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ABSTRACT 

This report introduces the project, titled aha a Melayu Stemmer and pro ides a 

detailed description of the tern. her ar a total of four chapter in this r port, and 

all the chapter are dedicat d entirely to the t mmer proj ct. ach of th chapter 

presents an explanation of the y tern in a differ nt per pecti a to enhan e ne 

understanding of thi stern mer. 

The main idea of thi project i to build a tern mer that an tern an gi en v rd , an 

to develop a tandard tomming algorithm in Mala language. Th Ian iua zc of Mala 1 

i particularly chosen bccau c there i · a lack of compl etc .tcmm r that » i ·t f r thi · 

language at the moment. Another objc ti c f thi t nn impl nn ntati ln i · t stud 

more about the ternrncr archit cture. Unli e thcr t mm 'r , thi l mm ·r, uld nc t 

use complex and difficult artificial intclli icn " t hni u · • u h a. mr ti ·at 1 

knowledge representation and major parsing. 

This Stemmer has a wide arict f ppli ati ns nd it 

expected that when this s stem i 

and ·u uorncrs tr »ncndoust ' ith all of' it· p ' r ul 

r eport and the stcmmer s st im a, ·II.\ ill p sn up th e 

u new dimension to the world of stem min' 

f r rr up. lt i, 

it ' ill b nefit it u r 

. I trul h pe that this 

re earcher and bring 
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INTRODUCTION 

This chapter features a full de cri tion of the propo ed project including th 

definition, goals, objective and the c pe f the project. It al o fl atur the outline of 

the project' development chedule which ha b en repr ented a a diagram. 

1.1 Project Overview 

Welcome t the world r temmer! ternmer, a ugge tcd b thew rd it elf imp! 

mean an act of temrning, ound implc, right? That' the title of m pr jc ·t, 

aha a Melayu temmer. The title ma ound implc but a tuall it i n 't. /\n thin 1 

related to language manipulation and proces ing is not ca at all and th same 1 '· 

to my Baha a Mclayu tcmmcr. 

This temrner would be able to tern Mala rd 10 it j 3 Baha 'H \ la IU 

temrncr. What a fact! Forget about the fa t l ·t'. m v 

'I hi propo cd tcrnrner would be able t t im appr , im t l uln 

words. This includes all t p ·s r word in .ludm 'k 11a ~ inda' \ hi h i regs r ed a 

an advunta tc of this s st .m · mpured I oth .r temm r . 

referred to HS •1 pro· .ss of uff pre 1, and tnppmg 11 we er, thi stemmer 

would 'Oh· ond th· limit to st nn c ·n the 111 1 ·s, apart r rn prefi es and suffixes. 

11 •1 • I o ·s u11oth .r nd nnln 1 • of in Bnhasa M ·la u Stemmer. 
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That explains the proj ct definition part but th re's till a question left unan wered? 

Why do I choose the language of Mala to implement my stemmer? Wh can't I 

develop a stcmmcr for •ngli h language? Th an wer is imple. There are a lot of 

stcmmcrs out there devoted to English language but it is hard to find one that u es 

Malay language. -.ngli h language stemmer are quite comp! te and thor ugh o 

there's no point of regenerating the generated temmer . Rather it i w rth t gi it 

a try to develop a t mmcr in other languag and that i ba icall wh I ch o e 

Malay language. 

uring the information gathering pha c, I pent a uite number r da car hing f r 

stem mer in Malay language but 1 couldn't find e en nc, unf rtun t I . M t f the 

stcrnrncrs use Engl ish as the language but there is also sorn :t mm ·rs d · i ·at .d to 

ther language namely Japanc c, Finni. h, wedi h and pani h. Mala ·t mm ·r. do 

exi t but m st or them arc being de clop ·d ju t f r int irnal u IS 

no coherence between the c stcmrncr . tandard lg rithm ar \\ II al s .nt ' hi\ 

generalized rules and techniques docs not c ist at all. 

Looking at the ·c problems, ·omethin, tru k m mind I t d a 

omplcte and standard ucrnmcr f r Mala in 1 • I h pe that 1 c uld 

contribute to the IT world in Mala sia b doing som thing n \ rather than mundane. 

Apparcntl , that W'IS the dn in 1 factor ht h 1 ad rn • l pt for thi t pie, Bahasa 

M +1 u St .mm ' 
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1.2 Project Objective 

This project would be an attempt l realize the fancie that pring up after r ading the 

project title. I hope to come up with a omplete temmer, among fhe fir t of its kind 

to be developed in Malay languag . This fact it elf' ill give a new dimen ion to the 

project. In the IT cope, hopefully thi temmer would appear as one of the 

competitor among other available Slemmer . ther objecti e ar a f ll " : 

•!• o develop a complete Slemmer which could tern an gi en Mala ' ord 

•!• To come up with a standard alg rithrn f r de eloping a lemming program in 

aha a Melayu 

•!• To improve the cfficicnc f tcmmcr that arc readil a ailablc in the market 

nowadays, esp iciall st ernrncrs that uses Mula Ian iua , · 

•!• To provide a general lemming engine whi h ould b • u, d b oth ·r 

application and ystcm 

To be u cd a a global dicti na for B h • M 'la u an he k 

whether a word is spelled corr ·ctl or not and al < v hctber a parti .ular \ ord 

i a Malay word or not 
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1.3 Project Scope 

Project scope i as important a project bjecti e. Without a prop rl defined cope, 

the project to be developed i bound for failure. Thi is because the project scop sets 

the fundamental boundarie of the tern. A for my project, I' e chosen a scop 

limit which i average and acceptable, that i not too mall or too big. A small cope 

will limit the sy tern's functional and non-functional rcquir rncnt while a big c pc 

will be fastidious to determine the words and time con urning to be de eloped. The 

scope of my project is pre ented below: 

•:• This stemmer would be able to tern Malay word onl approximate! around 

12,000 words) 

•:• This stcmrncr would be able to stem pure Mala " ords ( nl , an I not 

borrowed Malay words 

•:• Thi tcmmcr would be able to tern an t p f Mala \ ords in ludmg '/wt 1 

ganda' 

•:• This stem mer would deal with strippin • f prefix'. suffixes and als l inf 1. ·s 

•!• This ystcm would be a stand-alone s tern and not a \\ b-ba d n 
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1.4 Target User 

This stemmer i expected to be among the fir t Mala language temmer . nee the 

stemmcr has been dev loped, its target u er would b : 

•!• All genre of society who would like to giv the t mmer a try 

•!• Students and researcher who would like to disco er and deepen their 

knowledge about Malay language temming alg rithm and technique 

•!• Developers of other systems who are interested in using or integrating their 

system with my stemmer 

1.5 Project Schedule 

The project development chedule for thi pr ~e ti a foll v 
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1.6 Report Layout 

haptcr I serves the purpose f introducing th pr ject. Project objectives and scopes 

as well as the entire y tern de clopment chedule are pre ented and fully d scribed 

in this introductory chapter. 

Chapter 2 explain the literature review that ha been done to g~t the required 

information in order to develop the project. A brief anal is on pre iou work in the 

field of temmer is presented a a guid line. The meth d f data c llecti n and 

information gathering arc al o reviewed in thi chapter. 

hapter 3 de cribes the methodology and approachc that ha c 1>C in ch .cn to 

develop the sy tern. Functional and non-fun ti nal requirement of the ' t im arc 

presented a well a the ollware and hardv arc requirement . Re ti nal and 

justification behind thi choice are e plained in great detail. 

hapter 4 explains the concepts and d i in tc hniqu '. 1m oh d m th· s 't 'Ill 

development. /\II the anal i , nd de ign i u tern arc c. 'Pl r in gr 'al 

detail as to give a er stal clear picture of the pr [c t. nt . t diagram, ata-flov 

dia rrum and s st .m wor -now chart arc pre ent ·d in tln hapter. 

7 
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1.7 Summary 

From thi first chapter, an er icw of the pr po d tern, Bahasa Mela u 

Stemmer, is presented and full de cribed. The bjecti e , cope and purpose of the 

project are explained a well. hi chapter al o provides information about th project 

development schedule. All thi information i meant to erve a an introduction of the 

proposed y tem. 
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LITERATURE REVIEW 

2.1 Introduction 

This chapter will de cribe in d tail the anous tudie and re earch don in the 

topics related to stemmer. xisting stemmers would be examined and explanation 

would be provided based on stemming program , algorithm , technique and 

technologies. rt is the objective of this chapter to outline systematically all the studie 

that had been carried out in this field beforehand o that it would a i t in the proper 

development of the system. By carrying out thi literature re iev , ne ould 

understand the trength, weaknc , problem , pp rtunitie and current i uc ab ut 

stemmer. 

Literature review is an overall re earch that had be •n 

As for my project, the literature r view would be b 

purposes of this literature review arc: 

To arry ut re earch and c luat all th th th nd 

that this drawba · tern t 

To review and .om par' pr· i u · s ·t .rn that ha b en d eloped in the 

rclat d 1 ·Id a. to anal 1, • its pros and ms 'l ht 

the: st 1 d ·v ·lopmcnt pm icss 

uld er e a a guideline to 
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To get a clear and better understanding about the concept and techniques used 

in previous systems so that th best solution could be implemented in this new 

system 

To collect information about the system in dev lopment as to smoothen the 

ystem planning and project progre 

2.2 Natural Language Processing 

As mentioned earlier, my project of aha a Mela u temmer would e, hibit the 

function of stemming Malay words. temming is a part of m01p/10foK. a opular 

topic in Natural Language Pru .essing. cfore I g n t explain about tomming l 

think it would be appropriate to get started with a bri if introdu tion t 1t11r ti 

Language Processing as thi could give an in ight of what w ar goin 1 to look al 

later on. 

2.2.1 Natural Language 

omputcrs use machine language to intera t am n 1 th irn nd \ , human 

use natural Ian rua re to communicate arnonu tu an be 

defined as one of the Ian run ·s whi .h ar natural! u pe k ' ite and 

communicate in our daily Ii c, It an be an kind o languag · Mala , English, 

.hinesc, Japanese, 1 lindi or Spanish. Nat ral langua re 1 • a \ a o communication 

b tw · •11 human». Th · ·c>ttld u c this tun iua re to c pre them .el e · and even to 

soli ·i1 id us and opinion .. I robuhl 110 I\! ) p sople t e e actl the ·ame set of w rds 

I ) 
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to communicate but then it is the language that brings them together. Here lies the 

great strength of the natural language - bringing humans together in this huge, huge 

world. 

2.2.2 Natural Lan ruagc Processing 

We have gone through the definition part of natural language. Thu , natural language 

processing simply means processing or manipulating the natural language. In a more 

formal way, natural language proce ing is defined as a computational tud f 

linguistics. In other words, it is a tudy of how to repre ent the natural language in 

computers which understand' only machine language. Natural language ro ·c sing i 

comprised of five important components which arc s ntax, s 1nw11t1 · pragmau · 

phonology and morphology. J\11 the: c Ii c component arc c plained l ri ·11 ·Im . 

Syntax 

Syntax is referred to a rule governing f rmation of cntcn • . en 'rail ' rd ar > 

y tcmatically ordered lo form cntcncc and thi 

syntax. The yntactic structure of a Baha M I u en ten L . m 'thin 1 lik thi : 

As we can sec from the al o c sentence, each ' rd foll. in a particular w rd category 

ur better known as 'pot ls ol': pt: ·t;h'. Tlns OH.l cat ·gor I. pm .ented in [ ,. ] brackets. 

11 
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The order of this word category would determine whether the sentence is 

grammatically correct or not. 

As an instance, the word 'k tr ta from the ab ve s ntence could be replaced b the 

word 'rumah' since both the e words fall into the ame word category, which i 'kata 

nama', 

Following the same rule once again, the word membeli could be replaced b the 

word membaca' and ironically thi i till a valid ntence ace rding t the nta 

rules. 

Thus, synta just deals with the rules of sentence formation irammati .all , , ithou: 

prior con ideration of whether the entence i meaningful r not. 

Semantic 

ontrary to syntax, semantic deals with the m ianing p irt a , 'nt in • '. I asi .allv a 

given entence would carry orne pc iii m aning and thi •• ruiall 

ref erred to as crnantic. To further und ·r tand th· m nin . man ti , I t' lo k t 

this example: 

Suzana membelt scbuah k -r na I aru 

Suzana tnrtul. «cu scbnu}, k 'I' ·11 I uru 

I.. 
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As explained earlier the e two sentences are syntactically correct but emantically, 

they are not. emantically the fir t sentence i a valid sentence but the second one is 

invalid since it doesn't carry any meaning at all. Now, let's look at these two 

sentences: 

Suzana memb li sebuah k reta baru 

Suzana m tmandu sebuah k r la baru 

Both of the sentences are semantically correct n w. Finall , here i an ther art f 

semantic which should be con idered: 

Suzana 111 mh ,Ii s tbuah k r eta baru 

Sebuah k 'Jr ua baru dib Ii ol sh Susana 

The e two entcncc arc syntactically different but cmanti nil th 1 ar th am 

since both of the sentences carry the similar m aning lit rall . 

To make a long story short, • ernanlic ju. t deal v ith th rn anin f 

not formation or structure I that cntcn c, 

Prag1m1tic 

I ru unatic also deals will! the meaning of a · ·n1 ·n ·but ma di rent' a compared 

lo s manti ·. Pr 11muti · is formal! d · 111cd as the stud the purp es and intentions 

or the Inn run ic 11. • • It focus ·s on s1 ·a er utterance and intention· ather than the 

u 
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meaning of that utterance itself This ma ound complicated so we'll take a look at 

few examples to understand the concept of pragmatic in a simplified way. 

Can you pass up the tutorial answer by today? 

Bo/ ihkah anda m nghantar jawapan tutorial pada hari int? 

This sentence can be interpreted in two wa . ne, the peaker (po ibl a lecturer i 

requesting his listeners (possibly students) to pa up their a signment b toda . The 

other one the speaker is instructing his listener t pa up their a ignment b 

today. Whether the peaker i requesting or instru ·ting, thi depend n hi intenti n 

which could be identified by hi voice flow. That i nc a pc l of pragmati and nov 

let's consider another aspect: 

Can you swim? 

Bolehkah anda berenang? 

This sentence is clearly a question, usuall asking f r a I ar- ut ansv r s that ·ith r 

1 is or no would be valid re pon e . ut h vr : b ut thi 

an I borrow your en? 

Bolrhkah sa a /)/11/Wll / 'II anda? 

11 
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This question appears similar to the earlier posed question in terms of its syntactic 

structure and of the meaning of its individual words, but it is normally not a question 

but rather a request for action. In thi ituation, the speaker expects a pen to be passed 

and not ay ts or no answer. 

By looking at presented example above, it i clear that pragmatic i not a ociated 

with the meaning of a sentence traightaway. Rather, it deals with purpo e and 

intentions of the natural language speaker. 

Phonology 

o far, we have gone through the tructurc and the meaning r a cntence. NO\ , ' c 

will look into the sound and pronunciation part of a semen e v ith r .sp ·t to th· 

words. Words consist of a equence of distincti c oun or phon m s. Th' rut to 

transform these ound into pronunciation of word i r ifcrrcd t as phou I 

Basically, it is the tudy of lingui tic oun whi h r 'pre. nt a parti ular t hon 'Ill' in 

a given word. 

For an in tancc, let's con idcr the word f I tlur. Thi v 

sound whi h are :", 'a' 'It 'i' and 'r', Thcs 'unit' . un 

phonemes. ;\II the five different phoneme. ' ill corr p nd to a di r nt sound and 

the combination of' these sounds will pro ide th· pr nun mt1 n r th rd lahir. 
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[tis just a brief description of phonology. Since this is very much different from what 

we are looking into l won t go too detail on this topic. Let's put a full stop on 

phonology and move on to the ne ·t and final topic. 

Morphology 

Recall back that in my earlier definition, yntax is referr d to a a set of rul s 

governing formation of cntcnccs. As for morphology, it i a et of rule that deal 

with the word formation. Words can have an internal structure of its own which 

corresponds to the ordering of letters to form word . Thi order of word formati n i 

called morphology. Generally, there are two type of m rphol g , hi h are 

inflectional and d rivational morphology. n idcr the word makau hi h i u cd in 

the sentence below: 

Sumi ta suka makan nasi gor 'ng 

Adding the infle tional morphology of 111 •' and 'dr' to th rd f ma an pre duccs 

new words but with imilar emanti or rn ning, ·,amp! f 

, lumita 111 smakan nusi gor 111g I trs tbut 

Nast gor •ng I irs ibut dtmakan ol ih ; tumua 

In all or th '8' s »ncnc 'H, the basi meumnu r mukun, hich I. 'eat , i preserved. On 

the other hand, uddi111' the den uttona! morph l g f cm' to the ·ame word 

I ) 
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produces a new word once again but now with a different meaning altogether. Let's 

have a look at this following sentenc : 

Sum it a g 'mar menikmat i makanan ang lazat 

In the sentence above the meaning of makanan which is 'food , ntirely diff r from 

that of makan. That explain the derivational part of morphology. 

Inflectional and derivational morphology can be prefi , infi e or uffi e . It an be 

added to the start of a word, in erted into a word or added t the nd f a word. 

Whatever it i , the meaning of a particular w rd i what matter the mo t. Thcrcf re, 

morphology performs the function of governing word formation. 

2.3 Stemming 

Stemming this word has been u sed quit n numb r of time . o far an l v ould 

continue to do o throughout thi projc t. "he qu ti n ari 

stemming? Different people interpr l it in a differ nt \ av. 

hut is 

·nt here 

definition· or stemming whi h ha. l ·en m d pul r 

natural language processing. According to thern.: t mming an b d fin d a : 

An al iorithm whi h rcdu cs all w rd· uh the sam · ro t t a single form by 

std1 pi111 'fl ·h word ol 1L d ·ri atiom I and inn ·ct1 nal f 1 e fLovms, 1969] 
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A process of identifying morphological variants of words which have similar 

semantic interpretations and reducing it to its stem or root form [Hayle, 197 ] 

A process of conflating different variant of a term to a single representative 

form [Robinson. 198. J 

A process of linguistic normalization in which the variant forms of a word are 

reduced to a common form [Arnold, 1991] 

A computational procedure that is designed to bring together word that are 

semantically related, and to reduce them to a single form for retrie al 

purposes [Spencer, 1995] 

Truncation of words, disregarding of pr fixe and/ r uffixe [ t { 'ord, 1999] 

To make a long tory hort stemming could be defined a a pr ce f am, c 

(prefixes and suffixes) removal in order to generate it r t ' rd. Tc b 'It 'r 

understand the concept of temrning, let' I k at thi c ampl 

mak nan 

memakan 

dimakan 

Le makan 

peme): n n 

---> m k n 

Words on the left are word· with aff e ', either pr· 1, r b th prefix and 

suffix. Takin 1 these affixe off is called 'stet ming' and the re idual part is referred 

to us •. t 'Ill' or root word. h. •. ull the ab c words ' 111 ield the r t word of 

'makun', 
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Stemming can be categorized into 4 approaches: affi removal, successor variety, 

table lookup and n-gram. Affix removal algorithms remove suffixes and/or prefixes 

from term , leaving a stem. The e algorithm sometimes also transform the resultant 

stem. There arc 2 further subgroups under this category: longest match and simple 

removal. Longest match temmers remov th longest possible string of characters 

from a term according to a et of rule . They can eith r be iterati e in nature, i.e. 

suffixes arc removed one after another, or longest match, i.e. if more than one suffix 

matches the end of a word, the longest one is selected. imple remo al temmer 

remove only plurals from a term. It i commonly accepted that uffi tripping i a 

good idea. 

, uccessor variety stcmrncrs use the frequencies of letter scqu me ·s in a l od of l ·, t 

as the basis of temming. The n-grarn method onflatc term ba sd on th· numb ·r f 

di-grams or n-grams they share. ince the e tw t pc of tcrnmcr arc uit diffi ult 

to implement, further explanation would be kipped a f r th ma on r impli it . 

Yet there is another approach to stemming: ta le I ikup. erms an i th ·ir 

corresponding stem can be rored in a tabl '. t ·mmin 1 i th n d 

the table. 

ia I up rn 

'I he following figure shows the ta onom 

a bow: 

lemming algorithm a discussed 
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Stemming 

Affix 
R moval 

T ble 
Lookup 

N-gram 

Longest 
Maleh 

impl 
R moval 

Figure 2.1 temming Algorithm Approaches 

lemming is u cd in numer u field , in wide range of appli at ions, I lo 

utmost usage of temmer is reserved for informati n retrie al purp n or th· 
main problem involved in the informati n rctric al fie! i th ariation in \ ord 

forms that is likely to be encountered U, tnnon. I 9c 1). 'h mo st onunr n t p · c f 

variations are pelling error , alternati e pellin 1 rnulti-v rd pt', 

transliteration, affixc · and abbreviation . nc 11 iat 

tomming. temming i u cd in the c inform ti n r tri the 

mulching algorithms. 

Jn addition Lo that, stcrnmcrs arc al > cing id ·I us d m th r applications as well 

su ·h u, automated t I pro' ·s. Ill', sp .ech s nthe rs and recogniti n, machine 

trunsletion, hnndwritin • 1 • ·o mitiun, irummur .hec 1111 • nd .entencc generation. 

,..{) 
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2.4 Various Stemming Algorithms 

In this section, we will take a look at variou stemming algorithms that have been 

developed beforehand. Technique u ed by the e algorithms would be reviewed as to 

get an overview of the stemmer to be developed. Comparison between stemming 

1 algorithms would be carried out as well in ord r to gauge it advantages and 

drawbacks. Thi would certainly be fruitful in the project dev lopm nt proc 

2.4.1 S Stemmer 

Thi is a basic temming algorithm u ed in conflating ingular and plural word f rrn , 

and is commonly used for minimal stemming. The rules for a er ion of this stcmmer, 

shown in the table below, are only applied to w rd of um ient len rth or more 

characters), and are applied in an order dependent mann 'r that i , the first appli ·abl · 

rule encountered is the only used). ach rule ha part · a • pc i ication of th , 

qualifying word ending, such as ies"; a list of e ccptions; and th n 

Order 
I Word end -~- 2 Word end 

Tahl 2.1 

E urnplcs ors St ·m1111,;r Hr. SU .h IS. 

'f/WS ~ 'II 

/JUf)/ /es pup/ 

hU,\'c's bus 
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branches~ bran ·h 

books ~ book 

valleys~ vall y 

As suggested by it name temmer is used to tern or remove suffi res uch as 

"ies", "es" and " ". Therefore, thi sternm r i only capable in dealing with limited 

suffixes which i a major drawback of the temmer. 

2.4.2 Porter Stemmer 

This stemming algorithm wa developed by M. F. P rter in the ear f I 80. It i a 

stemming algorithm «that looks for about 0 su · 1 es and in ol es a multi-step 

proce s that ucce ively remove short uffi e rather than a ingle rem al of the 

longest po sible suffix". The Porter algorithm on ·i t of ·1 ·et of .ondition/a Iiou 

rules. The conditions fall into 3 cla c : condition n the t m, ondition in th 

suffix, and conditions on the rules. 

There are several type of tern condition . 

I. The tu sasur , , denoted m, f a tern i 

sequences. Vowels arc a, c, i, o, u, and 

arc all ieu ·rs that are not owcl '. Let nand 

for a sequcn c of vow ls. Th' measur • 111, then, i. d m d a 

n it It 'mat 

n onants, and V 

l V m[Vl Them 

in the quation indi at s th· numb ·r of II · s ·qu .nce quare brackets indicate an 

optional o • ·u1 r in · ·. So111 • ' ampl .s of in .asur s or terms follow. 
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Measure 
0 
m=l 
m=2 

Table 2.2 Measures used in Porter Stemmer 

2. "'<X> - the stem ends with a given letter X 

3. *v - the stem contains a vowel 

4. *d - the stern ends in a double con onant 

5. *o - the stem ends with a consonant-vowel-consonant sequence where the final 

consonant is not w, x, or y. 

or example, the condition part (*d and not(*< >or*< >or*< 

The rules arc divided into step . The rule in a step arc c: amincd in qucn ·, ml 

only one rule from a step can apply. The longc t p iblc uflix i 

bccau e or the ordering of the rule within a te . he algorithm i a r llov s: 
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{ 

tep I a (word); 

step lb I: tern); 

if (the second or third rul of tep I b was used) 

teplbl (stern); 

step 1 c (stem); 

tcp2 (stem); 

step3 (stem); 

step4 (stem)" 

step5a (stem); 

stcp5b (stem); 

} 

The rules for the tep of the temrncr arc a f llow : 

tep la Rules 

__ ~itio!!!_ _ 
NULL sses 
N L ------1_1e -+-----1~;..__.,...;-__i.;...:;.,...;,.:__ --1 

NULL 'S 

uffix la m nt 

N LL s N 

Table 2.3 Porter t emmer lgorithm - Rule la 
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Step I b Rules 

Conditions Suffix Replacement Exam oles 
(rre-O) e d tied -7 feed 

agreed -7 agree 
(*v*) cd NULL plastered -7 plaster 

bled -7 bled 
(*v*) mg NULL motoring -7 motor 

sing -7 sing 

Table 2.4 Porter Stemmer Algorithm - Rule 1 b 

Step I b I Rules 

Conditions Suffix Re lacement 
NULL at ate 
NULL bl ble 
NULL IZ ize iz ed -7 IZC 

(*d and not NUL inglc letter hop ( i ng) -7 hop 
(*<L> or *< > or tann( cd -7 tan 
* >)) fall ing) -7 fall 

hi , ing -7 his· 
fizz cd -7 tizz 

(m=l and *o) NU e fail(ing -7 fail 
{ii ing -7 Iii" 

Table 2.5 Porter temmer Algorithm- Rul lbl 

The rule to map to a inglc letter au e th rem al f nc of th doul 1" l 'tt 'r air. 

The -e is put back on -at, -bl, and -iz, so that the . u 1 - t ', -bl , and -i . .an be 

recognized later. This "e" ma be rcmo ed in t p 4. 

Step I c Ruic· 

Corulitions sern 
("'v"') y 

T rhle 2.<> Porter Stemm ·r Algorithm - Rul le 
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Step l deals with plurals and past participles. The subsequent steps are much more 

straightforward. 

Step 2 Rules 

Conditions Suffix 

radicalli -7 radical 

m>O) ational 
tion conditional -7 condition 

rational -7 rational 
tional 

cnci ence 
anci a nee 
izcr ize 

conformabli -7 
c nformable 

abli able 

m>O alli al 
m>O entli ent 

µ.:.~:..L--------1 
( m>O) 1-e_l_i -----i e 
(m>O) :....._ 1 OU 

(m>O) ire 
ictnamizc 

pre i at i n -7 r di at ' 
o rat r -7 o 'rat' 
feudalism -7 f udal 

ate 
ate 

(m>O) 
m>O 

al ism al m>O) 
m>O 
m>O 

biliti ble 

Table 2.7 Porter tcmm r Algorithm - Rule 2 
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Step 3 Rules 

Conditions Suffix Replacement Exam oles 
(m>O) icate IC triplicate 7 triplic 
(m>O) ative NULL formative 7 form 
(m>O) alize al formalize 7 formal 
(m>O) iciti IC electriciti 7 electric 
(m>O) ical lC electrical 7 electric 
(m>O) fut NULL hopeful 7 hope 
(m>O) ness NULL goodness 7 good 

Table 2.8 Porter Stemmer Algorithm - Rule 3 

' Step 4 Rules 

onditions Suffix 
al 
ance 
cncc 
er N 
IC N 
able N LL 
ible NULL 
ant NU 
ernent N 
merit NULL 
cnt N I -- 
ion NULL 

OU N 
ism N 
ate N 
iti N 
OU. N 
ive N 
IZC N 

infercn c 7 infer _____ , 
airliner 7 airlin - -- 
g r pi -7 g ro 
adiu table 7 adju 't 
defensible -? d r ns 

Tabl • 2.9 Port r tcmmcr lgorithm - Rul 4 

Th· suf Ii, ·s nrc now r ·1110 ·d. /\II thul rem 111: rs a little ltd mg up. 

7 
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Step 5a Rules 

Conditions Suffix Replacement Exam oles 
(m>I) c NULL probate 7 probat 

rate 7 rate 
IJ.!!i= I and not *o c NULL cease 7 ceas - 

Table 2.10 Porter Stemmer Algorithm - Rule Sa 

Step 5b Rules 

Conditions Suffix Renlacement Examnles 
(m> I and *d and *<L>) NULL inglc letter contr I 7 control 

roll 7 roll 

Table 2.11 Porter Stemmer Algorithm - Ruic Sb 

The algorithm i careful not t remove a um when the tern i too hort, the I ngth 

of the stem being given by its mea ure, m. There i no Iinguisti ba i for thi 

approach. It wa merely observed that m ould be us cd quite cffc ti cl t help 

decide whether or not it was wise to tak off a suffix. I I "re lies th' po ·r of this 

algorithm but then it comes along with a co t. No matt r hov p ' erful it L, thi 

algorithm just could be used to stem or r rn uffixe and d ' n t d ial ' ith 

prefixc and infixes. 

2.4.3 Paice-Ilu k tcmmcr 

The Paicc/l lusk 'temrner is iterative, and u cs ju t n tab! f ml ; ea h rule may 

specify either deletion or rcpla .crn ·nt f an mding. h rul are grouped into 

suctions corresponding lo th· finul I ·tt · of th· suf 1 • this mean that the rule table is 

H ·c · s ·d qui .kl b look in ) up th · final letter of the current w rd r truncated word. 

Within each section, the orderinu >f the rules 1s st •nt icant S< mer Ies arc c trictcd 

.8 
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to 'intact' words - i.e. words from which no ending has yet been removed. A simple 

blanket acceptability test is applied before any matching rule is activated. After a rule 

has been applied, proce ing may be allowed to continue iteratively, or may be 

terminated. 

The Rule Format 

In the following, the term form refer to any word or part-word which i b ing 

considered for stemming. The original word before any change ha e been made to it 

is said to be inta ·t. ach line in the rule table hold a eparate stemming rule. Brace 

{ ... } enclose comment de cribing the action of each rule. 

The rules in the table are grouped into se uions, each containing all th sc rule 

relating to a particular final letter (known a the se uion / 11/er). 

ach rule has five components, two of which are ptional: 

• an nding of one or more character , held in re er e ord r; 

• an optional intact flag *"; 

• a digit specifying the r mo it total ma be z r ; 

• an optional app '11d string of one rm re hara t r ; 

• a ·011ti11uatw11 s 111/Jol, •• .. "or".". 

Within ach section, the order of the rules i. signi icant. 

c: 
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Example I: 

The rule "sei Iy>" means: if the word end in "-ies' then replace the last three letters 

by "-y" and then apply the stemmer again to the truncated form. 

The rule "mu*2." mean : if the word ends in '-um" and if the word is intact, then 

remove the last two letters and terminate. This converts 'maximum" to maxim" but 

leaves "presum" (from 'presumably") unchanged. 

xample 3: 

The rule "ylpO." mean : if the word end in "-ply" then lea c it unchanged and 

terminate. This ensures that the subsequent rule ' 12>" docs not r ·mo c th· "-I '' 

from "multiply". 

xarnple 4: 

The rule "nois4j>" causes -sion" ending. to be replaced b "-j'. This ·1 .ts as a 

dummy, causing activation of ihc 'j" section I the rule 

converted fir t to "provij" and ihcn to "pro id". 

( 
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The Algorithm 

1. Select relevant section: 

r nspect the final letter of the form; 

lf there is no section corresponding 10 that letter, 

Then terminate; 

Otherwise, 

Consider the fir t rule in the relevant ection. 

2. Check applicability of rule: 

If the final letters of the form do not match the rever ed ending in the rule, 

Then go to 4; 

If the ending matches, and the intact flag is set, and the form is not inta .t, 

Then go to 4; 

If the acceptability condition ( ee below) arc not ati fied, 

Then go to 4. 

3. Apply rule: 

Delete from the right end of the form the numb ·r 

remove total; 

II' them is an append string, 

Then append it lo the form; 

If the continuations mbol is .. ". 

Thon tcnnin tc; 

pc if db the Univ
ers

ity
 of

 M
ala

ya



lf the continuation symbol is '>", 

Then go to 1. 

4. Look for another rule: 

Move to the next rule in the table; 

If the section letter has changed, 

Then terminate; 

Otherwise, 

Go to 2. 

Acceptability onditions 

If these conditions were not present, the words "rent", rant" "ri ·c ', "ra 1c", "ris ", 

"rate" "ration' and "river" would be reduced t ''r' b the rul , 

conditions used to overcome thi problem ar : 

a) if the form tarts with a vowel then at l a t two I tt r must remain an er 
stemming (c.g., "owed" I "owing" 7" w" but n t " ar' 7 .. i"), 

b) if the form starts with a consonant then at leas t thr 'I tt r mu t rem in after 

stemming and at lea t on f the. c mu t a .g. ·· ying' 7 

"say" and "crying' 7 'cry", but not · tring' 7 ·· tr , "rn ant" 7 "me" or 

"c »ncnt" 7 "· ."), 
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These conditions wrongly prevent the stemming of various short-rooted words (e.g. 

"doing", "dying', "being"); it is probably b st to deal with these words separately by 

lexical lookup. 

2.4.4 Table Lookup 

Table Lookup is a straightforward stemming algorithm. It r quir s the storage of a 

table of all index terms and their stems. For example: 

Term Stem 
educated educate 
education educate 
educational educate 

Table 2.12 An Example of Table Lookup 

Terms from queries and indexes could then be stemmed ia a simple table lookup. 

Using a 8-trec or ha h tabl , uch lookup. w uld be c fa. t. b iousl this is a 

simple and faster way of implementing a st mm 'T. Howe •r there arc probl im: \ ith 

thi approach. The fir t is that there i no complete data ti: t f r a Inn iua 1 '- 1~ in if 

there were, many terms found in databases ould n t b • reprc int id sin • th· a • 

domain dependent that i not standard in a particular Ian or th term ome 

other stemming methods would be required. An th r pr th er head 

for such a table, though trading space for tim i m time warranted. Last but not 

least, this in ·thod is loo t .dious to be r ·rfon id and i. an inefficient way of 

8l immin 1. 
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2.5 Previous Stemmers 

Various stemming algorithms hav been explored in the previous section and in this 

section, the focus is on the stemmer . Pre iously developed stemmers as well as 

currently existing temmers would be analyzed and reviewed as to gauge the required 

information. Knowledge about previou relat d y terns i nece ary for a successful 

development process and this i what being attempted in thi section. 

2.5.l Nice Stemmer 

Nice Stemmer is a tcmmer that has been developed t handle ·ngli h word . The 

developers of this sternrner are Kiduk Yang, enqi , ong, Rong Tang and Wooseob 

Jeoung. It is regarded as one of the complete ever tcmmer that ha e been de elop ·d 

in the stemming field. Not only c mplctc, it i complex in ugh to deal v ith. Nice 

stcmrncr is compo ed of four distinctive tcmmcr and each fthi t 'mm ·r hand! , a 

certain part of the stemming process. These four. temmer. ar de, crib .d b elov : 

y imple temmcr irnplc plural r m al 

)..- Porter tcrnmcr m rph I gi al ari ti n 

)..- Inflectional tcmmcr irregular d plural form 

ombination Stemmer stem thew r . imult n 

These tour sternmcrs combine to rcther t form the m J r t mmer, called Nice 

Stemm •r. Th· important features or this stcmrncr ar ·: 

4 
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Nice Stemmer serv s the user with a variety of needs: the system accepts three 

forms of input: words, files as well as index files 

Nice Stemmer provides us rs with four stemming systems, users may select 

the appropriate stemmer based on their particular needs 

Each stemrner ha its inadequacy in its algorithm and quality of performance, the 

invention of the combination sternmer is originated from the idea of aggregating the 

strength of Simple, Porter and Inflectional sternmers, thereby to impro e the quality 

of performance. Nice Stemmer is nice not only because it does not impo e a ingle 

stemmer system to the u er, but also becau e it pre ent i own contribution to the 

field of stemming. The combination temmer i far from perf cl but incc it i 

intended to adapt the good a pect of three c: i ting tcrnmers it become a produ t 

that signifies the advancement of stemming in the field of tcmming. 

Nice Stemmer i accessible at the following UR 

http://ils.unc.edu/iris/nstem.htm 

2.5.2 ~I ext tcmmcr 

Another type of sternmcr that would be r • icw ·d h , t t cmmer. hi t cmmer 

ha been developed by hri topher Fo and I rian -o . It i a tri ial n Ii h tcmmer 

that has been designed to handle character ncoding o th target language as well as 

lo deal with morpholo iical 11d orthographical ariatt n . It main bjective is to 

provid an ·as -to-usc st .mrnin s st ·m tha! r nnics the a a person narrow down 

and cllncs hi. search Io n particular ro t word 
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Text Stemmer has created a program to generate stemmers from stemmer 

specification files. This approach to stemrner implementation has two advantages: 

Simple textual stemmer pecification file are used to specify the stemmers to 

be generated. It is much easier to create and modify stemmers this way than it 

is to write cu tom stemmer code (the traditional way to create a stemmer). 

Thus stemmer generation is human resource efficient 

Generated stemmers use finite state machine to do stemming, which is ery 

fast. Generated stemmers are u ually faster than all but the mo t hight 

optimized cu tom temmer programs 

This stemmer would be able to tem any type of text and thi i pr babl wh it i 

named as Text Stemmer. Types of text ranges from a single v ord to 

files. Thus, this stemmer is capable of stemming the entire word in lar c dnt ba ' 

providing faster and better stemming performance. The tomming pr "S it. .lf is 

performed in an efficient way as to maintain an unif rmcd tcmmcr g 'II 'ration 

process. 

Text tcrnrncr i acce siblc at the following UR : 

http;//ravuola.loec.uned.es/cgl~bln/lrcourse/stem2.perl Univ
ers

ity
 of

 M
ala

ya



2.6 Fact-Finding Techniques 

Generally, system development will not be complete without information gathering or 

data collection. Thus, the ,. th r d information i vital for the y tern to achieve its 

vi ion and goal . Thi inf rmation can be obtain d through everal ource and each 

ourcc give different level of information. ev ral methods have been used for the 

purpose of research in this literature review section. Among the methods are: 

Internet Surfing Internet has been a lot of help in this stemmer 

development. Ry surfing the internet, a wide 

variety of information can b obtained an all 

the inf rmati n ar ery u cful for the 

r earch toward thee cisting ' stern 

ocumcntati n Analy i and re earch ha c n c ndu tcd n 

the exi ting and a ail le d um mt v hi h 

ha r lat d topi , \ ith th to b 

d b tt r th re rlt and 

finding rained r m th r carch mcth 

lntcrvi 'W r idc an p rtuni 

some experienced taff in th related field and 

di. ·u.. · .rtain topi . c nd i .. ue. \ ith them face 

to-In c ·1 his tc hniqu is basically u ed to 

·ri f, ·t ands 11 it 
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2.7 Summary 

This chapter outlined and described in d tail the arious topics and issues researched 

throughout the project. A thorough and comprehensive analysis has been carried out 

on previous stemmers. As for the gathered information, it was derived mainly from 

books and websites, which are both popular and reliable. 

The research was important in a way to enable better under tanding of the different 

stemmers that had been developed previously. This allows the best combination of 

algorithms, technique and tcchnologie to be selected to de ign, de el p and 

implement this stemmer project. I lowever, it i to be mentioned that there remain 

many more stemmer ystems that were not covered in thi literatur re iew chapter. 

The topics covered here were only omc of the more popular tcrnmcrs, N' irthcl s ·, 

the research done was sufficient for the purp e r cho ing the appr priat tool. t 

develop and implement this temmer project. 

The next chapter, methodology, will attempt t c cplain in d 'tail th m the d · t t • 

used in developing my project, Baha a Melayu t mm r. 
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METHODOLOGY 

3.1 Introduction 

Developing a computer system has never been an easy task. There are many facets 

involved in the system development process, starting from information gathering to 

system implementation and even maintenance. U ually, the risk of failure for any 

given computer system is relatively high. Therefore, proper planning of the project 

and most importantly, appropriate methodology mu t b adopted to pr duce the 

desired outcome. This chapter will draw out the uitable methodolog for the 

proposed system along with the stage invol ed. Apart fr m that, y tern 

requirements and development tools would be discussed in this .haptcr, too. 

3.2 System Methodology 

Methodology refers to the science of how a system i d > eloped. 

the appropriate methodology will determine th uc • o 

ihoosinu 

for thi 

n th" Lemmer project, a methodology i sole tcd ba 

method and the system to be dcvel p d. The phas 

its advantages arc discussed in this section. 

n the 
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Methodology Chosen - Waterfall Model with Prototyping 

The d vclopm nt rn thodology for thi proj ti ba don the System Development 

Life Cycle ( DLC). The mod 1 cho n i the 'waterfall model with prototyping'. This 

model is a variation, or to be exact, is an enhancement of 'waterfall model'. Before I 

go on to explain the chosen model (waterfall model with prototyping) in great detail, 

let's have a look at the waterfall model fir t. 

Waterfall model is the first ever published model of the software d velopment 

process (Royce, 1970). The waterfall model is illustrated in ,igure 3.1. 

A we know, system development generally pa c through a serie r 

stages. The stages in the watcrfatl model arc depicted a ca cading fr m on' to 

another and this is probably why it is called a the waterfall m dcl . A th ti iurc 

implie , a given development tage have to be c m leted b f r the nc: t 

begin. ach phase in the waterfall model i pre ented di cret l and nev r 

activities may be repeated a number of time to achi the d . ired utput. 

'I hu ·, the waterfall mod ·I pre sent · a er high le cl o v hat g e on during 

development and it also sug rest to de cl per th' qu n e of e ents they should 

e peel to encounter. The principal sta ze · the m d I map nto fundamental 
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developers could use this model to gauge how close the project is to completion at a 

given point of time. 

There are seven different stages in a waterfall model and these stages are: 

•!• Requirements Analy is 

•!• System and Soft.ware Design 

•!• Implementation 

•!• Unit and Integration Testing 

•!• y tern Testing 

•!• Acceptance Te ting 

•!• peration and Maintenance 

As discussed earlier, all these stag s are ca caded from one to an th ·r. I\ i n . ta ie 

should not start until the previou pha e ha been compl etc . ln pra ti ' the 'ta, , 

overlap and feed information to each other. Thu ommunicati n b ctv 'n . tu ic 

does exist and this provides a better understanding of d eloping a s . t m. 
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Now, let's look at the waterfall model with prototyping. As mentioned earlier, this 

model is an enhancement of the waterfall model. This model inherits the same 

concepts as the previously discussed waterfall model but with one exception - it 

involves prototyping. Prototyping can be defined as an act of building a small-scale, 

representative or working model of the users' requirements to discover or verify those 

requirements. 

As discussed earlier, the drawback of the waterfall model lies with its difficulty in 

accommodating to changing requirements. Waterfall model with prototyping trie to 

overcome this problem with the help of a prototype. A prototype i a mall- cale, 

incomplete but working model of a desired y tern. A it i incomplete 

will not be as polished as the final system. A few of the desir id functionalit would 

be left out and quality assurance may be ignored. I lowever, it an qui I id entif th 

most crucial of bu ine s-level requirement and thi i wh the mod --1 i b .ing \:. id 'I 

used for practical system development . 

Prototyping is frequently applied t sy tern de elopmcnt pr ~l; L, e iall v h •n th 

development team i having problems defining t m re uir mcnt . Mc n area of a 

proposed system may not be lcarl under t r m ma b a te hnical 

challenge for the developers. rearing protot pes enable th d lepers as \ ell as 

the users to better understand the i .sucs in ol cd ' ith de loping the system. This 

technique rninimiz 'S th· risk of' a s stem being d ·Ii ered that d n't meet u er needs 

or on thal can't f'ullill t .chnicel requirements. 

't 
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Prototyping is actually an e rternal process and it has its own development cycle, 

which will be carried out earlier in the system development process. Prototyping 

makes use of prototype; a partially developed product that enables customers and 

developers to examine some aspect of the proposed system. Usually, only the areas 

where the requirements are not clearly understood are prototyped and this prototyping 

process would be performed in an iterative manner. ach prototype model is 

reviewed by end-users and management, who make recommendations about 

requirements, methods and formats. The prototype is then corrected, enhanced or 

refined to reflect the new requirements. The refinement proce continue until the 

prototype is accepted by both the users and developers. 

There are two processes involved in a waterfall model with protot pin 1; ulidation 

and verification. Both the e proce e are performed in the tern te tin 1 pha e. 

Validation ensures that the system ha implemented all f the rcquir nn 'Ill ·o that 

each system function can be traced back t a parti ular rcquir mcnt in the 

specification. Verification ensures that each s stem function \: orks or "ti and us 

needed. That is, validation makes ure that the de lop r i building the right produ 'l 

according to the spccificati n wherca erificati n 

implementation. 

th qu Ii f the 

The waterfall model with prototy] i11g which ha 

process of' this stem mer J)TOjC ·tis as illustrated bclo 

en adapted in the de elopment 
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Requirements Analysis 

The system's services, constraints and goals are established by consultation with 

system users. When customers request that develop rs build a system, they have some 

notion of what the system wil1 do. Understanding the ideas and concepts of the 

developing project is very essential, indeed. No matter whether the functionality of 

the system is old or new, each software-based system has a purpose, usually 

expressed in what the system can do. A requirement is a feature of the system or a 

description of what the system is capable of doing in order to fulfill the system's 

purpose. These requirements are normally produced by customers and captured b 

developers in a document or database. Then, at later part, the requirements are often 

rewritten, usually in a more mathematical repre entation. This i done t en ure the 

developers could easily and accurately transform the requirements into an a propriate 

and well-suited system design. 

System and oftware Design 

esign is the creative process of transforming the identified probl ems int solutions, 

The description of a solution i al o call .d d ign. A. f r thi . t emrn 'r proj t th 

problems that might arise can be quite a burden on id ring a h le v i f diff rent 

perspectives. ustorncrs u ually want a new t m cith r b au e th re i n existing 

system or there are undesirable aspects of the old stem. In ither case, there is some 

kind of problem. that need to be solved. Thu • tern de ign is th best way to find 

solutious out of' th· problems bein ' faced. Th s stem d ugn pr ce s partitions the 

cquircmcnl: to either ha dwur · or software s tc1 s, Mcanv bile, oftware design 
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involves identifying and describing the fundamental software system abstractions and 

their relationships. These two types of design combine and integrate with each other 

to establish an overal I system architecture. 

Implementation 

Implementation merely refers to the process of converting a system specification into 

an executable system. During this stage, the software design is realized as a set of 

programs or program units. Thus, programming or program coding is an important 

task which is closely related to implementation stage. oding involve algorithm and 

data structures being used in the development process. hoosing the right 

programming language is an important aspect of coding which determine the ucccs 

of the system being developed. ystem components such as database. interfa ·e and 

other modules are programmed or con tructed in thi implementation tag'. Thus, it i 

Clear that this stage is very es ential in the whole sy tern de cl pmcnt pro "S. 

Unit and Integration Testing 

ystem development usually involve ev cral tagc ft ting. nil t 'ling is th' hr st 

stage. Unit testing involves verifying that ea h unit f th de loped t m me t it 

specification. Individual component are tested t th t th perate correctly 

and accurately. -<ach component is tested independently, without other system 

components. Unit t ·stin ' is done in a .ontr ll ·d en ir nmcnt ' hene er possible, so 

that the test team ·an feed a pr idctennincd s ·t of data t the c mp nent being tested. 

The output actions and th produced data arc obse cd and e aluated. In addition, the 
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test team checks the internal data structures, logic and boundary conditions for the 

input and output data. When collections of components have been unit-tested, the 

next step is to ensure that the interfaces and communications among the components 

are defined and handled properly. This is done through another type of testing, called 

integration testing. This involves testing groups or collections of system components 

which have been integrated into sub-systems. Integration testing usually is used to 

verify that the developed system components work together as described in the 

system specification. 

System Testing 

The ub- ystems are integrated to make up the y tern and thi tern h uld be 

tested before delivered to the customer. esting the system is cliff ·rent from 

other types of testing. In unit and integration te ting, ju t a few of the de clopment 

team members would be involved and they would be u ing indi idual or · iparatc t '·t 

data and test cases. Whereas for a system testing, it in ol c th ntirc d 

team which should carry out the testing process in a coordinated a . ~ st nn t ·sting 

proces is concerned with finding error that re. ult from unanti ipated int era ·ti ns 

between sub-systems and their intcrfac problem . It is al o ' ith alidating 

that the developed system meet. it functi nal and non- un ti nal re uir ments. 

Ac ·cphmcc T •stint! 

St) lur, all the tests that have be ·n performed ar . carned out b the de elopers, based 

Oil their undc suindinn or thc s stern and its obiecuvcs. I Iowever, the y nern should 
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be tested by customers as well since the developed system are meant for them and 

should satisfy their needs and requirements. It is advisable for customers to test the 

system to ensure that it meets their understanding of the requirements, which may be 

different from the developers'. 1 n this acceptance test, the system is tested with data 

supplied by the customers rather than simulated test data. This could reveal errors and 

omissions in the system requir ments definition because the real data exercise the 

system in different ways from the test data. Acceptance testing may al o reveal 

requirements problems where the system's facilities do not really meet the user 

needs or the system performance is quite unacceptable. -or this rea on, a final 

installation test may be performed to allow user to exercise system function and 

document additional problems. 

Operation and Maintenance 

System development is considered to be a crcati c acti it where a oflwar s ·t nu is 

developed from an initial concept through to a working t m. At each 

system development, works produced at earlier stages are ontinuall refcrrc l. Th, 

design components are tied up to the requirement ' de 

components arc review d and cross-referenced fi r c mplian c with th de ign. hu , 

system development involves looking back at th de cl m 'nt pr that ha been 

carried out in a careful, controlled way. ystem maintenanc i different. It in olves 

looking forward upon the system de cloprncnt b · tabli hing a' orking relationship 

with the s stern custom •rs, users and op .rators to find ut h w satisfied they are with 

the s stem. P oblcms could be anticipated and funcu nal change· c uld be 
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considered as a maintenance step to. meet· the changing business requirements. Thus, 

system maintenance is the process of changing a developed system once it has gone 

into operational use. Although the costs of maintenance are often several times the 

initial development costs, maint nance processes are considered to be less 

challenging than original software development process. 

There are several advantages in using the waterfall model with prototyping: 

./ Reduces risk and uncertainty in the development process 

./ Understands the feasibility of a design or appr ach 

./ Allows all or part of the ystern to be con tructed quick I 

./ User needs and requirements arc better accomm dat d 

./ The resulting system is easier to use and maintain 

./ The final design is of highe t quality 

As we have discussed above, waterfall model with prototyping i ne or the carlic t 
model that have been developed in the icld f ofh are de cl pm mt. part fr m 

that, it is al o the easiest development m del that ne c uld find. It impli it make 

it ca 'Y to c plain to u er and cust mer wh ar n t familiar \ 'th ftv are 

development. I cvclopcrs ulso w ulcl not face much probl m by adapting to this 

model since it has a simple architecture. Thi wat rfall model with prototyping 

normall would be used when the requirements are ' ell underst d and I have 

·hos ·n this m •thodolo • for th' same reason m sternrner project' requirements 

urc crystnl .. clcu and well understood. 
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3.3 Stemming Algorithm 

Stemmcrs need a variety of requirements in order to be successfully implemented. 

The top most requirement would be the words, since a stemmer can't operate without 

it. Words are needed to perform stemming but it is not all a stemmer needs. 

Manipulation of words is as important as the words itself and this manipulation is 

provided by a method or algorithm. As in this case, it is called stemming algorithm. 

Stemming Algorithm Chosen - Porter Algorithm 

Several stemming algorithms have been di cu ed in the previous chapter. ach f 

this algorithm has its pros and cons. The task now i to ch e a uitablc tcrnming 

algorithm that fits exactly with this stemmer system. After a thorough anal 1 ha e 

compared all the presented stemming algorithm and finall opted for P mer 

Algorithm. As de cribed earlier, it is a stemming algorithm that in ol e a multi- t p 

process that successfully removes short suffixe , rather than a inglc remo al of the 

longest possible suffix. The algorithm is careful not to rcmo ea uffix v h 'nth stem 

is too short and this certainly help to impro c the perf rman c f th" r isultunt 

stem mer. 

I lowever, the actual algorithm was meant fi r ngli h I ngu ge but thi temmer 

system would be implemented in Mala language. anguag differs. from English to 

Malay, and thi • re ult in the need f r omc ariati n in the t mming algorithm as 

well. Th re is a sli 1ht diflcrcn ·c between word .tructures in Mala and nglish. 

These <.Jiff ·r .nces . hould be lo ken into ace unl when desi ' ing or developing the 
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stemmer project. The original Porter Stemming Algorithm should be modified 

accordingly as to adapt to the changing nature of the language. 

Hence, the actual Porter Algorithm would b used just as a guideline in this 

development process, and have not been adapted totally. As a replacement, a 

modified version of the Porter Stemming Algorithm would be used to implement this 

stem mer project and an overview of the algorithm is presented here: 

{ 

Step I (word); 

Step2a (stemsuffix); 

Step2b (stem _prefix); 

Step3a (sternsuffix); 

Step3b (stem refix); 

tep4 ( tcrn jnfix); 

Step5 (root word); 

} 
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3.4 Sentence Parsing 

Stemming can be done on individual word but it is not the case with sentences. A 

given sentence can't be stemmed straightaway. Nevertheless, the sentence should be 

broken down to words before stemming could be carried out. Sentence parsing is the 

technique used to split a sentence into its words. In this section, I will attempt to give 

a brief description of sentence parsing and its importance to my stemmer project. 

By implementing parsing, a sentence can be broken down into its words and thi is 

done with accordance to the type of word . That i , a entence par er w uld plit a 

sentence by classifying words into their type . Then, ach of the cla ified w rd 

would be mapped to a structure called parse tree. Thi par e tree reveals the tructurc 

of sentence formation as well as the meaning of the cntencc it cl f. 

The type of a particular word could be identified b a entence par er and thi i 

useful in analyzing sentences. For an e ample, a entence in Mala languag \ ould 

be normally comprised of a noun phra e (NP and a rb phra c VP v hi ·h an l • 

repre ented as: 

S -7 NP I VP 

/\ noun phrase further can be decorn ed into either a ingle noun (N) or a 

iomblnution or a noun ( N and u determiner T . Another p ssibility of a noun 
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phrase would be the sequence of a noun (N), an adjective (ADJ) and a determiner 

(DET). This representation can be shown as: 

NP-7N 

NP -7 N + D T 

NP -7 N + ADJ + DET 

In a similar way, a verb phrase could be decomposed into three possibilities; either a 

combination of a verb (V) and a noun (N), a verb (V) and a noun phrase (NP) or a 

verb (V), a noun (N) and a prepositional phrase (PP). This is repre ented as: 

VP -7 V IN 

VP-7 V+ NP 

VP 7 V+N+ PP 

A prepositional phrase is a combination of a pr position P and a noun N ' hi ih 

can be represented as: 

PP 7 P·l N 

For an improved understanding on sentence p· r ing, let' 

below which is r .prcsenled as a parse tr ic: 

at th sentence parser 
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~ 
VP 

/~ 
pp 

/\ 
p N 

congkak l l 
dcngan . dikn a 

v N 

NP 

N 

l 
I Iafizah 

bcrmain 

Figure 3.3 entence Parser (Parse Tree) 

The primary job of a sentenc parser i to identif the t p of word in a ent n · 

and then to classify them accordingly. The above example illu trate a par ' tn , f r 

the sentence 'Hafizah bermain congkak d. ngan adikn . N v let trace ba k th, 

parsing process done to that sentence. The pa er start off v "th th irst ' ord f th· 

classified as a verb ., incc it is an act p rf rm d by m ne. The par ing process 

continues in the same wu until the end of the s nt enc 

So for, we have 10110 throu ih the actual pr cc s of '<.mtence par iing. his is often 

rllcd u, semantic parsing; µ. r ing which f cu e · on the meaning f .entcn es. 
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However, my stemmer system just needs to handle the structure of sentences, and not 

the meaning. Thus I have chosen to implement a syntactic parsing in my stemmer. 

As mentioned earlier, parsing is a task of recognizing a sentence and assigning some 

structure to it whereas syntactic parsing is the task of recognizing a sentence and 

assigning some syntactic structure to it. 

The parser that I'm going to implement in my stemmer would be primarily used to 

identify stopwords. Stopwords are words which occur very often in a text, yet do not 

carry any specific or important meaning. Another characteristic of stopwords are that 

they can't be combined with any kind of affixes. ln other word , stopword appear 

just a root words. Therefore, the topword which have been identified b the par er 

will be presented as output straightaway, without entering the stemming pro .ess. All 

the other words, non-stopword , would be pa ed on to the temming ngin ~. Thi 

type of parsing is chosen because it would most probabl reduce the re pon ' tim · or 
the system and hopefully, the performance of the tcmmcr w ul impr c a v cl I. 
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3.5 System Requirements 

The descriptions of the services and constraints which would be provided by the 

system are usually referred to a system requirements. System requirements can be a 

high-level, abstract statement or even a detailed, mathematically formal definition. 

No matter how it is represented, the objective of system requirements remains the 

same - to describe the service that the system should provide or a constraint on the 

system. Basically, system requirements are often classified as functional or non 

functional requirements. Both of these requirements are described in thi ection. 

3.5.1 Functional Requirements 

Functional requirements for a system de cribe the functionality or ervi e that the 

system is expected to provide. lt is often a combination fall the main module or a 

ystem, which are made to communicate internall r externall . The fun ti nal 

requirements for this Bahasa Melayu Stemmer are as follow : 

•:• Word Dictionary 

The system should have a databa c f Mal" ord a t fa ilit .t th ro ie • 

of temming. /\IJ the root words from th· Mala di riona 

12,000 words) would be stored in at t file. hi h t a a databa e for this 

stemmer project. 'I hi word dicti nary ' ould then b used to determine 

whether a. riven word is in it root form r not. 't mming would be carried 

out i11 •111 it ·rntivc wu 111d at the .nd of each iterati e, the re ultant word 
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would be compared with the words in the word dictionary to determine 

whether the desired output (root word) has been achieved. 

•:• Stemming Engine 

This is the real 'engine' of this stemmer project. The real processing 

(stemming) would be performed in this module, called the stemming engine. 

Therefore, the performance of thi stemmer is totally dependent on its 

stemming engine. There are basically three types of stemming which could be 

performed; prefix removal, suffix removal and infix removal. Thi stemming 

engine would be able to handle all three type of stemming. A mentioned 

earlier, the stemming proces is an iterative one and each iterative would try to 

remove a group of words from a given word. This iteration would ontinue 

until it reaches the point where it hould stop - when the ro t w r ha be n 

achieved. 

•:• Exception List 

There is another important a peel of t mming \i hi h h ul b paid alt ntion 

to. Most of the thing in the world are not l ar- ut r traightf rward, and the 

same goes to this stemmer project. The pr cc f t mming d not follow a 

general rule all the time and for all the word . In ome cases, the stemming 

procc 'S docs involve a quite numb •r o ariati n and th exceptions are the 

one I'm Lr in' lo over .om l intr ducing an e cepti n list to this stemmer. 
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3.5.2 Non-Functional Requirements 

Non-functional requirements, as the name suggests, are those requirements which are 

not directly concerned with the specific functions delivered by a system. On the other 

way, non-Ii unctional requirements are the constraints under which a system must 

operate and the standards that must be met by the delivered system. The non 

functional requirements for this Bahasa Melayu Stemmer are as follows: 

•!• Efficiency 

The proposed stemrner project should be able to stem a given word for an 

unlimited number of times to produce similar outcome . Thi i a mu ta to 

ensure the performance and efficiency of the stem mer. 

•!• Simplicity 

implicity i the be t policy. The tomming program a well a the intcrfa , 

should be developed in the simplest wa po ible without aff ctin , its 

efficiency or performance as this would help to eep the u r att ntion 

focused. 

•:• Reliability 

This. tcmmcr hould be reliable in the en e of it performance. It should not 

produce dun zerous or costl failure when it i high! relied upon. The 

recover from a han 1 or crash hould be rea onabJ as well. 
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•!• Maintainability 

The program codes have to be written in such a way that it could be changed 

upon in the future. The coding of the program should be easy to modify when 

updating to meet new r quirements or correcting errors. 

•!• lnteropera bility 

The stemmer project hould be developed with an option to be integrated with 

other systems as well. This would enable external communications between 

the interacting systems and this could result in an increased scope, functions 

and operations for the ystem. 

•!• Understandability 

Understandability in terms of the coding allow other programmer t 

understand the logic of the program fl w. Thus, change ould be mad' 'a, ii 

upon the necessary program egments without modifying other e ntial lo ii 

of the program or restructuring the whole program it elf. 

Response time 

Another aspect of thi stemrn r i it perf rrnancc, hich uld b aluated 

by the response time. The time taken by thi st rnrner t stem a word should 

not be too. hort (us this could result in ina curat r pon e and should not be 

too 1011 '(as this ould diasatisf the s nem u .ers . 
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3.6 Development Tools 

The ultimate objective of a system development is to produce a functional system, 

which is as requested by the cu tomer. In order to achieve this goal, choosing the 

right methods and methodologies is very important and could prove to be decisive at 

times. The same goes to the development tools. Choosing the appropriate tools would 

ease the burden of the developers. and at the same time, fasten the system 

development process. The right development tools also aids in the process of 

developing a system in an orderly way. As for this Bahasa Melayu Stemmer, the 

development tools that have been used throughout the project are Ji led and described 

briefly in this section. 

3.6.1 Hardware Requirements 

The hardware requirements for this temmer ystem de el pment are: 

).- Intel Pentium IV 256 MHz Processor 

}.- 128M RAM 

r I B I lard-Disk pace 

).- I 6M Video ard 

Y I\ Monitor 

I IP690J Printer 

Keyboard 

Mo usu 
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3.6.2 Software Requirements 

The hardware requirements for this stemmer system development are: 

Microsoft Visual C++ 

The programming language that I have chosen to implement my stemmer is 

Microsoft Visual C++. I have opted for this programming language after a 

thorough and careful analysis on all the available programming languages. 

The C++ language was developed by Bjame Stroustrup in the early 1980s a 

an enhancement of C language. The major characteristics of this programming 

language include use of objects, etas es, constructor , de tructor , inheritance, 

encapsulation and operator overloading. How ver, the power of 1- 1 lies in it· 

object-oriented method of programming. The manipulation of bject and 

classes in an object-oriented way ensure tran parcnc and in rea c 

performance. Apart from that, data abstraction and "inlinc function ar ~ 

supported by the C++ language as well and this is surel an added ad ants 1 '. 

Adobe Photoshop 

There i another supporting oftware that I ha c t u c in the de el pmcnt or 
my stcmmer Adobe Photo hop. I ha c ho en thi oft ar to dit the user 

interface of the • temmer project. Adob Ph t h p i ne of the professional 

image-editing and graphic rnanipul ti n ftware. It pro ide functions such 

as scanning ima 1e., drawin 1 back rround , pr ducing photographs, creating 

1mphi s, p •rfo min 1 .olour correction. r touching and other image 

mantpulattona Adobe I hoto ihop softwa c mtr duce· the next genera ion or 
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image editing with powerful new features which promotes efficiency and 

creativity. Delivering the broadest and most productive toolset available, 

Adobe Photoshop helps to achieve the highest quality results with faster 

performances. 

3.7 Summary 

This chapter explains the methodology used to develop my Bahasa Melayu Stemmer. 

The explanation of the chosen methodology, waterfall model, has been covered in 

great detail along with the justifications of why I had chosen the method. Apart from 

that, system requirements have been discu ed as well. ~unctional and non-functi nal 

requirements of this proposed system have been presented and briefl explained. 

Another aspect that we have gone through i the de elopment t ol re uired to 

implement this Stemmer project. Thi include oftwarc and hardware r .quircm .nts 

for the system development process. lt i hoped that the ho n m thod 

methodologies and development tools are appropriate and v ell- uited f r this st nu. 
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SYSTEM ANALYSIS AND DESIGN 

4.1 Introduction 

A complete understanding of the proposed system is required before the development 

process could begin. System analysis and design is concerned with providing this 

type of understanding. ystem analysis is a problem-solving technique that 

decomposes a system into its components for the purpose of studying how well those 

components work and interact to accomplish their purpose. System de ign i a 

complementary problem-solving technique to system analy is that re emble a 

system's components back into a complete system. Together, y tern analy i and 

design can be referred to as a creative process of transforming the alread defined 

requirements into system implementation . This chapter will discu s the t irn 

analysis and design process which is believed to be e cntial t the su or a 

system development. 

4.2 System Model 

I\ picture is worth a thou and words. I\ y tern m d I i v rth a thou and 

explanations. No matter how much explanation ou provide for a particular system, 

the explanation would b · incomplete without pointing ut a ystem model. Generally, 

sys; m model is a representation of that s stern in reality. It pave the way for better 

undcrstandinn of' tho I system and act. as a wa t stru ture the un tructured problems 
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associated with the system. As for this stemmer project I have chosen two types of 

models to represent the system which are context model and data-flow model. 

4.2.1 Context Model 

Context model is an architectural model which illustrates the structure of the 

proposed system. It provides an high-level information about the system m 

development. The context model for this stem mer project is presented below: 

Word I ictionary E. c epti n List 

Bahasa M ·la u 
, tcmmcr 

Stem mine I ~nginc 

Fi rure 4.1 ont xt Diagram 

4.2.2 Data .. 1~ low Model 

I ala-flow model is a bchavi ural model whi h i us ·d to d scribe the overall 

behaviour of' the S , I'm. [ ata-Ilow model is an intuitive way f showing how data, or 

infortnntion particularl , ore processed b as . tern. It provide· a low-level, detailed 
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representation of the system in development. The data-flow model for this stemmer 

project is presented be1ow: 

Word 
Dictionary 

Exception 
List 

Word 

Stem 

!figure 4.2 Data-Flow Diagram 
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4.3 System Work-Flow 

Generally, system work flow process provides a detailed description of how a system 

is designed and how doe its components interact with each other to work as a 

system. It is used to represent the flowing of data through a sequence of processing 

steps. In principle, understanding of a system improves by analyzing its work flow. 

The main objective of a system work flow is to provide a functional perspective of 

that system and this would be normally represented in a 'top-down' approach. The 

system work flow for this stemmer project is illustrated below: 
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Word 

D 
Word Dictionary 

D 
Exception List 

D r l 
I I Suffix Remo al I I 
! D , I I 
I I I I 
1 : 
i I 
i i ' . I I St ·mming 
! Pr ·fix R .moval I •:ni:r1n · 
I I (") 

l I 
I D I i I 
i I 
j Infix R .rno al I 
L _.1 

D 
W rd I icti n ry 

D 
, l ·m 

Fi~ur · 4.3 yst m Work-Flow Diagram 
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Explanation 

).;> A word would be presented to the stemmer as input. However, the stemmer 

would be able to take in a phrase or even a sentence as the input. If the input is 

in phrase or sentence form, it would be par ed to get the individual words 

The word would be compared with the words in the word dictionary, which 

acts as a database for this stemmer project. This comparison is done to 

determine whether the inputed word is a root word or not. If it is found to b a 

root word, then the stemming process would be skipped and the word would 

be presented as output. therwise.the stemming proce s would be carried out 

The first step of stemming proce s is to check whether the inputed word i tn 

the exception list or not. If it is, then the corresponding stem would be 

presented as output. Otherwise, the stemming pr ces continue 

The next step of lemming process would be perf rmed b th' temminn 

engine. The inputed word would be analyzed a to det rm inc ' h ether it ha 

any suffix, prefix or infix attached to it. If there i an the r srno al pr 

would be carried out to trip the affi e . hi affi remo al pr ' \: uld 

be done in an iterative way until the tern i id ntifi d 

The process of stripping affixes is performed in a step-by-step basis as to 

iencrate the appropriate root word. Aller ca h tep, the re ultant word would 

be compared with the list in the word dictionary. Thi is done to ensure that 

the st »nmcr doc. not overstcm a given word 
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When the stemming process has been completed, the inputed word has been 

reduced to its root form and the resultant word would be presented as stem, 

the final output of this stem mer 

4.4 Interface Design 

Computer systems are meant for users and it is developed exclusively for them. 

Without users, a system would not serve its purpose. Thus, users are such an essential 

element of system development. So does user interface. User interface plays a very 

important role in determining the quality of a system. An interface that i difficult to 

use will, at best, result in a high level of user errors. At worst, u er will imp! refu c 

to use the system irrespective of its functionality. Therefore, good user interlace 

design is critical to the success of a system development. 

System data, both input and output, ace most depend nt on a wcll-dcsi in d u 'r 

interface. asically, an interface design should meet the e 'P" ted attributes su .h us 

objectiveness, con istency, irnplicity, accura , auracti enc. and ea ' of u se. ·1 hi, 

attributes are very much a nece sity for a g od u r interfa ' de ign t a id 

misplacing of information. If information is pre cnt d in a c nfu in or misleading 

way, users may misunderstand the meaning of that particular information. 
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As to avoid and overcome all these problems, a few guidelines have been considered 

in designing the user interface for this stemmer system. The following aspects or 

guidelines have been carefully considered: 

);;> Only relevant information should be displayed 

).- Presentation format used should be easy to understand 

);;> Standard abbreviations and consistent labels should be used 

);;> Meaningful and appropriate error messages should be displayed 

);;> Consistency should be maintained in overall interface design issues 

The proposed user interface design for this project is a follows: 

Quit 

BAHASA MEL.AYU STEMMER 

t •:n tcr a sentence: 

J Stem J J Reset 

'l'hc stemmed sentence: 

Fi~ur • 4. (JN ·r Int erface De ign 
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4.5 Summary 

This chapter explained the analysis and design process which have been performed on 

this Bahasa Melayu Stemmer. System models have been presented to provide better 

understanding of the system. Two system models have been explored; context model 

and data-flow model. ln addition, system work flow has been illustrated a.s well with 

special focus given to the flow of the system in term of its sequential processes. This 

is hoped to further enhances one's understanding of this stemmer project. Another 

design issue which has been discussed in this chapter is the user interface design. This 

design issue has been given utmost importance since users are uch an e ential 

clement in the development of a system. Appropriate and con i tent de ign ha e 

been applied and adapted throughout this development proces a to reli h the dream 

of ystem completion. 
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SYSTEM IMPLEMENTATION 

5.1 Introduction 

System implementation is well-defined as the integration of the physical and 

conceptual resources that produce a working system. Therefore, system 

implementation is the physical realization of a software development process. In other 

words, system implementation can be thought of a process which converts a system 

specification into an executable system. 

System implementation is the delivery of a ystem into it production, meaning day 

to-day operation ( Whitten 2000). Normally, this implementation phase in a s stem 

development proces would involve the work of programming, but not nc e aril . 

Refinement of the software de ign specification could al o take pla o in thi · 

development stage as well. 

Among the major teps involved in y lern implementation arc th' on tru .tion of the 

sy tern, installation of the constructed system and c n er i n f the tern. he 

purpo e of system construction is ba ically t de cl p a full functional ystcm that 

fulfills the design requirements. As for Lhi Bahasa M la u temm r, the construction 

phase would involve database creation and als the s st m coding. Coding, or 

normally referred to as pro irammin '• i rencrall recognized as a major a pect of the 

system construction. 
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Installation of the constructed system is done to integrate all the functions in each 

module being bui1t for the system. System conversion provides a smooth transition 

from the development stage to the operationa1 stage; and help users to cope with 

normal start-up problems. Therefore, the combination of system insta11ation and 

conversion would produce a deliverable of an operational system that wiU function as 

required by the objectives and specifications of the system. 

5.2 Stemming Algorithm 

As mentioned in the preceding section, there ar two major parts involved in the 

implementation phase for this stemmer; namely databa e creation and y tern coding. 

However, before getting down to the actual implementation part, there is something 

to figure out beforehand - stemming algorithm. temming algorithm i ba icall an 

important aspect in this system development a a stemmer could not b 

implemented without a proper tcmming algorithm. A gen rat al) rithm has be 'n 

presented in the previous chapter and in this section, a more spe ific and d itail d 

stemming algorithm will bee emplified and thi i a folio 

Ch .ck input word ag}lim;I the word c.Jictjonary 

the wo d itt ouucl i11 th· di ·tion, 1, then 

Ou1pt1I th· wt nJ aH mot' ord 

I t,J <' 

( io 10 St ·p 2 
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Step 2 

Check input word for any prefix 

If the word has a prefix then 

Rcrnc vc the prefix and go to Step 1 

l~lse 

Go to Step 3 

Ste 3 

Check input word for any suffix 

Tf the word has a suffix, then 

Remo e the suffix and go to Step l 

Else 

.o tc St 'P 4 

Ste 4 

Check input word for any infix 

1f the word has a infix, then 

R 'move the infix and to to Step I 

Go lo St ·p 5 

Ch cl :H »nm .d word or its 1rsl let l ir 

I th· Htil I .u ·r 1:111 with 'm', th ·n 

I~ ·pla ·c tht llHI I ·ti ·r \ ith '1 'or 1 ;111u 10 to Step 1 
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If the first letter starts with n', then 

Replace the first letter with 't' and go to Step 1 

1 f the first letter starts with s', then 
Replace the first lcttcr x ith s' and go to Step 1 

1 [ the first letter starts with a vowel, then 

Add 'k' as the first letter and go to Step 1 

l•:Jsc 

Root word could not be found and the program terminates 

5.3 Database Creation 

The first step to any system implementation is to create the s tern database. 1 he 

same goes to my project, Bahasa Melayu Stemmer. A mentioned in the pre iou 

chapter, this stemmer would require a database of Malay word in order t fun tion 

appropriately. Thus, the preparatory point for this temmer project " ould · , th, 

process of database creation. 

Preparing a database for this stemmer i v ry much di imilar t th t of rearing 

databases for other project or programs. Unlike other hich use databases 

such as MSAc<.:ess or MyS L, the database for this Baha a Melayu t mmer is quite 

simple and strai 1htforward. It is a text (.t t file which contain approximately 12,000 

Mala words; just root words. 
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All the words are resourced from the premier Malay dictionary, Kamus Dewan, from 

the well-known publisher of L ewan Bahasa dan Pustaka. The words are well 

organized in an alphabetical order each word in this database is typed in a single line 

to accommodate for easier and faster file processing. The database is then named as 

'bma-z.txt' (abbreviation for 'bahasa melayu a-z words') and is saved in the same 

folder (or location) as the stemmer project. 

A sample of the database (text file dictionary) is as follows: 

(Ile li:.dlt l/1ew insert F11.rmet l:ielp 

01~1~1 ~ ~ I Jcil I~ 
~ad 
abadi 
al:>ah 
obai 
i:lb!lkb 
a1:>ano 
llbou 
abtii 
obj ad 
bnor;m l 
abetralc 
nbu 
abuh 
BbUD 

acah 
acan 
acap 

ac1 
(I u 
aouh 
CU1l1 

CUD 

ada 
Cl!W 

ati11n 
otlong 
fH-lhn 

I 1w I 1. Ip. 1iri· 11 
Jll!-.111r1J ~lh 1 J ;!)Durum nit~ JI'• btt .z.WofdPatl 

_:J 
NUN. 

12 36 PM 

ldgurc 5.1 Sumpl ·of Database ( e t ilc Dictionar ) 
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5.4 System Coding 

Once the databa e development has been completed, we will begin with the system 

development phase. W will start off the programming work by developing a fully 

functional or complete coding for this stemmer system. Coding normally involves 

steps that translate a detailed design representation of software into a program 

language realization. As for my Bahasa Melayu Stemmer, I have chosen Microsoft 

Visual C++ as my programming tool. 

In this section, I will attempt to give a brief yet understandable explanation of my 

coding which has been specifically developed to handle temming of Mala word . 

Due to space constraint, I would not be able to explain the whole c ding here. n the 

other hand, I would just concentrate on providing c planation on certain parts or the 
coding which 1 deem to be mo t important. 

As a launching pad, a class has been created and initialized to handle the \: hole 

process of stemming. The class, named , 't imm tr cl i a fi llov : 

1 lass mm 

2 

i vu L 

I\ ing sent.enc 

~l I nr w I [NO OF' WORDS]; 

ln [NO OF WORDS]; 

, I p r I I 

B r I c mrnr r ( ) ; 

vol .3 J•' I ,Jg (ill ) ; 
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10 

11 

12 

13 

14 

15 

J. 6 
17 

18 

19 

20 

21 

22 

voids tSentenc ( ring); 

vo'd tWo d(string, int); 

voids m( t ng, int); 

voids 

VO S 

mF.xLra(int); 

mDoubl ( · n ) ; 

vo'd st m n 'x(int); 

void stemEx plion(int); 

bool check(st in); 

bool isVowel(char); 

l n e (.i.nL); 

string etSentence(); 

s rin eLWord(int); 

} ; 

Now, let's navigate through each line of the clas pre scntcd abo c. 

Linc I defines the name of the eta a · ~ ttemn: tr . 

Line J delineates th private data mcrnb r for the '; 't •111111 tr la ·s. 

There are three private data mcrn r d lared h re. 

The variable 'strings snt nee in tin 4 i d med t hold th inputt d 

sentence the whole entoncc. 

The variable 'siring word' in line i d fin d 

each from the inputted cntcncc. 

rra t h ld a v ord 

The last variable. '1111 .flag' in line act just like a flag'. It is used to 

dut rminc whcthc1 a word has been ncmmcd r not. When a word has 
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been stemmed the 'int flag' ariable ' ould be 'flagged' and this 

determines the end of stemming proc for that particular word. 

Linc 7 delineates the member function m thod ) for th ' temmer' 

cla s. Ther are a iota I of 14 methods declared here. 

'Stemmeri)' in line 8 is the con tructor f r thi ... temmer' cla . It act 

to initialize the private data member with default alu . 

The ne t three method , 'void .PIViagO and 

'voids tWordO' initialize the corr; ponding pri ate data mernb r 

'int flag', 'string sent n ·,' and 'string word', 

The method 'void st 1mO in line 12 is d ifin .d t hun II th' pro· ss f 

basic lemming, b th prefi: e and uffi e . th r part f t immin 

which are a bit harder, arc handled b other m thod . 

The method void st iml: trat) in lin 

special suffixes, which i not co cred b 

i dcfin t hand! · me 

m th . 

The method 'void st un] 011hl > in lin I 

ianda double word . Thi. rn th< d ould 

word to its equivalent stem or root ' ord 

d In 'k t 

uble 

Th· m .tho ' otd st •111/11/1 ' 111 line I 1. c ined t handle , rd 

wilh inli. -.·. This I p · of' word: a c pr css .d lute on e au e the 
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numb r of Mala word with infi 'es is ery rare - this could impro e 

th performanc of this stem.mer. 

The method ' oid stemlix ieptiont) in line 16 is defined to handle 

word with exception ca e . A not all th words follow a standard 

lemming rul or algorithm, this meth d i ital to tern affixes from 

thi so-called pecial circum tanced word . 

ine 17 defines a method called hoof ch .kt]', Thi· method does the 

comparing proce where it compare the temmed word with the r ot 

word in the database. If b th the word matche , it return the alue f 

'true ~ and 'fat ' if vice v r. a. 

Line 18 define a m thod ailed 'bool 1.\'I ou •I?'. Thi, m ·tho 

whether a character i owel r a 

method return the truth aluc: an 

lf it i a ov -1 this 

1 he last three methods, int g 'I Flag "string g u; '<'llft'll • ' r ind 

'strmg g 'IWordO return the alu ontain 

private data mern er , 'mt flag , ·s1n11g s •11r >11 • '' c n 'string word', 
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We have gone through th de laration of the c t mmer class and its a sociated 

private data member a w 11 a its member functions (methods). As for the definition 

part of the '':)1,111111 tr' cla , pre enting the ' hole definition of th class would be 

tedious and time-consuming. Ther for , we would just consider a few important 

examples which outline the ba ic algorithm of stemming. 

onsider thi function which tem the prefix ber': 

1 i ( ( s [ 0] -- I b I) && ( s [ 1] -- I e I) && ( s [2] = Ir I) ) 

2 

3 t in L m ( s) ; 

4 

5 //remove be* * 
6 i (check( em .subsL ( 2, rin ::n O'))) 

7 

8 s.e ase(0,2); 

9 seLWor (s,i); 

10 se Fla ( i) ; 

11 

12 

13 II mov r 

14 1 

15 

el (0, 3); 

17 ( , i ) i 

18 ( I ) ; 

20 
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In th abo e function 

);;:> Lin 6 to 11 tries to remove the prefix 'be'. For example, 

bera a r+ ra a 

Line 14 to 19 tries to remove the prefix ber . For example, 

berlari ~ lari 

on ider thi function whi h tern the uffi 'kan': 

1 //calculate len ho word 

2 int. d s. l n h () - l; 

3 

'1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

J 

j ( ( s [ - 2 ] -- ' k ' ) & (s[ -1] ' ') ( [ l = 

s in m ( s) ; 

II mov 

'f(ch ck( 

n 

u r(O, -1))) 

.er -1,2); 

Wor , ·) ; 
( . ) ; 

1 I 

1 8 
1 c 

20 

~ 1 

11 mov k n 

l ' 

e . (d-2, ); 

(S, 1); 

fj ( i }. 

'n') ) 
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In th abo function 

);>- Line to 14 tries to remove the suffix 'an'. For example, 

• makan -+ semak 

m 17 to 22 tries to remove the suffi kan', Fore 'ample 

jalankan -+ jalan 

on ider thi functi n which tern the inf "el': 

1 if ( ( s [ 1 ] -- 'e ' ) & & ( s [ 2 ] ='- ' 1 ' ) ) 

2 

3 

4 

5 

rin m ( ) ; 

em .e ase(l,2); 

7 

8 

9 

10 

11 

12 

13 

II mov in ix 

i (Ch ck( 

s. s (1,2); 

or ( ,i); 

l ( . ) ; 

In the ab e un ti n, 

Lin 7t l.,.tri t rem e th infi '/'.Forexample, 

f tlup k la/ uk 
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on ider thi fun tion v hich terns the double words ( kata ganda'): 

1 (s.find("-") != string: :npos) 

2 

3 

4 

5 

6 

7 

8 

9 

J 0 

11 

]2 

13 

14 

15 

] 6 

17 

JO 

19 

20 

21 

22 

23 

24 

in d = s.len th() - 1; 

int x = s.find("-"); 

//remove double words ('kata anda') 

i (check(s.su str(O,x))) 

s.eras (x); 

so Wor (s, i); 

seFla (i); 

l if (ch ck ( . u ( ,x ))) 

s.e 

r (0, 2); 

( , i ) ; 

( i) ; 

Wo 

set Fl 

else i (ch ck( . , . ) ) ) 

2!> r (. ) ; 

27 

20 

2 

JO 

se ( O, 3) ; 
ord ( s, i) ; 

El ( ) ; 
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31 

32 

33 
34 

35 

3 
37 

38 

else if(check(s.substr(4,x-4))) 

s.erase(x); 

s.erase(0,4); 

setWord(s,i); 

setFlag(i); 

In the above function, 

)... Line 8 t 13 trie to remo e doubl word 'kata ganda with n 

prefi e . ~ r e ample 

kapal-kapal -+ kapal 

Line I t 21 trie t remo e double ord ' ata zanda' ' ith I\ o 

pref c . r c mplc, 

sea lam- tkan ak 111 

Line 23 to 2 trie to rerno e double ' ords ' ata iundu · ' uh thr ~ 

pr fi I· r c amp! , 

berlumb 1-l11111ha - lumb 1 

m 1 t 7 tri rem d uble v rd ("kata ganda') with four 

pr 1, c . r m 

m 1ngu; WHI un ayun 
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The ab e example ha e outlined four algorithms for basic stemming in the form of 

programming language r alization. The first two algorithms, the stemming of prefixes 

and uffi ce , ar more r le the same for other types of prefixes and suffixes. 

Howe r, the la ·t tv o algorithms, the temming of infi e and the double words are 

exactly the ame for other typ of infixes and double words. 

5.5 Coding Methodology 

The coding meth do! gy undertaken in the de elopment of thi Bahasa A1 la u 

~ 't tmmer i the t p-d wn meth do! g , which i al called a the di ide and c n uer 

mcth d. The top-down mcth d I g an b de crib d a a de I pmcnt appr a h, in 

which de clopmcnt of the simple sub-modul ·s hi ih ·r I' ut 

fir t nd then followed b them re I v er I v ·I modul 'S . 

on the , imple . ul -rnodul , ,, hi! th 

din 1• appl in 1 this appr a h th 

thou zh that th 

the de cl pmcnt pr 

completion o a s stem. 

n I b ·n 

nd thi v ul en ur the fa ter de elopment and 

n-. id ·s that, I· ·I r in, the rm le sub-m dules first would enable the checking 

p10 ·. s u ' ·II 'I h · n v th tern c uld be checked a to whether it is similar to 

I 
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th propo d d ign or not· and the connectivity of each module could be seen 

cl arly. Another ad antage of using this methodology is to ensure that the most 

important m dule t be created and tested first. It also gives a preliminary outline of 

how the st sm will work before it is completed. 

5.6 Coding Style 

The coding tyle is a ery imp rtant attribute that det rmine the level of a coding. lt 

pr ve deci ive in e tabli hing the readability and maintainability f the urce de 

which i ding after all. With a y tematic and apparent c ding st le, it help the 

programmer t read the code lcarl and ea ii . Th1,; our c de uld c m re 

understandable for the pro rramm er to maintain and d ibuu. This \ ould usu • that 

future modification ould b d n t th 

without an pr bl im r h le. 

In general, there arc man rul •. f thumb. ind finina ·1 1 d ·t din 1 pm ·tt · hn this 

stcmmcr pr [c t, a I th pr uti n t p ha b sen tak '1\ and irnplcmcnt ·d 

h d th t 11 th tcp v uld impr e the g al o 

ma it m r a bl and under tandable. A good coding 

enhan r dabilit but it is also a crucial step for future 
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v ral c ding practice ha e been employed throughout the program or source codes 

for thi st mmer s stem. These practices will ultimately determine the coding style of 

thi Bahasa Mela 1 'f smmer in order to ensure system readability, maintainability 

and con. istenc . Th followings show some of the coding practices and styles applied 

f r thi Bahasa Mela u temm r: 

Meaningful Variable Name 

);.. hoo ing the right and meaningful ariable name can help t reflect their 

u age and purp e in the ource code . For e ample, in the coding for thi 

tern, the ariable "s nt n ·11 i u ed t t re a ntence ' hile th ' ord f 

that sen ten e arc hel b the ariabl ' 'word', 

hoosing the meanin iful names for ariabl ·s also help· in the t istin • pm· .ss. 

It help nc toe il trac flax in th 

cna le refcrcn ' 

Meaningful ari blc name al 

to be' clf-d um mtin 1 v ith ut 

• for r mun >r sour· • ·o ·s 

us' r '( mm uts. 

orrnat d ma 

the ormarting 

re abl and under tandable, provided that 

d ne m a tandard f rm and this form is maintained 

throu 1h ut th' pr zrarn 

Th · rm 1t f stut ·m ·nt uch a· proper indentation can be applied to reflect 

th · b 1, 1 • • ml! I stru lures the c dm 1 
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pacmg f tatement is anoth r wa of applying some kind of format to 

ource code . For e rample, the methods used could be separated by a blank 

line to indicate the different types of definitions. 

5.7 Summary 

Thi chapter d crib d the tern implementation ta k ' hich had b en carried out in 

order to turn the dr am of building a temmer s stem into a reality. The fir t and 

forerno t tep for con tructing a tern i t create it databa e. As for thi Bahasa 

Mela u L 't mm r, a databa e te t file dicti nary ha been created t all the 

Malay ro t word . When thi ha been c mplete f tern din 

continues. • stem ·odin , or pro irarnmin \ is ·s · .ntiall 

tern imp! mentation, fo, ampl 

nm n as I h · mo: t 

din I 

methodolog pr ·nt d th ir ·an r in \: hi h 

d pt > 1 anuniu 1 o od111 ' 

t le were appli ·d throu h ut th 

e plained as well in th' 

t rn impl m ntr tion ro · • and thi \! a. 
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SYSTEM TESTING 

6.1 Introduction 

tern te ting, a the name uggests is all about testing a constructed system. 

yst m te ting in ol s executing an implementation of the s stem with test data and 

e amining the utput f the tem and its operational behaviour to check that it i 

performing as required. e ting i a dynamic acti ity because it just work with an 

executable repre entati n f the tern. 

y tern te ting al 

def cts and flaws. 

in c er t m 1 the tern u ing real-Ii c data t d t t 

he e ist ·n · of pro ram d f ts or inad .qua ·i ·. is inf irr .d h 

examining the utput of th pr gram and I o in 1 f r anomali ' .. Th s d Ic ·t. ar • 

then Ii ed or c rrc red a rdin 11 a t r duce an imprc ·d uni I ·s .rron 'l us 

tern. The t ting pr c out durin 1 th impl nn cutatic n phas and 

also after the implern .ntation pha h 1 be n ' m] l ·t ·<l. 

I low' er, thi: pr 

validati n o a de 

o . t rn t tin 

d ri 1 ati n and alidation are closely associated 

u~c;;:,;:,c;:> th t n ure the system conforms to its goals and 

ti n are not the same thing although they are 

with chc ·king and anal 

. p · if 1 ·at10ll\l V ·n 1 anon and 

usil · nfuscd to bc lfo1lm119 9. 
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The differenc bet' n the e two is succinctly expressed as follows: 

• Validation answers the question 'are we building the right product?' 

Verifi ation an w r the question 'are we building the product right?' • 

The e d finition details out the role of verification as checking that the system 

c nf rm t it n the other hand validation goes beyond checking 

conformance f the tem to it pecification to howing that the sy tem d e what 

the u er or cu tomer e p ct a di tinct from what ha been pecified. heref re, 

tern te ting which make use of both alidati n and erification, will en ure that 

the developed tern will fun lion a required. 

he main purp e f tern tc ting i t unc er defc ·t and def icn ·ic that .xi t 

ful t 

hi cmpha izc: an im tunt la t 

or re irum faults. 

f · th a ' qualit 1 a: -uran · and 

if ati n and imt l m 'ntatii. n. f 

6.2 T tin trat 

pro ·cs. is amcd ul on th 

lh · t .sunu stuu 1 ho: n rs the 

tern. A for this Bahasa Melayu Stemmer, 

ti rn-up .trateg . Since the top-down approach 
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ting pro e a t a oid an di crepancies. This would ensure a complete and 

compr hen ive t ting process to be carried out on every part of the system. This 

prompt the choice f bottom-up t ting strategy after all. 

Bottom-up te ting i an integral part of a bottom-up development process where the 

development proc starts with low-level components and works up the component 

hierarchy. A uch, the b ttom-up testing trategy works in the same wa - b 

integrating and testing the I w-le el component of the s tern before mo ing 

upward t te t the high-le el mp nent . 

After the low-le cl mp ncnt ha been pr grammcd and tc tcd it hi iher-lc I 

com oncnts arc implement 'd and te tcd in th· sam ·' •1 • Thi: pr> ss ionuuucs until 

the top-level mp ncnt arc implemented and re t d. Th ' h 

been complete! tc t d. hi ould n urc that n l\ 
tem ha been d ·tc tcd and rrc t d : rdin '' . 

n · so ·mt ·d ' 11 h th • 

6.3 Te tin Manual 

Tc tin imp! m ntcd. ar fut planning is needed to get the 

T ·st pln11n111 • is nc · 1 ·d 

tran parency is maintained throughout. 

tandards for the testing process rather 

th iu d ·: ·ril 1111 th· l .sun • pr c .s tt .el . The planning process should also draw up 
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tandard and pr c dure for ystem testing, establish checklists to dri e system 

te ting and define th testing manual. 

A testing manual, or a tern test plan, is an ssential document that assists in the 

y tern te ting pr e . An ab olute and comprehensi e testing manual is needed to 

en ure the ff cti enes f the testing process. Gi en the importance of the testing 

manual it ha been a t p priority to come up with a complete te t plan for thi 

stemmer project, which has been more or less realized. 

The te t plan f r thi Bahasa lela u ~ 't 7111111 tr i a ed n the Li t f Mala Affi e . 

Pre enting the whole tc t plan in thi c tion ' ould be le u iful and redund nt after 

all. Thu, it i reserved for the next section, where th· .ompletc test plan are 

pre ented t gethcr with the te ting r • ult a thi uld enhanc one's und irstandu. 1 

about the erall te tin 1 pr 

6.4 Type of Te tin 

There arc ari u t il bl to m ure complctcne and 

tern hould not be tested as a corrcctnc fa d 

sin 11 ·, 1 onolithic unit n thi ,, ould d at th purpose of system testing itself. As 

most ol th· son ar s t em ar • large t m which are built out of many sub 

. st ·ms, 1 ur · · and uncn n , the testing process should theref re 

proc · ·cl 111 ·r nncntall in ~tu res. 

> I 

Univ
ers

ity
 of

 M
ala

ya



The follox ing figure hov a four-stage testing process which ha e been adapted to 

thi Bahasa Mi la; u t mmer: 

Unit 
estina 

Figur . I T ting Pree . s ta~cs 

The abo c figure indicate that t cm ' m n int · ar • t • st ·d hr t, f ill )W • l 

tc ting the int iratcd t m and inally, th \ h I· svst m is test I, ldeullv, 

compon mt def 

ari c when the . 

mu ·t b d ·bu red and thi urr th r ge in the testing process to be 

re cated. rr r in pr zr m m n nt a , may come to light during integration 

t .stinu. 'I h . pro .ss is there re an it rati e ne \ "th inti rmation being fed back from 
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The four tage in the te ting proces are as follows: 

• Unit T ting Individual components of the system are tested 

to ensure that the operate correctly and as 

r quired. Each component is tested 

indep ndentl without other system 

comp nent . Unit t sting i u uall done b the 

programmer who de eloped the com nent · 

he i the ne wh know the c mp nent be t 

and i theref re the be l per on t generate the 

te t data and t pcrf rm tc tin' or that 

arti ular tem · m nent, 

• Integration T ting 'hi pha in ol t istinu oil hem. I th· 

unit· v hi h hu • l • in 111t • nut ·d mt 

Thu· thi · int' r 1t1 in tcstm 1 rs 

wn a· sul -s st .m t ·tin 1• I\ 

ra r a t r th 
nf rm to its p cificarion and 

hon . This normally in ol es integrating 

' rk from a number of programmers or an 

independent team of testers. 
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• tem T ting The sub-systems are integrated to make up the 

system. This process is concerned with finding 

errors that result from unanticipated interactions 

between sub-systems. It is also concerned with 

validating that the system meets its functional 

and non-functional requirements and testing the 

emergent tern propertic . 

• U er e ting Thi i the ultimate tage in the le ting pr e 

before the tern i ac epted for perati nal 

u c. The u pli cl 

the u ers ruth r than usin • stimulat ·d data Us ·r 

t tin' ma r ial 't (rs and mi: ion' ' lu h 

for t · ·uu · I h • 

s st nu in dil ·, int wn s 

ha 

fr rn th t st data. 

6.5 Re ult of Te tin 

I i I fi .rcnt t p ·s oft· sune ha b n , plain d in the pre ious section and all of these 

t ·stin' l I s ' ill p irf rm .d n thi temmer stem. This section will outline the 

t ·.tin • pro .ss ·s ' lu h ha e en carried out throughout the implementation phases 

r this s l nn R · ults the test , ill e pre .ented and any flaws or defect ari in 1 

l I 
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from thi te ting pro dure would be fixed accordingly. Now, let s go through to each 

typ of te ting and ee how ' ell this system fares. 

6.5.1 UnitTcsting 

In thi temmer tern, each of th basic stemming functions are implemented as an 

unit. Thu , testing each one of the e functions independently would be identical to 

that f performing unit te ting. Among the function that v ould be te ted as an unit 

are the preft lemming [unction, uffix lemming function, inf stemming function, 

dual word ( kata ganda ) temming functi n and ro t word checking functi n. 

Root Word Ji eking Fun tion 

A a way t tart ff the te ting pr ce thi 

(the tern hould r 'turn ba th' r t ' rd a· it is and . h uld n t p irf rm an 

Ind T st Datil (Root ord) 
bin tang 
k k. an' 

na:;i nnlismc 
p n manus ic n 

uri t 

Stein 
biut.uu; 
l, ·k.1 .in 

' 
n,1:;i n,1\i:;m ' 

p .rik xn.musiann 
zuriat 

abl 6.1 t Data and ult for Root Word Checking 

' her \ 
'wt .1t;J r ·pr·::; nt. the' ·ord. th. t were used for testing 

t stu 1nth . t ·s th · C< rr ·• pondmg output (test result) 

Intl (1 mh a Hon) . ho\\. whether the mtended output has been achiev ed 

(1lw H 111\ ol ./ti 1101 • a ccc ·s' hile th· symbol x denotes a Iailur ·) 
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that the root word checking function is working properly. 

Prefix temming Function 

h next function to b tested is the prefix stemming function. Words with attached 

prefix would be inputted to this stemmer system and it should be able to identify and 

rem e the prefix· and return back the root word as its output. The results of this 

te ting are a foll w : 

../ 

. \\. 
I OS 

b un 
IHI! us h:11 \IS 
:l\\ ns :\\\;IS 

an i.u I 

d 11 \\ .1 u1l''·' 
m.isak .is.ii 
I.. •rj.1 k •rj,1 
r •h,1t l 'l -h.u 
muk.. mul ,\ 
I un '•I s .pun •a 
ms: asa 
did u, tlitlik 

Test Data (Prefix) Word teml tem2 
berkelip kelip kclip 
perbuar buat buat 
terlantar 

We rtls starting' ith p 'Ilg>' 
Words st, rting' ith '111111g m 'fl h:11 us 
Words stnrtin r \ ith I »t; - P •ngm ~IS 

m mean 
Words st. rtin r \ ith / '11' 
W rds st. rting \ ith Ill 

_p·ntl kwn 
m ·m. snk 

k •rja 
b er h.u 
•muk.1 

W rds st. rtin )'' ith 'sc 
Words st< rting' ith 'I 1 

nfa st. rling \\ irh 'dt' dididik 

lnd 

../ 

../ 

../ 

../ 

../ 

../ 

x 

.)( 

../ 

Tnbl >.2 t Datn and R ult for Prefix Stemming 

' h ·r ., 

1' wt 111 r ·rr ·:c:nts th · · o word that ' ere used for testing 

ere u ·cd for testing 

·1 ·ml imlt al · · th • 111!<.:nc.l ·<l o lput (target result) 

. tt·w 111 It ·;11t · th · cor ··ponding output (test result) 
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Ind (Indication) sh ' s whether the intended output has been achie ed 

(the s mbol v' denotes a success ' hile the symbol x denotes a failure) 

(pl a not that all these explanations applies to the following tables as welf') 

The a e table d monstrates that the prefix temming function works well for most 

of the t ted ca . However there are a few flaws that were detected: 

I. Thi temmer i unable to tern the prefix me . This i down to th fact that 

the temming function could not differentiate the word starting with the 

prefi 'm (the root v ord tart from the letter 'm' with the ' ord tarting 

with the prefix 'mem', A uch, thew rd 'memasak i confu ed t return the 

r ot v ord f "asak in tead of 'mosok', 

orrcction 

[• r the w rd that gin ' ith th' trin 1 '111 ttn' the "" rd is fir t 

whether the prefix is r·al\1'111111 o "me'; hen this 

re nl th 'nth • t inunin 1 ro · iss is ·r(( rm d. l imp! nn mtinu this 

king m th d th fun ti n · iuld st nu th· ' o d u · · ir lin 1 to th · 1 ilu 

pr 1 , thu r turnin th ri 1ht r t ' < rd. 

. h tem the prefix 'be . This is again due to the fact that 

tarring x "th th prefix be' (the root word starts from the letter 'r') 

ar mu tarting with the prefix 'ber'. As such, the word 

· b -r -hat' is returned ,, th ut being stemmed as the word "ehat' doe not e i ·t 

in th Mula language. 

I U 
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rrection 

The corr ction method that has been used to sol e the first defect is reapplied 

here. Words that begin with the string ber are checked whether the real 

pref is 'her or he . The agueness is resol ed before continuing with the 

temming proce as to a certain its accurac . 

3. he third defect i mchow a bit different. The stemmer tries to remove the 

prefix 's ~' from the w rd s spun a but it i unable t do it ince the ending 

tring '11 a i thought t be a uffi: and th ref re rem ed from that v rd. 

A uch the tern c uld not find any word uch as 'sepu' in the databa e 

the riginal word i return d a it utput. 

tion 

lemming m 'th . uffi: ·11y1'i onlv rcm 

run it int a out oil' I 

r 
he rem al f th ulfix 'm :J i modifi l\, 

th' um, "n a' i kip d and 

prefix 's • fr m th v ord 's 1p1111. a and it . ub cquent 

rm u tc r ot w rd. 

The I t d t th in bili to stem the prefix 'te' is again associated with the 

pr bl m rmsmatching the words starting with the prefix 'te' (the root word 

r m the letter 'r' \ ith the words starting with the pref 't -r', Thus, 

d usu 1 ·returned a· the r ot word for thew rd 'tcr 1.w' 

I )I 
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The checking step is again included in this prefix stemming element to solve 

the problem. Words beginning from the string ter' are verified whether the 

real pref is t r or te . Stemming process continues thereafter. 

Th t ting pr ce would be continued then with th suffix stemming function. This 

stem mer tern would take in word ' ith attached suffix and it will try to identify 

and rem e that uffix: and return back the root word a it output. The re ult f thi 

te ting are a f ll w : 

Word temz Ind 
Words .nding v ith ll a an .in ~ bnngg·a ,/ 

W irds ·mling' ith 'kon [nlun an jalao [nlnn 

·nding\\~ 111' rrunuman nunum nuuum 

ntling' ith I . khiri al hir ;tkhir 

nding' ith k 1'1 ·'I nkah ·'I·' .. , ,\ 

W mis .n ling\ it h lnh itulnh itu 11 u 
1 .lnhpun t .luh I lilh 
idunnita l i lu.in I I I \1111 \ 

u limun bu Ii bu Ii ,/ 

h.1r1.n;. ,\1\ h.1rt.1 h: rtn ,/ 

mJs .ndin \\ ith ·w 111' s 'tlt ati s '01 ,/ 

·ndin, '' ith 'ku s11 an,) 1 sa 1an r !'\. .ng ,/ 

-ndin > w ith '11111 untukmu untuk untuk ,/ 

bl .3 t Data and Result for Suffix Stemming 

The ab · 1 that the um stemming function is working correct! . 
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'Kats Ganda Stemming Function 

T sting procedure is continued with the dual word kata ganda') stemming function. 

tern hould b able to identify dual words in the first place, and then to 

r mo e an affix s (both prefixes and suffixes) attached to that particular word. The 

re ult f thi t ting are as follows: 

Tc t Data ('Kata Ganda') Word teml tem2 Ind 
W rrds ' ithout a pr .fix kapal-kapal kapal kapal ./ 
(tel ntical ' rds) 

bolak-balik b lnk b< lak 

s. ud: ra-mnra saudarn snud: ra 
---- 

ut b rlnri-lnri lnri Inn 

W ir Is ' ith . pr ·fix ut tan , l 1\1\ ,\ 
' ithout a su fix 

t "'rtan a-tan -a 

We rds ' ith . pr· 1 but •Ii- .lnh ·Ii I ·Ii 
' ithout n suffix 

rn cm 

ords x ith n pr ·fo. \I( m .n I .ru- I .ru I .ru d .ru 
' ith rut . suffix 

rn "ng .lnk- ·l.1k ·l 11 ·l.11 

ut m lih.tt lih.1l lih.1l lih.ll 

ut :s .iknn-nknn .k.n . kan ./ 

ut s: ru-s: tun a saru satu 

k , nr k-anakan anak anak ./ 

and ebaik-baiknya baik baik 

'abl · >. e t 'ta and R ult for 'Kata Ganda tcmming 

u 
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Th ab e table demon trates that the dual word ('kata ganda') stemming function is 

working p rfectl and as intended. 

6.5.2 Integration Testing 

Each unit ha been te ted independently at this point and the detected defects have 

been r ctified or r sol ed. Th n ct testing phase would be to test the integrated 

comp nents f thi temmer tern. There are basically just two part that make up 

thi integrati n t ting; namel pr fi temming function and uffix stemming 

functi n, whi h ould be integrated in tx 0 different wa - integration of tw am. e 

and integrati n of more than two am e . 

Integration of Two Affix' 

In thi tion th tv om 'I im] rtant 

ix t mmina fun ti n ar int 

·t nnming fun uon 

\ Ith l ( th t I ·s ) f 

am es to be pre ' ss cl b this st ·mm ir s st nn .. , hist stin I ·I im .nt \ c uld be ubl ' le 

han le ju t n part f th' int' irati n \: hi h is th int mt ion c r u siu 11 • 111..•f I.' \ uh 

us '' ul l l • h indl .d in th n · t tc tin a sing! 

m dul . hi i di u 

Th ·r · ar • prin ip< 11 t . t pe te t data that are used in this testing phase. First, 

th· I · ·t d ta r ' rd v ith c r prefix and integrated suffix would be tested. The 

r isult tlu t • tm ar fi H v 

I I 

Univ
ers

ity
 of

 M
ala

ya



Te t Data (Prefix+ Suffix) Ind Word Stem I 

.mnr 

Stem2 

c m 

./ Word tarting' ith ber' 
and endin ith a suffix 

berkejaran 

perkataan 

kc jar 

kata 

kejar 

kata 

terikutkan ikut ikut 

We rds starting' ith mem' 
and cndin r' ith a suffix 

./ mernbczakan beza beza 

W rds starting' ith p m' 
and mdin \ ith a suffix 

./ 

W irds stnrtin :r' ith 111 •11g' 
. nd .nding ' ith a suffix 

W rds stnrtin r with '/ 'II 
and ·nding' ith a su fix 
Wor Is startina v ith me 
. nd ·nding' ith . su ft: 

pernbatalan 

mengecatkan 

batal 

cat 

batal 

cat ./ 

pengeboman 

men hindari 

pen hnsilan 

m ·nj. tuhi 

p zn .mnrnn 

m ·1.1 ari 

p m.juan 

hindar 

basil 

j:it uh 

b )I h 

b ,\f 

hindar 

hasil 

m ·n1ntuhi 

.mnr 

.IJ\I 

,\Jil 

ol h 

./ 

./ 

x 

x 

./ 

bil n n 

terasakan 

bilang 

rasa 

bilang 

rasa 

Hd: st.irun wuh cir' 
. nd 

./ diasaskan asas asas 

Tabl · 1.S T t Dat and R ult for Prefi - uffi mmmg 
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Th first-prefix-then-suffix stemming function works out pretty much well (as can be 

s n from the abo e table) except for two isolated cases: 

I. The fir t defect is the inability of this stem.mer to stem the word menjatuhi': 

The cause for this flaw was pretty much hard to trace down as the stemming 

f uncti n for both th pr fi: 'men and the suffix 'i' works fine; without any 

hortcoming in the previous testing phas . After a thorough analysis process, 

the fault wa found to be in the databa e (word dictionary). he root word 

'jatuh wa omehow mis ing fr m the databa e. 

A thi wa a data a c rcati n err r it wa it ca icr t 

was harder to (i iur out if .ompared tc sol in 1 a .odin 1 problem. Th· 

mitt d root v ord 'jatult 

v hot r bl 111 ha l 

int ·r ·d into th, databns • and th 

h 'I\ thi · · :I nu is r ·-t · t id al er th in, ti 

pr du cs th rrc t r t \ rd f :1 1111'1 • 

t ari fr m th • rr nion mad t th oding 

. h pr bl cm lie with the onfu ion yet again. 

r ntiate betv een words starting with the prefix 'pe' h 

th · r t v rd b gin with the letter 'm') and words starting with the prefix 

I •m' 'I bus, th pr fix 'P m' and not the prefix 'pe') was removed from the 

' r J '1 -mujuan' ' hich re ult in the incorrect output of 'aju', 

I t 
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rrection 

The checking module is included in the stemming function of the prefix 'pem' 

to ol thi problem. Words beginning with the string 'pem' are checked as 

to erif whether the prefix is pem or pe . When this has been resolved, the 

t mming proces continues as in an usual situation. 

The fir t type of tc t data have been analyzed above and now, the te ting process 

c ntinuc with the second te t data ' hich i the te t data for word with core uffix 

and integrated prefix. The result of thi te ting are a follows: 

mls st. run •' ith . pr ·fo· 
. nu .ndin 7 \ ith man 

mls Nt. nmg wuh pr' 1.· 

and udin • ' 1th van' ~~~---4-~~~~~~-l-~~~~--+~~~~~-+-~--l 

nr .. lrlfllll z wuh rl prefi . 
nn I mling wuh 'l1 ult' 

irds start-11\'" '' ith .1 pr 1:-. 
and ·nding' ith k rh 

< r Is starting with a pr 'fi:-. 
. nd •n ling' ith '/ tl: 

irds st. rtin .r \\ irh a pr ·fi. 
an I n !in ' 'th 'pun 

Word tem l t m2 Ind 

kes .mu: n a S 't11U;l scmua ../ 

m md: p. t an J. I ill dill ,\I 

p ·r), kuan lnl LI l.1ku 

dir .uuhi t .uuh I .uuh 

·1: bl· <i.G T t Data and R ~ ult for. uffi -Pref Stemm in~ 

l l 
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The ab e table signifies that the first-suffix-then-prefix stemming function works 

fin without facing any significant deficiencies. 

Integration of More Than Two Affixes 

A m ntioned in the previous section, this testing phase will concentrate on the 

integration t pe oth r than that of the first case. Words with tv o prefixes or two 

uffi ce w uld be handled in this testing module. The test data developed for this 

te ting module al o will be able to handle word with three affixe words with two 

pr fi e and a uffix a w II a word with two uffi re and a prefi ). The re ult of 

thi te ting are a follow : 

Tc t Ouht (>2 Affix ') Word t ml tem2 Ind 

Wor<ls ' ith t\ o pr .Iix .s dip zrbuat l unt bunt ~ 

w rds v ith tx > suffix 'S .rsih kann a b •n;ih I crsih 

nu: mp .rb.uki b.iil .11k 

l I ·h ll ·h 

m njal.min ·' j.1l.1u 1:11.111 

t rds "ith on ' pr · 1:-.. dis .diakann a s xlia s ·<li:1 ~ 
, nd l\ 0 SU fi. s 

abl .7 t D ta and R ult for Combination temming 

he a ta l indi at that th integrated stemming function which handles words 

ith l 1 ' rking properly. 

I ) 
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6.5.3 System Testing 

Th t ting proce s that has been performed up until now involves different parts and 

compon nt of thi temmer system. Although all of these components have been 

te ted, the t ting ha b en carried out separately and independently for each of the 

comp ncnt . Moreover, all the compon nts ar only tested with words, and not 

entence . As uch, this te ting pha e will attempt to test the system as a whole. All 

th c mp nent will b linked up t tructur the stemmer s stem, which will then be 

u ed to take in a entence and tern that sentence, by removing an attached affixe . 

The re ult f thi t ting are a h wn in Table 6.8. 

6.5.4 User Tcstin 

tern tc ting ha be 'I\ ','C ut d and nov it is the turn r u r tc tin 1• A .. u ~ 11,; tcd 

by it. name, user test in I \: ill be .arri xl out b us irs or that purti .ulu s st .m I( I 

wh m the 

te t th 

data ill b pr id d b 

d fc r. Th· s t ·m de ik p ·r u scs his ' n t ·t data le 

ut in thi us ·r l isun l r ' dur ' th t ·:t 

n • tern 

ha n t t n rf rm 

' f r this st mm r · ·t "tn unfortunate! this t pe of testing 

1 k f time. Howe er, the u er testing proces could 

r in the near future as to verify and validate this 

r p rspective. 

I > 
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Test Data (Sentence) Ind 

ahmad b rjalan kaki ke 
rpu takaan 

pclajar-pelajar uni' crsiti akan 
m mduduki pcpcriksaan pada 
mm&:,'JU mt 

s .paruh cl, rip. cl. h: rtan ra 
did .rrnakan k .pada rumah 
, n, k-anak yatim 

fia m cm rlu an dun t uah b ) 
untuk diba a kc pcrkh mah n 

m n 1 ru li s m 
amat rlu untuk m ' 
p r fah m n mutt \... 

Test Results 

., 1bl 6.8 t Data and Result for Sentence Stemming 

Target Output 
ahmad jalan kaki ke pustaka 

System Output 
ahmad jalan kaki ke pustaka 

Target Output 
ajar universiti akan duduk periksa 
pada minggu ini 

ajar uni ersiti akan duduk perik a 
pada minggu ini 

arget utput 
paruh daripada harta derma epada 
rumah anak atirn 

'1 untuk 

y t m utput 
kcnal sama sendiri adalah amat 
p rlu untuk wujud faham mutlak 

./ 

The ·1t c l blc indicate that thi temmer system works well a a whole, b 

st nnmm t a 11 ·n \ ntence l ho t · n desirable fault. 

t It 
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6.6 Summary 

ln thi chapter the process of system testing has been introduced and its purpose has 

b en xplained in great detail. System testing is actually a process of verification and 

alidation of a develop d system. Therefore, it serves as a critical element of software 

quality a urance and repre ent the ultimate reviev of system implementation. Next, 

the testing trat gy which has b en used in thi testing process \ a explained. This is 

then f llowed b de cription about the te ting manual. 

1 cus ion v a al o centered at the t pe of le ting \ hich have been perf rmed to 

thi temmer tern. The n xt section f u d on the proper te: tin 1 pro c . and 11: 

ub equcnl re ult . here' ere a re dcfe t that" ere di co er id durinu thi · t • tin, 

pro c and all th' e d ·f·ct ' ·r fi: ·d a ordin •I . 1 he r .sultant · ·t m 1 h ipcd t 

be able t me t all r it rcquir m nt 

an notable h rt min . 

its full fun .tionulit ' \ ith ut 

111 
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SYSTEM EVALUATION 

7.1 Introduction 

t m evaluation can be well-defined a methods and techniques to evaluate the 

d lop d y tern wheth r it achiev s all the desired functional and non-functional 

requir ment . Be ide that, s t m e aluation i don t e aluate the effecti ene 

and efficiency of the de eloped s stem a well a to n ure that it achie es all the 

g al and objecti e f the tern. 

tern c aluation an . It 

is sometimes r ferrcd t as an c ~t .nsion or , punsion of th · s st ·1t1 t .sun • pro .dur · 

it elf. A such, some f th . 

chapt 'r d in l tc tin , pro ..... ., .... 

e alu ti n that ould b irfonn d 11 an impl nu 'Ill ·d s 1st nn, nnm ·I s st m 

e aluati n pro r • nd al: int rfa · • ivalu 1ti u. ith >t' th .s · · ulu iuon t I s nr • 

h ndl d nd n in thi 

tin n tur th valuati n pr e s, the final products or results of this 

re eat further errors and defects that occur in e aluauon pr 

this . st nn 'Th' und ·t ted d fi t from the previous system testing proce would 

l • dis· ·r ·d in tln · phas and thi highlights the importance of s tern e aluation. 

'I hcsc 0 l\ s \ ould then c rccted r rectified in order to impr th rail 

l I 
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fun tionality of thi ystem. Altemati ely, changes could be made to this stemmer 

proj ct in later stages and these changes are proposed as future enhancements to this 

temmer a explained in the next chapter. 

Another ad antage of system e aluation is that it offers opportunity to assess the 

y tern trength and ad antage . everal new strengths could be di co ered by 

carrying ut evaluation pr ce s. n the other hand, new con traint and limitation 

could be re ealed a w 11 through thi y tern e aluation. 

7.2 System Evaluation 

As mentioned earlier s st im aluution is an · ·t .nsion of s st ·m t sun , /\s su ·h 

ma rlap but · st 'tn • aluati 111 • ar icd 

· for this ltul: tsu f ·I 1\ 11 • 't inuncr, 

the 

ca e r I-\ r1 appli nt en 

ent mces rom di intere t ha e been used for the e aluation purpose 

and thr. 1 a , m du t r Ile t th di ersity of the evaluation task undertaken. The 

· aluau n pr · ·ss and 1t utc me are pre ented below: 

II 
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E aluation 1 

A a wa to start off this evaluation process, a paragraph of sentences, which are 

obtain d from Berita Harian online newspaper website, are tested with this stem.mer. 

The text u ed for thi part of evaluation is categorized as entertainment news and the 

entenc ar a follow : 

nyanyi jelita B y nc Knowles menyapu b rsih lima 

Anug rah r mmy k -46 di St pl s enter, Ang 1 pagi 

Ahad lalu untuk album 1 p rtamanya an r usly In 

manakala Ju tin Timb rlak m m lot dua anug rah. 

The cvaluati n re ult f r the a o c te ·t i a II v 

n an l j Itta on \ kn wl apu 'r uh lirna anu rah 

di tl )i ahad lalu untuk 

irtarna dan r u sl in le \ manakala ju tin 

hm rlr k l t dua anus rah. 

-rorn th ab lu ti n ult, it an ' • ummari d a : 

• 31 

30 • rr ti t mm \J rd 

• ~ alu ti n per ntage 97% 

I t l 
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Evaluation 2 

The t xt u ed for this part of evaluation is categorized as national news and the 

ntenc s are as follow : 

Berinspirasikan k upayaannya m ngeluarkan model sendiri 

m nerusi Waja dan iltizam jitunya untuk terus berubah, 

P rusahaan Otomobil Nasi nal Bhd (Proton) 

m mp rk nalkan 

dibangunkannya 

sebazai Gen.2. 

g n ra i k dua k r ta yang 

ndiri m n rusi j nt ra yang dik nali 

Thee aluation re ult for the a ' tc t i · a fi II v 

k iluar mod :)l mdiri l .ru aj dan iltizam jitu 

h, usaha atom il nask nal hd k nal 

in spir 1 u 

untuk ru 

an 'Un S -udiri l 'l'US j -nt 't\l an t nera i dua k rcta an 

ns l agai m.z, 

r m th lu ti n sult it an be summarize a s: 

• oral num r of w 

• rr ti 29 

• lu ti n rcentage 94% 

I 1 
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Evalu@tion 3 

Th t ·t us d for this part of evaluation is categorized as national news and the 

sentences ar as follows: 

Datuk Seri Abdullah Ahmad Badawi melancarkan kempen 

antimer k k besar-besaran di sini semalam dengan meminta 

p nguatkua aan undang-undang yang melarang p njualan 

r k k p da r maja b rusia bawah 18 tahun dip rtingk tkan. 

The evaluation re ult for the abo e text i as follow : 

d tu ri abd ull h ahmad ada i I n r k ru n anti r k k 

b ar di sini m am d n an inta uat u a und .. n, c n 1 

l re n ju 1 r k k pada r maja usir a ah 18 tahun lin kclt. 

r m the a c luati n r ult it can ' ummariz 'U as: 

• oral num 'f _7 

• rr t 1 _7 

• aluati n pc nu (I 100% 

11 
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Evaluation 4 

The t rt used for this part of evaluation is categorized as international news and the 

sent nc s ar a follows: 

Se rang wanita 23 tahun didapati masih hidup selepas 

dik luarkan daripada runtuhan pangsapuri 11 tingkat di 

tengah Turki s malam, tujuh hari 1 pas bangunan itu 

runtuh, lapor t levisy n wasta . P kerja p ny lamat 

b rusaha m ny lamatkan Yas min Yaprak i daripada 

runtuhan awal pagi malam dan m nda ti wanita itu 

d lam k ad an baik uali kakiny terp ran ap dalam 

runtuh n c tu. 

The c aluati n r ult f r the abo ct' ti· as r 11< 

l r m the 

. nil tahun da ll ma .ih hidup I 'PJS k .luar dari aua 

runtuh , ng apuri 11 tingkat di t 'ngah lur i semalam, lujuh 

un itu runtuh, la 

t u he: lam al as 'min a rakci daripad 1 runtuh 

i m lam dan d t nita itu dalam ada ik uali 

d l m runtuh atu. 

tu ti n re ul it can be summarized as: 

• T t I num ·r ' rd 52 

51 • ' rrcctl stemmed words 

• E aluau n percentage 98% 
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Evaluation 5 

The t rt u ed for this part of evaluation is categorized as international news and the 

ntence ar as follows: 

Se rang remaja lelaki 17 tahun Britain bertindak mencuri kad 

kr dit bapanya dan membelanjakan lebih 2,000 (RM72,000) 

d ngan bersuka ria di R me, !tali s lama empat hari. Akhbar 

h Sun m lap rkan malam, remaja itu, T m Smith 

m ncuri kad itu k tika bapanya keluar b rjoging. ia 

kemudiannya, m n m ah tik t kapal rban dari St 

k m dan rmalam ahari di ·ebuah h t l tig bintang di 

i u n arc Itali itu. 

1 he aluation re: ult for th ab) . t ·ti' as I( Ito 

or ng r maj l ilaki 17 tahun ritain tindak uri kad 1-.J' lit cl cl 

d n lanj; I bih 2,000 rm72,000) d ~ngan , uko ri,1 di rom ', it.rli 

1 m m th ri. akh ar h sun lar ors malam, r •m,1j,\ itu, ll m 

mith un ad itu k 'tikcl a a k 'lUcll' b irjo 'tng. di 

k mudi nn a, t m - ah ti t kc ell rbang d ri st nst id 

dt n m Jam hari i bu h h t l tiz bintanz di ibu n zara itali itu. 

• ·1 tat num er 66 

63 • rrectl ·temmed \ ords 

• aluati n perccnta ze 9% 

11 ' 
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Evaluation 6 

Th t ct used for this part of evaluation is categorized as economics news and the 

entenc s are as follows: 

Majlis Tindakan konomi Negara (MTEN) mahu kedua-dua 

pihak Malaysia dan Singapura menghentikan pertikaian 

b rhubung isu air dan meny I aikannya cara harmoni 

dan aksama. Mr N dalam iklan terakhirnya yang disiarkan 

di akhbar tempatan hari ini menj laskan, apa yan Mal y ia 

m hu h nyalah har a yan b rta atu f rmuls 

peny le aian yan 

du n ara. 

am an ej ti bagi manfaat dua- 

he c aluati n re ult r r the al t xt i ' as f l\o " 

m [li tind 

dan ingapura h nti tik ai hu ung isu air dan ,\1h?s,1i tlt'~l 

harm ni d n ama. mt n dalatn iklan akhir '-mp si.ir di 

kh r t m at hari ini m nj 'la ·k,rn, a "\ ang mala i m hu 

an · hit crta satu orlll ula ksam h n 

d n ; ti {ti man aat dua n ar . 

·r m the a ~ alu ti n r ult it can be summarized as: 

• . t· I num r f rd 54 

• rre ti stemm w rd 52 

• L aluau n percenta re 9% 

I\> 
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Th t xt u ed for this part of evaluation is categorized as technology news and the 

sent nc are as follows: 

Produk terkini Sony, Cyber-shot 828 menjadi kamera digital 

pertama <lib kalkan dengan resolusi lapan mega piksel 

b rs rta ciri tapis n mpat warna C dan lensa terkini Carl 

is Vari Sonnar uai untuk p ng un 

yber-shot F828 kini b 1 h idapati di mua p ng dar 

b rtauliah nv d ngan harza RM4,199. 

The aluation re ult f r the a c te ti a folio 

Fr m the 

r du kini 11 

n n r 

•r- h >t f 2 j adi kam •ra di ital rtama 

an me c lks il s irta iri ta is nu at 

ark ounar t \'uai unluk 

l .h dap. l di .mua -dar 

tu ti n r ult it an ummarized a : 

• tal mun r 46 

46 • rr ti t mm d v ord 

• Ev Ju 11 n per ntage 100% 

I l 
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Evaluation 8 

The te ct u ed for this part of evaluation is categorized as computer news and the 

s ntences are as follows: 

Virus komputer yang sedang m landa Internet masa kini, 

My oom, dijangka akan t rus menyerang e-mel di seluruh 

duni hingga 12 bru ri ini, tarikh i dipr gr mkan untuk 

b rh nti menggc na . Viru itu yang juga ik nali d ngan 

N varg, kini udah menyerang b tjuta k mput r n una 

di luruh mu t ta i an b narn a tida da at 

dipastikan. 

The evaluation re ult for the ab e tc ti a foll 

ran di .cluruh dunia hiug a l 1 ruari 

ram untu h .nti m in anus. irus itu .rnl 

n in n arr, kini sudah , t\\l\l juta k ml put r 

j n k 

ini, t rikh i 

ju al 

luruh dunia t \t,\f i .m~ k'-l di 

di tik I\. 

•nar lid k da cl 

Fr m th · ab \I' evalu 11 n r ult, it can b summarized as: 

• t l numb r ' rd 49 

47 • rr · ti temmed ' rds 

• .. aluati n percentage 96% 

I I 
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Evaluation 9 

The text u ed for this part of evaluation rs categorized as sports news and the 

ent nee are as follows: 

arga tik t antara RM7 hingga RM30 dikenakan kepada 

p minat untuk menyaksikan pertandingan kelayakan 

badmint n iala Th mas/Ub r 2004 yang akan berlang ung 

dari 6 F bruari hin ga 22 ebruari ini di Stadium B dminton 

Kuala umpur (K A), Cher . 

Thee aluation re ult for th ab e te ·t i a 110\ 

da minat untuk 

r 2 an 

har tik t n ra rm? hin 
t ndin la ak dminton J ial; th 

an Ian un d \ ruari hinv tel 22 ' ruari ini di 'lc-1dium 

l lum ur (kl a), h r.-\ . 

• 
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7.3 Summary 

tern e aluation is a continuation process from the previous phase, system testing. 

y tern evaluation is done to evaluate the performance of the developed system as 

well a t en ur it effectiveness and efficiency. Overall functionality of the system 

can be a e sed a w II b implem nting evaluation process. 

A tern e aluation en ure completene of a tern, thi ha b en performed on 

thi Bahasa M la u ._ t mmer a well. ample entence ha e been tained fr m the 

B rita Harian nline new paper v eb ite and the e entence are te ted u ing thi 

temmcr. Variety f cnten c v hich reflc t different t pc r n '\ . ha ; l c in u ·d 

fi r the c aluation r nal n '\ s to cnt .rtainm mt n \ sand 

en including p irts or ' n mi n ' '. 

All the c 

re nab! 

i Id c 11 aluati 11 per ntn 1' or ( ir C 0 - this in Ii ates th 

up! cd v ith it 

ti' irsit rn th' iv ilu 1h n 

·d l urth r en. ur 

crf rmanc 

the mpl ten t crnmcr. 

Univ
ers

ity
 of

 M
ala

ya



Univ
ers

ity
 of

 M
ala

ya



DISCUSSION AND CONCLUSION 

8.1 Introduction 

The proper development of this stemmer system has been discussed in depth in the 

previou chapter , starting from system requirements until system evaluation. Each 

f the tem de elopment ha b en explained in great detail. Thu , thi very 

last chapter will attempt lo provide ome further information regarding thi de loped 

tern. A few final and concluding remark will b pre ented here a t erve a 

fundamental appr ach in building a temmer. 

Problems encounter xj throu hout thi · d · ilopm int pro · .ss ' ould h • discuss .d her • 

and a few , lution 

well. hen, the di 

th ad antau . f thi . t im v uld b di. u. id. This is th ·n Iollov ·d l p •• .ntinu 

probl ~ms ar • r • omm ind ' as 

A f utur enh n m nt d f r thi temmer project a to nhanc 

mcnts ' ould be vital in upholding the future 

stem. Lastly, knowledge and experiences gained 

are discussed as well. This discussion i hoped 

to pro n ·' ith an o erviev f the entire development process which ha e be n 

am · ut u cess ull all the wa through. 

ad anc ment 

I I 
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8.2 Problems Encountered and Solutions 

All projects and stems do have their own problems and difficulties regardless of the 

d lopment approaches taken. This Baha a Melayu temmer is not exceptional after 

all. Right from the system specification until the implementation process, I have 

nc untered a number f prob! m . While a few of these problems are easily solved, 

ther pr ed to be ub tantiall tougher t be unraveled. The problems encounter d 

throughout and it olution are pr ented b low: 

Difficulties in determining the appropriate development tools 

•:• Thi roblem ari e at the eginning tage i elf wh n l had to ch e a 

de cl prncnt t I t implement m 

tool a ailablc in th' mark ·t, sr .iall th' Iourth-u ·11 irulron pro 'mmmin • 

Ja a, 1 1 and I rolo 1• All th a ailal I· lo L 

riti I in n urin i th a mplislun nt I this s . t nn . 

• ••• 

bt, in d m 

part fr m that, I also analyzed other temmers 

it d elopment tools. From this gathered information, I 

pt id r pr gramming tool and it proves to be a good choice after 

all. I o mg al tlu uc full implemented system. 
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Difficulties in determining the scope of the system 

•!• The system requirements for this stemmer is pretty much straightforward - as 

it i a temmer it should be able to stem words and sentences. However, I 

found it difficult to come up with a well-defined scope for this stem.mer. Due 

to the interdependence nature of stemmers in general, outlining the scope for 

thi y tern pro d to be difficult. The inability to distinguish which of the 

syst m feature are es cntial or optional has made defining the pr ject cope 

a complicated proce . I was not ure v hether the stemming should e limited 

to word or h uld it e able t tern entence a well. An ther tri k 

que tion ' a whether to handle the o-called 'kata ganda and infi e in 

Mala language. All the c ri en dilf ultic an c attri utc m 

inexpcri nee in de loping irnilar s st irn · l .for ihund 

nd m d 'mt r v ire th ire to pro id' m ·' uh I ' i us 

iardin l thi · mull ·r. l als ' int tin iu 1h 1 f iv 1 ·I it ·d 

1 'IFTal id '<\ I s t immin '· 

c t handle entcn 

Again m 

and pri le 

hi m 

m' an I d ided to include 'kata ganda' and infixes in 

Ith ugh thi eemed tougher to implement at the beginning, I 

put it into practice at that time and I really think that I 

ha e uchi · ·d it n ' ' ith o erwhelming success. 
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Lack of resources 

•:• Information gathering is one of the most important phases of any project as it 

i in this stemmer system. However, finding information for this Bahasa 

Mi la u ~ t mmer proved to be an easier said than done process as there were 

lack of re ource in this related area. information about general stemming, 

particularly in nglish language, is widely available. However there was very 

f w inf rmati n which can be obtained for temming proce in Mala 

language. Malay t mmers are rarely to be seen and MaJay temming 

algorithm are too hard to be found n the Internet. 

•:• olution 

ha ing inf rmal int 

Tim 

•!• I f und th t th n t m t d "V lop thi tern limited 

on, id rin th f t th t m kn ' l edge in thi area of tudy was rather 

ult in the starting stages to juggle my time 

and d loping this system. At the same time, I have to find 

tun· t ' nt thi r port as well. So much of time were spent on the coding 

that lime was for coding and the rest for figurin 1 ut the 

I I 
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rror in the codes. As I was attending other classes, I also have to commit 

m self to a few other projects and assignments· and this was the reason for the 

lack of time which I experienced. 

•:• Solution 

The only olution to thi problem was time planning - I planned out my 

timetable and made it a point to follow m chedule trictl in order to 

c mplete my y t min time. At fir t it wa a bit hard but as time passed b , I 

graduall manage to cop up with thi tern de elopment and ther ta k . I 

planned all my acti iti bef re carrying it out and I al made ur that all 

the c acti itic are kept a ordinu to hcdul '. Thi. ' a it h ·l ·d me t 

rnplete m temmer 'tern' ithin the all at d tim •. 

8.3 y tern tr ngth 

hi tcmm r t im i 

bilit t m M tin 1 text it· If ,H\ t .on ·id 're a an ad anta c. 

Ap rt T m th t thi < pablc r lemming 'kat ianda' and 

th r l, nguagc other than Malay language. hi 

further strong points for this stemmer system. 

e id that B uhu. u ti~la; 1 t mmer does possess other additional strengths, and 

the. c str ·n th arc ummarized in the table below: 

in ixc , ' hi h i n t pr 

I I 
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System Strength Explanation 

I Iighly accurate 

imple and easy-to-use 

Enhanc .d dispht) 

This stem.mer employs dictionary 
checking in order to stem a given 
' ord or text to it correct root form 
(accurate stemming) 

The stemming process could be 
done b) just clicking a button (it is 
as imple as that) and the flox of 
the S) stem i easy to follow 

The stemmed text ' ith attached 
affixes arc di ipla ed ii: addition to 
the stemmed text as this could 
nhancc ne's under .taoding 

System transp: r nc 

faint. in. bi lit >f data 

Tnbl 8.1 

8.4 yst m Limitation 

Although thi Bahasa 

. trcn 1th,, it d om 

th1 .. ·t miner tern. 

s 'rs can us· this s st ·m '' ithout 
needing to knc ' ab rut th · 
impl .m intation [ th ' S) :t .m or 
he \ it fun tic ns 

Th · pr >grnm is c >cl rd in such a ' a • 
that supports uturc rnn Ii 1 ation 
and .nhnn m mt in ,\ sim1 h 1 .d 
'' :\ · (m.1intain.1bili1 ') 

~t unm tr d cs nf r a gr at numb ·r o ad antagcs and 

t. here ar rill a few limitations and constraints to 

ur m r ly due to the fact that I have o erlooked some 

pment stages; and this is again due to the lack of time. The 

re llowin 1 t ble surnms nze the limitations of this system: 
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System Strength Explanation 

The user-interface is simple to use 
but then it i · less attractix e and 

J .css attracti e use-interface creative. U er-interface should hav e 
the e t\ o characteri tics generally in 
rdcr to attract users 

~·10, r resp nsc time 

The performance of this stemmcr is 
a major drax back. It is a bit slox er 
compar d t other sternmers as it 
employ s file checking (it trades 
re pan c time ' ith accuracy) 

Table 8.2 y tern Limitation 

8.5 Future Enhancem nt 

uc to time and knowledge n traint th "re r a fcv a. 

coul n t be add·d in. hi 

m that 

unt d for th limitau n · in m 1 proJ • ·t. I ha ' 

' a a future mhan irn nt us to muk • m st mm ·r 

a better n in the future. he Iutu • nhnnc m mts le r H 1/i rs 1 kl'·' 11. 't •1m11 ·r nls 

ari e duet that m ir 

uld be add in t 

d tur 

the futur ll 

lmpro R poo ime 

'SS. 

un ti nali . 

r utur nhan cm nt that uld b impl mentcd in 

As this ·t ·mmcr ernplo dictionary checking to ensure the correct root word 

i. r .turn ·d, it 1: a bit ·l ' er in the term of response time. l Iowe er, thi · 

dra bac c ul e rmpr ved in the future by utilizin 1 th indc: inp .onc pt 
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Another olution to this problem would be to ha e multiple files to perform 

the word checking as opposed to a single file currently. 

•!• Improve User-Interface 

As to attract the users to use this system, the user-interface should be given 

importance. lt should be mor attracti e and creative in the first place. This 

could b done b introducing more attracti e c lour to the int rface. Having 

ome minor animation i an ther option a well. 

Database Backup and Recovery 

The databa e, r w rd di tionary ital f r the ntinuin rf rman " f 

thi tcmmcr. If it is rruptcd, then the wh le pr e f t mmin 

take pla •. /\s to a oid this unpl iasant instan · >, th· dntul ts· .ould t 

up b ha ing n th r irnilar ata a ~ " hi ih ould b a ti 

th' pre mt nc fail a thi ' uld n sure dutn int' irit . 

uld n t 

•!• Onlin Di tionar 

hi tcmm ~r ha 

11. h nl a pt ti n t 

fun ·ti n u · on nliu M ti dt ti na a 

temmer t a w b crvcr 

and ' h n thi n d ne thi stcmmer is ready to act as an online 

language. 

·:· I angua ' ran lator 

This cature 1 ·an e pat 1 n the previous one. Once linked to a web ierver, 

tlrn; s stem · n · mte rated with nline dictionarie: from othc Ian tu ic in 

I I 
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order to operate as a language translator. Alternatively, other languages could 

be loaded into this system to perform the same function. 

•:• Text-to-Speech System 

temmer ar widely used in the field of information retrieval but speech 

nthe i (text-to-speech) provides a new area of interest. This stem.mer could 

be integrated with a few other application to con truct a text-to-speech 

nthe izer. he r le f temmer i principally to ol e the e pronunciation 

problem in this text-to-speech nthe izer. 

8.6 Knowledge and Experience ain d 

Throughout de cl ping the H thasa Ii ilu 11. 't 111111 •r 1 ha • rain cl a tr ·at am unt of 

kn wledg nd ei p ri n ' whi h ill 

my tudic and wh n I tart t cppin l int 

de Jopmcnt ecm ju t lik an th ir projc ~t \ hi ·h l h 1 I t m 

tudi re .lopin 1 this t immcr and 

k all th v • mu h kn wledg and 

f: r, h r \ ere an enormous amount of knowledge and 

ut but l \ ould just prefer to list down the most prominent 

n and thi includ : 

·!· A · iuire a " id r kn ledge in the field of stemming. I have impro ed m 1 

r · pee uch as temmin 1 pro c .. cs, . t mmin ' 
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algorithms and other related topics. r also got an opportunity to research about 

other sternmers which have been developed previously. 

•:• Attained a great amount of knowledge in the field of Natural Language 

Processing (NLP). Throughout this system de elopment process especially 

during y t m requir m nt I ha e mastered different parts of this subject 

•!• earned in depth on certain de elopment tools and technology, I managed to 

improve m pr gramming kill and thi include utilizing built-in 

functi n which I ne er e p rimented befi re. I al 1 t the rtunit 

learn a ut the Mi r ft Foundati n la MI· appli ati n whi h i 

bas icall u ed to 'r at· us .r-int rf a ·s. 

••• • ,, p ed t the lit craturc id f th ala Ian iuu ' '. s tlus s st nn 1 .uls 

with Mala ' rd and ,, it turn· ut t a n • issit 1 ~ r in ' t 

impr n th in th· It! ·1 uurc 

n iw thin 1 • in th' pr · .ss v hi .h 1 ne •r m ro 

l ore, tin dav . 

••• • Ip d t th cl ping a system, which has to be carried 

out n · pr tim , tarting from the system definition until the system 

An ther thing which I realized was the importance of the 

, st ·m cl pment L1 e cle L ) which outlines the fundamental 

phu .s and acu ltte in · I ed in developing a tern. 
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•!• Learnt how to work under pressure and within a tight time constraint. I had to 

juggle my time between a lot of tasks, including this system development. It 

might ha e been a terrible experience at present but this experience would be 

aluable for me in the future, preparing me for the worst, when I have to cope 

up with greater working stress and pressure. 

•!• Utilized my th or tical knowledge that [ ha acquired during cla es or 

lecture . hrough thi tern de cl pment I wa able t put into practice all 

the theorie that I have learned for the past three ear . I realized that nl 

thr ugh tactical w rk , the imp rtance r all the learnt the ric an be en 

lcarl and under. t d prop irl . 

•!• ther than that l also l 'um id som ·thin 1 n ., , sc m ·thin 1 ,, ht .h hus not l • in 

taught in la r m or le tur halls. For in tan th. kill: or harm I and 

i a ' nd rful x in n · 

that mmuni atina 110\ led in . u h a \ 1 1: s m Ihm 

b en cf ial and aluabl • fc r th' Iutur . 

I · l 
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8. 7 Conclusion 

Thi hapt r had di cussed every inch about this Baha a Mela u temmer. Although 

thi chapter is not dedicated to a system development phase as other previous 

chapter it doe provide some useful explanation and guidelines about this stemmer. 

A few concluding r mark ha e be n pr sented here as to enhance one's perceptive 

and understanding on the proper development fa tern mer. 

tarting from ystem pecification right thr ugh tern e aluation, there ' ere few 

probl m encounter d and all the e problem u ed in great detail in 

thi chapter. The recommended luti n and tcp tak n t 

are de cri d a well. hen the di cu k at th· 

and limitation . In th· c t 

ar highlightc and it lirnitati n ar r al id a ' 11. 

tht · .tcmmcr stem 

e ide , thi umrnanz th future ·nhan ·m ints thut · mid l · upl ·d 

up with this t rnmer pr j' t 

the If t I p I 

'V lo m '111 f this 't nnm 'f at re mt 

n of the tern. he n ledge and 

c p n n c ram unn thi de clopment also would be aluable and 

b ·11 • 1 ·in! in th· f utur un rt m 
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APPENDIX A- SAMPLE CODES 

lass Declaration 

class Sterruner 

rivate: 

string sentence; 

string word[NO_OF_WORDS]; 

int flag[NO_OF_WORDS]; 

public: 

St rruner () ; 

void setSen nce(in ); 

void setWo d(s rin, in); 

voi 1 (in); 

vo'd s em(s rin, in); 

voi s m 

voi 
voids emln ix('n ); 

( in ) ; 

voi s em xce i on (in ) i 

voi m i 0 ( ' ) i 

bool check(s rin ) ; 

ool i Vow l(ch ) ; 

( in ) ; in 

str'n 

n 

) ; 

n () ; 

} i 
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Class Definition 

Stemmer::Stemmer() 
{ 

for(int i=O; i<NO OF WORDS i++) 
{ 

flag[i) = O; 

void Stemmer::setSentence(int w) 
{ 

for(int i=O; i<=w; i +) 
{ 

sentence+ word[i); 
sentence+-""; 

sentence.erase(sen ence.len h ( ) ) ; 

VO s mm r : : e WO in n . ) 
{ 

wor [ i] . ssi n ( s) ; 

voi (in i) 
{ 

fl [ j ] - 1; 

void S emm m( rin in i) 
{ 

if(ch ck( ) ) 
{ 

0 ( ' . } ; 
1 ( i) i 

ls 
{ 

in = s.length() - 1; 

II mov re fix 

II mov 
' ( (s(O] 

' er' 
I I ) & ( 3 [ 1 ] -- I e I ) & & ( 3 [ 2 ] 1::1 Ir I)) 

l I 
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//remove be*** 
if(check(temp.substr(2,string::npos))) 
{ 

s.erase(0,2); 
setWord(s,i); 
setPrefix(temp.substr(0,2),i); 
setFlag(i); 

//remove ber*** 
else 
{ 

s.erase(0,3); 
setPrefix(temp.substr(0,3),i); 
stem(s,i); 

//remove 'mem' 
else if((s[O] 

(s(2] 
' m ' ) & & ( s [l ] -- ' ' ) & s 
'm')) 

i ( ! · Vow 1 ( [ 3 J ) ) 

(0, 3); 
1 i X ( m . 'U (0, ), ); 

1 
{ 

) ; 
m. ut t(O, ),i); 

/Ir mov 'm ny' 
1 e i ( ( s ( 0] == 1 m ' ) & & ( s [ 1 ] == ' e ' ) & & 

( 9 ( 2 ] == I fl I ) & & ( s [ 3 ) == I y I ) ) 

s ring temp(s); 

II ove me * 
i (check( emp.substr(2,string::npos))) 
{ 

s . s~ ( 0, 2) ; 
s o (s,i); 

l 11 
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setPrefix(temp.substr(0,2),i); 
setFlag(i); 

//remove meny*** 
else 
{ 

s.erase(0,3); 
setPrefix(temp.substr(0,3),i); 
stem(s,i); 

//remove 'men' 
else if ( (s[O] = 'm') && (s[l] -- 'e') && 

( s [ 2] =- ' n ' ) ) 

string temp(s); 

i ( ! isVowel (s (3])) 

(0, 3); 
'ix( m .su s (0,3),i); 

s 

l 
{ 

) ; 
m . u 

llr mov uf i. 

II 
el e 'n' ) 

I I ) ) 

( [ -1 ] == I y I ) & s 

s.eras ( -2); 
e Su fix("nya",i); 

stem(s,i); 

II mov_ 1kan' 
I.se i ((s(d-2) -- 'k') && (s[d-1] -- 'a') && 

(S[d] 1n')) 

8 ( -2) ; 

l·I 
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setSuffix("kan",i); 
stem (s, i) ; 

//remove two-letter prefix 

//remove 'di' 
e 1 s e if ( ( s [ O] == ' d ' ) & & ( s [ 1] ' i ' ) ) 
{ 

s. erase ( 0, 2) ; 
set Pref ix ("di", i) ; 
stem(s,i); 

//remove 'ke' 
else i ((s[O] == 'k') && (s[l] -- 'e')) 
{ 

s.erase(0,2); 
selPrefix ("ke", i); 
s em ( s, · ) ; 

II move su ·fix i 
e 1 s e i ( s [ ] •• ' i • ) 
{ 

m ( ) ; 

if(ch ck( m .au ·t. (0,d))) 
{ 

( i) i 
( I i ) ; 
i.•("i",i); 
( i) ; 

I I mov ... su i. ' n 1 
els i (( ( -1] ' ') 
{ 

( ( ) == t n I ) ) 

i m (S); 

(chec·(temp.substr(O,d-1))) 

s.erase(d-1); 
set ord(s,i); 
se Suffix("an",i); 
se Flag (i); 

11 
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bool temrner::check(string s) 
{ 

char str1[30]; 

if stream file ( "bma-z. txt", ios: : in) ; 

while(file && !file.eof()) 
{ 

file.getline(strl, 30); 

string temp(strl); 

if(s.compare(temp) -- 0) 
return true; 

return false; 

bool s emrner: :isVowel(char c) 
{ 

if ( ( c 
(C 

' ') I I ( c 
'o') I I ( c 

return rue; 

- ' ') 
- 'u')) 

I I ( c •• ' J ' ) I I 

r Lu n 1 1 

int s mrner: : e Fl (in i ) 
{ 

turn fl [ i 1 ; 

strin s emrner: : Wo (in i ) 
{ 

r.e u n WO ( i l ; 

1n mm n n () 

r urn s n ence; 

111 
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APPENDIX B - USER MANUAL 

l. lick on the Baha ia Melayu t mm r application icon to open the program. Once 

clicked, a screen as below will be clispla ed. 

EntertltM I 
Stem: I R 

temmed l9lll 

Q 

2. The t 'mi r d m n ' . T start 'th' st .nurun 

the fir t t t bo pr id at th t p f th· s re n. 
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Wh n the t xt ha been typ d in, click on the tem button to stem the entered 

te t. The ' tem button can be found below the first text box and it is on the left 

hand ide f the creen. 

-.;. BllllllS;i MP.lllY' I St emmer (3 

proiek ilnvah in1 ciwajhl<.an kepada semua pelajar tali p 
kh1r yang sedang m ngikuh kurtU$ d1 laku 1 sains 

kompl.ller dan leknohx;ii maklum~ 

Stenned text 

Q 

4. Thi will a ti ate the tcnnninu fun ti n t b p rf inn cl c nth' .ntc d t t. Th 
re ultant temmcd tc, t " ill a pear in th h t xt be ·' ' ht h u at' i at th' 

b tt rn of the 

R •et 

n wajib kepada semua 818 tahap akhlr yang 
LnW lak~i sains korrouter dan teknoloo 

I It 
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5. lick on th Re et button to clear the contents of all the three text boxes. The 

Reset' button can be found below the first text bo and it is situated on the right 

hand ide of the creen. 

Enter*tt Plotek drniah ini cliwa;bk&n keped semua pelaiat tshap 
akhir yang sedeng mengilwtJ kursus di fakultr sains 
komputer ~ teknologi makhlnait 

protek rlmrah inr wopb l<.el).!ld mue eier tah p hlr .Y ng 
sec:Ulng ikul k1J1sus di f&kulh seins kon"lputer dan tel- nolos;11 
maklumot 

The re ultant . k lik th \. hi h hus t ien just op n ·d. R · 'nt 

to Ii nth ' uit' l utt n I 

the program. h ' uit' ut1 n i at th· >tt rn 

1 17 
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Few Important Things To Remember 

•!• Thi stemmer would just take in words - complete words. So try to avoid 

t ping in numbers or special characters as this would not be recognized by 

thi temrner. bbreviations should be a oided as well. 

•!• If a particular word i not temrned, it might be a special noun such as the 

name of a per on, building, place city or c en ountry. If it i not, then try the 

f llowing alternati e : 

./ heckthelanguage 

Thi t mrner ju t a 'pt tc t in Mala Ian ua ic. K in 1 in t • t in 

oth sr language v ill not' or . 

./ .h k th ' ' ord 

f thc w d. ·1 h in lt ilitv )f this st .mm ·r I . I nn u 

parti ular v rd ma b . du t t r nror. 

l·I 
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