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ABSTRACT 


Morphological analyser is the finl processing 1001 required in Nalural Language Process ing To 
anct/yse structure of a word, the analyser needs 1I100phologica/ resources The resourCeS are from 
dictionary. grammar book6) , and wrilft:n lexls. Yei. huw fa acq uire morphological rl!sources jor 
under-res()urced languages knOllling fha! the /cmg lloges are criljca /ly locking of malerials:1 in 
curren! approach. morphological reSOurCeS an: ucquirf:1d (rom hardcopy versions wherttby (lilt! 

needs (0 digiNse Ihe doc uments infO sofh:opy versinns. Dlie to d~[ficlllly in digilisa/iun us if IS lim~ 
consuming and expensive, 'his project is propO~'ing 11 workflow of acql/iring morphvlogicol 
resources jor lInder-resourced languages, in the case of Jvle/UI1CIlI language, hy ulili!.·ing social 
media. Three main stages in the work are: i) c:rowdsourcing the social media hy using CI weh crawler 
Spider 1.1 and Jsoup methud: ii) performing hybrid normalisalion to (rcm~furm the crawled dolO 
with informollll1d noisy nature il1lo a cle(med wordlisl: ;il) validating the wordlist, is a crucial stage 
due fo languages mixing that causes uncertainty of spelling standard. AI thiS sfCl¢e, edIt distance 
similarilyalgorithms, Jaro-Winkler distance, Levenshtein-based distance, and N-grwn distam.'c, are 
applied to ;den/~fy the spelling !.'/andord be/ween a source word from Ihe wordlis/ and a largel word 
in the dictionary. The resulls shOl.." fhal Jaro -Winkler pet/orms the best compared /0 the other two 
algorithms becc/llse il returns Ihe highes! F-score and the longesl validaled It'ordlisl. The l'ulidaled 
wordli.\' ts are then considered ns {he A1elol1ou morp/wtogical reSO J/J"Ci?'i !hal Clln he apfJ"ed I~v 

computational linguis ts in the computCllional morphology. indirectly, Ihl! proposed workflow can 
also bi; usal (0 acquire morphological ri;SOLlrtes for other 1./J1c!i;r-resourced languages in Sura wok 
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AflSTRAK 

Penganalisis iTIorfologi ialah alat pemprosesan pertama yang diperlukan dalam pemprosesan bah;\sn 
a~ l i. Untuk menganalisis sl nJktur bngi sepatah perkataan, penganali sis rersebut memerl ukan sUlllber 

morrologi. Sumber lersebul ada lah daripada kam us, buku tat abahasa, dan leks bertulis. Nalllull. 
bagaimrma unl'u k memperoleh slimber morfo logi bagi bahasa ya ng bawah pem bangunall mengelahui 
bah"lsa tersebut dalanl keadaan kritikal kek urangan sumber? Dalam pelldekatan semasa, 5lJ111 1x'r 
morfo logi diperolehi dari versi bercetak di mana seseorang itu peril! mend igita lkan dolo..lI men 
bercelak ke dalam versi sal inan lembu!. Oleh kerana kesllkaran dal am proses pendigilalan alas "bah 
I'engambilan masa yang lama dan kos yang l inggi . projek ini menYlI sulkan sebuah ali ran k lja unlui-. 
memperoleh sllmber morfol ogi bagi bahasa yang bawah pembangunan. di mana lerlump" paua 
bahasa Melanall. dengan menggunakan sepenuhnya media $Osiai. T iga proses IIlama da lam proj ek 
ini ialah: i) mengll rnpu l data dari orang ramai da lam media $osia l dengan kaedah perangkak web 
Spider J.J dan Jsoup; ii ) mengaplikasikan pemlilihan hibrid unluk menukar duta Icrsebut yang 
mempunya i si ra! lidak rasmi dan bercampuradllkan bahasa kepada set da la yang bers ih ; iii) 
mengesailkan set dala yang bersiil lersebut. ialah peringkat penting kerana percampllran hahasa 
menyebabkan kel idaksatuan piawa i ejaan. Pada peringkat ini . algoritma persamaan jarak • .Iaro
Winkler, Levenshtein-hased, dan N-gl'om, digunakan untuk mengenal pas l'i piawai ejaan atlta ra 
perkataan sUl1lber dari set data bersih dan perk-ataan sasaran dalam kamus. Keplitu san menunjukkan 
bahawa Jaro -Winkler adalail lerbaik berbanding dengan dua algoritma yang lain kernna Jaro
Winkler mem beri nilai F-skor yang tertinggi dan se nara i perka taan sah yang terpanjang. Senarai ini 
maka akan dijadikan sumber morfologi Melanau IIn!Uk digullakan oleh ah li-ahli linguistik 
perkomputeraan dalam morrologi pe rkompuleraan. Secara tidak langsun!;. al iran kerja ya,," 
diusulkan mampu juga diperluaskan ap l ikasinya untuk melllperoleh sumbcr mor fo logi bagi bahasa
bahasa yang bawah pembangunan la in di Sarawak. 
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Cl IAPTER I INTIWDUCTION 

Presently, only a small number o f the world 's languages are enjoying latest we lt'ares such as 

morpholog ical analysers and morphologica l reSO urces. Morpholog ica l reso urces are needed 

in morphological analysc rs for words analysing. Morphological anal yse rs, in contrast are 

cruci al tirst processes in natural lang uage processing (NLP) appli ca ti on. As currentl y there 

is lacking of morphological resources in under-resolll:ced languages (U -RL) which with 

lim ited resources for development, they are starting [0 be di scovered and deve loped. 

Me lanall language spoken wide ly in Cen tral Sa ra wak, Borneo, Ma lays ia (Rensch, 201 2), is 

an example of the U-RL where its data is hardly reachable elscwhere than dictiona ry and 

written text files. In process of digitising the hardcopics, it is time co nsuming and costly. 

Thus, thi s wo rk is proposing uti lise soc ial media throllgh crowd sourcing approac h to acquire 

morphologica l resources for Me lana u by emplo ying a large nllmber of di spersed users from 

Twitter and Blof!;s to do a mass ive co ll ecti ve intelligence on Mela nau ra w da ta text. 

1.1. Problem Statements 

Thi s research project is initiated due to the fOllowing reasons: 

I . 	 Difficulty in obtaining Me lana u data to acquire morpholog ica l resources due to time 

consuming and expensive cost 111 digitiz ing hardcopy document s. Thus, 

crowdsourcing approach is proposed to speed up the acquis ition process. 

2. 	 Informa l and noisy nature of soc ial media has led La vague data in morphologic"l 

resources acquisiti on. Hence, normalisation is required to handle the ob tai ned data 

to be in a standard form at. 
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3. 	 Uncertainty of spe lling standard due to languages mi xing in soc ial media data. 

Therefore, validation is requi red to ensure a similarity in term of spe lling standard 

with existing Melanau dictionary. 

1.2. Objectives 

I. 	 To acquire morphological resources for Melan'au language through crowdsourcing 

approac h using a web crawler method. 

2. 	 To normalise the soc ial med ia data using hybrid method of rul e-based and corpus-

based. 

J. 	 To validate normalised results by measuring with edit distance simil arity algorithms. 

1.3. 	 Methodology 

GAP 

Current Approach 
Sources: Dictionaries, 

written text files 

Processes: 

I) Digitisation 

2) Post-editing 


(inclusive validation) 

Drawbacks: Time 


consuming, costly 


MOI'phological 
I~esources 

~)~ources : 

Social Media data 
Processes: 

I) Crowdsourci ng 
2) Normalisation 

3) Validation with 
dictionaries 

Latest Approach 
Sources: ocial Media 

data 
Processes: 

I) Crowd so urcing 

2) Nurma li sat ion 


/)rawbacks: Diverse 

contents, languages 


mlxmg 

Figure 1.1 Cu rrent scenario 
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From Figure 1.1, current approach for acq uIring morphologica l resources is from 

dicti onaries and wrillen tex t files. The processes involved are digit isa ti on and post-edit ing 

inclusive of va lidation while the draw backs are time consuming and cost ly. Afterward in 

latest approach, morpho logical re sources are acquired through soc ial media data. The 

processes involved are crowdsourcing and normali sa tion while the drawbacks are diverse 

contents and languages mixing. 

From the current approach to the latest approach, there is a gap. The current is acq uiring 

morphological resources from hardcopies and the latest is from soncopies. The digit isation 

process of the current is not necessa ry in the latest wh il e the norma li sa ti on process of the 

latest is not necessary in the current ei ther. The drawbacks from both approaches 

sign ifi cantl y will impact the quality of the acq uired morphological resources. So to 

overcome the gap and e liminate th e drawbacks, both o f the approaches are combined . The 

new approach fo r acquiring morphological reSources is through soc ial media data in 

softcopies. The processes invo lved are crowdsourcing, normali sati on for standard 'l~x t S and 

validat ion for true words. 

This project IS usmg unifi ed process model (UPM), one of the examples using object

oriented analysis/development (OOA/D) as its main methodol ogy. Figure 1.2 shows the 

phases of UPM in the first co lumn, th eir mapping with the proposed wo rkflow I" the second 

colul11n , al so the respecti ve outputs from each stage o f each row in the third col umn. 

There are four pnases of UPM which phase inception is to pitch the resea rch concept, phase 

elaboration is to add detai Is to ea rl y understanding of what the resea rch shou ld do, phase 

construction is to deve lop the pro£O type, and the last phase of transi ti on is for final 

packaging of the systel11 . 

3 



Unified Process Model Propo;'ed Work/low OlltPllt 

Inception 

+ 
Brainsto rmin g 

~ 
Concept of th e 

r - research 
I 

_'f: 
Elaboration Exploring requirements Flowchart, use case 

r~ - ~ model, and interface 
prototypes 

I 

Co nstruction 
+ 

Crowdsourcing 
~ 

Raw Melanau data 
r- I

I 

I it 
Norma li sa ti on 

~ 
Norma li sed Melanau - data 

'f' 
Va lidati on 

~ 
Va lidated Melanau - data 

..... 
Transiti on Melanau 

morphological 
rf' <;; Oll rces 

FIgure 1.2 AdaptatIOn 01 proposed wo rkflow Into UPM 

As ill ustrated, each phase is mapped with one Or at least one proposed stage while each 

stage does produce an out put which is then taken as input for nex t stage. For instance, phase 

inception is mapped with brainstorming and concept o r the research is deve luped; phase 

elaboration is mapped with exp loring requirements then flowchart, a use case model, and 

interface prototypes are produced; phase construction is mapped with crowdsourcing 10 

obtain raw Melanau data, wi th normalisation to norma li se the crawled Melanau data , and 

lastly with validation to validate the normalised Melanau data ; lastl y phase transition 

producing Melanau morphologica l resources. 

4 



Pupt Kllillmat MakJllIlllt Akadenll~ 


UNlVERSm MALAYSIA SAJtAW"I' 


In the first stage o f bra instorming, it is to get ideas of concept for the research on it s 

purposes , inputs , processes, outcomes, and contributions. Next in the stage o r exp loring 

requ irements, with the input from the first stage, three outputs which are a fl owchat1, a use 

case modc l, and in terface prototypes are produced. A flowcha rt is used to establish the idea 

des ign in a diagram . A use case model is used to estab li sh the poss ible acti viti es that can be 

carr ied out. Interrace prototypes are used to estab li sh the imaginab le interfaces of the sys tem. 

Moving to stage crowdso urcing, it is to obtain Mclanau data from social media since the 

data is hardly available to get fro m elsewhere of on ly limited hardcopy documents resources 

poss ibly avail able. Though, it is time consuming and costing a lot to digiti se them for NLP 

practi cing. To ease th e acqu isi tion process, crowdsourcing approach is performed us ing a 

web cra wler method which is installed and being customised to crawl only for Melanau 

language data in two main soc ial media which are Twitter and BiagI . 

As th e data is obtained from publicly available sources, there wi ll be unavoidable informa l 

and noisy nature present which may lead to vague data . So an ex tensive norma li sat ion is 

required to transform the crawled data to a standard la rma\. In normal isation stage, the in put 

crawled clata is being sta nd ardised to its typical format whic h are th ose in a dic tion ary using 

a hybrid normalisation approach. For instance, when 'kmn' is crawlcd , it will be norm alised 

into 'keman' (meaning: eat). 

While there is always uncerta inty of spelling standards in or en texts caused main ly by 

languages mix ing, the norma li sed data is validated to ensu re their accuracy of spe lling. In 

stage of va lidation, each of the normalised word will be paired with each dictionary word 

and computed the likelihood. For example, 'L1mei' is matched with dictionary word ' umai' 
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and the like lihood between them is 75%. Automatically, ' limei ' is not va lidated as a 

Melanau wo rd and wi ll be marked as in va lidated. 

1.4. Scopes 

The scopes or thi s research are mainly rocusing on five areas. Firstly, it is {'ully utilising 

social media or Twiller and Blags to collect Melanau data. Second ly, it is crowdsourcing on 

general topics. Third ly, it is normalising on crawled data to get a cleaned data. Fourthly, it is 

validating Mel anau cleaned data for acquiring morphological reso urces of Melanau. Last ly, 

linguists will be the chie r users to use the final prototype. 

1.5. Significa nce of Pl'Oject 

There are three core con tributions from this work toward s the soc iety espec iall y in the 

further development or NLP. Firstly, the morphological resources can be used by 

computati ona.1linguists and NLP practitioners as a reference 1'01' future works. Second ly, the 

normali sed soc ial media data of Melanau language can be used to speed up the progression 

of data pre-processing because the data set already contains mos t or the exis ting and new 

pairs of nonstandard words wi th their standard words. Lastly, the va lidated Melanau words 

li st can be served as an input for morphologica l processing as we ll as Melanau prese rving. 

1.6. Project Schedule 

Please refer to Appendix A for project schedule 2014/20 15. 
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1.7. Expected Outcomes 

From thi s paper, there are three outcomes expected to be composed at the end of the 

resea rch. First, they are morpholog ica l resources for Melanau language which will be served 

as input for morpholog ica l process ing in furth er stage. Second , it is a sct of nonnaliseJ 

soc ial media Melanau data which can be constantl y expanded if more pairs o f nonstandard 

words and their standard words are being identified; Third , it is a validated Melanau 

language words list whi ch can be constantly expanded as we ll and be contributed to the 

Melanau morphol og ical reSOu rces . Moreover, both of the normali sed data and va lidated 

words li st can be served as input for morphologica l ana lyse r in NLP appli cati ons. 

1.8. Thesis Organisa tion 

This who le paper is di vided into s ix chapters and be ing orga nized as fo llowed. 

Chapter 2 of literature review di scovers on previous studies and works on acq ui siti on of 

morphologica l resources through crowdsourcing, normali sation, and val idati on. This chapter 

identi fi es va ri ous ways to conduct the th ree processes brought up and the significance 

results of each way to be taken as references and guides for the current research wo rk . 

Chapter 3 of methodo logy exp lains the const ructi on of the sys tem prototype fo r the research 

to ca rry out the crowdso urc ing, normali sa tion and va li dation at d single loca tio n. The 

construction is being clarified from the perspecti ves of requirement anal ys is on inputs, 

outputs, and tools needed; planning, design, and procedures deve loping. 

Chapter 4 o f implementati on illuminates the steps and too ls to develop thi s system and 

illustrates the application of th e developed prototype with rea l da ta or Melanau language. 
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CHAPTER 2 LITERATURE REV IEW 


Until recentl y, there are more and ma re studies have been done on U-RL in NLP field 

pa l1i cul ariy of building co rpus and Wo rdN et, machine translat ion, morpho logical 

disambiguation , ancl utilising of social med ia on this fi eld. No netheless , almost a ll of the 

resea rchers are conce rning on th e post-wo rking parl and fewer is reall y emphasising on the 

pre-working pan like the orig in orlhe input da la, in tenn,s of what, where, when, and how to 

obtain it. In this chapter, a sequence of steps on how to acq uire mor phological reSOurces of 

Melanau wi ll be di scusse d. Alt hough the literature covers a wide range or such studies, in 

thi s chapte r will onl y focus on three major activ iti es which are crowdsourcing, 

normalisat ion , and va li dat ion. Before going in deep ly to each of the act ivity , an overall sum-

up for thi s chapter is presented in Figure 2. 1 fo r the li rst insight or readers. 

Analysing learner language 
Blogger (Dickinson et aI. , 20 I 0) 
(McCread ie et aI. , 201 1) 

(Scannell , 2007) 
Twitter 

(Wang et aI. , 20 14; 

Bo.20 14) 


~arn ing reso urce Crowusourcing 
Ilimet aI., 2013) (M itrov i':, 20 I 3) 

Resources Facebook 

(Sabou etal. , 20 13 ) 


Raw data word s list 

Figu re 2. 1 Summary of li terat ure review 
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First oC all , Figure 2.1 summari ses how other resea rchers contributed in the similar works. 

The id ea was starting rrom crowdsourcing on social media to acq uire morphologi ca l 

reso urces. The resea rchers crowdsourced on Facebaok and Twiller mostl y for their 

widespread and strong influences among their users. They believed crowclsourcing on these 

two webs ites should return more valuab le da ta than other social media. On the other hand, 

the morphologi ca l resources acquired are in th e form of raw data words list and serves as 

learning resources, In the simpl est form of raw data wo rds li st, it can be easi ly passed on to 

other NLP applications l'or further process in g, 

2,\. Challenges in Morphological Resources Acquisition 

Morphological reso urces are same with corpuses, which amass a series of co llecti on of 

writings for a language. Oath of them serv e the same purposes which are to anal yse lea rner 

language (DiCkinson et aI. , 20 I 0) , as learning resou rces (Li m et aI., 201 3), and to be further 

analysed and developed into lexi ca l reSOurceS (Wang et aI. , 2014a, 201 4b) , While the 

di fferences between morphological resources and corpuses are those form er undergo stages 

not beyond part of speech (POS) taggi ng, definition giving, and sense tags assignin g to 

become advanced reso urces, As most of the U-RL is in its s lowly vanishings among the 

native speakers, the current reseat'ch is working on to preserve Melanau language as 

di scussed in Chapter I. 

2,2, Social M edia as Possible Sources 

There is no doubt that soc ial media sre always fantast ically popular and vary 111 form. The 

phrase 'soc ial media' covers widel y which can range from user forum s, weblogs (Blags) , 
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socia l blogs, wiki s, picture blogs such as Inslagram , mi crob logs fo r instance Twiller, and to 

soc ial networking webs ites like Facebook. T ho ugh the posts are short espec iall y the tweets 

might be the shortest, the contents o f the posts are highl y diverse to be in dirferent domain 

and con text fo r ex tracti ng variet ies 01" words. Thus tak in g social media as so urces li ke what 

Juan et a l. (20 14) did , for acqui rin g morpho logica l resources would be bene ficial to have a 

larger co ll ection of words in domains of economy, fin anc ia l, po li tic, ed ucati on, sports, 

commu niti es, and eve n da ily co nversa ti ons. T he process o f ut ilis in g the social media 

through c rowdsou rcing is be in g di sc ussed in the nex t section. 

2.3. Common Practices ill Morphological Resources Acquis iti on 

2.3.1. Crowdsou rcing Soc ial Media using W eb Crawlers 

Howe (2006) introduced the term crowdsourc ing as a bus iness practices tha t literall y 

outso urcing for lowe r cost and masses. However, NLP researchers for in stance Grier (as 

cited in Mitrov ic, 20 13, p. 38) expla ined crowdso urc ing was actu al ly " usi ng the I,Hemet to 

emp loy large numbers o f di spersed worke rs" for "a specia l case of such Co ll ective 

Intell igence" (Bu ec heler et al., 20 I 0). 

Crowclsourcing is on it s way to ga in mo re and mOre populari ty in th ese rece nt yea rs among 

NLP researchers fo r obta ining data freely. Previous ly, most crowdsoll rcing was ca rrying out 

over 1nternet to co ll ect text data by ex terna ll y approach ing to crowd through questi onnai res 

(Wang et aI. , 201 4a) o r in te rna ll y crawli ng over corpora (Wan g et a I. , 2014 h), o ther lexica l 

resources, and social medi a such as blogger (McCreadie et a I. , 20 II) , Facebook (Sa bo u et 

aI. , 2013) a nd Tw iller (Wang et aI. , 20 14 ; Ro , 20 14). 
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Diffe ren t from the above, there we re also some researchers pract iced web crawling us in g 

open sou rced web crawlers. For instance , crawler4j was the most popular and wide ly 

app li ed by researchers in di fferen t fi e lds. Exam ples were : Chang et a l. (20 14) app li ed 

WebHarvesl and crawler-lj to co ll ect data from socia l network , and KLimar Tak and Ojha 

(20 13) used crowler4j to detect URL detai ls to furth er enhance th e prec ision of detect ion of 

a compromised sit e. 

Among the ma ny methods for crowdsOLircing, one th ing to note abou t was that they were 

resource hungry. For this research, crowdsourci ng is performed on Tw iller and Blogs with 

the aid of a web crawler to col lect genera l posts for Melanau language as both of them are 

large enough to obtain necessa ry data in vary domains and contexts. Even the trend of using 

digital media to help preserving underrepresented and minority languages has caught 

atten tio n of Ri sing Voices (Twiller In promole and preserve IInderrepresenled languages, 

20 II ) as we ll as computer science professor Scannell (2007). 

Desp ite th e crawler4j used by Chang et "I. (20 14) and Tak and Ojha (20 13) , there are many 

other web crawler 1001s availab le such as Screaming Frog Spider 3.3, Web Miner, and 

lJrownReciuse. Meanwh il e, different web crawler wo rks in di fferent ways. Ilere, three web 

crawlers are suggested : 

I. 	 Screa ruing Frog Spider 3.3 (Screaming Frog SEO S'pider Tool , 20 15), is an open 

sou rced web crawler using a small deskt op program which an yone can install loca ll y 

on workin g machine to crawl websites' links. Jt fetc hes ke y ons ite elements, presents 

them in tabs by type and allows users to filter or slice and e1 ice the da ra by exporting 

into Exce l. Users can view, analyse and filter the crawl data as it 's ga thered and 

updated continuously in the program ' s user interface. 
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