AFRICAN LANGUAGES WORDNET

WORKSHOP/TRAINING: 19 - 23 MARCH 2007

Venue: CSIR International Convention Centre, Meiring Naudé Road, 

Brummeria, Pretoria, South Africa

	Day 1 (Monday, 19 March 2007)

Presenter: Christiane Fellbaum


07:30 - 08:30 

Registration and coffee

08:30 - 09:30 

Welcome and introductions

09:30 - 10:30 
Introduction to WordNet: Motivation and design. Synonymy and polysemy.

10:30 - 11:00 

Tea break

11:00 - 12:30 
WordNet lexicography, Synsets, semantic relations among nouns: synonymy, antonymy, hyponymy, meronymy; principles/rules and tests for classification

12:30 - 13:30 

Lunch

13:30 - 15:00 

Semantic relations continued. Lexical gaps, artificial nodes

15:00 - 15:30
 
Tea break

15:30 - 17:00 
Exercise: Participants work on a common group of words in their languages and organize these words according to the relations covered in the lecture: man, male, boy, woman, tree, plant, home, house, life, death, fruit, banana, circle, water, earth, sky, morning, night, group, vegetable, chair, love
	Day 2 (Tuesday, 20 March 2007)

Presenter: Christiane Fellbaum


08:00 - 08:30

Coffee

08:30 - 10:00 
Follow-up to Monday's exercises; how to determine and distinguish relations among words and meanings.  Discuss features specific to African languages

10:00 - 10:30 

Tea break

10:30 - 12:30 
Semantic relations among verbs; troponomy, antonymy, entailment

12:30 - 13:30 

Lunch

13:30 - 15:00 
Exercises: walk, run, sit, sleep, eat, drink, have, give, lose, own, sell, buy, break, open, hit

15:00 - 15:30 

Tea break

15:30 - 17:00 
Follow-up on exercises: Discuss lexicographic problems, including (language-specific) lexical gaps (have, possess). One-to-one meetings with participants representing different languages (first group).

. 
	Day 3 (Wednesday, 21 March 2007)
Presenters: Piek Vossen, Christiane Fellbaum


08:00 - 08:30

Coffee

08:30 - 17:00

(Tea break and lunch as on other days)
Presentation: Cross-POS relations, esp. event nouns. Event-Role relations

Exercise: Classify verbs listed under Day 1, using verb relations. Consider language-specific lexicalizations, gaps, and patterns. Consider relations between nouns, verbs and adjectives;

Follow-up:  What changes/additions are recommended to accommodate participants' languages? One-to-one meetings with participants representing different languages (second group). 
	Day 4 (Thursday, 22 March 2007)

Presenters: Piek Vossen, Christiane Fellbaum


08:00 - 08:30

Coffee

08:30 - 17:00

(Tea break and lunch as on other days) 

Presentation (Piek): EuroWordnet, multilingual design, equivalence relations and shared ontological framework for different languages; Methodologies: merge vs. expand approaches. Evaluate their pros and cons for the participants' languages; Top-down approach starting from Base Concepts.

Exercise: Map part of the wordnets created on days 1-3 for different languages. Define base concepts in various languages; Verify relations with ontological constraints.

Discussion of African WordNet challenges based on exercise. Discuss merge vs. expand approaches. Evaluate their pros and cons for the participants' languages. What changes/additions are recommended to accommodate participants' languages? One-to-one meetings with participants representing different languages (second group). 

Follow-up: Write Final report on design and lexicographic aspects of African Wordnet. 
	17:00 
Cocktail Function


	Day 5 (Friday, 23 March 2007)

Presenter: Karel Pala


08:00 - 08:30 

Coffee

08:30 - 10:00 

Balkanet experience

10:00 - 10:30 

Tea break

10:30 - 12:30 
Extensions of Wordnets - Valency frames in (Czech) Wordnet. Relations to derivational morphology

12:30 - 13:30 

Lunch

13:30 - 15:00 

Introduce Tools - Visdic and Debvisdic

15:00 - 15:30 

Tea break

15:30 - 17:00 

Hands-on exercises with software tool

Follow-up: Small representative prototype for at least one African language pair

WORKSHOP FACILITATORS:

· Dr Christiane Fellbaum 
http://wordnet.princeton.edu/~fellbaum/
· Prof. Piek Vossen 

http://www.vossen.info/
· Prof. Karel Pala 

http://www.fi.muni.cz/usr/pala/.en
PRINCIPAL RESEARCHER/PROJECT LEADER:

· Prof. Sonja Bosch Cell. 27 82 55 88 586    boschse@unisa.ac.za
 Addendum C
Examples of African Languages WordNets

Examples of noun and verb synsets in isiXhosa and isiZulu are given below. Table 1 shows how the single concept expressed by English vehicle corresponds to two concepts (synsets) with distinct word forms in isiXhosa; the difference is revealed in the definitions, "wheeled vehicle" vs. "vehicle used for transporting people and goods." For each concept, hyponyms are grouped according to the mode of movement (vehicles that travel on air, road, water, rail, etc.).The second definition refers to a vehicle without wheels, with one example provided. Table 1 also shows meronyms (engine, tyres and wheels) linked to vehicle by the part-whole relation familiar from other WordNets. 
   
Importantly, the isiXhosa and isiZulu synsets are connected to one another, so that corresponding words and synsets are given, allowing a direct comparison of corresponding and distinct concepts and lexicalizations.

Table 1.  IsiXhosa and isiZulu Noun Synsets

	ISIXHOSA

	ISIZULU

	inqwelo (vehicle)

Def. 1.  isithuthi esinamavili sokuthutha 
abantu  nempahla

(a vehicle with wheels for transporting people 
and goods)

Ezomoya (air)

inqwelomoya  (aeroplane)

inqwelontaka (helicopter)

ijethi  (jet)

Ezendlela (road)

imoto / ikari (car)

ibhasi / udula-dula (bus)

itrakhi (truck)

ilori (lorry)

iveni (van/ bakkie)

itekisi  (taxi)

ibhayisekile (bicycle)

isithuthuthu (motorbike)

Ezesiporo (rail)

uloliwe / ujujuju (train)

igutsi (goodstrain)

utramu (tram)

 Ezasemanzini (water)
inqanawa (ship)

inkwili (submarine)

isikhephe (boat)

Meronym (part-whole relation)

 injini (engine),  ivili lokuqhuba (steering wheel),
amavili (wheels),

Def. 2. isithuthi esingenamavili sokuthutha 
abantu nempahla

(a vehicle without wheels for transporting 
people and goods)

isileyi (sledge) 
	isithuthi (vehicle)

Isithuthi sasemoyeni (air)
indiza (aeroplane)

ibhanoyi (aeroplane)
Isithuthi sasemgaqweni (road)

isithuthuthu (motorbike)

imoto (car)

Isithuthi sikajantshi (rail)
ingolovane  (cocopan)

isitimela  (train)

  Isithuthi sasemanzini (water)

 umkhumbi (boat)

 umkhumbingwenya (submarine)




Verb synsets are connected by a variety of lexical entailment pointers (Fellbaum, 1998). Tables 2 and 3 show the verbs corresponding to English walk and put along with their troponyms (manner subordinates). For example, -gxanyaza refers to walking in a certain manner (fast with fairly long strides). It is interesting to note that English also has many verbs expressing manners of walking, but they do not always match those in the African languages.

Table 2. IsiXhosa verb –hamba

	  ISIXHOSA



	-hamba  (walk)

 -gxanyaza ( walk fast with fairly long strides) 

-cotha ( walk slowly)

-khasa (crawl)

-yantaza (walk aimlessly)

-thwakuza  (walk aimlessly)

-nyalasa (walk boldly)

-ndolosa (walk proudly)

-khawuleza (walk fast)

-qhwalela (limp)




Table 3. IsiXhosa and IsiZulu verb -beka
	ISIXHOSA

	ISIZULU

	-beka (put)

 -gcina ( keep )

-londoloza (save) e.g save money

-thwala (put on) 

-ngcwaba ( bury someone)


	-beka/ faka (put)

· fulela ( put a roof on)

· gqoka (wear)

· emboza (cover)

· thwala (put on)

· endlala ( make)


Ongoing work

At the end of the workshop the Nguni and seSotho, Tshivenda and Xitsonga groups agreed to work on two concept groups, food and clothing.  The Nguni group has started listing the types of food. Looking at Table 4 below, it will be noticed that, firstly, the super-ordinate 'food' is defined, and then follow various types of food made out of maize / corn / wheat. Some types of food listed here, form part of the staple food of amaXhosa.  For example, umngqusho (stamped maize / sorghum / wheat), iinkobe (grains of maize / sorghum/ wheat that have been boiled, without being stamped, and ibhaqolo (green maize boiled on the cob), serve as authentic examples.

Table 4. IsiXhosa synsets: Concept – food
	ConceptID
	Concept (Word), e.g. food:1 (ISIXHOSA)

	
	Ukutya 1 (nayiphi into etyiwa ngumntu, isilwanyana, okanye isihluma ukondla umzimba )



	
	umngqusho (umbona, amazimba, ingqolowa engqushiweyo ze iphekwe neembotyi)

	
	iinkobe (iinkozo zombona /zamazimba/ zengqolowa eziphekiweyo)

	
	ibhaqolo (umbona omtsha ophekwa uzizikhwebu)

	
	umkhupha (isonka sombona omtsha)

	
	umphokoqo (ukutya okuphekwa ngamanzi abilayo kugalelwe umgubo wombona /

 amazimba)

	
	idombolo (intlama yombona, ingqolowa, okanye amazimba efakwe isibilisi 

ze iphekwe ngamanzi)

	
	isidudu (esenziwa ngomgubo wombona okanye wamazimba)

	
	inconco (isidudu esenziwa ngamanzi sididiyelwe slindwe de sibe bumuncwarha)

	
	irhewu (okungamanzi, okuselwayo)

	
	umvubo (umphokoqo, umngqusho, isonka esidityaniswe nobisi okanye amasi)

	
	umcuku (umphokoqo ovutywe ngotywala, amarhewu okanye amanzi kugalelwe iswekile

	
	inqodi (uhlobo lwesidudu esimuncu buswiti esenziwe ngamazimba okanye umbona)

	
	imbila (isiselo esididiyelwayo ze siphekwe singekafiki kumgangatho wotywala)

	
	utshongo (ngumbona owosiweyo wagutywa nophathwa njengomphako)

	
	iqhashu (isikhwebu sombona osathambileyo ngexesha lokuvuna owosiwayo uqhashumbe 

emlilweni
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