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Abstract

Despite the fact that Amharic has a large number of speakers, little effort has been put in conducting 

researches which aim at making English documents available to the Amharic speakers. In this paper we 

describe the development of a corpus-based cross language information retrieval system for Amharic-

English, language pairs and evaluate the system on a corpus of test documents and queries prepared for 

this purpose. Evaluation of the system  is conducted by both  monolingual and bilingual retrievals. In the 

monolingual run the Amharic queries are given to the system and Amharic documents are retrieved 

whereas in the bilingual run the the Amharic queries are given to the system after being translated into  

English to retrieve English documents. In addition the system is evaluated by the proportion of correct 

translations.
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1.
Introduction

The  web  represents  a  vast  multilingual 

corpus, with at least 500 languages having 

non-trivial  presence  on the  web.  Research 

into  cross-language  information  retrieval 

(CLIR)  is  therefore  of  tremendous 

importance  on  a  global  scale,  facilitating 

information exchange and communication by 

breaking the language barrier.  CLIR takes 

on  even  greater  importance  in  countries 

where  multiple  languages  are  used  in 

government,  newspapers,  and  higher 

education. 

Amharic is the  official working language of 

the Federal Democratic Republic of Ethiopia 

and  is  estimated  to  be  spoken by  over  20 

million people as a first or second language 

(Argaw & Asker, 2007). In addition, it is the 

second most spoken Semitic language in the 

world next to Arabic (Argaw & Asker, 2007), 

and has a substantial presence on the web, 

measured  in  the  tens  of  millions  of  words 

(Scannell, 2007).

Due  to  the  rapidly  expanding  use  of  the 

Internet  for  communication  and 

dissemination  of  information,  electronic 

information sources are now available in an 

ever-increasing number of languages (Tune 

et.  al.,  2006).  According to (Ballesteros & 

Croft, 1997), increased availability of online 

text  in  languages  other  than  English  and 

increased multi-national collaboration have 

motivated  research  in  Cross-Lingual 

Information Retrieval (CLIR).  Our focus in 

this paper is the development and evaluation 

of  a  bilingual  information retrieval  system 

that accepts Amharic queries and retrieves 

documents in English.  In our evaluation, we 

also  compare  its  performance  on  a 
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monolingual Amharic IR task.  

The development of CLIR systems performs 

retrieval  across  languages by breaking the 

language barrier that exists.  This makes it 

possible  for  users  to  directly  access 

previously  unimagined  sources  of 

information.  However,  in  conventional 

monolingual  information  retrieval  systems 

the user must enter a search query in the 

language  of  the  documents  in  order  to 

retrieve it. In monolingual retrieval, queries 

are expressed in the same language as the 

collection being accessed. This requires that 

the user must be fluent enough to represent 

what she/he needs in the language by which 

document  are  prepared.  This  restriction 

limits  the amount  and type of  information 

which an individual user really has access to. 

But this is not the case in the CLIR, which 

makes  formulating  queries  in  all  possible 

languages. The purpose of CLIR is to support 

the  retrieval  of  documents  in  different 

languages given queries in one language. 

Our  approach  is  purely  corpus-based, 

translating Amharic queries to English using 

word-alignment  statistics  gathered  from  a 

parallel  corpus,  differing  from  previous 

approaches  which  used  machine-readable 

dictionaries (Argaw et al,  2004), (Argaw et 

al, 2005).

2.
Data Preprocessing

S ince  Amh a ric  is  on e  of t h e  u n d e r  r e so u r c e d  

lan g u a g e,  t h e  n u m b e r  of  s e n t e n c e s  in  t h e  

p a r allel  co r p u s  t h a t  w a s  u s e d  in  co n d u c ting  

t h e  exp e ri m e n t  w a s  limit e d  to  1 3 7 8 9  

Amh a ric  s e n t e n c e s  co nsis tin g  2 2 8 9 1 9  wo r d s  

(a mo n g  w hich  3 9 2 2 9  a r e  u niq u e  wo r d s)  a n d  

1 3 4 7 5  E n glish  s e n t e n c es  h avin g  3 0 2 2 2 9  

wo r d s  (a mo n g  w hich  1 5 1 4 5  wo r d s  a r e  

u niq u e).  Amon g  t hi s,  6 7 5 3  s e n t e n c e s  a r e  

leg al  docu m e n t s  ob t ain e d  fro m  Cou ncil  of  

Oro mia  Region al  S t a t e ,  E t hiopia.  Th e  

r e m aining  co r p u s  is  n e w s  ite m s  w hich  a r e  

av ailabl e  o nline 1 .  So m e  p r e p r oce s sing  w a s  

n e e d e d  to  p r e p a r e  t h e  o rigin al  docu m e n t s  

for  wo r d  align m e n t ,  including  d a t a  

p r e p a r a tion,  c a s e  no r m aliza tion,  

toke niza tion, a n d  t r a n sli t e r a tion. 

Amharic language uses its own character set 

which is different from Latin. The documents 

that  were  used  for  the  research  were 

transliterated  before  further  processing  to 

facilitate  easy  computation  and 

compatibility. The transliteration of Amharic 

text  is  done  by  using  System for  Ethiopic 

Representation  in  ASCII  (SERA)  (Yacob, 

1996)  transliteration scheme.  For  example, 

the Amharic word “ ” ወጣት is transliterated 

into  ‘weTat’.  With  on  the  selected 

transliteration  scheme,  some  Amharic 

alphabets  with  the  same  sound  have 

different  ASCII  representations.  Therefore 

further adjustments were made to ensure all 

Amharic  alphabets  which  are  pronounced 

the  same  way  are  transliterated  into  the 

same Latin character(s).

3.
Bilingual Dictionary 

Construction

This  r e s e a r c h  u s e s  Amh a ric  q u e ri e s  for  t h e  

r e t ri eval of docu m e n t s  bo t h  in  E n glish  a n d  in  

Amh a ric.   In  a d di tion  to  b ein g  u s e d  to  

r e t ri eve  Amh a ric  docu m e n t s,  t h e  Amh a ric  

q u e ry  h a s  b e e n  t r a n sl a t e d  in to  E n glish  for  

r e t ri eving  E n glish  doc u m e n t s .  Tr a n sl a tion  of  

t h e  q u e ry  is  b a s e d  on  Amh a ric-E n glish  

biling u al  dic tion a ry  w hich  h a s  b e e n  

co ns t r u c t e d  a u to m a tically fro m  t h e  Amh a ric-

E n glish  p a r allel co r p u s  d e sc rib e d  a b ove.  Th e  

m e t h o d  t h a t  w a s  e m ployed  for  b uilding  t h e  

biling u al  dic tion a ry  is  s t a ti s tical  wo r d  

alig n m e n t ,  u sin g  t h e  op e n-so u r c e  GIZA + + 2  

1http://nlp.amharic.org/resources/corpora-  
collections/  .       The  parallel  texts  and  test 
queries used will be made freely available to 
other researchers for comparison purposes.
2 A  free  statistical  word  alignment  tool 
available  at  http://www.fjoch.com/GIZA+
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wo r d  align m e n t  tool.   The  align m e n t  is  wo r d  

b a s e d ,  i.e.,  t h e  possibl e  E n glish  t r a n sl a tions  

for  individu al  Amh a ric  wo r d s  a r e  g e n e r a t e d ,  

wi th  no  s t e m min g  a p plied  to  ei t h e r  

lan g u a g e.  The  Amh a ric-E n glish  biling u al  

dic tion a ry  is  con s t r u c t e d  by  con sid e rin g  only  

t h e  firs t  m o s t  likely  t r a n sl a tion  fro m  t h e  

GIZA + +  ou tp u t .   The  r e s ul tin g  dic tion a ry  

co n t ains  3 9 2 2 9  wo r d s  a n d  t h ei r  ind uc e d  

t r a n sl a tions  in to  E n glish;  b elow  w e  e s ti m a t e  

p r ecision  for  t h e  wo r d  alig n m e n t  b a s e d  on  

m a n u al  insp ec tion  of  t h e  t r a n sl a tions  of  t h e  

Amh a ric  t e s t  q u e ri es .

4.
Retrieval

The  p roce s s  of  r e t r ieval  involves  looking  for  

a  docu m e n t  w hos e  r e p r e s e n t a tion  m a tc h e s  

wi th  t h e  t e r m s  in  q u e ri es.  And  t his  involve s  

m a ny  s u b  p roc e s s e s  w hich  w e  t rie d  to  m e r g e  

into  t wo m ajo r  on es,  ind exin g  a n d  s e a r c hin g.  

4.1  Indexing 

N ot  all  t h e  t e r m s  w hich  exis t  in  t h e  co r p u s  

a r e  u s eful  for  s e rvin g  a s  ind ex  t e r m s  in  

docu m e n t  r e p r e s e n t a tion.  Various  s to p  

wo r d s  w hich  occu r  si m ply  to  s a tisfy  t h e  

g r a m m a tical  r e q ui r e m e n t s  of  t h e  lan g u a g e  

w e r e  exclu d e d  fro m  t h e  indice s .   The  lis t  of  

s to p  wo r d s  w as  con s t r u c t e d  m a n u ally, a n d  all  

t h e  o t h e r  wo r d s  w e r e  u s e d  a s  ind ex  t e r m s  to  

r e p r e s e n t  t h e  docu m e n t s.

To  m a k e  a  di s tinc tion  b e t w e e n  t h e  t e r m s  

b a s e d  on  h o w  t h ey  a r e  r el a t e d  to  t h e  

diffe r e n t  docu m e n t s ,  t e r m  w eig h tin g  w a s  

do n e  a s  p a r t  of t h e  docu m e n t  r e p r e s e n t a tion.  

Ind ex  t e r m s  w hich  a r e  w eig h t e d  r eflec t  t h e  

r el a tive  impo r t a n c e  in  r e p r e s e n tin g  

docu m e n t s .  Ter m s  wi th  hig h  w eig h t  indica t e  

hig h  r eleva n c e  wit h  t h e  doc u m e n t  w hich  i t  

r e p r e s e n t s  a n d  vice  ve r s a.

4.2 Searching 

S e a r c hin g  is  t h e  p r oc e ss  of  looking  for  a  

+.html

docu m e n t  w hos e  s u bjec t s  a r e  r el a t e d  wit h  

t h e  given  q u e ry. Since  Amh a ric-E n glish  CLIR  

involves  bo t h  Amh a ric  a n d  E n glish  

lan g u a g e s,  it  n e e d s  a  s t e m m e r  for  bo th  

lan g u a g e s.  We  w e r e  no t  a bl e  to  find  

s t e m m e r  t h a t  c a n  wo r k  t h e  s a m e  w ay  for  

bo t h  lan g u a g e s.   Yet,  it  is  impo r t a n t  to  r e a p  

t h e  b e n efi ts  of  r el a ti ng  t h e  m o r p h ological  

va ri an t s  of  a  wo r d  for  r e t ri ev al.  For  t hi s  

p u r pos e,  s t rin g  simila ri ty  is  do n e  to  u s e  t h e  

d e g r e e  of si mila ri ty of q u e ry  a n d  ind ex t e r m s  

u sing  t h e  Leven s h t ein  di s t a nc e  algo ri t h m  

(Leven s h t ein,  1 9 9 6).  Ind ex  t e r m s  a n d  q u e ry  

t e r m s  a r e  m o r e  si mila r  if t h e  dis t a n c e  valu e  

is s m aller.

Th e  m o s t  co m m o n  typ e  of wo r d  vari an t s  a r e  

t hos e  a ri sin g  fro m  m o r p hology  a n d  t h u s  

m o s t  r e t ri eval  sys t e m s  p rovid e  facilitie s  to  

allow  t h e  r e t ri eval  of  docu m e n t s  co n t aining  

all  wo r d s  with  t h e  s a m e  r oo t.  Thes e  

m o r p hological  va ri an t s  of  wo r d s  a r e  t h e  

r e s ul t  of a d din g  ei t h e r  s uffix, affix o r  infix on  

t h e  r oo t  for m  of  a  wo r d.  The  Leve ns h t ein  

algo ri th m  is  a bl e  to  r el a t e  wo r d s  wi th  

s uffixes,  affixes  a n d  infixes  by  calcula tin g  

t h e  n u m b e r  of  op e r a tions  n e e d e d  to  

t r a n sfo r m  on e  wo r d  wit h  its  va ri an t s.    This  

s a m e  s t e m min g  m e t ho d  w a s  a p plied  to  bo t h  

t h e  Amh a ric  a n d  E n glish  t e s t  docu m e n t s  

w h e n  c r e a tin g  t h e  indice s.  

5.
Experimentation

For  ev alu a tion  p u r p os e s ,  a  t e s t  s e t  of  9 0  

p a r allel  doc u m e n t s  w a s  s elec t e d  fro m  t h e  

p a r allel  co r p u s  u s e d  to  c r e a t e  t h e  biling u al  

dic tion a ry,  a m o u n tin g  to  3 2 2 8  Amh a ric  

s e n t e n c es  (280 2 0  wo r d s)  a n d  3 6 9 8  E n glish  

s e n t e n c es  (68 2 5 5  wo r d s).    F ro m  t his  t e s t  

s e t ,  1 1 0  Amh a ric  t e s t  q u e ri es  w e r e  c r e a t e d  

by  n a tive  Amh a ric  s p e ak e r s  (pos t g r a d u a t e  

s t u d e n t s  in  t h e  Dep a r t m e n t  of  Info r m a tion  

Scienc e  a t  Addis  Abab a  U nive r si ty).  Th e  

exp e rim e n t a tion  is  do n e  by  s u b mi t tin g  

Amh a ric  q u e rie s  for  t h e  CLIR  sys t e m  to  



r e t ri ev e  Amh a ric  a n d  E n glish  docu m e n t s  

t h a t  a r e  jud g e d  to  b e  r el eva n t  by  t h e  sys t e m.  

To  judg e  t h e  r el eva nc e  of  t h e  doc u m e n t s  

r e t ri ev ed  by  t h e  CLIR  sys t e m  to  t h e  

co r r e s po n din g  q u e ry,  w e  give  p r e cision  a n d  

r e c all m e a s u r e s  b elow.

Bec a u s e  t h e  CLIR  r e s ul t s  hin g e  o n  t h e  

q u ali ty  of t h e  wo r d  align m e n t ,  w e  p e rfo r m e d  

a  si m ple  ev alu a tion  of  q u e ry  t r a n sl a tion  

q u ali ty.   Since  q u e ri e s  a r e  ei t h e r  single  

wo r d s  o r  p h r a s e s ,  t r a n sl a tion  of  q u e ri e s  c a n  

ei t h e r  b e  co r r e c t ,  inco r r ec t  o r  p a r t i ally  

co r r ec t .   In  o t h e r  wo r d s,  all  t h e  wo r d s  in  a  

given  q u e ry  ca n  b e  t r a n sl a t e d  co r r ec tly  o r  

p a r t  of a  q u e ry  mig h t  b e  t r a n sla t e d  co r r ec tly  

w hile  t h e  r e m aining  p a r t  of t h e  t r a n sl a tion  is  

inco r r e c t .  Th e  p ro po r tion  of  q u e rie s  w hich  

a r e  co r r ec tly  t r a n sl a t e d,  p a r ti ally  co r r ec tly  

t r a n sl a t e d,  a n d  incor r ec tly  t r a n sl a t e d  a r e  

s how n  in Table  1.  

Correctly 
Translated

Partially Correctly Translated Incorrectly 
Translated

Actual 
Number

40 24 46

Percentage 36.36 21.82 41.82

Table 1:   A table showing the proportion of correct,  partial  and incorrect translation of 

queries

Ou r  exp e rim e n t a tion  also  involves  m o no-

ling u al  a n d  biling u al  r e t ri eval  ev alu a tion.  

H e r e ,  m o noling u al  info r m a tion  r e t ri eval  

m e a n s  r e t ri ev al  of  Amh a ric  doc u m e n t s  fro m  

Amh a ric  q u e rie s  a n d  biling u al  r e t ri eval  

m e a n s  r e t ri eval  of  E n glish  docu m e n t s  u sin g  

Amh a ric  q u e rie s.  The  r ec all-p r e cision  g r a p h s  

plo t t e d  u sin g  t h e  1 1  s t a n d a r d  r e c all  poin t s  

for  bo t h  m o noling u al  a n d  biling u al  r e t ri evals  

a r e  s ho w n  in  figu r e  1  a n d  figu r e  2  

r e s p ec tively. 



Fig u r e 1    Pe rfo r m a n c e  of t h e  m o noling u al r e t ri eval
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Figure 2 Pe rfo r m a n c e  of the bilingual retrieval
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Cor p u s-b a s e d  CLIR  r e q ui r e s  q ui t e  a  la r g e  

a m o u n t  of  p a r allel  t ex t  in  o r d e r  to  a c hieve  a  

fai rly  goo d  level  of  p e rfo r m a n c e.  Ho w ever,  

t h e  size  of  t h e  p a r allel  co r p u s  t h a t  w a s  u s e d  

for  con d u c ting  t his  r e s e a r c h  w a s  no t  

s ufficien tly  la r g e .  In  a d di tion  to  t h e  size,  t h e  

q u ali ty  of  t h e  p a r allel  t ex t  g r e a tly  affec t e d  

t h e  p e rfo r m a n c e  of a  co r p u s-b a s e d  CLIR. 

Des pi t e  t h e  fac t  t h a t  t h e  r e s e a r ch  r e q ui r e s  

q ui t e  a  la r g e  volu m e  of  p a r allel  Amh a ric-

E n glish  t ex t  wi th  goo d  q u ali ty,  t h e  r e s ul t s  

fou n d  af t e r  co n d u c tin g  t h e  s eco n d  p h a s e  of  

t h e  exp e ri m e n t a tion  w a s  a  m axi m u m  

p r ecision  valu e  of 0 .24  a n d  0.33  for  Amh a ric  

a n d  E n glish  r e s p ec tively.  

In  a d di tion  to  t h e  r e t ri eval  p e rfo r m a n c e  

m e a s u r e ,  t h e  sys t e m  also  w as  ev alu a t e d  by  

con sid e rin g  t h e  t r a n sl a tion  c a p a bili ty  of  t h e  

Amh a ric-E n glish  biling u al  dic tion a ry.  The  

biling u al  dic tion a ry  p e rfo r m a n c e  m e a s u r e  

w a s  do n e  by  cou n tin g  t h e  n u m b e r  of co r r ec t  

t r a n sl a tion  of t h e  Amh a ric  q u e ri e s  t h a t  w e r e  

u s e d  for  t h e  exp e ri m e n t a tion.  Accor din gly, 

t h e  r e s ul t  t h a t  w a s  a c hieve d  a t  t h e  e n d  of t h e  

exp e rim e n t a tion  w a s  3 6.3 6%. 
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