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Towards Full Comprehension of
Swahili Natural Language Statements
for Database Querying
.CYTGPEG/WEJGOK
Natural language access to databases is a research area shrouded by many unresolved
issues. This paper presents a methodology of comprehending Swahili NL statements
with an aim of forming corresponding SQL statements. It presents a Swahili
grammar based information extraction approach which is thought of being generic
enough to cover many Bantu languages. The proposed methodology uses overlapping
layers which integrate lexical semantics and syntactic knowledge. The framework
under which the proposed model works is also presented. Evaluation was done
VJTQWIJUKOWNCVKQPWUKPIſGNFFCVCQPEQTTGURQPFKPIƀQYEJCTVU6JGTGUWNVUUJQYC
methodology that is promising.

1. Introduction
The quest for accessing information from databases using natural language has
attracted researchers in natural language processing for many years. Among many
reasons for the unsuccessful wide scale usage is erroneous choice of approaches where
researchers concentrated mainly on traditional syntactic and semantic techniques
[Muchemi and Narin’yan 2007]. Efforts have now shifted to interlingua approach
=.WEMJCTFVCPF#PFTQWVUQRQWNQU?6JGRTQDNGOTGSWKTGUU[PVCEVKECPF
semantic knowledge contained in a natural language statement to be intelligently
combined with database schema knowledge. For resource scarce languages the
problem is acute because of the need to perform syntactic and semantic parsing
before conversion algorithms are applied. In general database access problems
should have a deeper understanding of meaning of terms within a sentence as
opposed to deeper syntactic understanding. The successful solution to this
problem will help in accessing huge data repositories within many organizations’
and governments’ databases by users who prefer use of natural language.
In this paper a methodology for comprehending Swahili queries is presented.
The wider frame work for achieving the conversion to structured query language
53.  KU CNUQ GZRNCKPGF 6JG UEQRG HQT PCVWTCN NCPIWCIG 0.  EQORTGJGPUKQP
TGRQTVGFKPVJKURCRGTKUNKOKVGFVQVJGŎUGNGEVŏV[RGQH53.UVCVGOGPVUYKVJQWV
involving table joins. The approach used in this work borrows concepts from
information extraction techniques as reported in Jurafsky and Martin [2003] and
-KVCPK GV CN =? CPF VTCPUHGT CRRTQCEJ TGRQTVGF KP .WEMJCTFV =? .KMG KP
KPHQTOCVKQP GZVTCEVKQP RCVVGTP UGCTEJ KFGPVKſGU VGTOU CPF OCRU VJGO VQ PQWP
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entities. A term is a word form used in communicative setting to represent
a concept in a domain and may consist of one or more words [Sewangi 2001].
Templates are then used to map extracted pieces of information to structured
UGOKRTQEGUUGFUVCVGOGPVUYJKEJCTGGXGPVWCNN[EQPXGTVGFVQ53.EQFG#TTC[UQT
frames may be used to hold the entities and their meanings.
6JGTGUVQHVJGRCRGTſTUVIKXGUCU[PQRUKUQHVJGIGPGTCNHTCOGYQTMUWUGFHQT
database access in natural language and shows criteria for the selection of approach.
This is followed by an outline of a survey that investigates into Swahili natural
language inputs. The conclusions are incorporated in the model presented.

2. General Frameworks for Data Base Access in Natural Language(Nl)
0.RTQEGUUKPIHQTIGPGTCVKQPQH53.UVCVGOGPVUJCUGXQNXGFHTQORCVVGTPOCVEJKPI
systems to semantic systems and to a combination of semantics and syntactic
processing [Androutsopoulos, 1996]. Perhaps what is attracting researchers to
a great extent today is intermediate representation language, also referred to as
KPVGTNKPIWCU[UVGOU=,WPICPF.GG?6JGVYQFQOKPCPVCRRTQCEJGUCTGFKTGEV
interlingua approach and transfer models. The direct interlingua which may be
TQWIJN[OQFGNGFCUKNNWUVTCVGFKPſIWTGKUCVVTCEVKXGFWGVQKVUUKORNKEKV[6JG
assumption made in this approach is that natural language may be modeled into
CP KPVGTNKPIWC #P 53. EQFG IGPGTCVQT YQWNF VJGP DG CRRNKGF VQ RTQFWEG VJG
GZRGEVGF53.EQFGU
Fig. 2.1. Direct Interlingua Approach
0.6GZV 5QWTEG%QFG 

53. 6CTIGVEQFG

+PVGTNKPIWC%QFG .CPIWCIG53.ITCOOCTKPFGRGPFGPV

6JKU OQFGN JCU PGXGT DGGP CEJKGXGF KP KVU RWTG HQTO =.WEMJCTFV ? /CP[
U[UVGOU WUG VJG VTCPUHGT OQFGN 6JG VTCPUHGT OQFGN KNNWUVTCVGF KP ſIWTG 
below uses two different types of intermediate code one closely resembling the
source language while the other resembles the target language. This approach has
experienced better success and has been used in several systems such as SUSY
=.WEMJCTFV?COQPIQVJGTU
Fig. 2.2. Transfer Approach
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Recent works in machine translation especially grammatical frameworks [Ranta
2004] have brought forth ways that inspire looking at the problem as a translation
problem. However it remains to be established whether the heavy reliance on
grammar formalism has a negative impact on the prospects of this approach.
Rule-based machine translation relies heavily on grammar rules which are a
great disadvantage when parsing languages where speakers put more emphasis on
semantics as opposed to rules of grammar. This is supported by the fact that human
communications and understanding is semantic driven as opposed to syntactic
[Muchemi and Getao 2007].
This paper has adopted the transfer approach because of past experiences
EKVGFCDQXG6QWPFGTUVCPFRGTVKPGPVKUUWGUHQT5YCJKNKKPRWVUVJCVCP[0.53.
mapping system would have to address, a study was conducted and the results and
analysis of collected data is contained in the sections here below.

3. Methodology
Swahili language is spoken by inhabitants of Eastern and central Africa and has over
100 million speakers. Only limited research work in computational linguistics has
been done for Swahili and this brings about a challenge in availability of resources
and relevant Swahili computational linguistics documentation. The methodology
VJGTGHQTGKPXQNXGFEQNNGEVKPIFCVCHTQOVJGſGNFCPFCPCN[\KPIKV6JGRWTRQUGYCU
to identify patterns and other useful information that may be used in developing
0.53. EQPXGTUKQP CNIQTKVJOU 6JG UWTXG[ OGVJQFU TGUWNVU CPF CPCN[UKU CTG
DTKGƀ[RTGUGPVGFKPUWDUGSWGPVUGEVKQPU6JGEQPENWUKQPUFTCYPHTQOVJGKPKVKCN
review together with other reviewed techniques were used in developing the model
presented in later sections of this paper.
A. Investigating Swahili NL inputs

Purposive sampling method as described in Mugenda and Mugenda [2003] was used
KPUGNGEVKPIVJGFQOCKPCPFTGURQPFGPVU2QWNVT[HCTOGTUCTGNKMGN[DGPGſEKCTKGU
QH RTQFWEVU OQFGNGF QP ſPFKPIU QH VJKU TGUGCTEJ CPF YGTG VJGTGHQTG UGNGEVGF
Fifty farmers in a selected district were given questionnaires. Each questionnaire
JCFVYGPV[ſXGKPHQTOCVKQPTGSWGUVCTGCUYJKEJTGSWKTGFVJGTGURQPFGPVVQRQUG
questions to a system acting as a veterinary doctor. Approximately one thousand
statements were studied and the following challenges and possible solutions were
KFGPVKſGF
C  6JGTG KU C EJCNNGPIG KP FKUVKPIWKUJKPI DQPC ſFG SWGUVKQPU CPF OGTG
statements of facts. Human beings can decipher meanings from intonations
or by guessing. A system will however need a mechanism for determining
whether an input is a question or a mere statement before proceeding.
For example: Na weza kuzuia kuhara? {Can stop diarrhea?}
From the analysis it was found that questions containing the following word
categories would qualify as resolvable queries:
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Viwakilishi viulizi {special pronouns}such as yupi, upi, lipi, ipi,,/ kipi
/kupi, wapi, {which/what/where} and their plurals.
• Vivumishi viulizi{ special adjectives} such as gani {which}, -pi, - ngapi{How
many}
• Vielezi viulizi {special adverbs}such as lini {when}
• In addition when certain key verbs begin a statement, the solution is
possible. For example Nipe{Give}, Orodhesha{list}, Futa{delete},
Ondoa{remove} etc
Hence in the preprocessing stage we would require presence of words in these
ECVGIQTKGUVQſNVGTQWVIGPWKPGSWGTKGU+PCFFKVKQPFKUEQWTUGRTQEGUUKPIYQWNFDG
necessary for integrating pieces of information. This can be done using existing
models such as that described in Kitani et al [1994] among others.
D  5YCJKNK URGCMGTU CTG IGQITCRJKECNN[ YKFGN[ FKURGTUGF YKVJ XCT[KPI ſTUV
languages. This results in many local dialects affecting how Swahili speakers
write Swahili text.
Examples of Swahili statements for the sentence “Give me that book”
1. Nipe kitabu hicho …….. .
Standard Swahili (Kiugunja) dialect
2. Nifee gitafu hisho ………
Swahili text affected by Kikuyu dialect
 0KRGCMQMKVCDWJKEJQŗ
5YCJKNKVGZVCHHGEVGFD[.WJ[CFKCNGEV
4. Pea mimi gitavu hicho.....
Swahili text affected by Kalenjin dialect
The study revealed that term structures in statements used by speakers from
different language backgrounds remain constant with variations mainly in lexicon.
The term structures are similar to those used in standard Swahili. This research
therefore adopted the use of these standard structures. The patterns of standard
Swahili terms are discussed fully in Wamitila [2006] and Kamusi-TUKI [2004].
A methodology for computationally identifying terms in a corpus or a given set
of words is a challenge addressed in Sewangi, [2001]. This research adopts the
methodology as presented but in addition proposes a pre-processing stage for
handling lexical errors.
c) An observation from the survey shows that all attempts to access an
information source are predominantly anchored on a key verb within the
sentence. This verb carries the very essence of seeking interaction with the
database. It is then paramount for any successful information extraction
model for database to possess the ability to identify this verb.
d) During the analysis it was observed that it is possible to restrict most
questions to six possible templates. This assists the system to easily identify
MG[UVTWEVWTCNKVGOUHQTUWDUGSWGPVRTQEGUUKPIVQ53.RUGWFQEQFG6JG
KFGPVKſGF VGORNCVGU JCXG C TGNCVKQPUJKR YKVJ 53. UVCVGOGPVU UVTWEVWTGU
and are given below:
Ŗ -G[XGTD QPG2TQLGEVKQP
Ŗ -G[8GTD QPG2TQLGEVKQP QPG%QPFKVKQP
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x -G[8GTD QPG2TQLGEVKQP OCP[%QPFKVKQPU
x -G[8GTD OCP[2TQLGEVKQPU
x -G[8GTD OCP[2TQLGEVKQPU QPG%QPFKVKQP
x -G[8GTD OCP[2TQLGEVKQPU OCP[%QPFKVKQPU
The terms ‘key verb’ in the above structures refer to the main verb which forms
the essence of the user seeking an interaction with the system. Usually this verb is
CTGSWGUVGI)KXG.KUVGVE+VKUPGEGUUCT[VQJCXGCUVCVGOGPVDGIKPYKVJVJKUMG[
verb so that we can easily pick out projections and conditions. In situations where
the key verb is not explicitly stated or appears at the middle of a sentence, the
model should assign an appropriate verb or rephrase the statement appropriately.
An assumption here is that most statements can be rephrased and the original
semantics maintained. The term ‘projection’ used in the templates above, imply
PQWPU YJKEJ ECP DG OCRRGF QPVQ ſGNF PCOGU YKVJKP C UGNGEVGF FQOCKP CPF
database schema. ‘Conditions’ refer to restrictions on the output if desired.
G  %JCNNGPIGKPVJGWUGQHWPTGUVTCKPGF0.VGZVCUKPRWV
One major challenge with unrestrained text is that questions can be paraphrased
in many different ways. In the example given above the same question could be
reworded in many other ways not necessarily starting with the key verb ‘give’.
For example,
“Mwanafunzi mwenye alama ya juu zaidi ni nani?”…”The
student having the highest grade is called who?”
In such situations it is necessary to have a procedure for identifying the essence
of interaction. Information contained within a sentence can be used to assign
appropriate key verbs. For example ‘ni nani’ (who) in the above example indicates
that a name is being sought, hence we assign a key verb and noun; Give Name.
Nouns that would form the projection (Table name and column name) part of
CP53.UVCVGOGPVCTGVJGPKFGPVKſGF6JKUKUHQNNQYGFD[VJQUGVJCVYQWNFHQTO
the condition part of the statement if present. Presence of some word categories
signify that a condition is being spelt out. For example adjectives such as ‘Mwenye,
kwenye/penye, ambapo (whom, where, given)’ signify a condition. Nouns coming
after this adjective, form part of the condition. This procedure of reorganizing
C UVCVGOGPV UQ VJCV KV EQTTGURQPFU VQ QPG QH VJG UKZ KFGPVKſGF VGORNCVGU YQWNF
guarantee a solution. An algorithm for paraphrasing based on the above steps has
so far been developed.
Model Architecture

The following is a brief description of the step by step processing proposed in the
model. The input is unrestricted Swahili statement which undergoes pre-processing
UVCIGVJCVXGTKſGUVJCVVJGKPRWVKUCIGPWKPGSWGT[VJGNGZKEQPKUTGEQIPK\CDNGCPF
there is no need for discourse processing. Terms are then generated and assembled
into a suitable intermediate code. Generating intermediate code requires the use of
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FQOCKPURGEKſEMPQYNGFIGUWEJCUUGOCPVKEUCPFVGORNCVGURTQRQUGFKPUGEVKQP
3.1 above. The process proceeds by integrating this intermediate code with the
URGEKſGFFCVCDCUGUEJGOCMPQYNGFIGVJTQWIJOCRRKPIRTQEGUUCPFIGPGTCVGUVJG
53.EQFG6JGRTQEGUUKUKNNWUVTCVGFKPſIWTGJGTGDGNQY
Figure 3.1. The Transfer Approach Frame Work for Swahili
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Steps in the generation of SQL scripts
Preprocessing
To illustrate the processes of each stage of the above model, we consider a sample
statement:
“Nipe jina la mwanafunzi mwenye gredi ya juu zaidi? “……“Give me the name of the
student with the highest grade?”

The model accepts the input as a string delivered from an interface and ensures
that key words are recognizable. If not recognizable, the user is prompted to
clarify. Preprocessing also involves verifying whether a statement is a resolvable
query. The above statement begins with the word ‘give’, hence the statement is a
resolvable query using the criteria described in section 3.1. If the statement contains
pronouns and co-referential words, these are resolved at this stage. The output of
VJKUUVCIGKUCUVTGCOQHXGTKſGFYQTFU6JGYQTFUCTGNCDGNGFVQKPFKECVGTGNCVKXG
RQUKVKQP YKVJKP VJG UGPVGPEG 6JKU HQTOU VJG KPRWV QH VJG VGTO KFGPVKſECVKQP
stage.

#WVQOCVKE6GTO+FGPVKſECVKQP
6GTO KFGPVKſECVKQP KU VJG RTQEGUU QH NQECVKPI RQUUKDNG VGTO ECPFKFCVGU KP C
FQOCKPURGEKſEVGZV6JKUECPDGFQPGOCPWCNN[QTCWVQOCVKECNN[YKVJVJGJGNR
of a computer. Automatic implementation involves term-patterns matching with
words in the corpus or text. The model described here proposes application of
CWVQOCVKEVGTOKFGPVKſECVKQPCNIQTKVJOUUWEJCUVJQUGRTQRQUGFKP5GYCPIK=?
at this stage. A tool such as the Swahili shallow syntactic parser described in Arvi
[1999] may applied in identifying word categories.
Examples of term-patterns obtained through such algorithms would be:
N(noun)
Example …………. Jina
V(Verb)
Example …………. Nipe

8 0 


'ZCORNGŗŗŗŗ0KRGLKPC

0 IGPEQPPGEVKXG 0
'ZCORNGŗŗŗŗ)TGFK[CLWW
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6JGTG CTG QXGT  RQUUKDNG VGTO RCVVGTPU KFGPVKſGF KP 5GYCPIK =? CPF
VJGTGHQTGVJKUNCTIGPWODGTQHRCVVGTPUYQWNFDGFKHſEWNVVQHWNN[RTGUGPVKPVJKU
paper. However these patterns are used in identifying domain terms within the
model.

Semantic Tagging
6JG VGTOU KFGPVKſGF KP VJG RTGEGFKPI UVCIGU CTG VCIIGF YKVJ TGNGXCPV UGOCPVKE
tags. These include terms referring to table names, column names, conditions etc.
+PHQTOCVKQPHTQOVJGFCVCDCUGUEJGOCCPFVJGURGEKſEFQOCKPKUWUGFCVVJKUUVCIG
for providing the meanings. For example, ‘jina la mwanafunzi’ (name of student)
gives an indication that column name is ‘name’, while table name is ‘student’.
Knowledge representation can be achieved through the use of frames or arrays.

Intermediate Code Generation and SQL Mapping
+PVJGIGPGTCVKQPQHKPVGTOGFKCVGEQFGYGUVQTGVJGKFGPVKſGFCPFUGOCPVKECNN[
VCIIGFVGTOUKPVJGUNQVUQHCHTCOGDCUGFUVTWEVWTGUJQYPKPſI # DGNQY6JKU
can be viewed as an implementation of expectation driven processing procedure
discussed in Turban et al. [2006]. Semantic tagging assists in the placement of terms
to their most likely positions within the frame. It is important that all words in
the original statement are used in the frame. The frame appears as shown here
below:
Fig 3.2 Mapping Process

6JGUGOCPVKECNN[VCIIGFVGTOUCTGKPKVKCNN[ſVKPVQCHTCOGYJKEJTGRTGUGPVUUQWTEG
NCPIWCIGTGRTGUGPVCVKQP(TQOCUGNGEVKQPQH53.VGORNCVGUVJGOQFGNUGNGEVUVJG
OQUVCRRTQRTKCVGVGORNCVGCPFOCRUVJGIKXGPKPHQTOCVKQPCUUJQYPKPſI $ 
CDQXG6JGIGPGTCVGFVCDNGJCUCUVTWEVWTGENQUGTVQ53.HQTOCPFJGPEGKVECPDG
viewed as a representation of the target language. This is followed by generation
QHVJGCRRTQRTKCVG53.EQFG

4. Discussions
As described, the methodology proposed here is an integration of many independent
researches such as discourse processing found in Kitani [1994], automatic term
KFGPVKſECVKQP HQWPF KP 5GYCPIK =? GZRGEVCVKQPFTKXGP TGCUQPKPI KP HTCOG
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structures [Turban et al. 2006]among others. The methodology also proposes new
CRRTQCEJGUKPSWGT[XGTKſECVKQPCUYGNNCURCTCRJTCUKPICNIQTKVJO
Research for this work is on-going. The algorithms for paraphrasing and mapping
are complete and were initially tested. Randomly selected sample of 50 questions
was used to give an indication of level of success. The statements were applied to
ƀQYEJCTVUDCUGFQPVJGCNIQTKVJOUCPFVJGKPKVKCNTGUWNVUUJQYVJCVWRVQ
QHVJGUGSWGUVKQPU[KGNFGFVJGGZRGEVGF53.SWGTKGU.QPIUVCVGOGPVUECPPQVDG
effectively handled by the proposed algorithm and this is still a challenge. Due to
the heavy reliance on automatic term generation which relies on up to 88 patterns,
VJGTGKUQXGTIGPGTCVKQPQHVGTOUNGCFKPIVQKPGHſEKGPEKGU/CEJKPGNGCTPKPIOC[
KORTQXGVJGGHſEKGPE[QHVJGOQFGND[HQTKPUVCPEGUVQTKPIUWEEGUUHWNECUGUCPF
some research in this direction will be undertaken. Though not entirely successful,
the initial results serve as a good motivation for further research.

5. Conclusions
6JKURCRGTJCUFGOQPUVTCVGFCOGVJQFQNQI[QHEQPXGTVKPI5YCJKNK0.UVCVGOGPVU
VQ53.EQFG+VJCUKNNWUVTCVGFVJGEQPEGRVWCNHTCOGYQTMCPFFGVCKNGFUVGRUQHJQY
this can be achieved. The method is envisaged to be robust enough to handle varied
usage and dialects among Swahili speakers. This has been a concept demonstration
CPFRTCEVKECNGXCNWCVKQPUYQWNFDGTGSWKTGF*QYGXGTVGUVTWPUQPƀQYEJCTVU
yield high levels of successful conversion rates of up to 60%. Further work is
TGSWKTGFVQTGſPGVJGCNIQTKVJOUHQTDGVVGTUWEEGUUTCVGU
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