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Tanutcha Panthum : Generation of Functional and Non-Functional Software
Requirements Based on Classification of Mobile Application User Reviews.

Advisor: Assoc. Prof. Dr. TWITTIE SENIVONGSE

User reviews are important resources for mobile application developers for
maintaining and evolving mobile applications that have been released. Since there
can be a lot of user reviews, it is cumbersome for the mobile development team to
identify which ones contain useful information for further maintenance and
evolution. This thesis proposes an initial attempt to facilitate a development team
by automating the generation of functional and non-functional requirements from

mobile application user reviews on the App Store and Play Store.

The proposed approach consists of three steps. Firstly, text classification
algorithms are used to classify user reviews into functional or non-functional user
reviews. Secondly, distinct user reviews are identified by clustering techniques and
text similarity analysis. Finally, relevant information is extracted from the user
reviews to generate requirements by using user review patterns and requirement
boilerplates. In an evaluation, the generated requirements obtained varying scores
from low to high in terms of readability, unambiguity, completeness, and validity.
The approach can help the development team identify both functional and non-
functional change requirements from direct feedback of the users which should be
considered and further refined in the maintenance and evolution of the mobile
application.
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10) agunan1sIdeuayalauauug

11) IOVUNAIUNIIVINNT



12) I9VLANINSNUS

1.5 Ustlawfiimninazlédsu
1) luuuhaesdmunsiuunussiananudesnsdeilaidunas Alalidsiledduain
ToyaunInsaivewlteululudueundiatu
2) I§Bnsnraseunuddeuvestoyauriasaivosldin
3) 1¥35nsaduanudeanisidsiladtunasibildideilsiduvesaenduaiandeya
umnsalvelteululudueundintu
1) anszeznamazninensilddmiunsiinngsinudeanisvesgldaiuaindeya

umasalvegldaululudiaundinty

1.6 unAaddeitldTunisinam

dqunil swoinerdnuslasunisfauniduunaauiviniss 09 Generating
Functional Requirements Based on Classification of Mobile Application User Reviews”
Tusrudse Y UTYIN1T 2021 [EEE/ACIS 19th International Conference on Software
Engineering Research, Management and Applications (SERA) seeTudl 20-22 ﬁqmﬂu

W.A. 2564 4 Waanuw1I Useneagyu



unil 2
npufuaznuiseiieadas
2.1 nqufiieatas
2.1.1 IAINTINANUADINTBONALIS
Amnssuanudesns [9] Aemansiidnuiisafunisdomssenigiouasinannie
dinsiann Weadauazthgasnuinnudesnmslinsafuaudosnsvesssuy vosweniuas
w3 ou3n13i Wauaula 3anssuainudesnisusenauludlsnisduniainudeenis
(Discovering Requirement) N15afinA11A93n1T (Eliciting Requirement) N1SWAILUIA1Y
A94n17 (Developing Requirement) N153LAT1%1A1IUADIN1S (Analyzing Requirement)
NIIATIVADUAIILADINT (Validating Requirement) NIINIUFDUANNFABINTT (Verification
Requirement) n1548a15 (Communicating) N15%148n@15 (Documenting) ¥azn153AN1S
AIUABINNT (Managing Requirement) ﬂszmumﬁmﬂ'ﬁﬁmﬂ';'méfaﬂﬂ'ﬁlﬁu%umaul,t,sﬂqm
Y933 INITINNIHAUIONAWIS (Software Development Life Cycle Model)
ANuABINTS (Requirements) [10] fio (1) Wouluvdeauanusaiifldaudeanis
dwduuitgmvieriioussginguszasiiisesnts (2) ReulwnFoanuannsaiinsmumie
JureUUn30aIU0IST UUMUARAN WIATHIU Tarnun nislena1stomvunegiaduy
953 9 (3) enansfiuansddoulanioruansalu (1) vide (2) lneanudoniseis
agnanie szuumsazusegnels nmsanwesszuy M3 detiAuntsineu nswaiun
Y9358UU Ui Megrsveslsslananuieens [11] wwu
1) Functional Requirement 85 unefaWafi U ANAIN1Ta T SYUUNT 0
fansLITaNTavinle
2) Non-functional Requirement 85 U188 39D UIAUNT DAIINA 8IN1TA Y
A AN (Quality Requirements) UBIBaWH WIT bUA TUA 1Y 9 LYY
ANNADINITAUUTEANT AN (Performance Requirements) ANABDINT
ArudiuneUszaiu (Interface Requirements) 19 UIAUAT1UNITODNILUY
(Design Constraint) AUFEINSAUANTUAS (Security Requirements)
miL%aumméfaamimsaamﬂé’aaﬁ'uLmeﬂﬂiqa%fwuaqmméfmmsﬁﬁgﬂl,wuﬁa
(Well-Formed Requirement) [9] na17@ 8A211% 890156 psa1u1saniuasule 1Ju
mnudesnsvesszuuiilondlutlyvivieussainguszasdvesiidwlddudes Heulvdoes

aunsndnld nsudeveulundeUIAULaYNa1ITAIINAINITVRITE UL



v =

LUINNNTTYUAINABINTNUTURUUTR LU WISTTUNRUTENOUME TORI1UATT
22Na109UTE57U (Subject) @391n5291 (Action) WiauAvesAUTENaUDU 9 (Complement)
N3ndunaziisanananuAein1s Mog1alAseas1amuAens (Requirements Syntax)
magy N 2-1 sduvunsndizgnou m18 [Condition] [Subject] [Action] [Object]
[Constraint of Action] Aiawllalafiiindaulun1uiisey seuuIsnsemnINingUssasdniey
TavsAuvaInIsnsevnvuall

[ o e‘d‘ % = L dy

anwazvesmdnnldluamiudeinstuuniensi

1) AnuReIN1snandumastdminien ‘shall’
1Y A 1o & a o | v PN ° v
2) anudesnsilddndu memandes Wy Anudesn1siazyinlusuianalsly
An3e1 ‘will’, ‘should’, ‘may’
3) Non-functional Requirements AISLIAINSYN ‘are’, ‘is’, ‘was’ AISUANLAL
N3l ‘must’
4) MIVANIABIAILADINITTNAU (Negative Requirements) Lau ‘shall not’
5 UsrlgAnuaein1snlsnantalsysuAernsyyin (Active Voice) 11nnin

k4 o

Usesupiergnnsziia (Passive Voice)

[Condition] [Subject] [Action] [Object] [Constraint of Action]

EXAMPLE: When signal x is received [Condition], the system [Subject] shall set [Action] the signal x
received bit [Object] within 2 seconds [Constraint of Action].

Or
[Condition] [Subject] [Action] [Object] [Constraint of Action]

EXAMPLE: At sea state 1 [Condition], the Radar System [Subject] shall detect [Action] targets [Object]
at ranges out to 100 nautical miles [Constraint of Action].

Or
[Subject] [Action] [Constraint of Action]

EXAMPLE: The Invoice System [Subject] shall display pending customer invoices [Action] in ascending
order of invoice due date [Constraint of Action].

JUN 2-1 Taseainen1silgumnusoen1sideflan dunuiuIvnanIsideunufen1sisisuLuy

iR [9]

2.1.2 1ATFIUAMNTNVBILINAWIS [12]
(3 & a = o i3 s dy
UINTFIUANNNVBITONALITOS UL TN YL VDIAMNMTDITENAWIS TutmsgIull
wuseaniduasdyuues fie AunmAInveIansin (Product Quality) wazsnuamnIwlung
14971 (Quality In Use Model) @150t 1u19551ululd58yanudoan1saun un1na e

woWAwIs as1eiIInAmA NURIONALIT A



UIATFIUFILUAMNINYBANEN DT (Product Quality Model) iiulufidnuazvos
AN MsyUURBNTme S UsznoulUMenEnSusimendnng (Software Product) wusdnwas
A IBIHANSIlE 8 vanevyarelul
1) Functional Suitability 85U18895zAUVRINIATUNITVINUTDINEN A UTYID
sruuaTsueafasnsmeldieuluiszyll
2) Performance Efficiency 85 usfapudunusuesuss@nsaamduaiuiu
ninegnsilimeldieulviiseylivesssuuriovoviiuag
3) Compatibility a%msﬁqizﬁuﬁmémﬁm%u‘%aizwmmmLLaﬂLﬂ?ﬂlsu%gaﬁu
nanfTivioszuuluan muandeuieifuvieoaninwindoudu o I

a v L3

1) Usability e3u1efasssiunandusiviossuuiiglisnuaansaldnuuazussg
ToguszasansidaumeanuiisnalalulseanianuasUssavsua

5) Reliability 8U188352AUAIUEINITAIUNITYINOIUVDINIATUVBITEUULAE
gevAwIAmITzEgaIR MU

6) Security a5uneneseiunIsiinfsWeyanudninisidnfiadeya saudanns
Untesdoyannuana sdndasivieszuudu o

7) Maintainability 85ulgfasenuvesUszdnsnmuazyseaninalunisusuyye
HanAauavisosruuluyuvasnwaw

8) Portability 85U18895EAUUTLANTNINUALUSEANDNAVDITEUUNS DHAR I
SefinmsiAsuutasanwinadennisiiey Wy ensusssnanass ULy

Ludigunsalansauasivy anmuwindeunisvitalng

2.1.3 msieuiuuuiidaau (Supervised Learning) [13]
= % v < = a = o = o = % =

n1sseuskuuigaeudunisdumeiinnisisouivenniod [6] Fan1siSeusveunies
Aan TN llusunsuAeuidmesiauasalunsissus IIndeyameiie e by
dusuuAdamang 9 lagusiaann1sleulusunsuinnuanssne a8 19tntatiauA Uy
d! I ¥ ! J a %/ d‘ U = QIJ a b
Fehotounnseseninmsisuivenasesiunsdeulusunsuualatyvim 9 T nsiSeus
Y9UATDIRITITUARLANINNATEUINNTSBUT 9 VesAY

VANNITVRINSISEUWULILaOU AegUN 2-2 Aenisaeulvineuiiimesiiaiuanuise
lun1sifeusandeyaiivoun gy lngazasrslumanisiseus 3ndeyayalnaou
(Training Set) N5A1558UA1nOU (Label) vaenadnsliuad aeludeyayalnaouqzd

AMaNYMzYItayani1e 9 dusulireuiiimesisouianvaevastayaiveldundgymn



v eav Y o a a o ' AN v v I
HAd WS 71 LA nda91nn1sAnasudaluinanisifous veaias aav Mun Jaymid'y 9
(Predictive Model) $19¢19191u n15aaulinaufinmasa1u1s09unAINAa283 I unIn
nmeviselil lnglvimeuiimesidnamnmednuuein 4 ndeyayeinaeuilaszydinay

vy 1 & P = Q1 v & XY a e = v A a )
voan I dundenselilinde wasidenlddanaiiunisiteuivenasosivunzauiy

o U say va a 19 A d' ° v = 9
aﬂwmgmaﬂﬂmﬂﬁl Naa‘Wﬁ‘V]lﬂﬂaIllLﬂaﬂ']315814361]@\1Lﬂﬁ@ﬂ‘m?ﬁil'ﬁﬂf\nLLUﬂﬂWWﬂa'ﬂEJ‘Vii@lﬂJIEU

Aunaele
Computer
Training Set _
(Text, Image, etc.) »{ | Machine > Predictive Model
Learning
Labels Algorithm

JUT 2-2 nsruiumsainsliaanisiseuiveniesnnteyayatinasy

= a a = v A Ay y oo = o v
\ilenageuUsEansa mveslunansisousvoaIadnla Aegun 2-3 avirdeyayn
naaey (Test Set) NUsznaumedoyarie 9 wu Toyanimndle lildnmndie waglaiinig
sryAmeuvesdeyayanadeuii madeuiuluAan15IT8UIY0UAT DY LiTDRAINYNABY
! o = 1% =« o sa v P o ! <
Ansugvadinan1seuveNAIel Kaansnilannlunarenan1siugn wIndunin

naevseldldnmnalsniuia1nnds (Expected Label)

Computer
Test Set N . | Expected Label
> Predictive >
(Text, Image, etc.) Model (Output)

SUN 2-3 nsguiumMmageuUsyansamlunan1sseuiveaTeImeyaveanagey

2.1.4 nﬁﬁauﬁtwu‘lajﬁﬁaau (Unsupervised Learning) [14]
n1sseugwuulidfaeududnnidunaianisnseusvennias alilddoyayn

Anapuniinsseymnouvamasnsu il nasunsuiinesdmsuundamiang o ey

wadansiseusuuuligaeu uilineuiamesiouimaiuduiusvestoyates aunltdnig



Seuiuwuuldfaeu 1wy Clustering lnswusnguamnanuduiusvestayafindroadaiu Ty

v

n1suUInquresteyalsznouluiieanidiu fe AITAAIUARIEATINTUYDIT DY ALAY

Y
9ano37uveIN1TINNGuTaya

Megairinanuaneafsiuveslays Wy

13 (% 1 '

1) Jaccard Similarity Coefficient n388n%a3iniusgsunsvatsae Jaccard

'
a

1gAaINUNLAsUANUTENDE19UIN TagAUIN

& v v 1%

Index [15] tUUAIINAINAR
mwmé’waﬂﬁqﬁ’umﬂﬂﬂiuﬂiﬁwuau%’agaﬁsgﬁuim'maaqLaﬂa'ﬁé’wﬁi’mu
foyavianunvesisaesianansilludnriu

2) Cosine Similarity [15] AMUIMANAAIEARIAUIINTLYLWNUDINNADS A28
nsinsalalerl (Cosine of Angle) sewinwidesianiaes danmedvis
Telgdruutunnuansideyassriaenasiundondatuinn fguil 2-4
WIAUAGIEARINUTENININABS A wag B drani1sinyulalei (cos)

FEMININAS A Lay B

dist(A, B)

zZ

g‘dﬁ 2-4 Cosine Similarity [14]

Faaniildannisfuiaanuadiendatuvesdate Jaccard Similarity Coefficient
uaz Cosine Similarity fifnegszning 0 Au 1 Taedn 0 Aeduesteyailindondeiu uaze
1 feguesieyanndiondeiu dudflegszning 0 fu 1 Aesziunnundiendaiuvestoya

3) Cosine Distance [14] AU s¥ 88 ¥ 195eMI 197 038 AagUfl 24 fe
nsATUIMIAT dist(A, B) Inannlaann 1- @1 Cosine Similarity A1 Cosine

Distance aaun1fiuAT Cosine Similarity Liletayaiimnuaaigadanusin
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srervineTeniIdeyavsiey uazmndeyaliadoafaiuasdseueying
sendnetayauin dewldiunsvir Clustering

MBE198aneINUNITHUINGY (YU

(%
Y

1) Partitional Clustering [14] {Judane3fiunsinnguidanadsvesioyais

Y

(%
=1

nau (Centroid) Wuivinanuameadsiuiudeyaingy danesfiulungud
L1 K-means, Bisecting K-means, K-medoids WD

2) Hierarchical Clustering [14] 1 udanasiun1sdnnguainnissiudayad

Y

[
s 1

adendstusnnfianluizes o suasuiuvesteya sanesfinlunguiluy
ponlmugealuunang fie Agglomerative uay Divisive

3) Density-Based Clustering [15] L“ﬂuﬁaﬂa%ﬁumﬁﬂﬂzjwﬁagaL%G‘ﬁum%%
fanqudeyaninemmuiuuresdeyalutdnadiuiiiy q wanefudeyaild
sUswlaiuiueu (Arbitrary Shape) 1 Toyadnuaiesudd S dnuuriuies

&’aashwmé’aﬂa%ﬁﬂumjuﬁ W DBSCAN, OPTICS, DENCLUE

2.1.5 Sentence-BERT (SBERT) [16]

SBERT Aawuanensileuszlen (Sentence Embeddings) WaILN11a1nWwINIg BERT

Fadunumnianisiavseleanedetausunaedan JuseansninlunisiAusIusINAUNLNY

va4m1 [17]1nelaseas19an U nenssuves BERT tJuuUU Multi-Layer Bidirectional

Transformer fﬂ”qg‘ﬂﬁ 2-5 BERT #1112 d@1%15 U914 Question and Answering, Sentence

Classification, Sentence-Pair Regression kazUszleaigniasiaanunsarulIse1AIy

AAeAReTusEnINtayaiedyin Cosine Similarity ba daeenaau [18] Ustlua “play the

record” if1 Cosine Similarity 71 0.754 uaz 0.582 ie¥atulsslon “play the game” wax

“record the play” mua1au @38Usz@NS A AN IE a1 s UAULUINIINITYIIINLIABS

AANBEURITEANAIY TF-IDF %38 Word2Vec Liiasainan1tnenssulasaasnaves BERT

dldﬂ.l

ibldnsnensuaziantunsawIndwuen livngiuvaunideyavueing
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BERT (Ours)

U7l 2-5 Tassaireanilnenssuves BERT [17]

SBERT laUsuugetednnnves BERT lneldandnenssulaseasinasonne Siamese

uay Triplet Wnu AIFUN 2-6 FrvaansneInTuazIalun1sAUIMLaE SIAIAMNLNUEI VD

Y
[

BERT 13 wananddeaunsausuldiuauaiulvg q 1a wu Clustering nsdududoya
(Information Retrieval) NMsiUTgutiguauaagadanunsauvingludayavuinlvg
Wudu daeg19luina Pretrained SBERT [19] 7 aunsaviunldladludag vy Ldu
Tama paraphrase-MiniLM-L3v2 Taiaa allmpnet-base-v2 Fstuoefuanumnganlunis

Y

danlganu

1.1 | Softmax classifier ‘
LS .

[ cosine-sim(u, v) | | (u, v, |u-v]) ‘
I L T v ]
4 [} L} L}

l pooling | pooling I | pooling ‘ | pooling ‘
4 [y 4 [}
| eeRr I | eerr | | et |

F
Sentence A Sentence B Sentence A Sentence B

gﬂﬁ 2-6 Tassadwannilnenssuves SBERT wiafuaa Similarity Scores (Hedne), Taseadns

an1UpenIsuves SBERT ﬁ’ﬁ/i%JUQ’]uﬁT’lLLuﬂUiﬂLﬂW%aﬂﬁa%a (Haw) [16]

anansaldauluma Pretrained SBERT HNu Sentence Transformers Llsutaasa [20]
dusunwlnseu (Python) s895unisileuselaaunnnia 100 1wl IA1sAnRsLaziSanld

silaea Pretrained SBERT faguil 2-7
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Installation

You can install it using pip:
pip install -U sentence-transformers

We recommand Python 3.6 or higher, and at least PyTorch 1.6.0. See installation for further installation
options, especially if you want to use a GPU.

Usage «

The usage is as simple as:

from sentence_transformers import SentenceTransformer
model = SentenceTransformer('paraphrase-MinilM-L6-v2")

#0ur sentences we Li
sentences = ['Thi
‘Sentences are sed as @& st of string.’,

'The quick brown fox jumps over the lazy dog.']

enerates embeddings for each input sentence’,

#Sentences are encoded by calling model.encode()
embeddings = model.encode(sentences)

#Print the embeddings

ntence, embedding in zip(sentences, embeddings):
print("Sentence:", sentence)

edding:", embedding)

JUN 2-7 FSnshnsanazlvaulaiea Pretrained SBERT #1u Sentence Transformers

wsunasadmsun1w Python [20]

2.1.6 Requirement Boilerplates [8]
WULUUAINADINTT (Requirement Boilerplates) ABLUININITIUHUAINADINITH
= o v v avy v v 1< adq v
finsimualassasievesusloalugvvesdoninun1wsssunalings 1uisnisasng
WINTFIUNNEMTUUTElEAMINABINTS 19819 Requirement Boilerplate fiagu#n 2-8
ARLLLUUAMNABINISTALY F9Ion15as19UsElennNABINITINUULUUAINABINITUY T
| a1 i Ao 1Y) Y q' ° A |

wikuuIziivevinimruanudnyuzuedteya (Placeholders) Nagiuunuiluwsiuy
AIUABINTT 3881909 U IINTUILUNUN AMNSNBULVDITOYA <system> A8 “coffee

. y = <& v v 9 ] '
machine” ududavesssuu Wudu gavineazlaussleaninudein1sannuibuuniny

Foansilufe “The coffee machine shall produce a hot drink every 10 seconds.”
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Template 34

The <system> shall <function> <object>
every <performance> <units>.

/ <system> = coffee machine
<function> = produce
<object> = a hot drink
<performance> = 70
<units> = seconds

Requirement 347 = Template 34 +

<system> = coffee machine
<function> = produce
<object> = a cold drink
<performance> = 5
<units> = seconds

Requirement 348 = Template 34 +

JUN 2-8 usdhuuanusaan1snily (8]

o

2.2 NUTRLNNEITaS
AFeAgtaIwUslanmun 3 mnanylaun n1sduunUsziandeyauniange
vosgltueandulszinnang 4 neldisnisiseuivenaies nsdangudeyauniansalves

AlFumfgItesiu nsaiLenanInINABINSUe e ALIs

1 3 v a 4 ¥ < 1 yad
nuavgn1siuundssiandayauniansalvessldnusaniludszianeng q lagldisns
= v o
(38UTYDNATRY

2.2.1 How Can | Improve My App? Classifying User Reviews for Software
Maintenance and Evolution [1]

e mngiiegiednauidiunyssianteayauniansalvesy l9a1uain
wavalasuavinadalainifeivesiunisusuumariinuinisvenduas Ussinnvestayai
Fuunlaun Meutymnnu n1sseweiiaes n1sudteya nMsaumdeya lagldisnis
= % -

REATALNEERR
a v dy 915 a I = a 6 £ 1A v A

AdeilansanufgIudn UkuuMsleuunIansalvessldaunananyidediull
wldunaedisuwuunsifeuiindne 9 ¥3egiiu (Recurrent Linguistic Patterns) #4a11156)
UkUUNISWEUINIMUNUSEINYBeTRYals tnvenAednunzvesdlagauduiusves
menulasaaiaveslselen diegradu uniansalvesdldnuniivnudeninisseeiliaes
“You should add a new button” lassasnseslszleausznounie “add” Mdunseman
“you” Mduusesiu “button” Mlunssy “new” Mlunuautfveanssy “should” 1lu
381998 Feanunsatilassasanazauduiusiusngluliimssiuseloafildulssian

Weniun1siesveiliaesla lunddeiiladnseilasiaiiswesUssleauniansalve sl



14

ndoyauninsnivesfldsiurianua 500 vniansaivesrfldaru wu Recurrent Linguistic
Patterns Wi 246 JUuuulAsIaisvasUstlen FonsUuutlassadnsvasdszleaiiin NLP
Heuristic f78819¥84 NLP Heuristic UszLann1s3esveillaes u “[someone] should add
[something]”

Ineniinusihdeya NLP Heuristic sndinuuaaidu User Review Patterns Liteldarin

[

Toyandrfyanysyloauniatsalvegldeu
2.2.2 Bug Report, Feature Request, or Simply Praise? On Automatically
Classifying App Reviews [2]

ATl nauewwImensTunUsEnunIsalveldauanuevalasuas

3 3 v o a Y U oa v ¢ ¢ & v W
wadalas Uszinnvestayaniduunineidesivimnssuanudeniseeniuls dednimun
anusahuntdiauiwazUsuusseunanduld wualu 4 Yssanlaun sreaunisinnu

Aanain N15389%8M1905 Uszaunisalnisldarunweundiadu (User Experiences) iaz

auitanelalunislden (Ratings) lngldinaiianisiseuiveaiaios

a o -dy ¥ ¥ a 6 ¥ s (3 s a
NuITpillaTuTwdeyauniatsalvesldauanuelalasuazinadalasuifinaain

TayalagAuaIAuKIUIAT BllafnaaINLALAde LeantalANAInTID1LAATUIINNITAR

281N WaaNSNlAnUIwazUsTnuestayaunINIaivesliulimeliauagUss@nsnnd

Letumneineiy A1 Precision aguszanas 70-95 % Yaiz#l Recall ag#1uszanas 80-90 % laeg

l¥ganatfiun1siseusveeaIad Naive Bayes

WeHNUsUaYaUTITAle LI UUTEANTIEUNNTYINURANAIALAZN T30
= s aw & ! Y ¥ =%
voillvesvesnideiinduldlunimaasss lnglhludoyaysnaeunazyavageuluinanis

13U3VDIUATON

2.2.3 Automatic Classification of Non-Functional Requirements from
Augmented App User Reviews [3]
nuITeldiauauuIneTTRuNUITINUNIsalveyldauanuevalasuas
wadalaslaedsniseuivenaias Adelduundseunvuninsaivesddausendu
Usgian 1) aruaean1sy ld 1yt d el an dulawn Usability, Reliability, Portability,
Performance 2) ANABINTSWITHATY way 3) Toyadu 9 (Others)
a o ‘:9‘; ¥ a L3 v a U . 1
NuIelsuTmdeyauninsalvesldauinanueunaiadu iBooks 31nuelalns

LazlaUNAIATY WhatsApp a1ninadalng duidendayauninsalves ldeauunimun
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2,000 UselemanumaswaUnaaty 591 4,000 Uselen L au1u1@naainusesnnaed
un3ansalvedldnuindulssivlanuuinsgiunanimaeswensduas [12] waziinisana
fusgninginaan WenadnsveansinaainUsziamuniansalvesldanulinseiy
YA ° v a ¢ v ao & a a a aal

HadnSNsTIUNUsEIMdayauniansalveylduresuided Iussdnsamaian
A A1 Precision agl 71.4% YaugNAady Recall ag# 72.3% uarAlade F-Measure 8¢l
71.8%

a a ¢ o ¥ a ¢ ¥ a v dy ' Y <

enfinusideyauniansalvesldnuvesnuifeiinsuldlunmmenss Tagldidu

ToyayntinaoularyANAaaUllAANISITEUIVDUATO

] (% 1 1 a ¢ v a A v (%
nuAntN1sIRngutayaunIansalvesdldaunineidaciu
2.2.4 AR-Miner: Mining Informative Reviews for Developers from Mobile App
Marketplace [4]
awv a o ' dl ¢ ¢l A ' . = | a o W
MUATYT UNAUDLAS BIU BB KI5 WY 931 AR-Miner bW 8% 287 LU NW AU
luludueundinduiimssitayanduusslertsenisiauiiasysuussaundinduiuiy
PndayaumNsaiveddltrululudueundindy dvuneunsinnudtunsundnae 151310
o ¥ a L3 L4 a L3 4 dl Y Y
n1suunUsziandeyauniansalvedldueeniduuniansalveldruilideya
(Informative) uaglilvideya (Uninformative) Tunaudauifeni1sinnguuniaisalves
A ldunlvideyaniedanasiia Topic Modeling TunaufianuAen1sinaiuaINd1Agves
naUUNIN TNV I NUNTINToYa KA TUADUAAYINEABNITHANINANAUYDIUNTITI VDS
Aldaundanudidy asguil 29 wadnsilaainiaIeeda AR-Miner wanin13INTUAY
ANdIAUeINguUNIATalvedttIuaInuInlutey gean 10 suduwsn tnenguiade

“more theme” diAmnudAtyesiian
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Review Instances of topic “more theme” Score

1 | Also we need more themes! 0932

Just wish you had more themes or ability to make a
custom theme.

0.800

more theme [1]

swype feature [2] word type

restart default

space bar(3] keyboard [10]
more option word predict
like keyboard support Chinese

langauge [6,8]
predict text [7]

[V

JUN 2-9 Msuanwaraenguuyiansalvesdlfiuniliaudfgygen 10 Suduusnuas

\A304il AR-Miner [4]

wumsesuidedadendeiufuiuimanisise vesinerdnusie Buannis
Suundsuandoyauninsaivewlfon uazndsmnduinngudoyauninsaivewlfou
Tounnsinea1nanidedde Inerinuduunssandeyauninsaivesfldsusandy
UsztamanudeamadeileituasAilaldideiladdu warszyuminsaivesilinuiunnsiety
meuuImg Clustering wag Text Similarity fauavideyaunminsaivesdlinuluaiaay

foansaianTuwaz N lula@sileantureIga w5

2.2.5 Release Planning of Mobile Apps Based on User Reviews [5]
suiTedvnaueind sadon lddmsviunufanssud evauinasusuuge
weunantuanteyauniatsalvesldanudmsudniau fauaaudunouiie Suain
Fuundeyaunivsalveldaueeniduussinn Bug Report waznisuuziiliaes
(Feature Suggestion) SunoudmnAenisiangudeyauninsaivesglisnuiiisadeatuse
Sane3funsdangudoya DBSCAN wardunaugaiefonisindduauddyuongudeya

umnsalveldnuielinunuimueUnainty nan1snaaeIresideinuiiiaiig

wiudgdluduunyszinndeyauaznsinngudeyaiinetoeiu

Y

[y

LUINNNITIVEVBIUITETAREAFINUAULUINIINITIVEVDINGITNUSAD 131910

nsPuunUssivdeyauninnsaivesldnunagndinniuianguieyauniansaivaeyldau

Y

v
v A a

Tounni1331nuidedfe Inerdnusduundsuandeyauniasalvesldanusenduy

Usztnnaudeansidsflsidunasnldlelalaidu vdsaintussyuniansalvesyldaud
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WANA1AUAIBLUINIG Clustering waz Text Similarity fouaziiveyauniatsaivesyldu

Tuasemnudeensdeilantunasililodaflendurasanawg

NUINNYNITATIUDNETANADINTVD BN AW
2.2.6 A Semi-Automated Approach for Generating Natural Language
Requirements Documents Based on Business Process Models [21]
sATed diauonumied saludAlunisairaenarsaudeanislug vuuy
AWITITUPIRINMLAANTEUIUNITNNGIAR (Business Process Models) wuslaaasssuzha
1) szozasiieun1sdeya (Preparation Phase) luszoznisinioudey adi
Aertes spogdindunudisan Iinmeiiansmiissvannsarieuld
Jinsevideyaii sududedldlunisaireaudosnisvesszuu 1w las
funumerls vheglsld finsfindefuszuudunioli dotaduding o Judu
2) s¥8¥n15ATINBNAI1IAINABINIT (Generation Phase) LTuszosn15aTsg
LONAITANNADINTT IABATINAIUABINTIUFURUUNYISTINYIRINATLY
Requirement Boilerplates LLazLau%’ayjaaﬂmmquﬁw%’auuaﬁaﬁ’mlé’mﬂ
Tunanszuaunsmiegshalussegniswisunisteya uuamnedifondn
Template Filling 1ThA87sImEa fenuannsalunissugauazendoaiing
Renfumsaisseleanwisssusahinintn
nadndvesAtoinu wnansemiafesnsiinunwisdnuesnuausaluns
87U AUATUNIY LL@%@’J’]@N’]EJELUWWU%JUUEQL@ﬂﬁ’]iLﬁlaﬁﬂ’]imgEJ‘L!LL"LJmﬂiz‘UTUﬂﬁ‘1/11\‘1
5319
AIngrfnusiiuuInienisasisuseleannuneanislug b uun1wsssueAn g
Requirement Boilerplates bazlhu3In1e Template Filling %aﬂdﬁuiﬁaﬁm’lﬂ’izqﬂﬁwa%ﬁﬂ

£ a X ay 19 1 a X ¢ s v a I3 ]
ANUA eIl dunaz i ldldig il s duveswanduisaindeyauniansalveey kau

(%
a v Aa4A a a

TouANA9INIIITAD IMeTdnusas1inufBIN1sveandkIsaINtoyauniatsaives
ALty Fednvagvastayanarmsiauvestoyaililuwduuuvesussleaunnsineiu
2.2.7 Automatic Generation of a Software Requirements Specification (SRS)
Document [22]
NIl eIl NALISUBINTEUIUNITIAINTTUAIINABINIT +H18991N

Tymnmsvinasesilegenduislunisasiinnudeansiusuiuunusssunandsuiuuia
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Asasederuunnudesnisiiunufisinuasdudeudedldnisinsziaindnienssy
AudeIns et ausirsesiiodain NALASS Ussneusie & @
1) The Formalization Component tdudiuiildadrslassadrsgvuuuans
Uszlpaitas 9 dudorvunmnudesnis
2) The Questions Component tudiun1sadiafnudmluiadldanssuy
el dumamaouandeyaiidesnsiugnin
3) The Diagrams Component \Judiunisasislaezunsusnludfainszuu lne
1@@3Lmsm%?mmﬂ%@@gaﬁ;ﬁ%’mumuﬁmmﬁizwmu w‘%aiﬁsﬁ@;ﬂaﬁéfaami
dunsuasalaozunsunieiLes
4) The Documentation Component Wudiunisasrwenanstednuaaing
H oINS LUUT AR %’ayjaﬁisﬁa%”mLaﬂaﬁ%’aﬁmummmé{aqmi
Usznaudie uduuy nglunisunuiiteyaluwsivuy foyaunuim wiind
Fodadusng q MAetos iusu Wdayare o ulszananaasiaduenans
FormuanugesnIsniLuUTitun
LUININNSESSENaNST o MUARINR BINTYRIUT T E A eAR TR ULLINNS

¥

Y097 ng g nusAeas1eUseluaadnun 0an15tug Uiuun1¥15ITNYIAINATLY

[
a o a A

Requirement Boilerplates kag3§n15tANYayaadlullwUU Tounnm1991nUITBAD

WINUTATIAINABINITIINVBLAUYIN TVRE LT Wwas Tayatidiuasluuiwuulaain

Y]

nsanadeyanddnanuniatsalvelday
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AMNTINIZNIIIVY
a a g a % v a ¢ @ Ay 19 1 a ¢ o
Ingrinusduwifnlunisaseanudesnisideiladdunazilalyideilan duves
goNAKITINNTIMUNUNINTalvesldrululudueundindulaeisuain 1) druniansal
w03 M unduunyssianeenduuninnsaivesdidaudeileddunasalalgg el sidu
2) vilpsannuninnsalvesldanudeiesndunas nlalygei s duduiilontanasnadwi o
Weatuld Weannug1gauiurestayauninnsaivedd 1y Inednusingiaaey
uniasalvesd ldnuigdaudu lngavasiauniasalvesldauigdoudunaziiv
a ¢ v a ' v yy A o Y v £ 3 @
uniAsalve sl ldnuiuana1eiull iwetdhunldasaussloanudesnisludunaudaly

3) Inegndnusasisanudeinisgenduasanuniansalvesldaundeflsndunas ildly s

'
a o o 14

Henfunnunioann1snTIvdeuANNY UL AenisaiateyanidAyanteyaun

L3

A5a1vanltau Tneld User Review Patterns hagas19a11ufadan1seanaLIsagn1shnus

Y

'
a

Yoyatiarnlélu Requirement Boilerplates fifvunly InenwsuAsnsidevesinednus
FagUit 3-1 Sfavn 4 wiafio
1) wlanssuunUssanuniansaivesdldau waddeyauinssives]linuargn
vhanldinasuluinanisdeusvosaies iolddwundszinnuosuniansalves
Adruifudsileddunasaldladaitaidy
2) wansnadauuyinsafvesgldauiiadey osrnuninsaives)ldoud
Tomananiaieadefuld waduvminsavesldrumegnfinnsaniiniusideu
fudioifuiamsdeyaurinsaivesglfnuiuandstuindy
3) wansa¥ennudeimadalsidunazililydasleiduaindayauniansaives
Fldufignduunyszinnuda atazadnnudeanindeiladduuas iy
flarduanteyaumansaivesglinuilifinaeulimanmsieudveseioduma 1)
4) wiamsadreenudesnisdeiaidunasiililudstaiduandeyauniansalves
Fldauiladiadiunnou waifenimmaassiuuimeidovesinerdnusan
Uszgndlden Tngaziuuamneidigauemnianisaniu Seftudniaunanune

usndoyauniansalvesldauildinediunineu (Unseen) unldasieniu

feansdeiantuwaznluladsiteandule



(1) App Store
(2) Play Store and
(3) Other researches

User Reviews ’

Functional and Non-Functional
User Reviews (relabeled with

and (2) duplicate or not duplicate)

(1) assigned cluster

User Reviews h
Classification

Duplicate Functional
and Non-Functional
User Reviews Detection

Data
Preprocessing

Labeled User Reviews  [€
(Functional or Others),
(Awailability or Others),

and (Operability or Others)| |

; Classifier
- Performance
Evaluation

Performance Evaluation

Duplicate Detection

Duplicate Detection

. 2
Best Classifier for Functiongl
and Non-Functional

Functional and Non-Functional

v
Best Method for Duplicate

User Reviews

User Reviews Detection

Generation of Functional and
Non-Functional Requirements from
Functional and Non-Functional
User Reviews

Sentence Pattern Matching

Information Extraction
for Agent, Activity, Target,
and Way

Evaluation of Functional
and Non-Functional

-
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Functional and
Non-Functional
User Reviews

Functional and
Non-Functional
User Review Patterns

Extracted Information
as Agent, Activity,
Target, and Way

Functional and
Non-Functional
Requirement Boilerplates

Reguirements Quality

]

\

Unseen User Reviews

Functional and
Non-Functional
User Review Patterns

Non-Functional
Requirement Boilerplates

Functional and s

|

Non-Fun:

> /Generatinn of Functional and\
ttional Requirements

2

Data Preparation

Functional and
Non-Functional
Requirements Generation

from Uriseen User Reviews

% Non-Functional

Unigue Functional and

:°[1 Unseen User Reviews

Functional and
Non-Functional
Requirements

SUT 3-1 AMNSLATANTII8VRINETNUS

U

Functional and
Non-Functional
Requirements

18azdunvaNNan 1) Danad 4) eSuigliluuni 4 feunil 7 auaau
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S o a a = Y d' Y A v
LWﬂu@@ﬂ"liWWUqLLag‘Vl@a@‘U‘UsgaVlﬁﬂ']WIiJL@aﬂ']iLingﬁU@ﬂLﬂi@\‘]LL‘UUNEﬂﬁ@ULW@I%

° a ¢ 19 a o av 19 1 a 'z v a I3
ﬂ']LL‘L«!ﬂ‘Ui%L.ﬂ‘V]‘U‘V]'JQW?W%@QE@%Q"IUL%QWQﬂ%uLLa%V]I@JIGULSUQ‘WQﬂ%u@qﬂ%aHaUWQQqﬁmsﬂaﬂ

A 191U Wadwns

nlanniatiAelumanisduunusziamuninnsalveslldeuialsidulasi

Laligad s dunivssdnsamannign Ingrdnusimuadernuniansalve sl ldnuids

Handuwaznlaladeiandusadl

1)

unmInsalveldenndaileddu (Functional User Reviews) flauviansalves
D S a = ¢ o a I3 s A
Hldeunesuieds Mandu Aruaiuisafiseuy genduls niediuves
wandwIsaru1saviila lneniseSuiseylusunuuveanissenudym
nsfesvaiilomivinmeluvsedmiuilanduluy saufenisusudsavisediiugy

Handunilegvasaunaady

ludiuvesuninsalvesd ldarunlulyi@efl sty (Non-functional User Reviews)

wUau 2 Uszunnee

2)

3)

uninsalveltiiusuaunseuldan (Availability User Reviews) Aaumn
Isalvesfifnuietureds seduvesnuasaiiarldenasiindessuy
gewdlng vidoduveswendusiflofldamdesnsldiu lnensesureely
sUsuuvaInsTenulynivienissesrenisusuusslseansnmnsvina
un3ansalvess b s uaInainnsalunisldeiu (Operability User
Reviews) Apuniansalvesgldauiefuieis sedunmand@vossyuy
gauiug niedruveswenduIfidirdenisldeunazmuny Weoussq

npUszasAnsideu lngniseSuieegluguuuurainisseaudymvsenis

FesvansuTulsaUsgansamnisinau

& ' I & ¥ U < <@ v a 6
Wadkuseanilu 4 saumaulmm 4.1) TVUABUNTIINUIIUIINUYBHAUNTINTUUDN

Al 4.2) Tunaun1TeseNtaLaunIaTalveds e 4.3) TunaunTWAILIlUAANIS

IuunUszinnunIansalves ianudaiienduwasnlalgdeailsidu 4.4) Tunaunisuseiiiy

Usgavsnmlumanisdiunussinnuninsaivesldendailsiduasnldlngailsidu
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7 < v a ¢ Y
4.1 YunBUNSIAUTIVTINTayaunIasalvesyldanu
Inginudiiuniusudeyauninsaivesldnuanimun 3 wastaya dmsuly

1< v Y

Juyatayarnasuiaznaaeulsedninainvesluna Ingridnusdndoyauniangaives

9 Y

W iU suTInuiazunasteyaliey lusedudselea sauanua 4,000 Uselea

UMM salvesldau Jeyauniansalvesldauainunasdoyauwsndiuiy 1,295 Uselun

Nnunasdeyaiiansdiuau 953 Ustlonuazanunasdoyaiianusiuiu 1,752 Ustlon
ngwg lunisnaaeswedingtdnus uninnsalvesldiuas inedauninsaives

Aldaluseaudselen

S1UaLL 8N NWATURITOYAUNTINTU VO LTI UKAETTNTIIUTININLAAY
uwnaadeyaiaialuil

o v v v " v

anwazvastayanlanundsdayausn

AIdeTIUTINtoyauniasalveldsiuainaudde [2] Anvazvesyadeyaunianel
o9 19 rugnauuneenidu 4 Uszian laun Bug Report, Feature Request,
User Experience, Rating lng3ngnfinusidenldveyauniansalvesldnunnuvastoyailia
\iesaeUsznAe Bug Report Wag Feature Request 7ann51991 4-1 tilesainiludoyad

dAgdmiunsiaLazySuUseUnaIadu

A15N9 4-1 ey ranvurvesteyauriasalueldiuananidy [2]

Uszinndaya Aragnstayauniansalvasgldau

Bug Report | “Uploading is not working with the i0S6”

“Every time | launch the app, it crashes”

Feature “It would be great if we could copy and paste text”

Request “Great app, only one suggestion, it would be great if it allowed for

daily flow values.”

[

% av v v P
?Iﬂﬂmgﬂlaﬁﬂlayjaﬂ‘lﬂﬂqﬂLLWﬁ\ﬂlaﬂdaﬂﬂa\‘l

N

o v

FHesusindeyauyiansaivesdlduainauide [3] snunzvesyndoyauniangel

e>®

ﬂa@;ﬂ%’@ﬂugﬂﬁi’lLLuﬂaaﬂLﬁu 5 Uszlan fle Functional, Usability, Reliability, Portability,

Performance m1uiienu ISO/IEC 25010 Software Quality Model [12] Anginusidaanla
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TayauninTaiveldnunurasteyatiualiiesaelszian Ae Usability Wag Reliability

AP 4-2

A5 4-2 g anwurvesleyauviasalveldiuananidy [3]

Ussindaya aaeg1adayauniansalvagldau
Usability “I' have to flip through chapters to start the book.”
Reliability “The app just crashes after idling for five minutes.”

[

% av v v ]
an%%uz%aﬂ%agaw1ﬂaﬁﬂuwaa%agawaﬂu

@32

FWerwnudeyauniansalvesldnuainuevalasuavinadalninleisnsana

v

Foayadnniniules (Screen Scraping) Ingldlausns app-store-scraper [23] d1u3ufi
ToyaurinIaivasttaiuuuieyalnsuaslaus3 google-play-scraper [24] dmsufiadoya
umiansalvesgldauuunadalas 59uHan 8 weundaty fie Agoda, Airbnb, Instagram,

Kindle, Messenger, TikTok, Wattpad, WhatsApp lagia 8 wounaiaduiinuinnyaaieada

v v Y

fufudeyauninsalvedldiunnunaideyausniazunasioyainans dnuuvveslaya

a ¢ v v d' o =
UNINsalveldnnumaIdeyaiaufsgun 4-1

{ id: 'gp:AOgpTOF39mpW-6gurlkCCTV_8gnKne705wcFsLc6iGVot5hHpplgPCqIliVL2fjximXMNujul
userfame: "Millie Hawthorne',
userImage: ‘https://1h5.googleusercontent.com/-Q FTAEBH2Qg/AAAAARAAAAT /ABAAAAAL
date: '2013-11-108T18:31:42.1747",
url: 'https://play.google.com/store/apps/details?id=com.dxco.pandavszombies&rey
score: 5,
scoreText: '5',
title: "CAM NEVER WAIT TILL NEW UPDATE',
text: 'Love it but needs to pay more attention to pocket edition’,
replyDate: null,
replyText: null,
version: null,
thumbsUp: 29
criterias: [] } ]

JUN 4-1 shegredayauninsaivesyldnuilannnisisiayauinadalag [24]
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4.2 sunsunawieudeyauniansalvesdldeu
Tutunouniswdendeyaurinsaivesglisulszneude 3 unoufe 4.2.1) msfn
Unguszinvvesteya (Data Labeling) 4.2.2) n3viauazendaya (Data Cleaning) uae
4.2.3) MsanaRuanyy (Feature Extraction)
4.2.1 Data Labeling
Ineninudindeyauinsaivesglinuildrunuluduneud 4.1 infatheussiny
vostoya tieliluyadeyaiinasulasnaaeuussansnmlunanisieuiveseios
Toe 1 Ussloaurinsaivosfldnuannsofinteldifies 1 Ussianthewiniu dnerdnusia
theamn 3 gadoyauniatsaivesgldnude
1) edayavriansaiveidauinieuseian Functional uay Others dwsuldiduyn
Anaounaznaaeuyszansamlunanissouivauedeaiieldduun Functional
User Reviews
2) yedeyauninsalveslduufathelssnn Availability uaz Others dmsuldilugn
Anaeuuaznaaeulszansnmlunanisiiouiveanisaiteldduun Availability
User Reviews
3) yadeyauniasalvedldiufndieuszinn Operability wag Others dmsuldidu
yaflnaounaznaaouUszAnsnmlinanisiioudveanieaiieldduun Operability
User Reviews
fonmuariogsuninsaiveslfruudasUssianhevesia 3 yadeya fanisedt 4-3 da

AN519% 4-5

M13199 4-3 deruuagiiag1auniatsalvedsldauvesdteusenn Functional wag Others

vaayateyadl 1)

Usznnie gy ArvEsuNINIalveldnuy

Functional | unIansaivearldaufiesuieds Meddu | “it would be great if we
ANENNTOTISEUU FaHuIS WEedmwes | could copy and paste text.”
gaduITauTila lnenisesulgeyly
JURUUYRINITI181ud T N155R998
domimemeluvdeuiuitaidulm sl
nsUfuUgsvs o aAuiled dudifiog ves

LOUNRLATU
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M13199 4-3 Henuuaziieg19uniansalves ldauvesdigyseiny Functional wag Others

Yoyateuad 1) (se)

Usznnie

ey

Aa9E19UNIANTRlvel It

Others

a ¢ v v av oo B %
unIasad v eui b evdeedy
Usziantheuniansalvesgldanutinanu 1w

ANSHANIDDNNIIBITUN NISUUTLY

“so i spent $399 on nothing.”

M13°9% 4-4 Teruuazitegnuniansalvesldauvestheussnn Availability uag Others

YayAdeyadl 2)

Usznnie

He1y

Y 1 a < v
Arg1eunIasalvesyldau

Availability

uninsalveadldauiieuieis sziuves
Auaunsa ozl unazidfeszuy
goNAWIS viodueswedLaSTTofl
Aeen15ideu Ingnsesuigeylugluuy
Y89N153189U Y Y1 InTen1338990n 13

USuussusgdndnnnisyineu

“The app just crashes after

idling for five minutes.”

Others

un3ansalvees a1ui Ldif gadesdu
Ussinnthguminsalvesldaudiesiy

ASLANIDDNNIIDI5UA] N1suuMlU

“so i spent $399 on nothing.”

M13199 4-5 deuuaziiognauniansalveyldauvesireuseiam Operability wag Others

YoIYAveUATN 3)

Usznniie

ey

Aa9E19UNIANTRlvalltanu

Operability

uniansalveufldeud ofuieda szu
AMANTRYDITEUY BaNARIT NIRdIUVDY
ganduiAedonsldeuLazauau e
UssaingUssasAnisldau Tnenisesune
aglusvuuuven1ssenudyninienis

FosvansuTulgeUseansamnisvinau

“l

have to flip through
chapters to start the book.”
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M13199 4-5 deruuagiiagrauninsalvesldanuvesdigdseinn Operability kag Others

YoyAvaUat 3) (o)

Usznniie

ey

Aa9E19UNIANTRlvel It

Others

a ¢ v v av oo B o
unIasalvess] leui b evdesdu
Uszantheuniansalvesgldanudinesu 1y

ANSHANIDDNNIIBITUN NISUUTLY

“so i spent $399 on nothing.”

nszvaunsindiedeyaverineinusiseazdunnall

a) FAntnegussiandeyauninsaiveyldnumgimnsvendus i 3 Au

b)

)

e

aadrennauaslasuagdouuinienisdatiy aagud 4-2 Faasureis

wwmnnsinthe deruvestieusaslssinn uadiegndeyauniaisalves

AldauudazUsuiandis wenantineunsinde danthearlasunmsesuiey

waznaaernliesIuiuneu ieassaudlalvinssiusening@ndene

nsginnuIfndrguniatsalvesyldaulinsaduseninagdfntie siinng

wanefusynIndAnde ienudienduivesreuniansalvesldauiy

mnldannsamdeasulaanaimvadeyauninsaivesgldnuianuini

umiansalveglduiuazgnavesn

Aflansiniie (Coding Guide)

doyaminnlilunifnihedayafe doyauviosaluaaflivi (User reviews) vosnaundiadu

719 9 vuuavalaiuazinadalnd Surwisnun 4,000 Yaama dwmdunisAathedeyalsenaudae

Usziamihevianue 4 Uszuamldun Functional, Operability, Availability, ugz Others dduuuazsoeing

asuAarssinndsraluil

wnewmn Wealdglensiademugluiunmsiathetdeyaurasuszan msgwdannulinsy

neufinthedeya drderulilldndmguuazeruelifiu 3 dduldias Tuudazdeanden

Uszantheldias 1 Ussanwinuy

Functional: un3arsalvesflismiiefuieds fladdy aruawnsofissuu voduad uisdiunas

garlfwasausohld Tnsnseduiseyluguuuureanisssanuiym msfowailionfiviamelule

& oo

dinileidulvel ufmasiulgedadfuduiliduniioguaoundindu

fadhevasdayauszanil

“It would be great if we could copy and paste text.”,

“It would be nice if you could pin posts to your page from the app.”,

“can you plz make a screen recorder so we can make cool videos for youtube.”,

“It would be helpful if entrance and communion antiphons were included.”,

“It needs to be able to have music during the presentation and more animations.”

UM 4-2 dregeaiienisinineg
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e uninsaivesrldnunlilinudingy viielianuevesuniatsalves

Aldauldunnndy 3 Meggnaveenilesainiianuenduiuninngdeninuld

4.2.2 Data Cleaning

\Hasnndeyauniansalvesldaudiuanndeumenwnlidumanisuazunenss

Usenaunledoyai lua1u1sou1n1senaunisitnsieila 1wy Awaas snwysge 3107

A3eanesIaneu Wudu Inendnusisdausudeyabioglunuwimiadeniuazinaiiy

v =~ vy PN ' a ¢ A a a a = v o
33@’]@%@3{!@ LWaiﬁl@sﬂayjamLﬂll’]gallm@ﬂ'ﬁ'gLﬂi’]ngLagLW@LW@JUi%aWﬁﬂWWﬂ’]iLiHUﬁVﬂU

lunanisiseuiveasas dseazidenmall

1)

2)

3)

4)
5)

6)

7)
8)

AuUT UUTT Alud (Newline) aUW U7 219 (Space) aUA LaVR 198518113
(List Numbering) faegnaidu “ this is a string 7 U “this is a string”

audryguensuanl (Emoticon) wawBlud (Emoji) felausns Demoji [25] fapeeigu

“win great start by 7 U “win great start by”
AuFUMLAaILaYSNYIERMEtaYaaIN www.noslang.com/dictionary/ lagldign1s
Ardaganmiviuledsmelausis BeautifulSoup

AugUdyanuel lawn & fae “and” uaz “/” ¢y “or”

Auguderily §1edsmdernluuassudifusedeyaan [26] Meegatu “can’t”
Ju “cannot”
wnledefdanarnvesnisaznarnazlasastshiennsalaaelausis Gingerit [27]
f29819L% U “The smelt of fliwers bring back memories.” Wy “The smell of
flowers brings back memories.”

AUASBIUUNEI55ARDY (Punctuation) Aagnaiu “1”, “?”, “@”

=

audildfideddaseusun (Stopwords) fied Finuldvesluusuntunazaunsany
Ieeawuiuluiunay o shlvsiilifinuddale o bisnsavenldadaning
A yeeUs UYL 19U a, an, the Snerdnusldsiens Stopwords vaslausni
Gensim [28] wazeniiunsau Stopwords vnadfienaaziivsslevisonisiieuives
I:uLﬂamsﬁauﬁﬁuauﬂ%ﬂﬁm “cant”, “don”, “bill”, “hasnt”, “didn”, “couldnt”,
“please”, “doing”, “cannot”, “must”, “can”, “get”, “has”, “does”, “would”,
“down”, “un”, “without”, “made”, “should”, “doesn”, “not”, “do”, “might”,

udonen’ uhadn
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9) avuriasaivesltiuiliiiveya (Nul) uazgdouriu (Duplicate) 1B31nnasN
HUNMIYANNETIRTaYasIe o Ui vurRasalvesgldiuliiiveyamdentiay
wagtioliidunisiiudaudeyauniasaivesyldnuaug Faiinaneuszsdvsnm

= Y] a Y =
ﬂ']iLi'EJUEGU@\ﬂ;ﬂJLﬂaﬂqﬁlﬁﬂugﬂa\uﬂﬁaﬂ

Sruaudoyauninsaivestldniugnivdaninudunounisvia Data Labeling was
Data Cleaning Toyauniansalvads lfaunanie 3,989 Uselua annanugAeiiniuendly
1NN 3 AT 1 umiansalvesgldny, ldldnwdainguimau 1 uninsalveldoy,
ANUINEMININAINI 7 UNIRsalver iy, waranmsain Null 31w 2 uniansalves
ASERIY

FuunIsalves lWudadieUseian Functional wag Others, Uszlam

Availability wag Others, Usetnyn Operability wag Others Fa9157971 4-6 Fawns9fl 4-8

M13197 4-6 FwnunIansalvesr lunintigussian Functional uag Others 983%n

Uoyan 1)

waeTiu ai"}muﬁgmm Functional Others
NI [2] 1,288 178 1,110
NI [3] 951 77 874
31N Screen Scraping 1,750 640 1,110
STt 3,989 895 3,094

M1319% 4-7 FwuunInnsalvesldeunaadlreusean Availability wag Others ¥03%n

Toyai 2)

uvdefiun SR IHUA Availability Others
N9 [2] 1,288 374 914
NN [3] 951 355 596
310 Screen Scraping 1,750 229 1,521
$ruauTimn 3,989 958 3,031
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AN 4-8 I1uUUNINTaveldnuniadreuseinn Operability iag Others U8y

Toyai 3)

g el SR IUA Operability Others
NI [2] 1,288 70 1,218
INUINE [3] 951 80 871

910 Screen Scraping 1,750 607 1,143
Srunuvianun 3,989 757 3,232

4.2.3 Feature Extraction
iesnnurinsaivesldnuiidnvasiudenin Inerinuduvasdonnulieglu
sUnnmesAuAN YL (Representation) Yastaam il olvdanesiunsieusvednios
annsadlanasUszananald andnuazuestonu (Feature) ildnaassdiuunysziny
UAsalvegldauveineinus wiald 2 Usean fe
1) faudnuaziiAeaiutonny (Textual Feature) TéuA
a) Bag of Words (BoW) ﬁ@ﬂjﬂuaﬂaﬂﬁﬂﬁﬂﬁﬂ{ﬂmaﬂmi
b) Term Frequency-Inverse Document Frequency (TF-IDF) Aan s
AuBarAINdRy Ve luenans
c) Doc2vec fFlalaninasianalsvesveya
d) Stemming of Words Aan13ausUsindnvivesmuaAuguainnisdn
duvineg (Suffix) vead e “flying” Auguidu “fly”
e) Lemmatization of Words Aanisfugusndmwiidaiuuesd fograu
“is” Augulu “be”
2) AudnvariLA satuTsaridenveauniansalvesyldaru (User Review
Metadata) laun
a) Number of Words (n_tokens) fadnuiuvesalulsslen
b) Frequency of Part of Speech Tagging (POS) foduunthfivesdiiny
Tuusglon Angndnusldsonisuind ausznaudae A1uan (Noun)
A3 (Verb) anaadwy (Adjective) AnTe1Tiawal (Adverb)
91UUN U (Cardinal Digit) A3 81978 (Modal) LagALEAILYI 19D

(Possessive)
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) Sentiment ABN1331ATIEYIANS AnvosUsElem Tnerdnusaiuin
AINUFANAIBKLINNY Rule Based lngldlausis Vadar [29] wiazsslen
UTENOUMBAZLULYIINNA 3 A1 AD UIN (Positive) nane (Negative) Lag

au (Negative)

4.3 YunauNSRALlAAN15TUNYTEANUNIA Tl Td el s dunazilyly
Warlandu
& a2 o = % = A qvo a ¢
Jupeuilidunmaassimuilunanisiieuiveanied eldduunussianuyiansal
vauf lueenduuniansalidaisidunasi laly @il sty avue 3 Yszan Ldun
Functional User Reviews, Availability User Reviews, Operability User Reviews 1aeun

s [ £ %

Foyauninsalvesglfnunlifntie sududantunnnesaudnvurvestornuissuioy

9

242

udrmnduneudl 4.2) sldaidlunamaduiveuniesuuuiiiiinaey

endnusuustayauniansalvesgldanueanu Training Set wag Test Set A
ﬁmﬁqiméf’;ashut,wl,ma%u (Stratified Random Sampling) lugmsaiu 80 sin 20 A1uaIAY
Fwardunduanuninsalvedd i nuwiasssinvnasainuuadu Training Set wag Test
Set fap1971 4-9 Fenngedi 4-11

Inerinusinasuluinanisisoudueandsauy Binary Classifier wazlfinnada
i 9 wlifnaeuliinanisifoudveneios ietiaanaiwazninensdmivinasuliing
madeu sudailefiulsyBsnmlitulineanisdoud e 4 wada Tnefiseasdon

v

D!

1) SVMSMOTE [30] Aemsasstayadamsiziandeyaiiiod 1Uuisn1sdnnis

Y Y

Audeyafifidnvuzdadiutszinnuestoyalaitviniu (Data Imbalancing)
NSV LT UTELAMNERINAIIYY SYUMSMOTE 283
Anerfnug Fann5ad 4-9 Semsedl 4-11

2) Chi-Square [31] Aedane3iuflfiden Feature idAglviulunanisizous
ENGECY ?qummﬂhaamﬁamaw’faa&aﬁqﬂﬁ (High Dimension) f1881414u
Joyateninu veyazuniw (Jusiu

3) MinMaxScaler [32] #on15%1 Data Normalization UszLanadl ¢ 1 a U5y
foyalvoglumhuidnfunazannsnaIeudiouild Fsaildazegszming

939 0 hay 1
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4) GridSearchCV [32] #an15%1 Hyperparameter Tuning L3 8 W¥1AA

WmeTngauiulnan1seuIUeuAIed

M13°99 4-9 IINUNITAIveRlFuUTEIAN Functional uag Other ndsNUUYaya

panldu Training Set wag Test Set uayndaa1nyil SYMSMOTE

Data (Split 80:20) Data (Training SYMSMOTE)
Training Set | Functional 716 Training Set | Functional 2,475
Others 2,475 Others 2,475
Total 3,191 Total 4,950
Test Set Functional 179
Others 619
Total 798

M137°99 4-10 IuuMNIHveEldulsELan Availability kag Other ndsanuustaya

panldu Training Set wag Test Set uaynasa1Ni SYMSMOTE

Data (Split 80:20) Data (Training SYMSMOTE)
Training Set | Availability 766 Training Set | Availability 2,425
Others 2,425 Others 2,425
Total 3,191 Total 4,850
Test Set Availability 192
Others 606
Total 798

M13799 4-11 I1UIUUNINTNVEI LEe1uUTEIAYN Operability wag Other vasa1nuUlaya

panlu Training Set lag Test Set WAEMAIINYIN SYMSMOTE

Data (Split 80:20) Data (Training SYMSMOTE)
Training Set | Operability 606 Training Set | Operability 2,585
Others 2,585 Others 2,585

Total 3,191 Total 5,170
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M13199 4-11 IuuNnIsalvesldeudseian Operability wag Other ndaaNUUUBYA

panlu Training Set tlag Test Set Lag®#aINYIN SVMSMOTE (519)

Data (Split 80:20)

Test Set

Operability 151
Others 647
Total 798

ganasfiun1seuFvetaIest i maaetluine inug lngidenandanesnuilasu

AudeuanuiITeduing [33] dsednsamnanisviiuien1sanuunlselnnig $1e6e

msaerldanu uasmnziudnuusvesdayauriasaivesdidnuniidnuvusdudon dad

[V

I1UIUVDY Feature ABUDN9UIN T518azLdunnasalull [7]

1)

2)

3)

a)

Naive Bayes Apdanaifiunisaia dnuszinnvesdoyanignsAuinmmig
1 ) £ ) Y a = [ a .
Wazidureslszinneeya lWueanoInun1ILUnUIzlangia Generative
Classifiers fovzAuUssinmuestoyaniinnuiiasidulndidesiudeyauin
cs' 2 o ax oy v a a ° ° Aa ]
ign Wudanesiuiliusedninmeanisiuien1sdnuundseaniia iese

nsAeA gy

Logistic Regression ABgANSIANNNERHA InUTEANVBITDYAMENITAIUIN

anuyrasiuresdsziandaya Wudaneiunisduundssinniin

a o o v

Discriminative Classifiers lagagisaus Feature NéARyI0toya Lilolen
AUUANAIIYDIUTELANTBITOYA TAMNLNUEIIUINNTT Generative
Classifiers angfivtoyavuinlng

Decision Trees fndanasnuiaulunisinaula ddnwuzidulassasranulsl

a &

Usenaume wium (Node) Mbukaulunisdnduls wazuadns (Leaves) 184

d o

dulsf Fefdousziamvesteyafiazduun Tneteulunisdndulave sulfly
910 Feature U84 Training Set

Random Forest LJudana3iung uiAeaiu Decision Trees Janwuzilu
Tnssaeulivanedu Wethiulivans q fuiifinnuuansetudntosn
MurnALedsUsEanEamnIsTLunUsEAn WiieTann1s4ie Overfitting
Aelunanisisvudvoundesdlidannisilnasuraulddimssdudoyayn

Anaou Fulugneouvesdana3fiu Decision Trees usdipsUszansainay
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wainglunmsyhuneranisduunUszinyey Random Forest Wudanasiiug

lasumnutisuannlutagiu

4.4 %”’umaumiﬂszLﬁuﬂizﬁwﬁmwiumamsfi’lLLumJizmwuwﬁmiﬂi%aa;ﬁ%mm%a
Hettunazilaildelaidu

dmfumsUszifiuUszans nmmvosudaglnanisissudveaind e Inendnus
Wisuifisudssaninmveandazluinanisisouivediai 8991An15AILIAAT Precision,
Recall, F1-Score, Accuracy a18laus15 Scikit-learn [34] Tne1wus 19785 Stratified
10-Fold Cross Validation vmug i finaeuluiaanisiioudveand esdaon1suaunaiusia
Feature wATlA LagdanasNuNITseusag 9 Wiseiu ¥rntulsvdiulsy Ansnines
TuansiGouiveriowneyatoya Test Set

adnsNNsUsEIuUsEAVS AmvesusarlunanisiSoudveaei easneyadoya
Test Set Ineninudidenlunanisisoudveniosiiiidn F1-Score gegn 3 SufuusnaINUs
avdaneiTumalisuivonedowuaniug iomun 12 Tuinamsdeud Tnsutsmunisdiuun
Uszinneeauniansalvess [e1uAeUsEian Functional User Reviews, Availability User
Reviews, Operability User Reviews FIM19797 4-12 §9m15197 4-14 Tudrurouniesiiod
Inentinustilunisnaanife Google Colab Pro Suuu TPU g High Ram

N3N 4-12 YsgAnsnmveslinanisieuivesadeadmdusuununionsal
Y83 luUsELAN Functional User Reviews Wu31 Textual Feature Aflauddaeionis
Soufvesluinade Bow wag TF-DF Tuvaigdl Doc2vec laiflduriellunaiiuszansam
M5138uTige N9¥i1 Stemming Way Lemmatization fusglevineUsyansamnisiTous
N uaﬂf\]’mﬁ User Review Metadata Feature ﬁqwmﬁa n_tokens, POS, Sentiment
fidedAnydevszansamnnsiSousvestuna viunaramadaftuildnaas s e
Uszaniamnmsiseuiliunluna waila SYMSMOTE, MinMaxScaler, GridSearchCV fldau
Pelilainaduszansnmnisdousiias uenanivain MinMaxScaler fidugasaniian
dwmsuldinasuluea luvazimaia Chi-Square lifaseuszansnmnisiGoudvediuina
Tagt3An F1-Score wosluinansidoudueaiaiosgean 3 susiuusnanusazdaneiiuns
Foudiianuaussana 69.0% - 75.4% T98aneifunnieuiifiuszaninwgsfigaie
Logistic Regression 5998941A® Random Forest Ei’m%’uiw,maﬂ'ﬁlﬁauﬁ’suaaLﬂ?iaaﬁ'ﬁ
Uszansnmgefigndmiunissuunuriansaivesgfldsuszian Functional User Reviews

[y

98anNe3NNN15IS8U3 Logistic Regression Migninaaunie BoW, Sentiment, POS $3ufiu

o))}
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WANA SYMSMOTE way MinMaxScaler lagilan F1-Score asﬁ 75.4% @1 Precision asﬁ

72.3% ¢ Recall 8¢l 78.8% uaze Accuracy il 88.5% dldiaiinaeulasyszanaegi

39.914 U
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a a a = v al ° o o a &

1NM151991 4-13 Uszansamveslunanisiseusveaatesdmsudiununiangel
Vel aulsELAN Availability User Reviews wuin Textual Feature fiflimnuddaysianis
Seusvaslunafo BowW waz TF-IDF Tuwaedl Doc2vec Lifldrudigllumaiuseansnm
N15438U3NE9 N15¥1 Stemming kag Lemmatization advayuusednsninnisiseus vy
lutAa Uena1nu  User Review Metadata Feature Lo whn' n_tokens, POS, Sentiment
ﬁﬁ’aa"m‘”aum'aﬂizﬁmﬁ“mwmu?auf*‘uaaim LA tnAdA SYMSMOTE, MinMaxScaler,
GridSearchCV YrgwiaUseansamnisiseusiunluma Tuvaginaia Chi-Square laliing

' a a = P | | a P al

saUsEdAnSnmnsiseuivesling 1aeYieen Fl-Score ¥eliAANTiTeUIVDIATDIEIEA

3 FUAULINANUAAZEaNaTNUNITITeUT N IMUAUTEUI 64.3% - 73.5% F9danasiy

'
= =

N9 3eusNIUTEANTAIMgINgae Random Forest s89a9U1AD Naive Bayes d1msuluing

M35 ouveuni eafiiuszdniamgsigadmiunnsauununiansalvesldauusziay
Availability User Reviews fiodaneifiunisifeus Random Forest fignilnaeusiag TF-IDF,
Stemming, n_tokens, Sentiment 32uAULNATA SYMSMOTE wag GridSearchCV Fafinns
YSuAmsidmesvadluinanisissuibawn A1 max depth 111y 100 A1 n_estimates

'
I

WY 1,000 wagld criterion Aa gini L suAT F1-Score 8g# 73.5% A1 Precision 8¢/

75.7% A1 Recall 8¢9l 71.4% Uagdn Accuracy 8g1 87.6% BaldiiainaeulaeUszanaiegi
45.432 Junil wanantinuinistimaila MinMaxScaler Haeaniaiiliinasulunauay
fapaUseansninnsseuingaetiuwa Feldainasuegn 43.848 Junfidounitussanm

=) a a
LNBU 2 UM
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A58 4-14 UszAnSamvesluinanisiseusveaas sedmsudiuun
Umﬁmiaieuaqcﬂ%muﬂixmw Operability User Reviews Wu31 Textual Feature Hanundl
ANANA YR BN B U veslutaade BoW, TF-IDF, Doc2vec N15¥1 Stemming wae
Lemmatization afuayuuszdnsnmnisideusTiiulune wanand User Review
Metadata Feature lali n_tokens, POS, Sentiment fitiudnAgysiauseanga1nn1sseuives
luaa walAa SYMSMOTE, MinMaxScaler, GridSearchCV Stf’amﬁ'wizﬁmﬁmmm,%ui
Tunluna luvagfinaila Chi-Square finaseuszansnmnisBouslulueasaneifiunsna
sulglfe Decision Trees wag Random Forest lng934A1 F1-Score vaslananisiseuives
A3 e9q9dn 3 duduuInaInuAazeanasunisifouy v avuaUszuin
52.1% - 62.1% dm3ulunanisisusveans esfidusansamgefiandviunisdiuun
UnI3130jve e 1a1uUsELAN Operability User Reviews Adanaiiuni1siseus Logistic
Regression ﬂlqﬂa nNaoun18 Bow, n tokens, POS, Sentiment $auAuLnAila SYMSMOTE
uay GridSearchCV dsfimsusuamiinesvedaumanisiFouslaun a1 c wirdu 10 uas
A1 penalty Ao L2 165U F1-Score og#l 62.1% AN Precision 8¢l 60.8% A1 Recall 9
63.6% La¥A1 Accuracy agjﬁ 85.3% ?fﬂ%’nm?]ﬂaauimsﬂizmma&_jﬁ 44.785 Ui

Inerinusidenlunanisideusvenns osifiuszans nngafigadmiulddiuun
UNTI1504 VB9 Bﬁsﬁjﬂ 1uUseLan Functional User Reviews, Availability User Reviews,
Operability User Reviews wiothlul#luunil 7 nsadrsmnudosnindsiladdunasildleds

larduandeyauninsaivesdldnunilimeiiuiinou
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unil 5
nsmsradeuunIsaivasluiitdou

dosrnuninsaivesgldusiilasunnglérunudeiuionuarautu Tlana
na1a8 w3 enfetuld §reg 199U “you should add a like button for the comment
section” uaw “We need a like button for comments” aaasUssloafiuuniansaives
A lFauanLeUnalAdy Wattpad %GI%WA’]ME‘%ﬁm%@@u%iﬁlﬂiﬂj%@ﬂEﬂ%ﬂ’mﬂ’ﬁ'ﬂﬁﬁL%I’EN
Aoty InerdnusTainsuriviaesuinsaivesldautu “srioutu” (Duplicate) was
mstifiss 1 vinsaivesldnumnainsUssloamiudesnis duneuvesinednusald
n1adeuuninsaivesldauiigrdeudu Ussnoudas 2 duneu Ao 5.1) dunounis
p3RAUATIITIHOU LAy 5.2) TuneunisustilulsrAvBnTwniInsaadeua T o
5.1 TunauNIIATINFBUANNT DY

Inerdmudihuminsaivesildnulasguidenunsduandeyaildiatioudunldly
nsvARRINIIRTIRARUATIT IR Sunyadayaiin yadeyavnaeunugidou (Duplicate
Test Set) Usenaunledaya 1) Functional User Reviews 313U 127 uninsalves ldau
2) Availability User Reviews 37131 41 Un3a150du0s L4911 wag 3) Operability User
Reviews $1u2u 118 UnAasaivedgldaru Duplicate Test Set 119nuviastoyail 3 Aon1s
1 Screen Scraping anse 8 uaunaiaty laun Agoda, Airbnb, Instagram, Kindle,
Messenger, TikTok, Wattpad, WhatsApp

Tunsvasesn1snsrdeuaNgIfeu Inerinusnnasinsiraeun g ey
Toyavniasaiveaflinunsluneundindufoatumindy Inerdnusvanuazoin
Duplicate Test Set auduneuly 4.2.2) Data Cleaning ka¢ 318113 Stopwords 3£ Nay
e ladfinnseniudile dWeswnlifiveddudmiunisasedeuninusidou wwmai
Inegninusinulinanoinsndeuauidouresurinsaivesfldnuiivome 2 uumndo
5.1.1) Clustering ez 5.1.2) Pairwise Text Similarity fiseaziBuasail

5.1.1 Clustering [14]

Clustering Apsanasfiunisinnguteya Insdndeyasenidungudeya (Clusten) 7
uansnaiy Jsdeyanelunduifsfuazdauadendstusnnirdeyalungudu 9 91n
wurfnil viAnsaivesfldaruitoglu Cluster ienfuasfiodndudoyail “Duplicate” fu

LazAIwnuYaInguituazgniiutaiiauienisgenduls tudiureinisnseuteya
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noun1InAasd Duplicate Test Set 3£ n¥1 Representation A28 Lemmatization wag
TF-IDF feutihlunaaesivdanasfiun1sdnngudeya
dane3fiu Clustering Inevhly agdosveliimuniiindmnuadondsfuresdoya
LAETIUIUNGLVBITOYA (Number of Cluster) i fiBsn159Anguneun1sUsEaIana Ine
Sanasfiuiinednusimmeassléun 1) K-means 91nlaus1s NLTK [35] 2) K-medoids, 3)
DBSCAN 9nlaus13 Scikit-learn [34] 19 3 Sana37iuld Cosine Distance \udiaiarne
AAEATATUTENINIUBYS ey 4) Agglomerative 31ntausTs Scipy [36] 19FainA1AIUAIY
AaNEARINUTENINaTBYanI8 Complete-Link Lag Single-Link Tuduvaamadaiitiuld
TSN YUEVDITBYARALIIUIUNGUVDITBYR LAl
1) Principal Component Analysis (PCA) [32] A835n15aA3147U Dimension 984
Taya Ingridnusunanltiieseigdnusaen1Inseevestoyaunianialves
AldauUsENoUNTIATIERIIUINNGUYeITRYa A10819N19NTEA8RITBYA

(Data Distribution) ¥§a3avih PCA faguil 5-1
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L ]
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i; ®
.e "
=02 . L] ™ »
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gﬂﬁ 5-1 Data Distribution ?Jaﬁayja Functional User Reviews 310

woUnWALATU Wattpad

2) Hopkins Statistic [37] Aon1sAuameads duildusziiuaudungudou
vestoya ieRansandnuarnInszasveateyainannsasi Clustering 1¢
w3alyl

3) Elbow [38] AenisuansaduulsuTinvesteya ldinsanduiunguuesdoya
dmiudana3iy K-means, K-medoids, DBSCAN f18g19n15Ha150403 U UNGY

ﬁdg‘dﬁ 5-2 Elbow 5¢13149A1 Inertia waz Number of Cluster @9A1 Inertia bang
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fansnsynenslunduuestoya IAlesdewd vinganudeyainienguiu 11

M91500191UUNG UL AT Inertia LTUAIN 91nFI9819 9113 Cluster TileAD

3 nay
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number of clusters, k

9 10

E‘U‘ﬁ 5-2 Elbow S#73149A1 Inertia wag Number of Cluster [38]

4) Dendrogram [32] AeurunmuansaIfunIsTiuvesdayaldudiutu degun

o

5-3 MsutuasanpesEaunvayalnatuunign Tdasandwunguuesteys

d15UdanasiNu Agglomerative

Cluster distance
F-y

3 2 8 5

0 11 10 7 6 9

Sample index

| two clusters

three clusters

'gﬂﬁ 5-3 (9819 Dendrogram [32]

5.1.2 Pairwise Text Similarity [39]

Pairwise Text Similarity ABLWINIINITIAAIUAG1EATINUTENI A LONAITNTE

TaAIY INgInusUL I UsEgnAlERaTAUAA 18 AR TUTENINAYRIUNINNTA]

Y94 1991U MnaTIdsuLRaInUIIUNIATalve e Muilauad1gad st unnne iy
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uninsaivealdsuiifogudrasfinnsaunitidou uasuninsaivos]lduazgnagii
n¥nATIEeUANLAEEAsiusEsuesuinsive s lfruivaeudn uninsaives
A uiiuanaiuazgmitnnaiisanudesnsvendung Inerdnusionsanewzuiansal
vosfldumeluseundinduieatusinduy freesBoanisduiunuddl

1539 ANednuSYI1 Representation i AvUszloauniasalvesldaudqe
Lemmatization Lagluina Pretrained SBERT Tnelunadild [19] A® bert-large-nil-mean-
token model (Bert-large-nil) 7l 300 Dimension & 4WNIWBY SBERT @150LAUTIVTIY
UTUIMeAMNIeUesATlulselualafniin1svin Representation ¢g TF-IDF aung @iy
N159NANAZIBAGIN1IALMNIY (Semantic Text Similarity) 1 as9amaiaunluna
Pretrained SBERT leUsuugeuszansaimvosluiaa Pretrained SBERTILLAN vinlsilainadl
UseAninmAtu Inerdnusialiinlunaildsumataulminvesonfisiumendsie
luwaa paraphrase-MiniLM-L6-v2 (Paraphrase-mini)

Ineninusly Cosine Similarity Japnuadieaderusninsuyiaisalvesgldam il
MNA13TEAUANUAGIEAFANY (Similarity Threshold) 5¥13198v09UNITiveE lH1u
sefuilsieasioindeadausnnefiasannsnasfisuviansaivesglénuld Inerdnug
lanaaaan Similarity Threshold 5873198 883UNIAN TV TN MINTIAVDIUNIN T
VeI ldullA1aund1endeiy (Similarity) laeenda Similarity Threshold firwuals
wansiumiasaiveslinuiiaesadeafeiumnnwe wazazieiuinnsaiveadldaudi
grdauy Inendnuslduinig Similarity Threshold 99911338 [40] wUszgnaldiiie
#915041 Similarity Threshold sevinsgrasuniansaivesylda merinuslanaassnis
Sirmilarity Threshold finannuans wielldnsmmaaeuminddoudiiusyansamuiniian

aun 0.60, 0.65, 0.70, 0.73, 0.75, 0.80

5.2 SuppumUszfiuUszansawmsasiadeuAIus dou

e Ussiliuy sy AnBAMN 1S NABDILLITNINITATINAEUALT WO ULAAZLLIIN19T8Y
Ingridnus dmsuuiazyadeya Duplicate Test Set votua agUszlanunIsel
(Functional, Availability Wag Operability) negniinus laaisyntoyaiaasain Duplicate
Test Set (871 Truth Set fanun 2 4a fswaziBondail

1) Truth Set yausndmsuUsziliuusedninmvesdaneifiu Clustering uraz

Uszlan Ingrinusinisdanqulviuuniansalvesldeuly Duplicate Test
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Set Pwminsallasglundaneslasiudulng 9nnisinnsannisndniaiem
Seafeiu
2) Truth Set gadped1msuUsELluUsEANTAINULUINIG Pairwise Text Similarity
endnusvinisiasanwiazuninsallugateya wasfindreuniansalves
fldanudu “Duplicate” vndruvidnsaivesgldaudusdeutuurinsmila «
Tugndoua uag “Not Duplicate” mninuniansaivesfldmubuliddouty
Poyauniasalla q weluyadoya
NARNE T LA 91 NLA AL UININITATIVEOUAIILT I DU 301597 Clustering was
Pairwise Text Similarity 3¢ nu1a g uiy Truth Set W BAIUIAT Accuracy @MU
Anszuarlsuifiunalsy Ansn AL we AT LTI IaARUA NS U Ty
waviiialUSeulfouauulugisewinswsias Similarity Threshold 4890159 Painwise Text
Similarity $28 Mg 19N USAIUIMAI Accuracy Aaelausn3 metrics.accuracy score U89
Scikit-learn [34] HadnaAads Accuracy veatis 8 wounataduluusiasUszinnuniansal
vosgflanuanusaydaneiiy Clustering Wanasan15197 5-1 WazWUINIG Pairwise Text

Similarity snut#ay Similarity Threshold LLamﬁqms’Nﬁ 5-2 LLazmiNﬁ 5-3

AT 5-1 AladY Accuracy 983n115R53d@UA N o uluLAarUTELANUNIANTAI VD

AldunusagdanaIfiy Clustering

Clustering Algorithm Average Accuracy of Eight Applications
Functional Availability Operability
K-means 0.399 0.746 0.556
K-medoids 0.507 0.709 0.571
DBSCAN 0.467 0.746 0.611
Agglomerative 0.426 0.788 0.583

IAA15199 5-1 ALRdY Accuracy 3MNNITATIVEOUAINNY GO UVDIUNI A TIVD

v Y

A l99u91e 8 Leundiadunie Clustering dana3#using 9 d1m5U Functional User Reviews
gane3NuNANgaAe K-medoids AeA1Lade Accuracy 71 0.507 @113 Availability User

Reviews dana3fiunivanfe Agglomerative meALade Accuracy 71 0.788 uaz Operability

User Reviews 8anasfiuiiafigafe DBSCAN sgAaiie Accuracy 11 0.611 3I1NN15NARDI
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Availability User Reviews l@§uAtads Accuracy GR Tuaauz? Functional User Reviews
ey Operability User Reviews agﬂuszé’uwﬂ%’lﬁ
Ingnilnusladinserianuuzresteyauninsalve ldundinisdanguaie
dana3fiu Clustering wuinuniansalvessd launglunquisedtuiaiuaaiendsiunisg
1A398379 (Syntactic Similarity) 11nN71AGIEAGIAUNIIAIIUNLIE (Semantic Similarity)
Ar9g199u N15IanguunIansalvea Ieuanueuniiatuy Messenger Atggane3 iy
K-means, DBSCAN, Agglomerative nelunguiieafudsznoudeuninsaivesdldoudad
1) “please bring the reminder feature back”, 2) “please bring back the expanding or
blown up images”, 3) “ could you please bring back the filter with the big mouth and
big eyes and no nose” %!QLL@@%U?%IEJF]UVFJQﬁﬁﬂjﬁua\iﬁmﬁgﬂ’mﬂWﬂaUéj’wﬁ’lLaEJ’JﬁJULLGiﬂuaz
ANy Jaduduni o7 denasaf1lad 8 Accuracy Y84N1SNAABINIVINAITII
Representation ¥esusgloaumiansaiveagidarsng TF-DF dluiannsnsiusnmmummie
vosUseloauniansaivesdldnuld uanarndussansainuasdanaifiu Clustering @130

JupgNUNISNATUABN Number of Cluster mae

Y

A151991 5-2 ALRAY Accuracy 984n15959aUANT o uluLA Az USEIANUNI S0l Ve

m%dm‘ﬁgﬂﬁ’] Representation selaaa Bert-large-nil @1 Similarity Threshold SgAUsNg

‘l

Similarity Average Accuracy of Eight Applications (Bert-large-nil)
Threshold Functional Availability Operability
0.60 0.60 0.65 0.67
0.65 0.60 0.71 0.65
0.70 0.69 0.77 0.65
0.73 0.72 0.77 0.64
0.75 0.71 0.77 0.58
0.80 0.70 0.76 0.47
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A1999 5-3 ANRAY Accuracy 98401305198 UAMNT g aUluLAazUSELANUNIANT IV

ﬁﬁ%ﬁuﬁgﬂﬁﬂ Representation f1elaiaa Paraphrase-mini e Similarity Threshold széiu

$9 9)
Similarity Average Accuracy of Eight Applications (Paraphrase-mini)
Threshold Functional Availability Operability
0.60 0.69 0.85 0.63
0.65 0.69 0.85 0.60
0.70 0.67 0.85 0.51
0.73 0.67 0.85 0.47
0.75 0.67 0.85 0.46
0.80 0.66 0.85 0.46

NA19T 5-2 WarANS19T 5-3 ALRAE Accuracy 1NN1INTIVEBUAINLT Foues
unTarsafvessflferusts 8 uaUnaadudBuuInIg Pairwise Text Similarity 4034
Functional User Reviews V]dlqjﬂvﬁ Representation A 1eluiaa Bert-large-nil GRIDEE
Accuracy Lﬁlméﬁummzﬁu Similarity Threshold wasiianadey Accuracy Qﬂéﬁjfﬂ‘ﬁl Similarity
Threshold wihiu 0.73 léAades Accuracy Qﬂﬁqmﬁa 0.72 Mniurads Accuracy Ae 9
anas luvaediluina Paraphrase-mini fiA1tad 8 Accuracy gaanne 0.69 dla Similarity
Threshold Wiy 0.60 wazasfile Similarity Threshold i 0.65 wdanuAaae
Accuracy flee 9 anas dunsaedlumalasudeas Accuracy Tndieariu

dmiudeya Availability User Reviews laitaa Bert-large-nil finady Accuracy
iTunasEey Similarity Threshold wasfiAwade Accuracy qaqmgjﬁ 0.77 \ilo Similarity
Threshold Wiy 0.70 wazdlAwade Accuracy asiiais Similarity Threshold 71 0.75 waw
vdnuAeae Accuracy Aee ¢ anaanusziuves Similarity luvaiziiluma Paraphrase-
mini léAade Accuracy gsniilama Bert-large-nil Tnefidnads Accuracy ogffl 0.85 Wiy
lunnsgauves Similarity Threshold i mazey

ai’m%’m’faaia Operability User Reviews aluiaa Bert-large-nil lLa¢ Paraphrase-
mini 71 Similarity Threshold 1911 0.60 A& s Accuracy gafianfe 0.67 uay 0.63
auadiu Fesaedunalduanads Accuracy Indifssiunaziidnads Accuracy Aoe 9

ANAMINAIAUTDY Similarity Threshold LHuLAgAy
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IendnusladiasieidnuazuninnTalve lfNUnaIINATIRAR UUNIANT I Ve
Aldsmiigrdautiudieunana Paimwise Text Similarity Jadofidsnanouszansnnng
prndeunuEdeutuldun 1) nwazdselonuninsnivesdldsudosendenisiaiiu
TamudAgaesuselona fegnaigu Functional User Reviews annuaUnaLati IG “I wish
there was an advanced setting that prevented your work from being downloaded” &y
“Please add a way to protect your work or prevent people from downloading it” W
gosUszleailomuddywmioutufedesnisuwimisiissdeatunisailnanuacy us
ilesnniiguuuunisideuuviasalvesildaudeudrunnssiuinn deldiunanisnsiaaey
AusdeutuITiaesUssloatu “not duplicate” semdnafiu n13vi1 Representation
Ustlonseluna Pretrained SBERT a1alalifigane wenani 2) n1svi Data Cleaning fina
ﬁﬂﬁeﬁ’ayja’tammﬁ”lﬁ’fgmqehummmalw%ﬁmLﬁyauiﬂmﬂLﬁu AINARDAUNUILUDY
Usvleauniansalves ierule daeg1aidu Operability User Reviews 31nwaundLadu
Wattpad “But you get added after every two chapters” lngenuwsiunuiluuszloalasu
nswaBuAIN “ads” Fenefdlauan Wi “added” annsudledeiinnannvesnis
aznamuazlassadnilisinsalaiulausi3 Gingerit

lutaa Paraphrase-mini 4Usz@ns nanlun15v1 Representation Tnuuszleun
unisalvesildauldfnitluea Bert-large-nil wiipsanindnvazdoyauniansaives
AldunesedensiniulamudAyTiuae nsviuieaus Representation 3alilifigane
Lﬁaamﬂﬁ'ﬂwmwaﬁayja Functional User Reviews tag Operability User Reviews a1
Ingdesordunisiainulaninudnngy Iummzﬁsﬁauﬂa Availability User Reviews A9UTU19
undnafuogredaiau fauisiilidiads Accuracy vosdoya Functional User Reviews
waz Operability User Reviews Mnisasslumalndidssiuutiinluwea Paraphrase-mini 2z
Useansnnlunisvin Representation fiRninfinu Iu%mzﬁ%yja Availability User Reviews
fivh Representation peling Paraphrase-mini §5uAnade Accuracy g4

mﬂm51/1maaamfmaauﬂ'nwzi%wsﬁ’auﬁuawm?maaisumBﬁ%’mué’w 2 LWUINI
WU Pairwise Text Similarity SUszAngamAinduuanis Clustering wlaifiauiudae
Awade Accuracy Tunnussinvmesdoyaurinsaivesdlfou fuuineinudidonuuinis
Pairwise Text Similarity sl o lUldluun 7 @191$u Functional User Reviews was
Operability User Reviews %Qﬂﬁﬂ Representation aaelitag Bert-large-nil wagdl Similarity
Threshold 71 0.73 waz 0.60 AMUEIAU @195 U Availability User Reviews L AN

Representation felaiaa Paraphrase-mini wagdl Similarity Threshold 71 0.60
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Functional User Reviews, Availability User Reviews, Operability User Reviews EEI:’JT:IJEJ U
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a L3 4 1 a 6 o . 1
UNni mammwﬁ%mmm ATUNIAITUNY User Review Patterns U89 agUsetnne

©

Functional User Review 3¥gnduafiu Functional User Review Patterns, Availability User
Review %Qjﬂﬂu‘u @; AU Availability User Review Patterns, Operability User Review RE2AL))

Jugiu Operability User Review Patterns lngfiusazusgloauniansaivesldanuazaiunse
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Jurlanueg1atiaemnils User Review Pattern mninuniansalvesldanulalasunisdugiv
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User Review Patterns finviuald gadeazinuninnsalvesdldaunlasunisduguuunanin
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JoyandAgyranisainaiudeinIsgendwls uazaislssleamnudsinissenduwisingly

Requirement Boilerplate ﬁIQﬂﬁ'U@J'HLLﬁ’JﬁJU User Review Patterns 15 u q §auday User
Review Pattern avgniuglifuagstiesnils Requirement Boilerplate Hadnsgavinefie
wila Requirement Boilerplate avanunsoastanieuselonvesnnudoinisdeilaidunded
lailedsilssduld lunsmesesildlfifeyauninsaivesdldsuilaiamnsadugiu User

Y

Review Patterns 1g ¢ lonasennusasnissensnas
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Match to and Extract Info for

,.,.r;'—y—mmnctional Requirement 1

N\amh :

f—)Functional Requirement 2

Functional : :
User Review —— y——> Functional Requirement n
= g Sl
Functional Functional
User Review Patterns Requirement Boilerplates
= Match to and Extract Info for \_,_y Generate Availability Requirement 1
N =
Mckchin % f—> Availability Requirement 2
Availability ; : 5
User Review L y——> Availability Requirement n
= » )
Availability Availability
User Review Patterns Requirement Boilerplates
_ Match to and Extract Info for ‘Fi Generate Operability Requirement 1
= ST —_—>
- Match t -
alch to
— > = &—) Operability Requirement 2
Operability : . .
: —_—>
User Review - N f Operability Requirement n
= ; o Sl
Operability Operability
User Review Patterns Requirement Boilerplates

JUT 6-1 nszvrumsaiennudenslieileddunas nlalddeilsiduainuninsalues

v = ° Y
Alfaunigndwunyszunnudn

dmivdoyaiililunismaass Welvisuuvunndsustloavosuniasaives
Adsuivarnnaneuazsinweifienaass Inerdwusldifuundeyauninsaivosldan
finfie38 Screen Scraping deliduruurinsalvesdliiinnmaassusznoudng uviansal
‘U@ﬂﬁﬂ%ﬂﬁuﬂﬁzl,ﬂw Functional User Reviews, Availability User Reviews, Operability User
Reviews 971U1u 3,475, 1,589, 2,969 un3a1salvesy beuaua1du Ingrdnusinaiy
averndoyauniasaivosflinuildnunumnuduneuly 4.2.2) Data Cleaning sniiu
198U Punctuation kaz318n15 Stopwords Lilesanditud Tnyiuguuseleavasuniansel
vosgldan Fahanlddmiumsaiunnudeanis

unil 6 duseneude 4 fuseuvdnie 1) matuduuusuustlen (Sentence Pattern
Matching) 2) Asanadayad msuynseyin A9nssu Wavune waghwinie (Information
Extraction for Agent, Activity, Target, and Way) 3) A15&@314A11UABIN1S (Requirement
Generation) kag 4) msﬂszLﬁuqmmwmaqmméfaami (Evaluation of Requirement

Quality) "wazidunveurazdunaussueliluiided 6.1 89 6.4 mua1dy
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6.1 Sentence Pattern Matching

\iesnuninsalves{ldadiguuuunisideuinainvats Inerinusiasey
wuusUMslguuminsalvesldauneu 31n9dde [1] lideseilassasiavesdselen
Uﬂn?mizﬁmaa;ﬂﬁi’fmuﬁgwm 500 UN3ATUVDI LTI WU Recurrent Linguistic Patterns
e 246 wuugUveslsgleauniansaivos]lFaiu Inedinusin Recurrent Linguistic
Patterns 3NU3UUTe wAluilelsile User Review Pattern fidenndasfudnuaisunuunnsg
Lsﬁauw%ﬂia}uawﬂ%’muﬂwLmn Functional User Reviews, Availability User Reviews,
Operability User Reviews lngtiausluguuuuvethiennsal Extended Backus-Naur (EBNF
Syntax) #9m151971 6-1 §99151991 6-3 L@un Functional User Review Patterns 81171 84
User Review Patterns, Availability User Review Patterns U 37 User Review Patterns,
Operability User Review Patterns 9717u 86 User Review Patterns

ﬁﬁ‘ﬁ’izwiw Functional User Review Patterns, Availability User Review Patterns
wag Operability User Review Patterns azdiunawuuiumilouiu 9ann1siasigvivayaun
%ﬁa}uaﬂ;ﬂ%}muﬂizmw Functional User Reviews, Availability User Reviews, Operability
User Reviews e 2,610 Uszlgaumasalvesylian wuilssleauniansalvesgldeu
uiazUszianilenasisuuuunsiBeuiimieuu uiiiuumemnumneveaUsslonunneiis
fuld Megragu

Operability User Reviews: “you cannot edit an individual picture after you
post it very inconvenient.” LLag

Availability User Reviews: “cannot change my payment method because
application keeps crashing.”

ﬁqamﬂaﬂmw%mmﬁmm;ﬂ%’wuﬁgﬂLmeiL%uﬁmﬁauﬁuﬁqﬁué’ﬂmmﬂu
Usgleadiegsraguuuunsideu (“could” | “would” | “can”) “not” VERB something;
wadusunneaununeveslszluauana1siu Inadsslen Operability User Reviews Wans
feanuldazamnlunisldeunazuselon Availability User Reviews wansfianauluanunsald
muldiesmnueuniaduitym

a8ty User Review Pattern Usgnaus 38 3 Non-terminals L@ A someone,
something, somehow t8391n91W34 8 [1] lﬁlé’izq5@1%&&%’1&1381ﬂiaimqmmﬁ%’ﬂL'«au
99 Non-terminals wianil Ineninusialdtmualassairshonsainenmwsedufiugn
Waindun Taseadnslasansainieniwives Non-terminals lugUves EBNF Syntax 619

AN 6-4 FII518aLLBYNVIAAaY Non-terminals 9%l
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1) someone ¥U18H4T@1UIUY UL (Proper Nouns) 158U 5 ¥aTINUNY
(Personal Pronouns)

2) something Medau1ad (Noun Phrase) @9 Noun a@1u1saUsznausies
waulaa ansluawieiens (Premodifiers) wazinasludnigioes
(Postmodifiers) Tnefl Premodifier anansondudued (Determiner), 374U
(Number), 3o AAauiny (Adjective) dau Postmodifier amnsaiduynum
18 (Prepositional Phrase) w3an3eliuviuszLan To-infinitive

3) somehow MinedaussleaiiuseneuseUsystuuagnien wiie Usesu n3en
NITURTS

wiazumiasalveldeuilenalasumsiuaiu User Review Pattern launnnin 1
User Review Pattern Ignilnugaugseninauninnsalvesldeuiu User Review Patterns
A835 Token-Based Matching lagldlausis spaCy [41] fegsswanuatu (Source Code)
nslgaulausid spaCy ¢eas Token-Based Matching 9ntiules spaCy.io @“fﬂgﬂﬁ 6-2 Tu
nseumINelavl 1 fifuusddnyfe pattern lfnuauuuguaesdoyaiifosnisdug ain
AI9g19uUUFUIRUTENOUAILATIN “hello” MUAI8 punctuation Uag “world” 151811158
fmuatoved pattern $aeFds matcher.add JsUsenausiernisdnesaesrfe Foves
pattemn wazLuugUvesteyailsimualy dauilunseurmneianil 2 dda nip 1umdsy
Toyadunadsfeteyaiisfesmsiudiuuuugivesteyaiidmualy uazdds matcher fio

[ | a [y

Addlusunsuisuuseaianansivgdeyadunaiukuusunnmualy uasgavinelunseu

U

[ a

wngaun 3 mnindeyadunalasunisiugiuwuuiunimualy deyaiassiuiuuivas

9 Y Y

[

[
v v s

lasunsaindeya Asdunadnsiilaain source code vaalusunsulugun 6-2 Asdoya

“Hello, world”
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Editable Code

ort spacy
1 spacy.matcher import Matcher

nlp = spacy.load("en_core_web_sm")
matcher = Matcher(nlp.vocab)

# Add match ID "Hel Ld" with no callback one pattern 1
pattern = [{"LOWER' hello"},

IS_PUNCT": {"LOWER": "world"}]
matcher.add("HelloWorld", [pattern])

doc = nlp("Hello, world! Hello world!")

matches = matcher(doc)

for match_id, start, end in matches:
string_id = nlp.vocab.strings[match_id]
span = doc[start:end] # The ma an
print(match_id, string_id, start, end, span.text)

g‘dﬁ 6-2 $mo819 Source Code A15%1 Token-Based Matching laglalausis spaCy [41]
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Part of Speech uazA1d@1A%y (Key words) a7 seylu User Review Patterns 4anaini

[y

sl Verb to be nnelu User Review Pattern wazun3ansalvessldauazgniu

edD_

K1uN$YIN Lemmatization IngagAusndmiliiiu Verb to be Lilatfiunrudangulvidunis
Jupvastaya lusumisvas MODAL n1elu User Review Pattern 3ngnfinusfaiumngdn
Jusaenavessyloadswunufl Part of Speech #ae Adjective, Adverb, 3o Adverb m1u
p1e Adjective

gnieE19N15TUATENINUNINTIveElFmiU User Review Patterns feuselen
A18813901Ua"9 Functional User Reviews 9nduefiu Functional User Review Patterns
5%e RPFNO1

Functional User Reviews: “you should add a like button in the comment
section”

Functional User Review Patterns: rpfn-01 <«— someone (“could” | “should”)
(“add” | “provide” | “offer” | “integrate”) something,

Tugegnel “you” 9¥QNIUANY someone Uar “a like button in the comment

section” AwQAIUANU something
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6.2 Information Extraction for Agent, Activity, Target, and Way
Tuguneutl Weuniasalvewldnulaligniuaiu User Review Patterns fifiviun

'
v YV =

15 Ineninusazatndeyaiiddyanuvinsalvesdidany wethuldaumnudesns

21911398 [42) Usgleamudasnisluguuuuniwisssumiseduid ssfuogly
3UWUU Requirement «— Agent . Activity . Target . [Way] Tned Agent We8 L euifds
Lﬁuﬁﬂszﬁwwqﬁﬂiﬁmmmﬁﬁﬂﬂﬁﬂé’ﬁmuﬂﬁ, Activity mwﬁamﬁﬂszﬁwﬁgﬂﬁﬂm Agent,
Target MuNgRLoUAANIINIEATIVIDLLIALAR, Way MNEEILUINIASTNAINSTY T
Agent, Activity, Target ﬁaﬁﬁayjaﬁﬁi’mﬂuﬁaqﬁ Tuwauzil Way Aadayaniuden Fefiv3elud
Joyanld

FrhAnednuslammuniunies Agent, Activity, Target, Way asluusay User
Review Patterns #am15197 6-1 839159991 6-3 Lﬁ'aaﬁ’msﬂ’aaﬂa a0 FWNYAT vun 39
Ineniinusenindudeyandidudmiunsaiisussloannudesns

gNAI9E1INIIAUARILIALIALlU Functional User Review Patterns $9a RPFNO1

rofn-01 «— someone (“could” | “should”) (“add” | “provide” | “offer” |
“integrate”*™% something <",

U918 Functional User Review Patterns 5% @ RPFNO1 Ineniwusla i1viun
FILRU LA LN 83 Activity Lay Targetmlﬂugu IR0 190 ounid 1l na9a1nd
UNnI el v baulagniua iy Functional User Review Patterns 5@ RPFNO1 W&7
Inenfinusanateya Activity WA Target A udafiniuualy Functional User Review
Patterns satiu 2¢lg “add” AatayaruLs Activity Wag “a like button in the comment

section” Flavayaf umia Target

6.3 Requirement Generation

TN NUs b4 Requirement Boilerplates @115 Ua5 19U 18AAIIUA BINTT
Ingfinusasne Requirement Boilerplates m’mLLuwmmu%umméfmmiﬁﬁgmwuﬁa
Tun191555uv1A (Individual Requirement) 910 ISO/IEC/IEEE 29148 [9] wusaonilu
Functional Requirement Boilerplates 91474 10 Requirement Boilerplates RLREREY]
6-5, Availability Requirement Boilerplates 41uu 7 Requirement Boilerplates P59
6-6, Operability Requirement Boilerplates 41U7u 11 Requirement Boilerplates A9%1314

767
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#5797 6-5 Functional Requirement Boilerplates

No. Requirement Functional Requirement Boilerplate
Boilerplate
Code

1. RBFNO1 The <Agent> shall be able to <Activity> <Target>.

2. RBFNOZ2 The system shall allow <Target> to be in <Agent>.

3. RBFNO3 The <Agent> shall be able to <Activity> <Target> with
<Way>.

4. RBFNO4 The <Agent> shall allow a user to be able to <Activity>
<Target>.

5. RBFNO5 The <Agent> shall have <Target>.

6. RBFNO6 The <Agent> shall <Activity> <Target>.

7. RBFNO7 The system shall have <Target> fixed.

8. RBFNO8 The system shall have <Agent> fix <Target>.

9. RBFNO9 The <Target> shall be able to <Activity>.

10. RBFN10 The system shall notify a user about <Target>.

ANSNT 6-6 Availability Requirement Boilerplates

No. | Requirement Availability Requirement Boilerplate
Boilerplate
Code

1. RBAO1 The system shall be able to <Activity>.

2. RBAO2 The system shall have <Target> fixed.

3. RBAO3 The <Target> shall be able to <Activity>.

a. RBAO4 The <Target> shall be available for use.

5. RBAOS The system shall <Activity> <Target>.

6. RBAO6 The system shall have <Agent> fix <Target>.

7. RBAO7 The <Agent> shall be able to <Activity> <Target>.
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NS 6-7 Operability Requirement Boilerplates

No. Requirement Operability Requirement Boilerplate
Boilerplate
Code

1. RBOPO1 A user shall be able to successfully use the <Target> by having
<Way>.

2. RBOP0O2 The <Agent> shall be able to <Activity> <Target>.

3. RBOPO3 The <Agent> shall allow a user to be able to <Activity>
<Target>.

a. RBOPO4 The <Agent> shall have <Target>.

5. RBOPO5 The <Agent> shall <Activity> <Target>.

6. RBOPO6 The system shall allow <Target> to be in <Agent>.

7. RBOPQ7 The <Agent> shall be able to <Activity> <Target> with <Way>.

8. RBOPO8 The <Target> shall be able to <Activity>.

9. RBOP09 The system shall have <Target> fixed.

10. RBOP10 The system shall have <Agent> fix <Target>.

11. RBOP11 The system shall notify a user about <Target>.

Tuusiag Requirement Boilerplate &I Placeholders @1%35U Agent, Activity, Target
%39 Way s‘z’iqaamﬂé’aaﬁuﬁ’w‘hLmu’maasﬁa%aﬁ%mmﬁwuﬂé’aﬁmmﬂ%umuﬁ 6.2 NeTANUS
watuneunisadresmudosnseenidu 2 fumeulsznausie 1) n1siden Requirement
Boilerplate 7 19131 @1 WAE 2) N1TUNUT Vo3 an 1uFIUNY 3189 Placeholders Ty
Requirement Boilerplate

1) n151@9n Requirement Boilerplate Fimnza

n13iden Requirement Boilerplate fingandmiudoyauniarsaivosdldaudy
Ine1dnusiAT1zkain User Review Pattern #3azgndugdudeyauniansalveslda
Weinuslamnuan1sdueiusening Requirement Boilerplate wag User Review Pattern

YoteyAiarUTELAN AIR5T 6-1 D99N3199 6-3 usiag User Review Pattern 9glasuns

FuaTwIumwe 1 381031 1 iU Requirement Boilerplate 8n6@819 Functional User
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Review Patterns 3%@ RPFNO1 9¢@nduURfiu 3 Functional Requirement Boilerplates Lol
3% RBFNO1, RBFNO5, Wwag RBFNO6

2) Mswnunveyanuiiumiaes Placeholders Tu Requirement Boilerplate

nasanlanmun Requirement Boilerplate dwsuldifulassasnsnisasralsylon
ANFBINISUd Teya Agent, Activity, Target, Way fiadnlfanuyinnsalvesgldsiuazgn
YUY A1 wny 9999 Placeholders 7 nuualilu Requirement Boilerplate
dmfudeya Activity Aeni3nszviniigninlag Agent 7 siilassainslionsaily
AwSanguie Verb 959n1u1vi Lemmatization feuthdeyaununufiausiumywes
Placeholders fifmualy iouiulasiainshonsallundsnguuestoya
1uﬂiﬁﬁﬁ%@;ﬁaﬁ€faamﬂu Requirernent Boilerplate unnnindiafinldainuniansal
a3 ldu InerdnuslinmuaailneUiens (Default) v03taya <Agent>, <Activity>,
<Target> ﬁqazgmﬁmﬂs&muﬁiu Requirement Boilerplate wnu lawiiA1lasUsenyvas
foyadsil
a) Functional Requirement Boilerplates W& ¥ Operability Requirement
Boilerplates fiA1lauUT 890978y a bown <Agent> Ao “system”,
<Activity> f® “use”, kag <Target> Aaludiaila 9
b) Availability Requirement Boilerplates da1lngUTeuvostaya laun
<Agent> fig “system”
gA® 198 14 Functional User Reviews: “you should add a like button in the
comment section” §nIUANY Functional User Review Patterns $%# RPFNO1 Uagananse
aradoya a sunYa Activity waz Target IsiannunTaisalve s lda1u q
Functional User Review Patterns $%a RPFNO1 @111508519U5zlennua09n15laain
Functional Requirement Boilerplates 5% RBFNO1, RBFNO5, RBFNO6 ﬁmfuﬂaﬂaﬂm’m
Fosnsildanuuimaesinefinug fie
RBFNO1: “ The system”**" shall be able to add*™¥ a like button in the
comment section’*"¢<"”
RBFNO5: “ The system”®™ shall have a like button in the comment
section'¥"¢¢t.”
RBFNO6: “ The system”*™ shall add*“™ 3 like button in the comment

section et ”
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annaviliaunsaasislssleaninudesnislauinnda 1 Useleaniudenis
Wasanidnimuanansadedulaienldusvloannudesnisimuigauigadinsuuiun

vaatoyald

6.4 Evaluation of Requirement Quality
Tudunoudifunisussifiununimvesanudosnsildanuuamenisasisnniu
A0IN159093NEINUS ANKEINIINITNAae I8 lad unIansalvesldaudsean
Functional User Reviews, Availability User Reviews lag Operability User Reviews a4
VAT 3,475, 1,589 war 2,969 UMINIaveIKltaunuaau tanadnsuseln
AMNADINITUTELAN Functional, Availability, Operability %Qﬁswaﬂ']iﬁuaﬁau“at,wiawsxLmn
Fasteluil
a) ANABINITUTELAN Functional
uninnsalveadldeuihumaasugndugledu 6 Tu 10 JULUUves
Functional Requirement Boilerplates 1awn RBFNO1, RBFNO2, RBFNO4, RBFNO5,
RBFN06, RBFN10 Taeuna1n Functional User Review Patterns thgwmm 20 Tu 84
LL‘U‘UE‘U laun RPFNO1, RPENO2, RPENO6, RPFNO7, RPFN12, RPFN15, RPFN17,
RPFN18, RPFN21, RPFN22, RPEN23, RPFN28, RPFN29, RPFN30, RPFN33, RPFN59,
RPFN62, RPENT74, RPEN76, RPFN83
b) ANuRABINITUTELAN Availability
uniansalveafldarui humaaougndugladu 4 lu 6 JUuuuves
Availability Requirement Boilerplates Tawn RBA02, RBAO3, RBAO4, RBAOS lagain
310 Availability User Review Patterns ﬁzjdwmm 10 Tu 37 wuugy laun RPA0Y,
RPA10, RPA12, RPA13, RPA14, RPA18, RPA20, RPA24, RPA36, RPA3T
0 MINABINITUTELAN Operability
uniansalveadlderud iumeasugndualaivu 6 Tu 11 gULUUves
Operability Requirement Boilerplates Town RBOP02, RBOP03, RBOPO4, RBOPO5,
RBOPO6, RBOP11 laeiu191n Operability User Review Patterns siavun 12 lu 86
LL‘U‘UE‘U Tawn RPOPO6, RPOP15, RPOP17, RPOP22, RPOP27, RPOP33, RPOP44,
RPOP63, RPOP71, RPOP75, RPOP78, RPOP85
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AINNITNAABINUL NI User Review Patterns 7 b la SUN1ISTUANUUNINT0IUD
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A1997 U9 User Review Patterns laisun1sdugiu 1 uniansalvesgldaiu vieaunnii 1

Umsalvesd gy degun 6-1 Predu ieunminsalveldnulalasunisdugiu User

v YV ¥

Review Patterns wad ludndudauiuniansalvesdldautuazgniunaindoyauazasi

Y
AINABINITTONARIT wiivnI U Talvesdldautulilasun1sIuaiu User Review
Patterns Un3nnsalvesyldnutuarligninanasisenuseanseeniuag
\asnnanuden1srenaLIsilannnmaaeiidwiuinn datuivelivangauiu

Ya v =

nsUszidiuguamlaglinisiansanlaedUssdu §Idedsladuifenuninnsaiveslday
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71U 1-2 5780157 A SUN15TUR R ULAay User Review Patterns 1i18931n91U19 User

Review Pattern laSunisdugiuiiies 1 uniansalvedldan wagu1a User Review Pattern

Y

o |

losunmsduduinndt 1 unminselvesldein n1suseiliuazasaungu User Review Patterns
Fomaiduglétuumnaivesldnuililunimeaey
Inegninusinsslonnudoanisiiueiignadstuainnisdudfussminsuniansal
vosldsnuiiguidensniu User Review Patterns snusziiiununm dausznausie mnu
Fe3n15UTELIAN Functional 971u7u 85 Usglea A1NARIN1TUTELAN Availability 91u2u 23
Uselon wagAueaIn1s Operability 917w 41 Uszlon
IneniinudUsziiunanmueInudssnsrendl e I9nuUIMe e inug
favun 4 inauvinan L8R 1) Readability [43] Aamnufesnisgnifoustiedniau auso
g laladng uazgndeanunanMwIAIans 2) Unambiguity [9] Aomi1udaen1sanuise
farwaumngldifissmadeainiy 3) Completeness [9] Aoausioinisosunedoyai
Indusumiuaiunse dnvaz Tedniansequnmldegiauiizane tnslidesnisdeyals
W Ufudn waz 4) Validity [9] ABAIINABINITATINULIAUIYRIH Tduladuide
(Stakeholder) visneig nzinaue Validity JUsliiuagfotuSeuiiguseninmnunesnis

nlatuuminsalveadldnusuaiy
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b) UsLiluAINABINITTIMLA 4 LNATAMNATNAILLUUADUNY HseAunIs
Useldiu 5 sgeu lan aun (Very low) i1 (Low) nans (Moderate)
&4 (High) gsunn (Very high)

) neunsUssdiy gusziuaglasumseSunefialdnisusesliu nieunseatons

Uszillu Aagun 6-3 Faesunefsllonuvadnaeinannuaeieg1aUseney

Evaluation Guideline

This document describes the guideline for the evaluation of the research “Generation of
Functional and Non-Functional Software Requirements Based on Classification of Mobile
Application User Reviews.” In this research, user reviews for mobile applications are analyzed
whether they identify users’ discovery of problems or new feature requests for the applications.
Then they are used to cenerate medification reguirements for maintenance and evolution of the
applications.

To evaluate the research results, the evaluators will be asked to examine individual
software requirements that are generated from mobile user reviews by our research. Each
individual fi . i i f — .
unambiguity, completeness, and validity. The evaluation uses a five-level rating scale. ie

very low, low, moderate _high _and very high. The evaluator can choose only one rating level
for each criterion Definitions of the criteria and examples are siven below.

Readability [1]: The reguirement is written clearly and easy to read and understand. The

requirement has correct usase of lansuace.

Unreadable requirement example 1: “The system shall be able to use the only thine
whatsapp.”

Unreadable requirement example 2: “The p. L. zwe shall allow a user to be able to use

dark mode.”

5U 6-3 fegneailanisusuiiiy

NaN1U T UANA BINITTRNALITUSZLAN Functional, Availability, Operability
LAAIRIANT197 6-8 LnausiAeun N Readability Te s Ay High lunnUsziananudesnis
gl auanifanudosnisvendwniianuannsaluniseuwazannsadlald lides
wugenunisldniw Tuvagdiinasinaunm Unambiguity, Completeness, Validity 1éf
AU Moderate uansfisaudesnishiAssiauiinig Aeutiedinuanysaivesdoya
LarAaUT19ATINNAnUIveNH dduladiuldes eniiuadudeanisveduisussian
Operability ¢35 usesu Low lunauainunIn Completeness wag Validity fiaag13a14

ADINTFONALITUAZ TEAUVBUNAUNAUNNALAIIINNITUSHTULARIRINNTIN 6-9
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AN 6-8 HANITUTELTUAINUADINITFBNAULITUTELAN Functional, Availability,

Operability ‘1/15\‘1 4 Lﬂmeﬁ@mmw lAwn Readability, Unambiguity, Completeness, Validity

LNEUTIAMNTIN 520U (Functional) | 326U (Availability) | szau (Operability)
Readability High (4.08) High (4.13) High (4.13)
Unambiguity Moderate (3.28) Moderate (3.38) Moderate (3.15)
Completeness Moderate (3.28) Moderate (3.16) Low (2.85)
Validity Moderate (3.24) Moderate (3.48) Low (2.54)

e neluraduieradsssiunisusiiiu Tnevasuesdn [1, 2.33] Aosedu Low,
(2.33, 3.66] AnIEAU Moderate, (3.66, 5] AnTzAU High
MnANsieivszloannudeanssenduaiilauinasinunw Readability 7
s¥AU High wuiuninsalvesgldauiinan i Wideyaidaiauuas User Review Pattern
ansnsnaftadoyannurinsaesdldnildasuian uonand Requirement Boilerplate i
Tassasememuiidaau Jsiidrmilieudesnssensdnasianuamnsalunise uuay
ansaitlale dmsuinasinainIn Unambiguity wae Completeness Flenanisuszidiu
5¥#U Moderate wuindnwaizdeyaumiansaiesgldnududoyalununesvedon Fevi
Tilddeyaliiisanedenisaduarudesnisvenduad i daautazianizianzaaunne
uenaniiinandediialumsatndeyafididyanuninsaivesldou deilfliudeya
linsudau deyaundmviame whituvinsaivesldamagliteyaiasudming e
AINARBILAUNINAMNINTDY Readability uaz Validity 92 iumaﬂ%’jq%’agaﬁaﬁ’mlé’mﬂ
uninsalvesiltauudin “some”, “that”, “this” dnogluuszianues Determiner &4
Fuddilidunizionzas aansamaldvanvas lidaeu Suiliseloamiudeansd
aruinanfietu anuauysaivesdievnanas dmwansenusainasiannIniia Unambiguity
uay Completeness lefunsuszifiuegluseiu Low dmsuinasinaunim Validity fiszéu
Low Lfi 833103 umImeanisadadeyaannuniansalvesgldanulalddidedsusunma
Ay Geriliunadenudesnsldnssmnanuvesyldiuiiseyluuninsaives
Al
uenniluvnafmuitnuimianisiaussloavesineinusdaeiad osmune
uvnana (Full Stop) fszansamliifismeriiouwsndszloneenaindu lilunisadadoya

lasudeyaitlufivsslovifinuisiie dawavinlilsslonanudesnislafinnuninsuaglyl

ansavluldausale
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INNFALATIEAA A TIANLABINTTENA LT UTELAN Operability LA$unanis
Usgifiunasinun1n Completeness wag Validity lusgdu Low luunigi anudesnis
foNALITUIZLIAN Functional wag Availability lasunan1suseliiusedu Moderate Wui1a1n
dnwnzveadoya Operability User Reviews dsadunsfisuszaunisaimsléauueundindy
Yodlda W seduaunvisedglunmsldauaraiuay lagdlngdeya Operability
User Reviews dgildnuaizifunisianfisanunisaling o daioserfensiiasziiuazyinaiiy
\1lad ed 99l 1F9ud3n15 §2081919U Operability User Reviews a1nueUna LAty
Messenger “now the user is required to search out the same stickers every time they
use them.” Fudndanruiliazanlunmsléoudedlinudesdumainnes fuynadeild
1 Mndnvazvestoyadnanvililumansatadeyavesinednud Jsadateyaiiain
:h%ﬁwﬁ’ggwﬁaumﬂﬂidaﬂw%’ﬁaisum;ﬁ%’muimamam"nfu TailaadauTunng
Amng viseduasziitoyalmianmsieszivssleauinsalvesildamn vilsdeyad
anmleanuniansalveagldauldlylaauddgi fldiudenisdenumune usii
uminsaivesglienarlideyafifiusslovdiensimuinazuiuussueundiadufinig diwa
T¥Aufoin1srendwIsuszLan Operability fiadrsannuuanisasdinednudlaSunanis
Usziflunasinaunm Completeness wag Validity sedu Low Tuvniziidnuaizvesdoya
Functional User Reviews wae Availability User Reviews 9351891U8 98 7 Feen15Tnense
$798194%U Functional User Reviews 31AwaUNaLATY Wattpad “wattpad needs a dark
mood.” Faianfiamudesnisersuaiinainueundiadu Wattpad ag19daian vinliuun
nansatadeyavesinerinusannsaatndeyaiidrdiyanurinsalvesildsnulanssiud
Adusiosnisdomumineg wiidlesandediinvesuuinenisadateyavesinednus i
TlFsudoyaidfnliasuiuazuninsaivesildnududoyalunumosasildau il
LANIZLIE AN NREIMTUNITATIANNABINT ST AT danaliniudeinIsvennls

Uszian Functional wag Availability fi@51931nuuan19ve93inginuslasunanisusgLiiu

Lﬂmsﬁammw Completeness wag Validity N5y Moderate

VU6 NANTITUTEEUAMUABINTTENARISUTELAN Functional, Availability, Operability
ansatinanunainad ouldainaudlasiuniwinasn1sianunuieUsyloanay
HeensvesfUszifiudie sauiansdunmuninvesysglonnudeanisitianussiiu 3
InendinudweremananuaaiaindouvesranisuszfiulidesiigaseniseSuneiisng

Usziliu nieuvialvidileusenaunisuseiiiy
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ﬂ'ﬁ'ﬂﬁ'l\‘iﬂ'ﬂilﬂa\‘iﬂqilﬁjﬂﬂ\iﬂ‘UULLﬁSVﬂlﬂWL"UQﬂQﬂ‘ljuaqﬂsﬂay"aum')ﬂqim’ﬂaﬁ
v P> 1 < 1
Eﬂ‘ﬂ\‘]'\ﬂﬂlﬂ“ﬂﬁﬂﬂﬂﬁd'\ﬂau

WatlAan15neasliwInIlTevasInednusuUssgnd g InediwuIniena
Nanvoamnnia@unsIuiu Usenounte 2 Tunaunan Ae 7.1) TundunITnIesudays
(Data Preparation) @eumianselvedldsnuiiliiaeiiiuuinau (Unseen User Reviews) 920
IMUNUTBLANUAEATITAB VAU 1R UAUVBIUNTATAIVD I LT UMINATITAB VLA INUT
umansalvesdldautugeuiuiuuniansalveldnuuniegia vninsaivegldau
WuILgNAnean uMNIalvesldunauviontasgninunasauselonauneenIs way
7.2) TupaUMIATIIANNRINSlandulas ldlideilanduresrenianag

Ingrdnusnaaesimulusunsuilesiuniuwuiniatuneuresingriinuslagly
AT Python melAzesile Google Colab Pro fiveyadunmvedlusunsudsriedaya Unseen
User Reviews wiuaglugunuulwduiana CSV uazdeyanadnsvoslusunsufieusslenniny
¥ ' v o [ I3 v o v v o v
Aean1snuiazrUssinnvasteayaiivaglusuwuulnduiuana CSV wuiu dwmsutoyadnld
NAFUKUINIIVEIINeTnusLduTaya Unseen User Reviews 714Aiusiusiuunae3s
Screen Scraping 311 2 woUNALATUAD Wattpad Lag Messenger 19888 UATIUIU

umiasalvegldauluudaztuney A9 7-1

N o a L3 124 1 5
$13199 7-1 mmuummﬁmmaﬁsiﬂmmiulmassuumau

waUnaLAZY %l'umaul,ﬁu %"umau Data Preparation %umaumia%'m

UM Funounis vdwuduneuns | Audaanside

Joya I uUNUsELaN FTIVFAOUUN Haddunazilaly

umiansalves | nsalvesyldanu 1 e
Aldau fidou

Wattpad 6,562 6,543 674 24
Messenger 3,831 3,826 579 16
fllj\‘i‘vmﬂ 10,393 10,369 1,253 40

7.1 Data Preparation
TunauilAeniswssutoyauniansalveidanunsuilvasiauseleaninudenis

WFarlanTuwas i bty el an duvesgandwIsludunaunall Usenaunie 2 Tusay Ae
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7.1.1) nsduunUsznnuniatsalvesyidany tnevsdwununinsaivesldaueenidy

U5zLa9n Functional User Reviews, Availability User Reviews, Operability User Reviews

Aglunan1siseuiveas aanduseAnsnmanandmiun1sTuunUssinnuniansalves

v Ay v a a s ~ & a 4
f}ﬂ%ﬂ’]uml@"ﬂqﬂﬂ’ﬁVl@aENGUENTV]UWUWUﬁIUUWW 4 LaguUsau 7.1.2) N1SATIFDUUNIINTM

vosgltunggou Inglduuimia Painvise Text Similarity Faduuwuimaniivsednsang

MgadmiunsnTvaeuuisaivesyldnungdouainnsnaaesvesineinusluuni 5

7.1.1 msduundssianuniansalvesdldanu

dmiulunanisifeus uaaaies Feature wazinailandiunldduundszian

umNsalvewldnuusazUsziam Inendnudidenlunanisiseuveaniesiiduse@nsam

gengannveaadluluneun 4 I51eaziduanadl

a)

b)

c)

UsLAN Functional User Reviews I%Ja”aﬂﬁﬁmmsﬁaufsuaam?aq Ao
Logistic Regression FaUsenause Feature o BoW, Sentiment, POS uay
Tmatla MinMaxScaler ag SVMSMOTE

UszLam Availability User Reviews Td8anesfiunisisousgveaiaiog fie
Random Forest %ﬁﬂizﬂauﬁaﬂ Feature A® TF-IDF, Stemming, n_tokens,
Sentiment waglyinAd A SYMSMOTE wag GridSearchCV 4 n15U5 UAN
W15191m 03 vosluinanisieus baun A1 max_depth v 100, A
n_estimates VAU 1,000, A1 criterion Ag gini

UsgLan Operability User Reviews Tﬂ’fé’aﬂ’eJ%ﬁam'm?auismm?m Ao
Logistic Regression %Qﬂizﬂaué’ha Feature Aa BoW, n_tokens, Sentiment,
POS wagldmailan SYMSMOTE wag GridSearchCV in1susuAmisiiines

Yadluman1siseus loun A1 c wiiu 10, A1 penalty Ao L2

endnusliheanlumanisiseudvesaiasdildannismeasendulnduinana SAV

waglandlunanisiseusunldduundssianuninsalvesidau Inenisldlauss

Pickle [44] ¥8401¥1 Python #18819 Source Code ¥8433M15H 108N URILUNANITITEUIVRY

LASRIaFUN 7-1 uagdtmsiidivethinansisyusveunsanagun 7-2
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import pickle

#export machine learning model

filename = "{8}.sav".format{model_name)

file_path = "{@}{1}".format("/content/models/", ftilename)
pickle.dump(model, open{file path, 'wb'})

U 7-1 Source Code 35mstheenvesdluinanisseuiveaasewnelausis Pickle

import pickle

#Fimport machine learning model

func_model filname = “Functional Logistic.sav"”

with open{func_model filname,'rb') as file:
func_model = pickle.load(file)

3U71 7-2 Source Code F8n1suninvedlumamsiseuivedasasniglausis Pickle

Unseen User Reviews 71 b8l 52U5793111 9z U191 Data Cleaning uay Feature
Extraction 17 utfi 2 uiud unounisnanesdiLunUszLanuniansaive s 19 uaes
Ineniinusluunil 4 Aeuszthanduunssiamuminsalvesldnufelunanisoudves
woamuTEandeatildnan ity Suauuinsaivesidnundshuduneunisade
foyauvinsalveaflinusinnsed 7-1 mnsansihuneysziamvesuvidnsalvosldaud
¥91nlunan1siFousveand ssannsnduunuszianlduinnin 1 Ussian nerdnus
fnrsaudenussnnuninnsalvesdldeuaindianuuiasidu (Probability) veaanisvituneg
Ussinnfigafigaunu SsuninsaivesglieuazannsagninegldifissUssnmieaviidy
mnuniansalvesy iaulilagndnegluussinn Functional User Reviews, Availability
User Reviews, Operability User Reviews agfioanduusyian Others T suniansaives
Aldauagligninunyssinanasie kadnsannsuunlssianuniansaivesldaueyly
sUsuUlidumana CSV fegnadeguit 7-3 Tnetanlfifudeyadunsluduneumansaaen

umMnsalvesgliung deuiu
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A B C D
1 |ID SOURCE TEXT TARGET
2 1 Wattpad | loved this app beci OPERABILITY
3 2 Wattpad The update only let: OTHERS
4 3 Wattpad | was glad without t OTHERS
5 4 Wattpad The update makes s OPERABILITY
6 5 Wattpad  Also, it can discoure FUNCTIONAL
7 6 Wattpad If they read the revi FUNCTIONAL
8 7 Wattpad It can simply stop tt OTHERS
9 8 Wattpad Along with other W OTHERS
10 9 Wattpad Hilm Yelling_MNothir OTHERS
11 10 Wattpad  When | first got intc OTHERS
12 11 Wattpad | was able to grow ¢ FUNCTIONAL
13 12 Wattpad | learned through W OTHERS
14 13 Wattpad | learned communic OTHERS
15 14 Wattpad Now Im currently a OTHERS

JUN 7-3 feguninnsalvesldeundimnisiuunyseanumiansaivesdldalugviuy

lndunwana CSv

NFIINNITTMUNYTEANUNTA TNV LFUUAT WUTTIWIUUNITI Vs
;ﬂ“i’fﬂ’m%qﬂizmw Functional User Reviews, Availability User Reviews, Operability User

Reviews R9AN51990 7-2

M5 7-2 uuunITalvelieulsEan Functional User Reviews, Availability User

Reviews, Operability User Reviews va3taUnaiatu Wattpad wag Messenger

waUwaLAYuY Functional Availability Operability
Wattpad 1,606 275 1,542

Messenger 974 356 670
Fiaviam 2,580 631 2,212

7.1.2 MsasivdauunITalvesyldnunadou

lutuneuiiivoyadunnAauningalve iU ladLunUssLa niaIantunou

agaa

o o

7.1.1 Ingnfinusldds Pairwise Text Similarity G.du3sAfiuszdniamanigadmnsuns

ATIRERUUTINTAIeltungtauiuIINnITaaedluunil 5 ds1uasidundiall

[
v

umNsalvesldnugnihuieSeudeyaduiediuiunismaaesduuni 5 neuns

ATIVFRUUNINTLVRI I uNgIgau Ine1dnusiin Representation A8 Lemmatization
uwazlulaa Bert-large-nil M 300 Dimension @1%5 U Functional User Reviews W@y

Operability User Reviews §1 Similarity Threshold # 0.73 wag 0.60 A NE IR Y 195U
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Availability User Reviews i]uﬂ‘vﬁ Representation @ 18 Lemmatization wazluLna
Paraphrase-mini #1 300 Dimension wagil Similarity Threshold # 0.60
MRIINATIVEOUUNINTRIvR Id g douiuLay uniansalvegldanundang
= 1 o ¥ v a ¢ o aM g 1 a 5o s ¢
wideagzgniunaieustlanusensidalenfukas nlalggalsiduveswenduls Toy
unisalvesd ldnuiidiannienyssgrifveglugduuulnduinana CSV Fafidnuau

unINsalvewltiuiinuniesgfwmised 7-1

7.2 nMsas19audoansidansnsunasilailddslsnduvasgananls

a ¢ 19 d' a ' ) a ° o v
UW?QW?NT@Q@%QWUW@QLﬁa@ag‘ﬂqﬂsﬂum@‘NW 1.1.2 Qﬂu’]ﬂqaﬁ’]\iﬂﬁziﬁﬂﬂqqﬂmaﬂ N9

=5 A v a

Fepotayadunadmsulutunaull Invasisseloaanudesnsiafsndunazilalyias
HanduAeISiiumeiunIsnaasstuuny 6 naansuseloanuaeanisidefeanduwas nlaly

Wadlerdueglugduuulrldumana CSV Aagun 7-4

A B C D E F G
PATTERN TEXT BOILERPLATE_ID REG TARGET SOURCE 1D
RPFN2 this applici RBFNO4 The system shall allow a user to be able to use more customization. FUNCTIONAL Messenger 1515
RPFN2 this applici RBFNO5 The system shall have more customization. FUNCTIONAL Messenger 1515
RPFN22 i believe lc RBFNO1 The system shall be able to leave location services. FUNCTIONAL Messenger 3062
RPFN22 i believe lc RBFNOB The system shall leave location services. FUNCTIONAL Messenger 3062
RPFN22 iseriously RBFNO1 The system shall be able to turn crap. FUNCTIONAL Messenger 3514
RPFN22 iseriously RBFNOG The system shall turn crap. FUNCTIONAL Messenger 3514
RPFN23 itis not usiRBFNO1 The system shall be able to add stuff. FUNCTIONAL Messenger 3323
RPFN23 it is not usiRBFNO5 The system shall have stuff. FUNCTIONAL Messenger 3323

J 'RPFN23 itis not usiRBFNO6 The system shall add stuff. FUNCTIONAL Messenger 3323
1 'RPFN23 it would al RBFNO1 The system shall be able to add backgrounds. FUNCTIONAL Messenger 1517
? RPFN23 it would al RBFNO5 The system shall have backgrounds. FUNCTIONAL Messenger 1517
3 RPFN23 it would al RBFNO6 The system shall add backgrounds. FUNCTIONAL Messenger 1517

JUN 7-4 fregaaudesnsdsilinduias ilalweiandulusuwuulnguivana CSv

31U Unseen User Reviews Vigﬂﬁ']ma%ﬁwiﬂaﬂmméiaqmiﬁa‘]"m';uﬁu’wm 40
UmisalvesdldaunUInuwaUnainduy Fam157991 7-1 nuweUnEiady Wattpad $1uu
24 UNIA5RR 19U UazuaUnaIATU Messenger 91U 16 UnIAsalvaeldau Ly
ANABINITUSELAN Functional, Availability, Operability ﬁléfﬁnﬂ Unseen User Reviews il
swazdenvestoyausazszinndatolud

1) Unseen User Reviews 31nuwauUnalAtu Wattpad

a) ANUABINTITUTEIAN Functional wudnduniansalvesy la1udiuIu
fanua 12 uniansaivesdlfaugndugu 7 Functional User Review
Patterns ‘ﬁlﬁ’]‘lﬁumi’sj A® RPFNO1, RPFN22, RPFN23, RPFN28, RPFN29,

RPFN59, RPFN83 lauseleaninusaenisan 5 jUwuueed Functional



89

Requirement Boilerplates Town RBFNO1, RBFNO2, RBFNO4, RBFNOS5,
RBFNO6

b) AUABINITUTELAN Availability wudniluniansalve s lea1uduiu
Vavun 12 uniasalvesdldaugnivanu 4 Availability User Review
Patterns fifnvualy flo RPA10, RPA14, RPA20, RPA24 l¢iiszlumannal
AOINI59IN 3 JULUUVDY Availability Requirement Boilerplates Taun
RBAO2, RBAO4, RBAOS

0 AUABIN15UTELAN Operability wu11lu sl Unseen User Reviews
UszLan Operability ﬁqﬂfﬁ}wiﬁ’u Operability User Review Patterns
AUl

2) Unseen User Reviews 2nWaUWaLA%TW Messenger

a) ANABINITUTELAN Functional wunilunIansalveey l9audiuiu
favun 8 uniansaivesylderugndugiu 5 Functional User Review
Patterns 7 innuald @8 RPFNO2, RPFN22, RPFN23, RPFNGO, RPFNS3
LaUsgleandudean1591n 4 JULUUVDY Functional Requirement
Boilerplates Taun RBFNO1, RBFNO4, RBFNO5, RBFN0O6

b) AUABINITUTELAN Availability wudnfiuniansalves lea1udiuiu
a7 uninnsaivesldeugnaue fu 3 Availability User Review
Patterns fifwualy fia RPAL2, RPA20, RPA24 leiUselanaudasnis
971 3 JULUUVDS Availability Requirement Boilerplates 1n RBAO2,
RBAO3, RBAO5

) ANUABINITUTEIAN Operability wuinduniasalvesldaudiuiu
e 1 UnI130ive e ldeugniua iy 1 Operability User Review
Patterns Aifmunld Ao RPOPS5 leszlonnuioenI1san 3 gULUY
Y94 Operability Requirement Boilerplates ta WA RBOP02, RBOP03,
RBOPO5

!
=

A1NNIFILATIEILUINIINITAS19AUA DIN15ET e N T unaz 9 bl T eilanduves
gaiuIsinegnluiRnndeyauniatsalvesldnudiotuuinieiinanveinednusun
sufunud dlenanuuimedaludfiazdwundseianvosuninsavesldanuianaiala

i mniunInsalvesldanudsdunisadulszny Others wildsunisinunedudsziny



90

[

Functional, Availability, #50 Operability %qum%mﬁmaaﬁﬁ%wuﬁawwﬂﬂﬁﬁﬁagaﬁﬁmm
dmsunsUTulTiasiauILeUnaATY N13a319ANABIN15T0NALITIINUNIITAIVRY
A euiviueiaussinmvidedidomiisnduliiieme awviliduiniauldamnsn
ArwdesnsrenfiiTadunluliusuusuasiauue Undindusioluly
uananiinisatadeyaiididyanuninsaivesglisuiedunaiisssloan
foanafeIsnisduguiinsaivesfliuiu User Review Patterns sUkuusg 4 dumnud
LRI ITeNAWSTLATI wIues 1nA13ed 7-1 SruruuinnsalvesilFaundasin
fupounismsnaeuuinsaivesldnuiididou fededeyadunmrestuneunisaiiani
A04n13 A9 1uNINda 1,253 uninnsalvegldanu udmnnasdsliaunsaduglaiu User
Review Patterns #iflog] Tnefifies 40 uninisaivestldauminiuiiasisndualduaszgn
dnaiiseloannudeanisgonsdiad Inedangu1nuuIniniIsasenuaeIns
gewsvesineninug Tngnerlnusiiuuimenisainnudesnsanmsadndeyaiiang

o w

J1agdfsion1saieauneInIsiagIdeNsIuATuTENI NI Talve ldauiU User
Review Patterns fifvualiwazanndeyandAgaiumunisininualivy User Review
Patterns Tngd1?oyaf afalau1as19a i 8an158o i wIsn 1801517 Requirement

Boilerplates nitunIatsalvedd lauiulasun1sduaiu User Review Patterns iy

Y
I

uinsieslinuturzgminaisarudesnissenduag uimnuniasaivesgldrudy
Laigniuaniu User Review Patterns agliignininaiaanuseanisgondius wiidnuniaisad
vosfldautuaslitoyaiionndulsslovddenmstngsdnumeonduasfinm Faanlasad
T nsalnen1wives User Review Patterns Ainendinusldimualifiaududouves
lassasramshiennsallidiisanesenuusunislisuuniansaivesgldauvilviudasiivoyaun
Forsalvesildarudiurunnudla§unsdugdu User Review Patterns ludnuautes &4
wnslunsuiudgssans amiflerfivduiunmssugiuserinsuninsaivesdldaui
User Review Patterns Aenisiiuanududeuliiulassasnamalasinsaives User Review
Patterns fegnatu nsiiiwanutudeuliiiulassaiienslieinsalves Nonterminals n3
11518715 Key words 71 55ylu User Review Patterns 1l al#5ea5unuugunisidouum

FslveldaulanInty wagn1sNIIWIY User Review Patterns 1y



unil 8
ayUnanIsIdeuaztalauauY

8.1 #3UNan15IY

Ingrdnusinausumanisaieanudosadeilsitunasililndeilsidunes
wanaLIslagdnludfaindeyauninsalvesd ldaululudueundiatuainuelalasuay
madalns deinendinusiynjsneiiiedisdamdeyaiidulseloniliunfiudnimuly
nszuIuMsUUTar T Iaunsluludueundindy Uszneude 3 dunoundn Suainnis
PuunUszianuniansalvesyldiueeniduuszian Functional User Reviews, Availability
User Reviews, Operability User Reviews Iagldiiuanig Text Classification Sunoudaun fe
nsseEpUANNTdeuturesunisaivesldsudiouuanis Text Similarity minnu

'
U 4 =1

umsalvesgldnugdeuiuiuteyanileguas uninsalveldauduazgnaneen Tu

Y

TupugAeUNIN TR lfuNiaurdesgtxgniinasuAuieIn gl fulag i

(Y]

Lilugeailandureswendwisannisaindeyandrfyanuninsaivesldnu laensld User

o

Review Patterns Wagas19Uszloan1uf 89n13018n15:A U0y aasly Requirement
Boilerplates #nendnusldnienl’ uenainiinednusliussifiuuszsansamueunay
s dlaus aufeUssdunuAIAINA oI 3TN LT T AT 199 NLUIMNYRY
Fnerdwug Wanun 4 WnaiAaIAIW Laln Readability, Unambiguity, Completeness,
Validity

HANIINARBIINKUINNNITITEVOINGTNUS NUTBana3Tiun1siSeus Logistic
Regression fiUszAnsngsiigadmiunisduunuminsaivealdaulszian Functional
User Reviews waz Operability User Reviews lagiia1 F1-Score a&éﬁl 75.4% WAy 62.1%
AUEIRU §anedfiun1siieud Random Forest fiUsyans nngafi gadmsunssuun
U salveldauyseian Availability User Reviews lawila F1-Score E]glj"ﬁl 73.5% &9
Feature A 7 AudARAonsTuunYszIAnUNI9salvearldau leun Bow, TF-IDF,
n_tokens, POS, Sentiment ﬁ’m%’uﬂ7mimaauﬂ’nm;;w%’awuaww%ﬁzﬁmaq@,i’i’mu
LWINIY Painwise Text Similarity U2 @nS amdin3wuanie Clustering Inad Aade
Accuracy A9 0.72,0.85, 0.67 @ msuunIa15aivass L¥9uUsELAn Functional User
Reviews, Availability User Reviews, Operability User Reviews #1uanau TUaIuvoInanis
Uzl uAIINABINITFONALITUTZLAN Functional, Availability, Operability fia31991n

a a & a1 a a ¢ . a ') .
LUININUDIINYIUNUD m%aaawamiﬂszLmusuaqmmsmﬂmmw Readability nseau High



92

WAAIHIAINNABINISTONAKITTAIUANNNTO I UNITONULASAIUITOLTLDLA MUAIUVDILNUN

A N1 Unambiguity, Completeness, Validity a%.luwﬂvu Moderate & 4A210# 89013

gondwIsAeutelivoyanauysal Aeutielimniunagnsamuanuivesgldaiununssyly

Umisalveds I eniuaudein1seeniuisuseinn Operability laseau Low lu

nauaANIN Completeness wae Validity

8.2 Y9INAVBIUIVY

1)
2)

3)

4)

5)

6)

Uw‘imizﬁmaaﬁﬁ%ﬂmiaa%’uLﬂmﬂmwé’mmﬂ/iﬁ?u
SruanumnssiveslinuilifinasulinanisBouiveanissdmiuduundssian
umansalvegldauidnuaulaunndn

LUIMNIATIRAR UMW B U uTesUNI s Al er ISl usiuglung
n3apvurATIsiveslieuiilamuddymsaumnefididourty
wuInmsatateyaididyainuninsaivesldauiternnainszloani
Feamsworldnisiliaunsoatadoyaiddyarnuvinsaivesldamuldasudiu
wazdslaidlafsuiunmemnumneesuniansaivesldou ilwluuisassaiy
dioamswondiaiiilalinsmimanuvealden uenand User Review Patterns
Inenfinusiawedilinseunguiusuuuunsilisuuniansalvesldaumnne v
Tliannsadug fuumnsalvesldanls wagvhlinnudesnisveniusilasud

Y

fﬁ’m’guﬁaaﬂd’lf\i’mau%’a;ﬂaw‘imiaimaa;ﬂi’f&mﬁLﬂusﬁ@maﬁuwmagju’m

Y 9

umnsaiesglinuudeyalupmowosldin Fsiideyanddnluiiomesionts
thina¥seudeanisvendinidauuaziamsiangasnnwedmiuuiuusua
Famnisluludueundiady Sinsdesendeiiudiniaunfionsuniadoyaddfy
UsEuLL

Inendnusfiansununinsavesldauisssloadouiiiu lldiselen
radsariouninsaiveslisniidviunvesteyalndifvstumuszinanase 39

ilasudeyaniivseloviana

8.3 UaLaAuBLUY

1)

dunsuwunUssanumasalved i
a) WNTWIY Training Set uaz Test Set LilaliuUszaAnSamn1siTeusvesliing

NSISEUTVBUATOS



2)

3)

93

b) ¥1 Representation unIasaivesldausie SBERT alvlunanisiseuives

v '
Y =2 a

iwsesannsaitilaviunvesdliATunasifin sz avsnmnsSeuivedluinanis
Souiveaniog

dhunsnsRdeumNEdeuresuvinsaive sy

a) ¥ Text Summarization feunMsnTIIFOUATMEFEUYBIUNIITSAIvRaYlHay
ieifinanuusiudliivuninsalvesldnuddloanud fymiouduudd
sULuuNs@euuminsalvesgldnunsutiauansieiy

b) mmamls{’fﬁ”;i’mmmmﬂéﬁmﬁqﬁ’umqmnwmassmwﬂ'ayjaﬁ’aﬁ'uG] LU
Jaccard Index

0 augiouumenishntheaudidouresuvioisaivoslda

duMIATIANNADING

[

a) WiuduIu User Review Patterns dusunisatndeyafididyanuniansalves
Aldau

b) Ufuussuwamemsiauszlen W unsiauszleaieganianaziaviate
WDusiu

0 Ufuugswumnisadadeyafididaainuniansalvesdlfary wu iuay
Fudauliunlaseadramislieinsalves User Review Pattern 11518015 Key
words Tu User Review Patterns saufistuniansalvesgldanuussloatiaufies
visouvinsalvesfldauiivunlndifesiunysyananase

d) UsuUgemuaenmaearadliensaln1an wIna191naselselennanudeanis
wonFLISLET fhodhay By s, es IrfuUsEsu Wasurnsen is, am, are A"y
Uszauveuselen {Wusu

o) afeUszloanudeansvenduIFanuuIMedy Wy wuImsnnsadssslen

pudanaIvii Deep Learning



10.

UIIUIUNIA

Panichella, S., et al., How can i improve my app? classifying user reviews for
software maintenance and evolution, in 2015 IEEE international conference on
software maintenance and evolution (ICSME). 2015, IEEE: Bremen, Germany. p.
281-290.

Maalej, W. and H. Nabil, Bug report, feature request, or simply praise? on
automatically classifying app reviews, in 2015 IEEE 23rd international
requirements engineering conference (RE). 2015, IEEE: Ottawa, ON, Canada. p.
116-125.

Lu, M. and P. Liang, Automatic classification of non-functional requirements
from augmented app user reviews, in Proceedings of the 21st International
Conference on Evaluation and Assessment in Software Engineering. 2017:
Karlskrona, Sweden. p. 344-353.

Chen, N., et al., AR-miner: mining informative reviews for developers from
mobile app marketplace, in Proceedings of the 36th International Conference
on Software Engineering, ICSE 2014. 2014: Hyderabad India. p. 767-778.
Villarroel, L., et al., Release planning of mobile apps based on user reviews, in
Proceedings of the 38th International Conference on Software Engineering
(ICSE). 2016: Austin, TX, USA. p. 14-24.

Mitchell, T.M., Machine Learning. 1997: McGraw-Hill. 414.

Jurafsky, D. and J.H. Martin, Speech and language processing (draft). 3 ed.
Available from: https://web.stanford.edu/~jurafsky/slp3. 2021.

Dick, J., E. Hull, and K. Jackson, Requirements Engineering. 4 ed. 2017: Springer
International Publishing. 239.

ISO/IEC/IEEE International Standard - Systems and software engineering - Life
cycle processes -- Requirements engineering, in ISO/IEC/IEEE 29148:2018(E).
2018. p. 1-104.

IEEE Standard Glossary of Software Engineering Terminology, in IEEE Std 610.12-
1990. 1990. p. 1-84.


https://web.stanford.edu/~jurafsky/slp3

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

95

Bourque, P. and R.E. Fairley, Guide to the Software Engineering Body of
Knowledge (SWEBOK(R)): Version 3.0. 2014: |EEE Computer Society Press.
ISO/IEC 25010 : 2011 Systems and software engineering — Systems and
software Quality Requirements and Evaluation ( SQuaRE ) — System and
software quality models. 2013.

Hastie, T., R. Tibshirani, and J. Friedman, The Elements of Statistical Learning.
Vol. 2. 2009: Springer-Verlag New York. 745.

Bengfort, B., R. Bilbro, and T. Ojeda, Applied Text Analysis with Python: Enabling
Language-Aware Data Products with Machine Learning. 2018: O'Reilly Media,
Inc.

Han, J., M. Kamber, and J. Pei, Data Mining: Concepts and Techniques. 3 ed.
2011: Morgan Kaufmann Publishers Inc.

Reimers, N. and I. Gurevych, Sentence-bert: Sentence embeddings using
siamese bert-networks. arXiv preprint arXiv:1908.10084, 2019.

Devlin, J.,, et al., Bert: Pre-training of deep bidirectional transformers for
language understanding. arXiv preprint arXiv:1810.04805, 2018.

Chilakapati, A. BoW to BERT. 2019 [cited 2021 24 Sep 2021]; Available from:

https://xplordat.com/2019/09/23/bow-to-bert/.
Reimers, N. Pretrained Models. 2021 [cited 2021 24 Sep 2021]; Available from:

https://www.sbert.net/docs/pretrained_models.html.

Reimers, N. SentenceTransformers Documentation. 2021 [cited 2021 24 sep

2021]; Available from: https://www.sbert.net/.

Aysolmaz, B., et al., A semi-automated approach for generating natural
language requirements documents based on business process models.
Information and Software Technology, 2018. 93: p. 14-29.

Georgiades, M.G. and A.S. Andreou, Automatic generation of a software
requirements specification (SRS) document, in 2010 10th International
Conference on Intelligent Systems Design and Applications. 2010, IEEE: Cairo,
Egypt. p. 1095-1100.

facundoolano. app-store-scraper. [cited 2021 24 sep 2021]; Available from:

https://www.npmjs.com/package/app-store-scraper.



https://xplordat.com/2019/09/23/bow-to-bert/
https://www.sbert.net/docs/pretrained_models.html
https://www.sbert.net/
https://www.npmjs.com/package/app-store-scraper

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

96

facundoolano. google-play-scraper. [cited 2021 24 sep 2021]; Available from:
https://www.npmjs.com/package/google-play-scraper.

bsolomon1124. demoji 1.1.0. 30 Aug 2021 [cited 2021 24 Sep 2021]; Available

from: https://pypi.org/project/demoji/#description.

neelindresh. ContractedText.py. 2018 [cited 2021 24 Sep 2021]; Available from:
https://gist.github.com/neelindresh/39b3b4c3113d30a6e796697f9e5fc12.

Kleinschmdit, T. gingerit 0.8.2. 6 Jul 2021 [cited 2021 24 Sep 2021]; Available

from: https://pypi.org/project/gingerit/.

F,{ehcli‘ek, R. gensim.parsing.preprocessing — Functions to preprocess raw text.
[cited 2021 24 Sep 2021]; Available from:

https://radimrehurek.com/gensim/parsing/preprocessing.html#gensim.parsing.pre

processing.remove_stopwords.

Hutto, C. and E. Gilbert, Vader: A parsimonious rule-based model for sentiment
analysis of social media text, in Proceedings of the Eighth International AAAI
Conference on Weblogs and Social Media. 2014. p. 216-225.

Nguyen, H.M., EW. Cooper, and K. Kamei, Borderline over-sampling for
imbalanced data classification. International Journal of Knowledge Engineering
and Soft Data Paradigms (IJKESDP), 2011. 3: p. 4-21.

Forman, G., An extensive empirical study of feature selection metrics for text
classification. Journal of Machine Learning Research (JMLR), 2003. 3: p. 1289-
1305.

Muller, A.C. and S. Guido, Introduction to machine learning with Python: a guide
for data scientists. 2016: O'Reilly Media, Inc. 392.

Binkhonain, M. and L. Zhao, A review of machine learning algorithms for
identification and classification of non-functional requirements. Expert Systems
with Applications: X, 2019. 1.

scikit-learn machine learning in Python. [cited 2021 24 Sep 2021]; Available
from: https://scikit-learn.org/stable/.

Natural Language Toolkit (NLTK). 20 Sep 2021 [cited 2021 24 Sep 2021];

Available from: https://www.nltk.org/.


https://www.npmjs.com/package/google-play-scraper
https://pypi.org/project/demoji/#description
https://gist.github.com/neelindresh/39b3b4c3113d30a6e796697ff9e5fc12
https://pypi.org/project/gingerit/
https://radimrehurek.com/gensim/parsing/preprocessing.html#gensim.parsing.preprocessing.remove_stopwords
https://radimrehurek.com/gensim/parsing/preprocessing.html#gensim.parsing.preprocessing.remove_stopwords
https://scikit-learn.org/stable/
https://www.nltk.org/

36.
37.

38.

39.

40.

41.

4z.

43.

44,

971

Scipy.org. [cited 2021 24 Sep 2021]; Available from: https://www.scipy.org/.

Banerjee, A. and R.N. Dave, Validating clusters using the Hopkins statistic, in
2004 |EEE International Conference on Fuzzy Systems. 2004. p. 149-153.
Wilson, B., Chapter 1: Clustering for dataset exploration in Unsupervised
Learning in Python Course. 2020, Datacamp.

Oghbaie, M. and M.M. Zanjireh, Pairwise document similarity measure based on
present term set. Journal of Big Data, 2018. 5(1): p. 52.

Rekabsaz, N., M. Lupu, and A. Hanbury, Exploration of a threshold for similarity
based on uncertainty in word embedding, in 39th European Conference on
Information Retrieval Research (ECIR). 2017, Springer, Cham. p. 396-409.
Honnibal, M. and I. Montani. Rule-based matching. [cited 2021 24 Sep 2021];

Available from: https://spacy.io/usage/rule-based-matching#matcher.

Fatwanto, A., Natural language requirements specification analysis using Part-
of-Speech Tagging, in Second International Conference on Future Generation
Communication Technologies (FGCT 2013). 2013, IEEE: London, UK. p. 98-102.
Collins Dictionary [cited 2021 24 Sep 2021]; Available from:

https://www.collinsdictionary.com/.

pickle — Python object serialization. [cited 2021 24 Sep 2021]; Available from:

https://docs.python.org/3/library/pickle.html.


https://www.scipy.org/
https://spacy.io/usage/rule-based-matching#matcher
https://www.collinsdictionary.com/
https://docs.python.org/3/library/pickle.html

FWIAINTAUNNIINY 18D
CHuLALONGKORN UNIVERSITY



Yo-eNa
U Hau U 1n
aAn1unLne

ANTANEI

se3antasu

va

Use IR deu

5L WUFHIIN

12 wefiIneu 2536

NFNNUIUAT, Usewmalneg

Uns@nw 2557 nanansInemansUndin @a1v1IneInis
ARLNILABS AINAZINEIFERTILazIAlUlaE
UNTINGIRDTTINANERS

Unsfinw 2560 LAnwselunangnsinemansuyUnga @19
FPNTIUYBNALIT INAEIAINTIUAIENT JRIAINTAIUNTINGS
144 genvaleSu 59 Wun 1 WUINBUEIIE LWAUINIY
AFNNUAIUAT 10220

U w.¢. 2564 "Generating Functional Requirements Based on
Classification of Mobile Application User Reviews" lag siiaa
WUSETIN Uaw 3A.AT. MRS tatned o egsen lunuussyaivinig
2021 IEEE/ACIS 19th International Conference on Software
Engineering Research, Management and Applications (SERA)
syynaTui 20-22 figuieu we. 2564 o iflesAnunenin Usemadu
U oA, 2557 519789198t URRILL UL UNALATY

1A53713 SCB YOUNG TALENT A%adi 1 Salnesuransingmndiad



	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	สารบัญตาราง
	สารบัญรูปภาพ
	บทที่ 1 บทนำ
	1.1 ที่มาและความสำคัญของปัญหา
	1.2 วัตถุประสงค์
	1.3 ขอบเขตการวิจัย
	1.4 ขั้นตอนการดำเนินงาน
	1.5 ประโยชน์ที่คาดว่าจะได้รับ
	1.6 บทความวิจัยที่ได้รับการตีพิมพ์

	บทที่ 2 ทฤษฎีและงานวิจัยที่เกี่ยวข้อง
	2.1 ทฤษฎีที่เกี่ยวข้อง
	2.1.1 วิศวกรรมความต้องการซอฟต์แวร์
	2.1.2 มาตรฐานคุณภาพของซอฟต์แวร์ [12]
	2.1.3 การเรียนรู้แบบมีผู้สอน (Supervised Learning) [13]
	2.1.4 การเรียนรู้แบบไม่มีผู้สอน (Unsupervised Learning) [14]
	2.1.5 Sentence-BERT (SBERT) [16]
	2.1.6 Requirement Boilerplates [8]

	2.2 งานวิจัยที่เกี่ยวข้อง
	2.2.1 How Can I Improve My App? Classifying User Reviews for Software Maintenance and Evolution [1]
	2.2.2 Bug Report, Feature Request, or Simply Praise? On Automatically Classifying App Reviews [2]
	2.2.3 Automatic Classification of Non-Functional Requirements from Augmented App User Reviews [3]
	2.2.4 AR-Miner: Mining Informative Reviews for Developers from Mobile App Marketplace [4]
	2.2.5 Release Planning of Mobile Apps Based on User Reviews [5]
	2.2.6 A Semi-Automated Approach for Generating Natural Language Requirements Documents Based on Business Process Models [21]
	2.2.7 Automatic Generation of a Software Requirements Specification (SRS) Document [22]


	บทที่ 3 ภาพรวมวิธีการวิจัย
	บทที่ 4 การจำแนกประเภทบทวิจารณ์ของผู้ใช้งาน
	4.1 ขั้นตอนการเก็บรวบรวมข้อมูลบทวิจารณ์ของผู้ใช้งาน
	4.2 ขั้นตอนการเตรียมข้อมูลบทวิจารณ์ของผู้ใช้งาน
	4.2.1 Data Labeling
	4.2.2 Data Cleaning
	4.2.3 Feature Extraction

	4.3 ขั้นตอนการพัฒนาโมเดลการจำแนกประเภทบทวิจารณ์ของผู้ใช้งานเชิงฟังก์ชันและที่ไม่ใช่เชิงฟังก์ชัน
	4.4 ขั้นตอนการประเมินประสิทธิภาพโมเดลการจำแนกประเภทบทวิจารณ์ของผู้ใช้งานเชิงฟังก์ชันและที่ไม่ใช่เชิงฟังก์ชัน

	บทที่ 5 การตรวจสอบบทวิจารณ์ของผู้ใช้งานที่ซ้ำซ้อน
	5.1 ขั้นตอนการตรวจสอบความซ้ำซ้อน
	5.1.1 Clustering [14]
	5.1.2 Pairwise Text Similarity [39]

	5.2 ขั้นตอนการประเมินประสิทธิภาพการตรวจสอบความซ้ำซ้อน

	บทที่ 6 การสร้างความต้องการเชิงฟังก์ชันและที่ไม่ใช่เชิงฟังก์ชันจากข้อมูลบทวิจารณ์ของผู้ใช้งานที่ถูกจำแนกประเภทแล้ว
	6.1 Sentence Pattern Matching
	6.2 Information Extraction for Agent, Activity, Target, and Way
	6.3 Requirement Generation
	6.4 Evaluation of Requirement Quality

	บทที่ 7 การสร้างความต้องการเชิงฟังก์ชันและที่ไม่ใช่เชิงฟังก์ชันจากข้อมูลบทวิจารณ์ของผู้ใช้งานที่ไม่เคยเห็นมาก่อน
	7.1 Data Preparation
	7.1.1 การจำแนกประเภทบทวิจารณ์ของผู้ใช้งาน
	7.1.2 การตรวจสอบบทวิจารณ์ของผู้ใช้งานที่ซ้ำซ้อน

	7.2 การสร้างความต้องการเชิงฟังก์ชันและที่ไม่ใช่เชิงฟังก์ชันของซอฟต์แวร์

	บทที่ 8 สรุปผลการวิจัยและข้อเสนอแนะ
	8.1 สรุปผลการวิจัย
	8.2 ข้อจำกัดของงานวิจัย
	8.3 ข้อเสนอแนะ

	บรรณานุกรม
	ประวัติผู้เขียน

