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3.2.2 msanwmanudululd (Feasibility Study)
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3.2.3 NMTIATIA (Analysis)
3.2.3.1 1A59519n70ULUIARTUYTATILTOU (House  Bookkeeping  Conceptual
Framework: HBKF) (Rukhiran & Netinent, 2020a)
1. ANMNEUDINITEDNLUUIATITNNTOULLIANUYTATITOU
mseenuuulasafsivhinssuungUiuunnsinnsenistydaiiseu
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goe (Subset) ilauuiRansTuiintoyauuy 3 3R



35

2. UelanaaastunIsnaunsuLuIAnUgdasisou AInsen 3-1

U [ 1 a U
- 9193V (Income) WULUU 3 $19N1T898ATUNUIVDITIYIU

Earned Incomes (El) laun working, owning a business, consulting

e gambling

Portfolio Incomes (Pol) LA trading paper asset wag selling real
estate
- Passive Incomes (Pal) lown rental income, bonus, insurance,
retirement, interest Lag stock
- 579918 (Expenditure) wuslu 4 $79n15898AUUTELANVDINTINRUY
- Daily Expenses (DE) lgiin food Wag transportation
- Personal Expenses (PE) Town clothing, travel, sport, book uay
social & entertainment
- House Expenses (HE) lawn mobile & internet, repairing
equipment Wag parking
- Family Expenses (FE) oA tuition fee, alimony, medical fee uay
donation
- nifau (Liability) wuadu 2 S1UNNSYREANUTEEL AT
- Current Liabilities (CL) leiuA separated into car loans, credit card
debt, home equity loan, interest, taxes Wag rental mortgage
- Long-term Liabilities (LL) @A bonds payable, notes payable,
bank loans, deferred revenue Wag mortgage

v A

AN999 3-1 UANIUTZANTOITIINTNIMUNAIULUIAATYTATILTOU

Dimensions | Sub-dimension Functional Data

Incomes (1) Earned Incomes (EI) working, owning a business, consulting, egambling

Portfolio Incomes (Pol), | trading paper asset, selling real estate,

investment

Passive Incomes (Pal) rental income, bonus, insurance, retirement,

interest, bank interest, stock

Expenditures | Daily Expenses (DE) food, transportation
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Dimensions | Sub-dimension Functional Data

(E) Personal Expenses (PE) | clothing, travel, sport, book, social &

entertainment

House Expenses (HE) mobile, internet, repairing equipment, parking

Family Expenses (FE). tuition fee, alimony, medical fee, donation

Liabilities (L) | current liabilities (CL) credit card debt, home equity loan, interest,

taxes, rental mortgage

long-term liabilities (LL) | bonds payable, notes payable, bank loans,

deferred revenue, mortgage

v A
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@uil#A (Three-Dimensional Layering) Mviualviusiagild (Dimension) dAMUMNN8Y0I3URUUNTT
dnN157Uaya (Dataset) el unu x A8 Expenditure, wnw y @8 Income, waz unu z Ao Liability
ATULUIII9NTE08UAREUTELANANNEAN separation of concerns  vinl#ike Sub-dimension
Y93ufay Dimension ‘1‘71'Lﬁmmﬂmiﬁuﬁmwamﬂziiﬁmm’lmmﬁmwu Hyperspace laga1u19
Meduitaulavesusazunuldainnisnszyiilidonda sianiu (Crosscutting Concerns) Litatinaus
ilandudoya (Functional Data) fuwmnansfuegadmnuduiussiuiu (Separated Relatively)

(Rukhiran & Netinent, 2020b) #sgufi 3-1

A set of functional Data =

Dataset: Income / {Expenditure}, {Income}, {Liability} }
; LL
I: DE
| A P |
TR AP Dataset: Expenditure

Datase/t: Liability
5U# 3-1 n1seanuuulAsIsnTaUwAnTTATISOUIULIARA LR

o
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LY o 1%

HUfduRusAUsEUUIMO UL nTNNvewUNTATUINAWNTY Faguf 3-2 1AT9319N1500NIUY

s £

ANNAuTUSYRIg1udeya (Entity Relationship Diagram) ¢a3U#l 3-3 diudsznaugesvaiuay

= a

nandulnygsnaniiseudansue (Component Diagram) fagu#l 3-4 n1seonwuudILUsEaY

o9

Al¥a1u (User Interface Designs) Adlalanstneiy Lagn150enkuusuluun1sidausaseuuwivg

(Server Network Diagram) ﬁ'ﬂ'gﬂ‘ﬁl 3-5

Registration «{nclude>>
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Agriculture

System §

Remind Transfer

a
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Ul 3-2 wans Use Case Diagram Usnaudedld ldun inunsns wagszuu v 2 44
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AMEAITY AIM15N 3-2

M13199 3-2 wanenisidSeuiieuilendunisvinuvesieundeduniliuinsegludagduuay

ANULUIANYBIALA IR

weuwalnduitliusnsegluliagiu waUna-
Wangunsineu Home Money Money | Budget | iSpanding | tAdumu
Y2 UNALATY Budget Smart HUIRNYDY
ATHIY

1. LARSUDARY v v v v v v
2. LAANTINY v x x v v v
3. Wanauf v v v v v v v
4. uansleyauenuday x x x x x v
Uszian Tugy 3 4R
5. Juiintoyameldeunu x x x x x x
N3 (Speech to Text)
6. Yuitndayasele v v v v v v
7. Yuiindayasiedng v v v v v v
8. ﬁuﬁﬂ%’aadawﬁﬁu x x x x x v
9. Yuiinlim v v x v v v
10. Guiinides x x v x v x
11. wuusUangluusiag v x v x v x
379015
12, wanswonsnuLioud v v v v v v
UL
13. ajUvenldaneusasy v v v x v v
o
4. ajvsenmildineg v v x x v v
gounad
15. LAAIAN UL EDANY x x x x v v

AIMRDMENINNSHY
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[

3.2.4 n1598ALUY (Design) Aazfiduliinnisesnuuuniiiae ieudinisuaninauas
ansnsofnsetugldanld Smsoenuuusall
1. fedrmihdudindeya inwasnsanansatiuiindoyalnyiasiFou fguil 3-6 uas
U7 3-7 uanwmiidenyseianvestiydsedesfinuefidelsvinnsfnuuasiuunnuuszamn
519m15TuM3197 3-1 vneme Feg1aiiguRl 3-6 wag 37 1Huiesfedafinazgideenuuy
Frenwdsnquiiiiuy Tutunouvesnmsiaunasaagimsuudesunnfldidunivilng Adu
AM151wNsTesUssmalng uaztdeyainnnisd1sianenistuiinyinsisouveununsnsin
HunuamenisiaungluuunistufintyBesudeulfnneay uarldouldiedudenisldnmn

#DANUNUYLNUYDAINY

¢ Back Insert Income < Insert Income Add Categories

Select your category

01-Mar-2019 14:37 PM

Add Category - empty category -

w8

Gambling Trading paper asset  Selling real estate

& "B

Investment Rental income
@

7)

@
b
e

2

g [apgt3
g [
E

Add Photo

o

Insurance Retirement
)
ﬁ al0o

SubCategories

Teacher

SAVE

Research

Paper award

5UN 3-6 Meganthduiintoya JUN 3-7 fegrmihduiindeya

CY |

2. fegrmtneuanstoyatyd (Account) wWislUSeuiisuantuztoyatad laun

o

¥

378978 (Expense) 5185U (Income) waguildu (Liability) tazainiuinian1soonuuulusinsuwuy

o 1

Aspect-orientation nstiuydRuLana1eiy lawn wydudides fe Mswanimateyadydsesu
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v A

wyduduae fs nsuanmateyaltndsedny waziyUnddy fe nswansnateyatnydvilau gy

Y 9 Y Y v

L=

anunsaranfuuiialSeuieuaniuemansiuls wasssuudansteyanisiuiinsenisdey

PuwunauUsEaM nfegeAe NsuanIrateyaTl¥Tesu Wity figun 3-8

Personal Finance Apps

< January >

01/01/2019 - 31/01/2019

32 %

Consulting

Owning Business— 2 %

Gambling

64 %~

Working  $5,000
Consulting  $2,000
Owning Business  $125
Gambling  $100

5UN 3-8 fegantvsuanstayatnd

v a o

3. fedrminveuansdeyatyiaiiseu (Transaction) ielUIsuisuanIueNI
M3RuINLLIAANITEDNLUULATITNENER Tuvsunuoeniluaiuunu laun 518978 (Expense)
57895V (Income)  uanildu (Liability)  Uaza1nLUINIIN1TERNRUUTUTUNTURUY Aspect-
orientation vilaneIdetanUszendldlunisesnuuuniinaeduduges o (Layer) iivevinlygld
Ao nwnIng ldussuulaie wagihlvnisuansnalidudousionisldwydnuandieiu laun
' a A % ! ) I ' 1 S v I
wylndlen Ao n1suaninasiesu wylnduas Ae n1suaninasedy wazyduddy As
nswannaniiau gldanunsardnfuuiiaiUiouiisuaniuenan1sduld wagssuuduanidaya

ANSUUTINGIYNITEDY FIUNAINUTELAN é‘]’qgﬂﬁ 3-9 ay 3-10
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Personal Finance Apps Personal Finance Apps
] ' 3

< January > < January

01/01/2019 - 31/01/2019 01/01/2019 - 31/01/2019

Income  $25,000 Income 25,000
¥ Expense $500 B Expense 500
Liability $1250

5UN 3-9 dedaniiveuansteyatyd  JUN 3-10 dregrninveuanitayalnd

3.2.5 NMsWaIUILaUNALATUY (Implementation)
3.2.5.1 \eadlefldluntsiau

1. Aussauwas
- \nTesnouiumeddiuynna
- Insdnviannsvivusesiussuulfuinisueunsosn
- Insénraunsninusessuszuulfuslelowes

2. AULINAWIS
- s2UUUfURNS Windows (Waluwaunaiaduuuseuudiuanisweu

A30BA)

- 52UUUURANTS Macintosh (WarweUnaladuuussuuufianisteleea)
- Tsunsu Visual Studio (Fusuimukeunaiatunan)
- TUsun3u Adobe Photoshop (#5UanuuuaIunIg 9 19953 UU)

- TUsunsu Microsoft Word (fhwsudavintenansuazaile)



a7

3. UMW
- C#, Xamarin, JavaScript, Python, lonic, Object-C g Kotlin
- MySQL uwag SQLite
3.2.5.2 FumpumTRAL
1. uvanwennrswmundudiu 9 mm'fagm‘fﬁlmwﬁ%wéfu \Wiepuayaanly

nswawweUndniulvinssiuanudenisvesnensng JUa 3-11 uansiiagraguuuunisuen

WAL LUSWNSHERY N155UTUSHATY BATAITUSTITINNITANAILDUNRLATU

Trigger )
Developers @ I:>Test|ng
Source |:> Control |f‘> Release I:> QA
% @ Control Integration Management > Staging
Deploy | ——=
c—
Developers —> :{é =

Production

gﬂﬁ 3-11 giJLLUUﬂmLEJﬂﬂ’mthiLLﬂimsjaa 2UIUTNTY AT USUITIANTITANAILDUNALATY
2. ASWAIUISEUU aunleaasizvwazaanwuull dr80191 Xamarin 1y

a ¢ & . = a a & a ' ° Ql'
AMyRaunsameulnddu Native Fadun1sileuluwnsutie9nsaaguaaIu1savinausaniuasu
LUsunsy (Code Sharing) lauuszuudfUianisynunanlasy feg1auu 1A59a319n1591911209

TUsUNIUATY1 Xamarin 6iaguin 3-12

iPhone Android Windows Phone
105 + iPad
User Interface User Interface User Interface
App Layer App Layer App Layer

Core Library

Business Layer

Service Access Layer Data Access Layer

Data Layer

JUN 3-12 IAseaian1vnauvedlUsknsuniw) Xamarin
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3. MMsWweNdeg uteya FellnsinseTeninegiuteyaluiasosvasglduay
¢ y - '
wuueeaulatuuilaesasivY
4. vihnsvegeusruuveslusin sy aiemnaila Black Box Testing
Weauszillunaryuusanunnvesuaundiaty lnen1snsiamdeRanatnuas Uymifindu
wusseiun snageukeUndiady W 3 szau ldun nsmedeuszAuniig N1snAdeUTEAUTIN
VI8 KAZNITNAABUTYUU lngansIduavaaniuunitinagay (Test Case) N91LAnTUTENINg

Al9a3e Tvumaussgun 3-13

PONUUUNTUNAFRY
------------------------------------ n3finAdey
v
wissLteyanaaey
------------------------------------ ToyavnaaU
A 4 Y
nagoulUsuNTY
------------------------------------ HANSNAFOU

WIgUgUNAN1SNAEaU

\ 4

FYNUNANINAEDU

;J‘Uﬁ 3-13 FuPEUNTNARBUTEUY
3.2.6 MIARR (Installation) waznsousy (Training)
3.2.6.1 nsfnseszuueiTuneseululUsunsuRaTaunanriasy TéuA App Store uax
Play Store 99nns@n¥NUD SrezavesmsinseUnanduunlusunsupataunanesaves
App Store zilAnugsenuazdutaulInnin Play Store
3.2.6.2 nsausuNsIFusTUU Sfunoumsdaianssu 3 svey Tau
1. Fumpumswdsumundou
- Uszyueniznssunisuazgildmfeideaiiennaununsdiunisousy
msldenlifuidnifivessuasifienisinuasuazannsal (5.n.a.) wasnsunsiadayannsal

- JawIeuanIun mens wnasUsenaunTeusy kazgunsaliaseddle
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2. fumeun1sdaianssUeUsY
- ananssueusudauiRnisnistdaudagaueunaiedulnyigsndiaies
Ifuinensns S1uau 400 18 lulsituil 4 S
- Usmidlluwanmsaniiuailassnsevsdlvanuiiuinunsns
3. FupeuvdiianssueUsy
- BasnuuszAnsnmnisuimsdnnisadedaideuvesnensnsiiisay
Tasans IiuA Jgmvesnsldaussuu wazanuasiianeveanistuiinteya nisléusslevian
SPUU warmsudmsinnistydniiseuvennuns lduusiuasUuudsunginssunisldane
YDUNYAINT

- asUnauazdnyisgaunansimusruudndgsiansiseudaniey
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wWlatlym (Problem Recognition)

S a [

-

o

Taymnishifiszuudaiuladgsiansuseu vlinuasnslivsiusuuuazsiedtefilidnduves

DA

AULEY TIIANNIMNEVRIYARTTIA v lAnuwIAnlunsduasunsUSulURs UL UUN T Tudin

o

T@igshansasourennuasnisilanuiuadonasdusyuu aenndasduuloviesendlne 4.0

Anwanudulula (Feasibility)

MUUATOULUALAZAIIUABINTT

VDNILUU

I v P 19 o &
LﬂUi?‘UilelsUalluaV]LﬂEJ'JEU@QLLagﬁﬂLUUGLu

\ 4

ANSHAILITZUU

AR (Analysis)

AATILRANNADING

UBNEIRARIY

\ 4

- WaulAseTensoulnAnU RIS ou
- \Wyu System Architecture

- 18y Use Case Diagram

29nLuy (Design)

v

NWRIULLD

soniuuniueundintudmiuduiindeyatnyissia

ATITRUTBUNBATNTUUY Aspect Orientation seafugIuteya

poniuugIuTeyaLiie

A 4

Unaatu (Implementation of Application)

dvasgldanumly

AUVDITEUU

finsa (Installation) kagausy (Training)

a gj acs [
fafaszuulu@sniesiarnaaes

IGERANT

AUTUMS MU UNAATULANU

bNWRAINT

5UN 3-14 nspuuwnAnveseundindusyudnydssianiiseudaniey
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4

=).

un

N1SWAILISTUUURTTINAATII RS

v A a v A (% Ao w

nsasunansiuiszuudygsnansiseusiases Usenousie 2 diunddgglunis

o 3 <

[ '
va o A I

JuimdeunuITe laun AuglTeaiiuiiiionsivaeukarnaaauTsuLlyTgsnaniiseudansey

Y

IS a U A v a L4

AukuuAUE Y wagnstuduuaznaaaunisideussuulnydgsianiinseudaniegAuuuuiy

9

bNEAINT

a

4.1 MInTRAULAzNAFaUTTUUUYITRanTIEaudaRsezAuLuuA U Ty

v q

va v

AuzERdelamunsiau e unandudydgsiansaiseusaaiesfien1sunnann15904993

Y

aa [ (3 s Y < v a v o A O AY Yo a (4
‘U’J@?J@Qﬂ'ﬁW@JUWSUEJW@LL']iﬂJ'ﬂ,“UL“LJuLLU’JV]'NIU?’I’]?WWUWLL@UWGL?‘VUUUQJJGU Ndladnan1sIAs e

=

ToYARIUADINITVDITEVUTRTTINIATUTOUAMTUNYATNT BagkUININTARUITEUUTTYY

]

a v A LY a a v d' [ v
ﬁqiﬂ"ﬂﬂi’)Li’e]‘L!’eJﬁ]QiEJSﬂﬂﬂiﬁﬂﬂ’]uwﬁiﬂiﬂﬂ’ﬁ?ﬁ]ﬂ PIUUNT 2 - 3 WUsgnautduuuanaluniswaun

a v A 1Y

woUnaAtulnagsnaniimousIasey

3

4.1.1 TngUszasAveInIsivy

1. Wensiadeukaynadeuse Ul isnaniiseudaasusauwuuiugly

o

2. WeRnwzUiuuteyasenstiuiindyiniiiseussnavesnunsns
4.1.2 nausI9YIa

'
v A A

NSNUNIUMRUNM TR SEULTRAATIS oY WeNTIRs e UL uudayasiensiuiin
Un@nsIsougsnavennsnsng n1sasiuidisiadeyaninunsnaudvang 91uiu 400 518
lnsdennguiiedawuulaing wunludimianszunsaieysen 91uau 100 asusou Jandn
ALBLNTI WU 100 AFATU TanTauasugu 91uau 100 AFASeu Fandauyusiil 9113w 100

v A
ATITOU
4.1.3 wsesllentdlunsidy
< & o a Qv ¥

iwseelenldlunisdiiuaide Usenaume

1. sunuulasssaneunaindudnydssnaniiiseudiatesiiinanuuifAneinne Iy
LAZINN1TATIAVUAAIIUABINITINNYATE LD

2. Wuvasun1uienIsIAs1nUiuuteyasign1siuiintyiaiinseussiaves

bNWRNINT
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4.1.4 TUNDUNITAMLUIU

4.1.4.1 MmyvihwdiFevenueynseilldsuimsiion1sinunsiasannsainsnyms

=

(5.n.4.) WeARLEoNNANAIRE 1N ATNTNTANSMIULUNTIKLINNITHAN ST UUTY TSN

=

Asusou 91w 4 e loun Sminnssunsaieysen asdunst uasusy wazunusiil

v a o oA

4.1.4.2 Myadkuvasuauiiion19nsensliuuteyanensduiindyiadiiseuy

o

4 L

§3NoUNYAINT LietdeyaunUsznauniseaniuukarinu ke Undintunaenaqeiuainy

foIn15veIlY

a v A [y

4.1.4.3 MIASNALLUUIATITINT09TrULTYTsTNanTsousasuemelusunsy Adobe

9

XD flagnimunlususuuvesieundinduiiade ednaussuwuulasasevedwaunantudyd

[

giRanduFouliiuinuns iednuisuuuunsiauiueundinduddssianiideuiivangan
dmiuinunsns warguuuunstuiinUndnsiseuseiuuars1ed1gvednynsng Aieg1ami
uansanseuveeUnaladuiitausliinuasns faguil 4-1 fla 4-12
YauLrnYaILaUnalady Usgnaumiy diuvesnisasmgideou n1sidngssuu
MsuansHatayALsazIBNs (eFularTede) Msifindeyasiesu mafiuteyasiedns deya

a

Uszian (Teyaltnydveyly) Joyanuinsiesunarsiedine JoyatyininsounarUndgsna
N1skanINalUIsug UtayasT18suLAT19318 N1TLARITIEAEIBEATaYaTI8TULALS18TY
wazNIShanINatayaUy A IS o uLar UnyAigIna Fagunuulasesrsuoundndud dolyamnse
Sufindoyald whinumsnsanunsnadnidoniuyiig q 18 eldinumsnsanunsadilatunou

ANSPNUYBILDUNAATY LaZTDISUNUNITAMRUDITNYDWNYATAT LAASUDIU
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sEAduTIN 27,000.00 uym BEARUTIH 27,000.00 yvm

O O ©

UM 4-1 nindnsguy JUN 4-2 mihswsiens  §UR 4-3 wihaundeyaiiduiin

- 1emeu2s62 [=

#EALAY

7 s 9 ! ’

4 5 6 _

1 2 3 +
saaduTI 25,000.00 um sanlduT 2,000.00 um . 0 < —
S e S @

v A

sUN 4-4 wihdeyatnyiiniuseu U 4-5 mihdeyatnigsia  jUN 4-6 mihdeyasnesu
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ﬁ 'éq "t - B 5
- i pl 7 ey )

HUaA sNa mntEa Fush R manidin . -' s s =
X00¢ UM X0 UM e sogiaiudon vegigaie

@ ® i é

suasRaNEY N sudmibpl  TmldEun
et e aing )l 0
T
Eede  Fudu
ins KTC fisna
3000¢ 1M 000X LM @ v A
#@9 @O
- o
o g J
5UN 4-7 nihdenuseam 5UN 4-8 nidenviiin 5UT 4-9 miufendiyd
ufinfayansing
"L aTmnlSsuisusaafuvdD-TIBIe
1 aaAn 2562 E 1 RanAu 2562
sesmasy 27,000.00 5 monason
80 T3y 27,000.00
ﬁ amnks=sn 25,000.00 s

“ Aufunuas 2,000.00 =
Tusaden

TmEe 11,830.00

tznn Wan vod sEAcuAuNED saaiuldne - ‘

= PP I A s
W e 250.00 -

7 8 9 / al - - . ﬂ' \dash

» nmrmuSsuidsuneiu-neae
= @ anmAET
4 5 6 _ &

1 2 3 + . aunda  15,170.00 um

- | P R

5UN 4-10 vihduiindeyasnedng guil 4-11 mihuansdeyansi UN 4-12 mihuanisvazidn

v a v oA

4.1.4.4 MINMUANINTIUNITAIURAN ¥ FURUUTeYas1en1sTuinUaydiasisou

g3nvgaasezuarUsynduiuslasenside lneimualmnunsnsgiinsiulasiniside ameideu

Wsaulasenis augdidewanuuuasuaiy wazilouseinsounedunesidadmiufidisa
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v @ 9
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' [
6 al v

usTeeIngUsrasdnudunivedlasiniside Usslevundidisiulasanisaldsu wazdadn
mudnse fiirsiulasennsideusenoudie auzfide 1imihivessuiasiiiensinuns
WagAVNIAINITNEAT (5.0.4.) tNwasns wagdinyuwu loun divadiu Ay wasdsesiunquans
sty

4.1.4.5 msasituiiivdegamninuasnanguithmne Anssumsasiufl Usznaude

v v A

nshinwasnsnegeulddunuulasesneundindulyigsiiniiisoudanioy n135eANAIY

a a [y

Aniulaginnsaisuluulasssseundindudndssiansasou nsaeuaus1ensUadnsisou

9
1%
a Y o ! =3 v a o
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q <
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— .

5UN 4-20 MnaaeulaUndintures

i

JUT 4-19 N15UTIEIEAINUT

4.1.3.6 MIaTUNaIAIIZNNITNTIIFRURAENAGDUNTITIUTEULTRYAgIRIATISToU
SaadvziilelinsefiuanudesnsvounynIng
n1saguNailAsIke UG duliaonAfaaiuaAUADINITVOUNEATNS
anusaagUnanuingussasdeandu 2 Ussinuldun
1. enumdnzauvesnukuulasesaseuudndssnaniisoudiaies
N13sTANANARLILLAINTalAuLUULATIS19TT UL YT sAansas ou
§aa3ey Aldgnitmunlugiuvuvesueundinduiiofio nuin nwasnsliauaulalulasiniside
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sN8A1SUAN
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28581

ATLYINGI

DU 9

G20

21N5AM)

g5

bIINU

AN

=) | ¢
®
=

b | eD_

S19918U 9

nsAnwULULTaYasIen1sUuiin

2. sduuudeyanenistuiindydn

=

Uy

a

bIBUTINVUBINWHING

9

AF50UTINIINNITNUTOYATRY

NYATNTAILUUVABUDNUNTITY aunsaazunanisfine tafeensen 4-3 §a 4-14

M19199 4-3 LaRITIILLaY AN YA YBIEN U N IUYARSLUAULNA

Ll U (AL) Sovaz
VAN 216 54.00
%78 184 46.00
37U 400 100.00

9915297 4-3 wud tnwasnsilumendgs Jduauniniiande 216 au Aadusesas 54

sosasuTuneny f9udu 184 au AnuSovay 46
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A19199 4-4 LansduularAToarvadan U NELYARa LU WeTY

a1 U (AY) Sowae
fnd 30 40 10.00
30 - 40 U 92 23.00
41-50% 116 29.00
111N 50 U 152 38.00
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6.6.1 uwuuasunuaMufisneladenisldiuszuutydssianiadeusaiey tiotun
IAsgvinisgensumaluladunanensns Arguuuinassn1sseusumalulad (Technology
Acceptance Model: TAM)

mslduuvasuanuiieUssfiunseensunsldauneundindy dormanluwuugouaiy
Usziilunisldanulaannuuuinauidnudsanly (System Usability Scale) (Brooke, 1996)
N13AIVANLAZUTYNS (Controllability and Management) veen1sdufdunusivau1sniny
(Tonder & Wesson, 2012; Hussain, Hashim, Nordin, & Tahir, 2013) wuugauniuuad Cui and
Honkala (2013) wuugevauUssiiunisldeuvesuisedauuuuiiasiniseensumelulad
(Technology Acceptance Model: TAM) Usenausie wundu 3 a1 laud 1) n1ssuiuseles
91nN1519 (Perceived Usefulness: PU) 31u7u 5 U8 2) N155U3AMNOIesAan1slda1u (Perceived
Ease of Use: PEU) 91uu 5 99 3) n135U3N15AIUANLAZUTMIIA51Y9U (Perceived
Controllability and Management: PCM) 41u2u 9 U0 SWINBNIAIWITAY 19 To uday
s1en15iauldn15dnsusunnsinvesdiAdn (Likert Scale) 10 1 (Lwiudaeegnede) 89 5
(Wugheetsde) swazideavesuvasunmUsEnousfaudselud
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TurinUgydlusfnvesinu
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n33uiNTAIUANLarUSININISIdaU (PCM)
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aaud 2 anuiisnelalunisldaussuudydssianiiseusansey Awm1s1ei 6-5

A599 6-5 wansA1UszuuARaY (X) A1diudeauuNInggIu (Standard  Deviation)

wazseaumuianalalunsldnussuudydssiniiseudaasey

Y ~ Y . "3
szauAunInalalunslidaussuy X | SD. | 3ewaz |
A
nssuiuselevil (PU)
1. wouwdaduduussTovinefld 472 | 04713 | 94.40 | wnilan
2. wounaidurinnulidudou 4.48 | 05525 | 8955 | wnilgn
3. leitugnesnuuuagravnzaununglidany 4.45 | 05502 | 8890 | wnilgn

4. weunandudlglinstuiinteyaliniisouuas y
- 4.60 | 0.5207 91.95 UNvign
9379

5. fldldanuneundedudndludsed 4.45 | 04976 | 8890 | wnilgn

52 | 454 | 05185 | 9074 | wniam

n1s3uianudtedanisldey (PEV)

6. wpunanduriauaenndesiunmun 4.54 | 0.5235 | 90.80 | aN¥ign

7. lifianudndusesdidmifisnumedalunis §
3 o o 4.43 | 04960 | 88.65 | wniian
avayuvseliAuuzdinslduLeundady

8. azAINauIsluNSAAMULALATIRARUTRLAN §
- o 4.50 | 0.5203 89.95 anvign
N5RUelY

9. wpUnAwtulademniUIsuiuUsTaun1situin §
o . 437 | 04820 | 8730 | wnilam
Unyluafnuoarly

10. waunaatulnesiuldnudne 4.43 | 05159 | 88.65 1nian

52 | 4.45 | 05059 | 89.04 | wnian
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387U warIIEInY

v A v oA

12. anuazanauglunsiiadeyatyiiniiteu

o

Lo y 4.20 | 0.5543 88.05 41N
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. 3
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Ay
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Abstract
The purposes of this research were to 1) analyze the house bookkeeping application's
requirement and the farmers' readiness usage of the application, 2) develop the innovative
house bookkeeping system on smartphones, and 3) investigate the users' satisfaction and

system' evaluation. The sample was 400 farmers. The research instruments were the
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questionnaires and interview questions. The system was developed using the principle of
Software Development Life Cycle with C# programming language on Xamarin platform.
Technology Acceptance Model (TAM) was applied to study satisfaction and acceptance of
the system usage. The lowest value of the software acceptance expectation was 75 percent.
The analyzing results found that the average satisfaction of perceived usefulness was 90.74.
The average satisfaction of perceived ease of use was 89.04. The average satisfaction of
perceived controllability and management was 89.47. We concluded that the farmers'
technology acceptance average could meet the minimum acceptance criteria. Community
leaders commented that the system was consistent with community development, such as
money-saving (100 percentages) and agricultural cost awareness (75 percentages). After the
research training program, the community leaders would provide and promote the house
bookkeeping training programs through community development plans.

Key word: house bookkeeping; application; farmer; income; expense
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Abstract

Separation of concerns is one of the main design principles in software development. Each section in the
design addresses a concern of the system within it. Aspect-Oriented Approach (AOA) is mainly applied for supporting
software design in many software applications. The most significant purpose of the separation of concerns is to handle
adaptability and flexibility of the system. In this paper, we have designed a fine granularity of a House Bookkeeping
Conceptual Framework based on sets of data, functional data, and aspect elements of layers. Composition of concerns
in the system can achieve a better modularity of the system. A weaver model is an execution of integrating three
concerns that they are relatively separated. A dynamic weaving is provided supporting adaptive and extensive changes
in concerns during a run-time. The logical quantifiers of personal finance software development are introduced to
express an infinite series of three-dimensional data sets. An Aspect Oriented Approach for supporting house
bookkeeping software design based on a prototyping model is proposed to describe a process for analyzing, designing,

implementing, and reviewing through a unique division of the fine granularity as well.

Keywords: aspect elements, house bookkeeping, personal finance, separation of concerns, software development

1. Introduction

According to a worrying rise, household
debt has become a major economic and social
concern in Thailand, especially with agricultures
(Klinkajorn, & Runkawe, 2013; Intachom, 2011;
Rungsinpinya, 2011). Household bookkeeping or
bookkeeping is recommended for improving the
diversity and the resilience of farms and decreasing
the debt-and-poverty cycle by many researchers.
Investigations into how to deal with this rise in
debt should focus on many areas such as reasons
for being in debt, categories of spending and
receiving budget, and the ability of debt payment.
Furthermore, The National Economic and Social
Development Plan Issues 8 to 11 of Thailand have
applied the philosophy of sufficiency economy as a
main factor to drive the country’s economic and
social development. This philosophy is based on a
fundamental principle of Thai culture which has
been developed by King Bhumibol Adulyadej.
Doing an account, or house bookkeeping is applied
to reduce costs and manage debts more effectively
in a sustainable way. In addition, a training
program on doing household bookkeeping is

suggested and provided to help farmers record
their incomes and expenditures (Klinkajorn, &
Runkawe, 2013; Rungsinpinya, 2011).

Accounting is important for business and
personal purposes. The main factors of accounting
consist of recording, classifying, summarizing and
communicating economic information such as
relevant transactions, financial statements and
events for making decisions and informed
judgments (Silva, Neto, Garcia, Trinta, & Assad,
2013; Leiwy, 2015). An account simply records
the financial inflows and outflows in a relationship
among assets, liabilities, incomes, and expenses.
These can refer to the elements of financial
statements on completion from one period to
another (Nickels, McHugh, & Mchugh, 2012) and
the facilitated solution and effective resolution of
financial controls can be manipulated through a
good system. In addition, Abdul-Rahamon and
Adejare (2014) have mentioned that the purpose of
house bookkeeping is to keep track of incomes and
expenses. The recordings of the transactions can
improve the probability of making a profit and
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collect the financial information for filling various
tax returns.

A lot of traditional accounting tasks that
deal with recording and processing incomes and
expenditures are recorded manually. At the same
time, the role of information technology (IT)
(Lanjuni, 2012) has become an important part of
human life over the last few decades. Ejiaku
(2014) has commented that the adoption of IT is to
manage demands more efficiently and effectively
in many activities, including personal finance.
Software and mobile applications for house
bookkeeping are being continually developed. IT
and accounting systems are the major component
of accounting research.  While it is widely
acknowledged that IT plays an important role in
the field of accounting, the relationship between IT
and accounting has rarely been studied. The
accounting and bookkeeping software are analyzed
and designed following different user requirements
specification. There are many types of application
software that can be developed to keep records of
financial statements such as offline software, web
applications, mobile applications, and enterprise
applications. However, there are limitations of
software maintainability which emphasize over
modularity, extensibility, collaboration, and
reusability (Lee & Bae, 2004; Somantri, Nugroho,
Widywan, & Ashari, 2015). A separation of
concerns is one of the software evolutions to bring
the concept level down to the design and
implementation levels. By considering many
requirements at several different places in a
program, the techniques of decomposition can be
separated to a single module such as a component,
class, method and function. Any changes can be
modified to improve the system and add
functionality without any effect on a running time.

We have recently proposed the house
bookkeeping software design for supporting
Aspect-Oriented Approach (AOA) by designing
the execution of separating concerns (Rukhiran &
Netinant, 2017a) and illustrating the software
development stages using prototyping (Rukhiran,
& Netinant, 2017b). In this paper, we focus on the
conceptual framework of the house bookkeeping
software design using three-dimensional layering
based on the separation of concerns. Our design is
based on the principle design of three dimensions
of open layered aspect oriented operating systems
(Constantinides, Elrad, Fayad, & Bader, 2000;
Netinant, 2015). The aim of our framework is to

22

illustrate the relationship among incomes,
expenditures, and liabilities which are separated
relatively into a set of dimensions. The time series
of multi-dimensional layering is also explained as
an example of the solution ideas. The execution
design of the separation concerns is illustrated
basically through an Aspect Oriented Software
Development. The software functionalities are
decomposed into smaller aspect elements.
In addition, we also present the scope of house
bookkeeping software in order to achieve the better
understanding of analysis and design phases.

2. Literature reviews
2.1 Three-Dimensional layering

The Cambridge Dictionary (2013) defines
a three dimensional as the design of having and
appearing of three dimensions: length, width and
height. Figure 1 shows a cube, which has six faces
of the same size, eight vertices and twelve edges.
A face is the flat surface on a solid figure.
An edge is the side where two faces come together.
A vertex is the corner of the shape where three or
more faces come together. Each cube has a top
layer and a bottom layer.

Column
Top Layer ¥
Height
Face —p <1 Face
Row ———»
Bottom Layer == //'Vidth

Length
Figure 1 Three-dimensional channel

3-D means three dimensions that consist
of width (X), height (Y) and depth or length (Z) as
shown in Figure 2. We are able to perceive the
spatial relationship between objects just by looking
at them because of 3-D perception, also known as
depth perception. When they look around, the
retina in each eye forms a two-dimensional image
of the surroundings and the brain processes these
two images into a 3-D visual experience (Media
College, n.d.).
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Figure 2 The coordinate system X, Y and Z axis of three
dimensions

2.2 Adaptability of framework

Adapting a framework for developing
software has been extensively studied in many
different researches. Netinant (2015), Pukdesree
and Netinant (2016), and Constantinides et al
(2000) have designed Aspect-Oriented
Frameworks which are based on the three-
dimensional model (Netinant, 2015; Pukdesree &
Netinant, 2016; Constantinides et al., 2000). The
system design consists of components, aspects, and
layers. The different aspects of each component

are performed by crosscutting the basic
functionalities of a system. The design can
achieve the consistency, the stability, and

the separation of concerns. The framework
architecture is divided into two frameworks based
on two layers: a base framework on a low layer
and an application framework on an upper layer.
The result mentions that the upper layer can
generate more than one application.

In particular, the new scenario has
required a framework to become more adaptable.
In fact, adaptation is recognized as one of the most
crucial factors for gaining and retaining
competitive advantages (Stefanelli, Bevilacqua, &
Sanctis, 2015).  Carro, et al. (2016) have
mentioned that the adaptability in e-Madrid project
may occur when a change is requested by a new
requirement. They have developed the different
methodologies and processes to support the
adaptation of the system. Concepts of adaptive
systems are being developed on mobile devices.
The application services are provided in a
distributed way through new ideas and theories.
The combination of rules is considered in the
research on automatic, interoperable,
programmable, and re-usable system (Organero,
Kloos, & Merino, 2010; Munoz-Merino, Kloos,
Munoz-Organero, & Pardo, 2015).

Moreover, the theoretical framework is
proposed to interpret Service-Oriented Cross-layer
Infrastructure for Distributed smart Embedded
devices by Cannata, Georasa, and Taisch (2008).
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There are two purposes for developing software: to
explicate the effective tools and methods, and to
achieve the flexible, reconfigurable, scalable, and
distributed embedded system. The new application
and the mobile equipment assistance are important
keys for this implementation that can support the
flexible and dynamic way in a business process.

2.3 Separation of concerns

The principle key of the separation of
concerns is to decompose the whole consideration
of software design, including components,
functionalities, and processes into the distinct
feature, named aspect. The separation of concerns
is a design for improving the reuse of existing
functionalities, components, and maintainability
(Benedi, 2006; Microsoft, 2008). In addition,
multidimensional separation of concerns s
described using UML (Unified Modeling
Language) through the use of different diagram
types that can crosscut the logical concerns (i.e.
high-level design and technology-independent) in a
system model (France, Ray, Georg, & Ghosh,
2004). The AOA has proved the separation of
concerns through crosscutting concerns. AOA has
clearly defined two kinds of software units:
a component and an aspect. The functional
decomposition is used to define the component,
and the performances and semantics of
components are encapsulated to define the aspect
in a systemic way (Kiczales et al., 2001). Netinant
and Elrad (2016) have proposed the separation of
concerns  for  supporting  mobile  system
developments. The Communication Closed Layers
(CCL) is a formal system that explains
characterizations of the semantic constraints
among the components of a mobile system.
The description of separation uses philological
notation to express the processes by decomposing
the components into two different layers.

3. Our house bookkeeping conceptual
framework (HBKF)

House bookkeeping or bookkeeping is
applied in many fields, according to different
personal finance or business purposes. Basically,
house bookkeeping is to record financial
transactions during a particular period of time.
House bookkeeping involves the financial
management for an individual or a family in
saving, and spending money. Both house
bookkeeping and accounting are essential for
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running business functions. It is claimed that
the differences are that bookkeeping is responsible
for recording of financial transactions while
accounting is responsible for interpreting,
classifying, analyzing, reporting and summarizing
financial data. Moreover, accounting involves
interpreting and analyzing data but house
bookkeeping does not (Integrated CPA Group,
n.d.).

Many researchers have been applying the
separation of concerns to solve software problems
like modularity, cost of maintenance, duplication,
scattering, and reusability. However, we have not

Table 1 The comparison of the functionalities

found any evolution of the Aspect-oriented
paradigm using the separation of concerns in order
to improve software qualities in house
bookkeeping software. We have conducted many
common keywords such as house bookkeeping,
budget, account, expense manager, and daily
money considering on the rating system of Google
Play, and have found that the highest view rate is
Microsoft Excel (ME), AndroMoney (AM), and
Money Lover (ML), respectively. By comparing
executions of these mobile applications and our
framework (HBK), Table 1 shows the comparison
of the functionalities as follows:

Existing Mobile Applications  Microsoft Excel AndroMoney Money Lover Our HBK

Functionalities

Income records v v v v
Expenditure records v v v v
Liability records x x x v
Balance calculation v 4 v v
Income category 4 v v v
Expenditure category x x x v
Liability category x x x v
Proof of payment v v v v
Calendar display 4 v v v
Comparison statement v v v v
Notification x v v v
Functional Extension x x x v

We have recently divided the principle
of house bookkeeping into three concerns
(income, expenditure, and liability) as shown in
Figure 3. Firstly, income concerns considering
from sources of money consist of Earned
Incomes (El), Portfolio Incomes (Pol) and
Passive Incomes (Pal). The categories of El are
working, owning a business, consulting and
gambling. Pol is trading paper assets, and selling
real estate.  Pal is rental income, bonus,
insurance, retirement, interest and stock.
Secondly, expenditure concerns from types of
spending money are Daily Expenses (DE),
Personal Expenses (PE), House Expenses (HE)
and Family Expenses (FE). DE consists of food
and transportation. PE is clothing, travel, sport,
book and social & entertainment. HE is mobile
& internet, repairing equipment and parking. FE
is made up of tuition fees, alimony, medical fee
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and donations. Finally, the categories of liability
concern are current liabilities (CL) and long-term
liabilities (LL). CL is separated into car loans,
credit card debt, home equity loans, interest,
taxes and rental mortgage. LL is bonds payable,
notes payable, bank loans, deferred revenue and
mortgage.

House Bookkeeping
|

v v v

| Income | | Expenditure | | Liability

Figure 3 The contents of house bookkeeping

The design of House Bookkeeping
Conceptual Framework (HBKF) is based on
those concerns in Figure 3. The coordinate
system X, Y and Z axis based on the three-
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dimensional model in Figure 2 are focused on
expenditure, income, and liability concerns,
respectively. The records of transactions are
summarized separately using three different
concerns. Our HBKF is integrated separating
concerns in order to realize the relationships of
the personal financial statement for saving
expenses, avoidance of debts, and increasing
earnings.

In Figure 4, the design of HBKF is
separated using three-dimensional layering to
present the relationships among sets of data.
There are three sets of data which are relatively
separated. The scope of the granularity is to
break the larger partitioning into subdivisions.
Each set of data is divided into smaller
components.  All three of our concerns are
categories to the subdimensions for defining
smaller elements. The principles of the
separation concerns have been described in the
previous paragraph. The functional data is a
crosscutting concern through sets of data. Each
dimension can express a set of dimensions. We
let a set of functional data = {{expenditure},
{income}, {liability}}. Functional data (n) =
{n €F, n> 1} nis the number of transaction
recordings.

However, it depends on a requesting
purpose of the data selection. The data can take
an action in one-dimensional layering or more.
For example, a one-dimensional approach can be
selected all recordings of expenditures. A two-
dimensional approach may be used to compare
the summarization of incomes and expenditures.
A three-dimensional approach is selected to
compare financial statements through three
records. Therefore, different situations of its
financial statement report can be adjusted
dynamically such as by selecting on a screen
once an amount of income changes a report from
each week to each month.

Based on the traditional accounting
tasks, Yang (2011) has mentioned that it is
necessary to concern variations of the time
period that can be related to record transactions.
We express the time function using the principle
design of multi-dimensional layering to represent
the time series of records. For an example of the
time function, a component is divided into a day
layer. The day layer has the related series to a
week layer. In Figure 5, the time series are
applied using multi-dimensional layering. Each
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layer is divided for indicating the day function.

By starting layers from Day1 to Day7, seven
y glay A syet of fun(),{[ional Data =

{{expenditure}, {income}, {liability}}

Set of Data:
Income .

' H

: OE JS;I

' PE Pal

CHE o] 4 - Set of D_ata:
Expenditure

- FE
Set of Data:
Liability

Figure 4 The design of HBKF is based on three-
functional data

layers are combined as a week layering known as
a time series. In addition, a month layer is
provided when the combination of four weeks is
required by the system. For instance, the
depreciation and salary allocation can be
changed from daily to weekly as well as
monthly.

Dayl

Week = Time Series

Day7

Figure 5 The time series in multi-dimensional
layering

4. The separation of concerns

We have designed the House
Bookkeeping Conceptual Framework (HBKF)
shown in Figure 4. The framework has created
the individual recordings by dividing concerns
(income expenditure, and liability records) in
three-dimensional layering. Data is assigned for
each plane in a dimension, and the crosscutting
point which is related to different category
concerns, named functional data. The design can
reduce a number of the call requests in
a transaction because the functional components
of the dimensions are decomposed. A loosely
coupled relationship is an important key in
making the aspect elements less interdependent.
Moreover, high-cohesion focuses on assigning a
single functionality to each aspect. Each element
is assigned different functionalities by discerning
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from the elements which cut across many basic
data. For example, an object-oriented design
allows classes to inherit interfaces from another
class and a complex hierarchy of classes is
possible. Layering design of interfaces must be
declared as the operations of any interfaces of a
class are independent from each other. On the
other hand, in an aspect-oriented design, an
aspect is a behavior that cuts across through
multiple objects and methods. A single behavior
can apply to multiple classes. These concerns
avoid the tangled methodology and allow the
reuse of the same aspect with duplication
(scatter). Therefore, our HBKF can be extended
to provide support for the separation of concerns
differently. We have proposed the samples of
aspectual properties as shown in Figure 6.

Figure 6 The thirteen aspect elements are assigned
using the principle key of separation concerns

In  Figure 6, the thirteen small
functionalities of the aspect elements are
designed separately. The aspectual properties are
excluded from the functional data. The aspect
element is defined as a set of computational
properties. The aspects (e.g., add, update, delete,
week, and sum) are generated separately from
the system functionality and methodology. Both
functional data and aspect elements can define as
an infinite series of executions.

A composition rule of the three-
dimensional layering is defined as the
combination of semantic data (derivation dataset)
from one dimensional layering or more. For
instance, a dataset of incomes is assigned to
a vertical dimension. The requirement of income
records can be called to report only an amount
of incomes. The comparison of a financial
statement can represent an amount of incomes
and expenditure by using the functional data that
is a crosscutting point between two-dimensional
layering. We assign the semantics of the
functional data to a set of house bookkeeping
concerns in the database table names by
expressing an infinite series from 1 to n. In fact,
the table name is a database table name that
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relates to the functional data. The functional data
set F U {F1, F2, F3, ..., Fn}. The aspect element
is a sequence of methodologies which starts
corporately more than one aspect to m aspects.
An aspect set A U {Al, A2, A3, ..., Am}. An
object is an execution of calling the aspect
elements and the functional data using
crosscutting concern. We assume a weaver to
call the object for the final execution by using the
functional formula n x m for crosscutting
concerns as shown in Figure 7 (Rukhiran &
Netinant, 2017a). Weaving is a process of
transforming in order to solve scattered solution
and avoid tangled methodology.

.0 O-(®

Table Method —»| _ Object
Nap’le (Transaction) H» Weaver
» nXm

Figure 7 The execution design of the separation
concerns through Aspect Oriented Software
Development

We have mentioned that the aspects
have been excluded from the functional data.
We assume the object as an execution of calling
the aspectual properties and the functional data
through crosscutting concern. The weaver can
call the object to execute corporately. The aspect
encapsulates the crosscutting concern known as
join point. The join point defines the method of
execution. The execution is handled through the
different semantics that depend on the object that
has invoked the method (Benedi, 2006).
Therefore, there are many join points that across
cutting together in an object. This across cutting
is known as a point cut. The point cut is defined
as a pattern of matching join points. The
weaving is performed using the point cut by
taking join points between the functional data
and the aspect. The execution flow uses an
adviser to decide the method calls that should be
used based on particular join points. The advice
provides types of behavior to execute when a
join point is captured at a running time.

Figure 8 shows an example execution of
crosscutting concerns. The aspects (e.g. add,
type, photo, and total) take an action through a
transaction named shortly t1. A set of incomes
in one-dimensional is called by the object. The
crosscutting concern is exactly required in order
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to execute the aspects and the functional data.
The functional data presents a set of dimensions
in a hyperspace approach. Hyperspace approach
is defined as a space of the multi-dimensional
matrix to contain specific concerns of a
dimension (Benedi, 2006). The hyperspace of
this design is a concern space in the three-
dimensional layering that can adapt using the
multi-aspect and multidimensional data.

v

Object

A set of
Incomes

Figure 8 An execution design of the aspects in one-
dimensional layering of income records

5. The scope for software development using
HBKF

The analysis scope is composed of four
practices: physical level relates to the specifics of
HBKF for supporting software design; system
level provides the comprehensive model for
transforming the concept design into the
implement phase; information level explains the
purposes of adapting HBKF as a common
software for improving wuser’s financial
statement, and business process level presents the
final gold of this research. The practices relate to
information system development of house
bookkeeping.  The design is increasing a
personal efficiency economy in different levels
as follows:

1. Physical level: The design is an open
source  framework  for  supporting the
development of software and mobile application
for all devices such as offline program, online
system, and mobile platform. It provides the
suitable  design  through the conceptual
framework from the analysis phase to implement
phase.

2. System level: The contents of house
bookkeeping is divided into three concerns
(income, expenditure, liability records). Each
one is separated relatively into smaller
dimensions. An adaptable software is able to
reconfigure when the set of requirements
changes. The functionality of software can be
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reusable and adjustable because the fine
granularity is defined by a set of data, functional
data, and aspect elements of layers. The new
features are welcome additions at a running time
and a compiling time. We also design the basic
functionalities and  abilities of  house
bookkeeping for an effective usage as follows:

1). Record transactions of income,
expenditure and liability daily by categorizing of
their aspects systematically.

2). Track personal finance
statements adaptively for day, week and, month
by illustrating via calendars, charts and graphs.

3). Manage info graphics of each
category to categorize easily.

4). Remind recordings of
transactions and payments automatically.

5). Transfer recordings of liabilities
to expenditures and reduce the total of incomes
separately.

6). Notify the
payment date.

7). Backup data and synchronize

chronological

files.

3. Information level: The purpose of
this design is to achieve knowledge-based
information of a personal finance statement by
designing the conceptual framework of
household bookkeeping. The HBKF can lead
to develop an information system for supporting
any platforms. Therefore, the financial
transactions are able to record systematically.
Each transaction is classified into the correct
category. Both short-term and long-term liability
can be managed effectively. The most important
settlement is computed and planned orderly.
Assets such as deposit, balance and interest are
reported, and the personal finance statement
reflects the economic substance.

4. Business process level: There is
rising awareness that an adaption of IT can make
more benefits available in individual and family
financial statements. The result of using the
house bookkeeping software is helpful to reduce
expenditures and avoid informal debts from a
loan shark. The awareness of spending on
unnecessary items is recognized increasingly.
Significantly, behavioral economics is changed
by saving money and changing habits. The final
outcome is for a practical approach toward the
sustainable development of Philosophy of
Sufficiency Economy.  Thus, to do house
bookkeeping may become more valuable in the
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current situation of economic recession and
future roles.

6. Discussion

Throughout this article, we have
designed the House Bookkeeping Conceptual
Framework (HBKF) using three-dimensional
layering. The artifact is based on the separation
of concerns, including the functional data and the
aspect elements. By dividing the contents of
house bookkeeping into three concerns, we have
purposed the sets of dimensional data (income,
expenditure, and liability records). The design of
the hyperspace is a concern space of the three-
dimensional layering.  The layers can be
semantically adapted (Netinant & Elrad, 2016)
by multi-aspect and multidimensional data. The
functional data is defined as an execution of the
crosscutting concern between the sets of data in
order to take a data derivation through the multi-
dimensional. The conceptual framework of the
separation concerns illustrated through Aspect
Oriented  Software  Development enables
adaption using Software Development Life Cycle
(SDLC) (Massey & Satao, 2012; Isaias & Issa,
2015; Rukhiran, Bunpalwong, Boonsong,
& Promput, 2017). For example, the
implementation phase, the different aspect of
interactions can be adjusted easily without
affecting the structural and behavioral diagrams.
In the deployment phase, the interface design is
friendly, used for the dynamic user response.
The dynamic change of the output is caused by a
change in the input. This approach can also
support a better extension and can easily achieve
the adaptability in the architectures of software
development.

Due to the popularity of mobile devices,
smartphones and tablet computers are
increasingly used at present. We recommend
using this HBKF to develop on a mobile
application. In this case, it can be handled
similarly to Carro et al. (2016) and Cannata et al.
(2008) as they have analyzed the user problems
and found the solution by design software on
mobile devices.

7. Conclusions

The digital trends of Information and
Communication Technology (ICT) present a new
main factor of software design and development.
Application software is creating useful and
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convenient artifacts on laptop and smart phone
platforms. While most people traditionally used
to record financial transactions, a current change
is occurring in human behaviors.  Personal
computers and portable devices such as smart
phones and tablets provide more efficient
benefits of recording financial transactions.
Technology trends have enhanced the better
capabilities of controlling real-time, tracking
balance, notifying payment, and prevented the
forgetting of records.

The new finding of House Bookkeeping
Conceptual Framework is distributed through
this research. The architecture analyzes using the
principle of the dimensional layering by
separating the disciplines from incomes,
expenditures and liabilities. At this level, an
individual category can indicate differently.
Multi-dimensional layering represents relativity
in the time-series. The day layer is a small
element that can fill in the subdimension. The
execution can integrate multi layering to present
the week layer. Thus, the advantage of three-
dimensional layering can truly promote software
adaptability, manageability, extensibility, and
maintenance.

This HBKF seems to be able to support
all stages of Software Development Life Cycle.
The methodology has only proposed the
conceptual design in the three dimensions
layering. For the future research, to achieve the
aim of philosophy of sufficiency economy, we
intend to develop a mobile application by using
HBKF as a design guideline. Due to the
adaptability of HBKF, the contents should focus
on the execution of a component model for
effective software maintenance and evolution.
The components should be specified clearly in
the areas of the characteristics, functions, and
structures.
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ABSTRACT

End wuser involvement is crucial in improving software
development processes. Hence, nowadays user interface (UI) and
user experience (UX) are particularly concerned with end user
interactions in many software designs as most methodologies have
inconsistencies between design and implementation. Besides,
it is relatively difficult to make changes in complex software
and personal finance application is one of the more complex
software to design, develop, and adapt. This paper proposes
the development of a mobile personal finance application using
informative multidimensional layering. We have separated
functional data cutting across the relationships of three categories
and datasets showing operational semantics of dimensions, and
combined layers of three-dimensional information including
aspect elements through components. This study is concerned
with the corresponsive composition of end user features using
visual interfaces. It is illustrated in a Three-layer User Interface
Composition Model to transfer and compose layers, functional
data, aspect elements, and components to Graphical User
Interfaces (GUIs). Therefore, an integrated view of the software
system would make the design and implementation consistent
to support our framework in a more straightforward manner.
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There have been a few studies which presented practical models
of mobile informative multidimensional layering. This research
applied aspect orientation and informative multidimensional
layering to present a better features model for mobile personal
finance application. We deliver a practical framework in the
application in all four phases of analysis, design, implementation,
and evaluation. In addressing the gap, this research proposes
a clearer operation of three-dimensional models, functional
data, and aspect elements that cut across through informative
multidimensional layering.

Keywords: Functional data, multidimensional data, mobile, software, user
interface.

INTRODUCTION

User Interface (UI) plays an important role in software development
(Sadowski & Zimmermann, 2019). Leach (2016) presented six primary
activities (requirements, design, coding, testing and integration, delivery
and maintenance) that a team of developers should devote to a software
development life cycle. User interfaces are discussed in the analysis process.
By accepting document software needs, the requirements of Ul designs
must include a layout plan of menus, screens on a software system, and a
requirement traceability matrix. The process of Ul design is specified after
the creation of process modeling, data modeling, and architecture design are
conducted. These basic designs has led us to comprehend the relationship
of functions, processes, data flows, hardware, software, and infrastructures
(Dennis, Wixom, & Roth, 2012) and to manage an end user information
system involving users (Tonder & Wesson, 2012; Usoro, 2013). Lastly, the
interface design illustrates how end users can use the software application.
Another principle which improved on Graphic User Interface (GUI), and
User Experience (UX) design was first introduced in 1990. UX is defined as
a person’s perception in response to the use of a product (Hinderks, Schrepp,
Mayo, Escalona, & Thomaschewski, 2019). The end user experience has led
designers and developers to identify consumer satisfaction in the process. In
the software development industry, the experience of a good user refers to an
evaluation of an end user interface that is easy to learn and efficient to use
(aesthetics, joy of use, and attractiveness). However, Ul design management
is highly concerned that developers spend more time designing UI (Desolda,
Ardito, Costabile, & Matera, 2017; Kennard & Leaney, 2010). Hays (2014)
claims that complex user interfaces can encounter a delayed reaction time
and unsatisfied users. Moreover, sophisticated user interfaces can reduce
productivity (Sadowski, & Zimmermann, 2019). Hence, we believe that
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paying attention to designing Ul according to the users’ needs has tremendous
advantages in software progress.

It is crucial to focus on developing a prototype software life cycle. All
phases of the software project are established from important information and
functionalrequirements of stakeholders. Theneeds of informationrequirements,
changes, operations, and representations are attributes of software quality and
the major concerns of collaborative access through a software system (Jallow,
Demian, Anumba, & Baldwin, 2017). These concerns has led us to the initial
research of designing multidimensional layering for supporting functional
data and aspect elements of a house bookkeeping software design (Rukhiran
& Netinant, 2017a). Our personal finance application design is based on three-
dimensional layering. The layers have the coordinates of X, Y, and Z, that
is, an axis belongs to expenditure, income, and liabilities, respectively. Each
dimension is separated into relative subdimensions. We define functional data
as a correlative relationship of the system information that cuts across in the
layering of three dimensions. Moreover, we have applied the principle of
separating concerns for identifying aspect elements. An aspect element is a
group of crosscutting functionalities. We can find these aspects repeatedly in
the processes of software development and then group them together. This is
called a set of aspect elements.

While many research have been continuously applying Aspect-
Oriented Software Development (AOSD) in order to achieve a more effective
and efficient approach, we have rarely found that the principle of separation
of concerns is applied from the first analyzed phase till the end user review
phase. One disadvantage of the software design is that sometimes the UI is
implemented separately and explicitly from the software modeling (Jelinek
& Slavik, 2004). Kennard and Leaney (2010) observed that any phases
in designing need to be consistently, concerned. Moreover, our previous
work had proposed the concept design of separating concerns (Rukhiran
& Netinant, 2017b). Our current research concentrates on the challenge of
a fine granularity information design that is a significant design concern
to define a set of data, functional data, and aspect elements of layers. The
important research is how to develop a framework that can practically, simply,
enthusiastically, and aesthetically operate information, functions, aspects, and
layers with higher and better separation of concerns. We present a prototype
of the software development life cycle in all four phases of analysis, design,
implementation, and evaluation. Therefore, to address the gap, this research
will bring about more clearly, operations of the three-dimensional model and
functional data and aspect elements that cut across the dimensions. In areas
of visual user interfaces, the corresponsive design of an end user composition
is the cooperation between layering of dimensions and separating concerns
of each section. The interactive application design is based on an outcome of
composition sections at a weaving time. These concerns has led us to challenge
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the development of informative multidimensional layering for supporting
semantic operations, representations, and separation of concerns from design
to mobile software interface operations. We will present the integrated views
to support a higher and better composition of interface operations in which a
personal finance information application is intended to make the system design
and interface consistent with the separation of concerns in various aesthetic
interface operations. Consequently, the Aspect-Oriented Approach (AOA)
seems to fully support the Ul and UX as proposed . Besides, the evaluation of
GUIs to handle flexibility, efficiency of use, aesthetics and minimalist design
is enabled by applying different sections (layering) on the screen.

BACKGROUND

This section provides an overview on a separation of concerns, a survey
of a major concept using separation-based Ul, aspect-oriented approaches,
multidimensional layering, and previous research in designing and developing
a personal finance information framework. We emphasize challenges to an
aspect-oriented approach for refining attributes of software quality and formerly
proposed solutions. We have defined the semantic operations of informative
three-dimensional layering among functional data, aspect elements, and
layering of the execution design stages in this research contribution.

Separation of Concerns

Separation of concerns is defined as a key principle of software design and
implementation (Panunzion & Vardanega, 2014a; Panunzion & Vardanega,
2014b). Basically, a concern is divided as a part of the software that represents a
single functionality. To handle the separation of concerns, an aspect orientation
isapproached through new abstractions and composition mechanisms (Kiczales
etal., 1997; Netinant & Elrad, 2016). The principle of the AOSD is to augment
modularizations of crosscutting concerns (Al-Hudhud, 2015; Tanter, Figueroa,
& Tabaerau, 2014). The concerns can be called by a component, which is
dependent on a weaver. Weaving is the process of systematizing aspects and
other elements (Al-Hudhud, 2015; Jelinek & Slavik, 2004). The evolution
strategy of AOSD focuses on expressing the rules and definition of events,
conditions, and actions for supporting changes in computation environments
(Zhang & Rong, 2009). The dynamic evolution is concerned with a running
time. The first rule is an addition of a base component. The second rule
is an addition of an aspect component. The third rule is an addition of an
aspect connector. The fourth rule is an addition of attachments. Therefore,
the separation of concerns can result in a reusable, extensible, and adaptable
system (Diaz, Romero, Rubio, Soler, & Troya, 2005).
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Separation of Concerns in Ul

Modularity is a fundamental concept of separating software modules using
components. A component aims to design data and functions for additional
restrictions (Barricelli, Cassano, Fogli, & Piccinno, 2019) that can push
forward from design to code. The final result transfers to the end users
using specific interfaces. Kennard and Leaney (2010) proposed the concept
of a large architectural design. A clear separation between layers should be
considered and the design should not lead us to a disorganized model. The
separation of concerns, including contents, applications, and devices should
be decoupled without any limitations in end user interactions. Thus, the user
is able to focus only on reaching information (Latizina & Beringer, 2012).
Gibbs, Dascalu, and Harris (2015) presented a separation-based Ul for role
specifications. They proposed an architecture of a separation based Ul diagram
using Domain Specific Language (DSL) to connect to the Ul and codes for
improving the flexibility of software platforms, frameworks, and tools. By
applying the separation of concerns, a composition paradigm is developed to
manipulate at different levels (Ardito et al., 2015). The presentation layer of
UI design illuminates in supporting many device platforms and user levels.
Mirbel and Rivieres (2003) focused on separating views of Ul and Business
Domain (BD). The article enables one to draw an application model dividing
it into two views as mentioned. UML dependencies and UML actions relating
to the design are specially provided. Therefore, the association between Ul
and BD supports the analysis and design phase of the software development
beneficially.

Aspect-Oriented Approach

The challenges in software design projects led us to develop higher quality
attributes throughout the software development life cycle (Silveira, Cunha,
& Lisboa, 2014). The separation of concerns was applied for many reasons,
such as to reduce complexity, improve modularity, to enable compensability,
extensibility, reusability, and adaptability (Diaz et al., 2005; Pekilis, 2002;
Raheman, Maringanti, & Rath, 2018). The separation of concerns delivers
the principle of designing and programming paradigms of an aspect-oriented
approach using the execution of weaving instead of calling the functionalities
directly, to design individual concerns, including in programming languages
(Sommerville, 2014) such as class, method, and procedure, etc. The
modularization is improved by defining new constructions. The encapsulation
of crosscutting concerns is divided into single modules named aspects. The
aspect elements are the smallest functions that can be cut across a code
program. Hoffman and Eugster (2008) posited the ability of aspects that are
not only the separation of concerns but the modularization is transformed
into reusable components. The goals of the design are to reduce coupling and
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increase cohesion by counting the number of modules named as pointcut. A
pointcut is defined as a state selection of particular joint points. The separation
of concerns in designing mobile software was proposed by Netinant and Elrad
(2016). A Communication Closed Layer (CCL) provides the implementation
of an aspect-oriented approach for avoiding code tangling. The process of the
layer can support a clean integration between the components (processes) and
composition layer software. An aspect-oriented approach has two principles:
(1) to decompose a software system into a group of aspects known as concerns
(Butting, Eikermann, Kautz, Rumpe, & Wortmann, 2019; Kumar, Kumar, &
Iyyappan, 2016) and (2) to compose crosscutting concerns between aspects
and core modules using a weaving process of a joint point (Muck & Frohlich,
2014).

Review on Multidimensional Layering

A multidimensional system is captured via linear transformations by D’ Andrea
(1999). A set of multinomial functions can handle systems with many
inputs and outputs, equations and operators. The set of functions performs
through a multidimensional system. Pedersen and Jensen (1999) stated that
multidimensional layering deals with complex data. The multidimensions
represent a set of categories with as many relationships as the dimensions
along with the hierarchical presentations. The layering strategy is one of the
decomposition techniques for a software engineering solution, such as to
comprehend a complex software system and to solve different perspectives
from different audiences (Eeles, 2001). The primary strategy of the
multidimensional layering is for software reusability and maintainability. The
layering influences structures of software models. A layered multidimensional
modeling was described by Boukraa, Boussaid, Bentayeb, and Zegour (2013)
for supporting complex entities. The entity is separated from the UML classes.
The set of classes can be composed of a whole conceptual entity using layers.
The layer is used to share the same entities (objects). The layer of data cube
provides details of structures in each dimension that can be called orderly.
In the field of an aspect-oriented approach, Multi-Dimensional Separation
of Concerns (MDSC) is widely used for software architecture (Lin-lin et al.,
2008). MDSC allows for separation of concerns to execute multidimensions
and to refine them into concerns, simultaneously. This dynamic ability can
address new concerns and configure relationships between components
without changing the behaviour of the system.

Early Studies on House Bookkeeping Software Design Using Aspect-
Oriented Approach

Our recent AOSD is designed to support house bookkeeping software by
separating functional data from the aspect elements. In this recent work, we
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proposed functional datain a three-dimensional layering to present relationships
among sets of data. There are three dimensions (income, expenditure, and
liabilities) divided into a series of data concerns. Each dimension is categorized
into smaller datasets shown in our latest work (Rukhiran & Netinant, 2017a).
The data of house bookkeeping is divided into three concerns as shown in
Table 1.

Table 1.

Set of Data for House Bookkeeping and Personal Finance

Dimension Sub-dimension Functional data

Income (I) Earned Income (EI) working, owning a business,
consulting, gambling

Portfolio Income (Pol), trading paper assets, selling real
estate, investment

Passive Income (Pal) rental income, bonus, insurance,
retirement, interest, bank
interest, stocks

Expenditure (E) Daily Expenses (DE) food, transportation

Personal Expenses (PE) clothing, travel, sports, books,
social & entertainment

House Expenses (HE) mobile phone bill, Internet,
repairing equipment, parking fee

Family Expenses (FE) tuition fee, alimony, medical fee,
donation

Liabilities (L) Current Liabilities (CL) credit card debt, home equity
loan, interest, taxes, rental
mortgage

Long-term Liabilities (LL) bonds payable, notes payable,
bank loan, deferred revenue,
mortgage

The functional data initially records from one field to n fields in table
names. Hence, whenever there is a set of n-tuples we let the functional data set
Functional Data U {F}, F, Fs, ..., F}. The aspect elements are defined as a
set of computational properties (e.g., insert, update, delete, day, month,
year, and total) which starts corporately from more than one aspect to m
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aspects. The aspect element is a sequence of methodologies from 1 to m.
The aspect element sets Aspect Elements U {A, A,, A, ..., A,}. An object is an
execution of calling the aspect elements and the functional data using
crosscutting concern at a higher level. We assume a weaver to call the object
of the final execution by using the functional formula n x m for crosscutting
concerns shown in Figure 1. Weaving is the process of transforming to solve
the scattered solutions and avoid tangled methodologies.

Functional Data Aspect Elements
Table j
Method Obj ect
Name (Transaction) > Weaver
T R mxn

Figure 1. Execution design of aspect-oriented approach.

Composition in Aspect Orientation

The main function of an aspect-oriented technique is to decompose concerns
and methods into aspects. The aspects can be cut across functional components,
and composing components and aspects to execute in an implementation phase.
A composition is defined as an act of putting the various elements together
(Oxford, 2011). Pekilis (2002) stated that the composition of correspondences
within a particular software component or system that the construction depends
on designing formalism. The composition rules are to integrate relationships
of abstract declarations and implementations of base elements (classes),
crosscutting elements (aspects), and crosscutting relationships (classes and
aspects) (Silveira, Cunha, & Lisboa, 2014). Rosenmuller, Siegmund, Thum,
and Saake (2011) focused on the multi-dimensional variability model which
is an extension of the MDSC design of Tarr, Ossher, Harrison, and Sutton
(1999). Examples of a variability dimension are: the execution environment
of a program (e.g. operating system and hardware), the context at a running
time (e.g. time, space and user), and non-functional properties (e.g. security
and quality of service). There are three alternative mechanisms (inheritance,
superimposition and aggregation) to compose the variability model for a
clean separation of variability dimensions. This composition technique can be
highly reused modules.
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MULTIDIMENSIONAL LAYERING DEFINITION

Separation of Data, Function and Layers

A new idea of the dimensional layering is to describe the sets of data divided
into three concerns. The layers consist of concerns which have the coordinates
of X, Y and Z, that is, an axis belongs to expenditure, income, and liabilities,
respectively. Each dimension is separated into relative subdimensions. The
composition of the sets of data can represent the dataset of personal finance
for data execution and management. In Figure 2, the data of personal finance
can express an infinite series from 1 to n. In fact, the column name containing
sets of data relates to an infinite number of planes for supporting three-
dimensional coordinate layering. The Cartesian product is generalized across
three categories of datasets. The one-dimensional layer is a line of each axis.
For the formal notation of one layer, we set the formal notation = {{I}, {E},
{L}}. For example, the Cartesian product of an income is denoted by I. The
two-dimensional layer is a coordinate plane between two axes. For the formal
notation of two layers, we set the formal notation = {{I, E}, {I, L}, {E, L}}.

Y axis: Set of income

[ 1 1[ [
I 11 I

— T 1

1 2 3 = n =
T H TT H T ] T ]
T I 1T I IT ] - T ] L .
Table ] Table _—’ X axis: Set of expenditure
Name — ...| Name | [—

A I i

Z axis: Set of liabilities

Figure 2. Infinite series of a set of house bookkeeping dimensions.

For example, the Cartesian product of an income record and an expenditure
record is denoted by I x E. We set the cross product [ x E = {(i,¢) |1 €1 and
eeE}, IxL={(Gi,)|]iELandi€L},ExL={(e,])|e EEand1 £EL}.
The three-dimensional layer is a coordinate plane among three axes. For the
formal notation of three layers, we set the formal notation = {{[, E, L}}. For
example, the Cartesian product of an income record, an expenditure record
and a liabilities record is denoted by I x E x L. Thus, the concept of Cartesian
product can be extended to more than three sets. We define the concept of
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an ordered n-tuple. The order b-tuple is a set of n categories that we have
divided as a subdimension of each dimension. We express D as a dimension
using the set notation D = {D, D, D, D }. Income = {I €D [l is a set of
income records}. Expenditure = {E E D] E is a set of expenditure records}.

Liabilities = {L € D | L is a set of liabilities records}. The functional data is
a Cartesian product from one dimension to three dimensions. In addition, the
aspect element is a sequence of methodologies from 1 to m. An aspect sets
Au{A A A, A} For all crosscuttings of the dimensions and aspects,

the functlon formula n X m is the formulae. Thus, the design can support the
multidimensional layering among its dimensions.

SEMANTIC MULTIDIMENSIONAL LAYERING

The multidimensional layering is described as the sets of data divided into
three concerns. The sets of data can represent the composition of dimensional
layering with the different information. The functional data is decomposed
from the information input. Figure 3 shows the formulation of cutting points
on three-dimensional layering. The layering has provided three different
semantics: an income layer, an expenditure layer, and a liabilities layer. The
layer provides the appropriate contextual information for data manipulation.
Each dimension consists of a set of multi layers. For example, the y-axis
of an income layering, Income = {I, L, L, ..., I }, refers to one layering of
subdimensions which is divided from a user’s data categories (e.g. a passive
income and an earned income). There are two types of quantifiers to express
the formal notations for computing functional data from datasets. The universal
quantifier (v)is for a selection of all income records from a layering. This is
expressed in Equation 1 as follows,

Vincome, income > 1 (D

The existential quantifier () is for some income records in the universe. This
is expressed in Equation 2 as follows,

Jincome, income > 1 )

The quantifiers can also be used to express through the layering of two
dimensions or more. For example, a selection of a display component is to
compare between all categories of income and some categories of expenditure.
The sample of two-layering composition named functional data is set in
Equation 3 as follows,

Vincome U Jexpenditure 3)

330



Journal of ICT, 19, No. 3 (July) 2020, pp: 321-349

The dataset of the dimensional layering from one to one horizontal or vertical
or oblique line can be taken to execute with some aspects through the weaver.
A combination of functional data is from a set of data between layers. A
transformation of weaving including the functional data and the aspect
elements are cut across by a method call. A symbol of crosscutting concerns
is assigned using ) A set of data in the multidimensional on multi-layers is
designed supporting the crosscutting concerns (functional data &) aspect).

Operationalsemanticsofdimensionsandlayersareexpressedin Equations
4to 7. Forinstance, the layering of an income dimension computes to display an
amount of salary categories in May 2019. The transformation of weaving must
be executed through the functional data of an income layering and the aspects
are: type, total, month, and year (Figure 3 [1]). We let the type = {Incomesalary.
Salary EarnIncome (I2), we express a type aspect to call subdimensions}, the
total = {sum(): & n}, the month = {May}, the year= {2019}. For each execution,
an amount of salary categories in May 2019, is computed in Equation 4.

JIncomegyary ®TotalU(Type, Type = salary)U(Month, Month = May)U(Year, Year = 2019) (4)

or ®Zgincomesalary € Income (MayU20 1 9)

However, at the same pointcut, an amount of salary categories can represent
the information differently. The aspects are composited relatively but the same
aspects can be executed with different semantics depending on the parameters
as shown in Figure 3 [2]. We call an amount of income in May 2018. We let
the type = {Income, }, the total = {sum(): ¥.n}, the month = {May}, the
year = {2018}. By computing, the statement is assigned in Equation 5.

JIncomegyqry ®TotalU(Type, Type = salary)U(Month, Month = May)U(Year, Year = 2018) (5 )
The formula is expressed using a composition of two layering such as for a
cutting point from one horizontal and vertical layer to become two layering in
order to compute relatively between two dimensions. For instance in Figure
3 [3], the financial statement computed a balance of income and expenditure
from 1st—15th March 2019. We set the type = {Income, Expenditure}, the total
= {sum(): X n}, The day = {1, 2, 3, ..., 15}, the month = {March}, the year =
{2019}. This is expressed in Equation 6 as follows,

(IIncome ®TotalU(Day, Day = {1, 2,3, ...,15})U(Month, Month = March)U(Year, Year =2019))U

(3Expenditure ®T0talU(Day, Day = {1, 2, 3, ...,15})U(Month, Month = March)U(Year, Year = 2019))
or

(3Income U FExpenditure) @ TotalU(Day, Day = {1, 2, 3, ...,15})U(Month, Month = March)U(Year,

Year = 2019)) (6)
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The three layering is designed supporting the computation of three
dimensions for showing the amount of income, expenditure, and liabilities.
In Figure 3 [4], the relation of a cutting point is called from one horizontal,
vertical and oblique line. The comparison of three domain concerns can
represent a balance of income, expenditure, and liabilities in June 2019. We
let the type = {Income, Expenditure, Liabilities}, the total = {sum():Xn },
the month = {June}, the year = {2019}. This is computed in Equation 7 as
follows,

(3Income @ TotalU(Month, Month = June)U(Year, Year = 2019))U(3Expenditure ®TotalU(Month,
Month = June)U(Year, Year = 2019))U(3Liability & TotalU(Month, Month = June)U(Year, Year =
2019))

or

(3Income U FExpenditure U ILiability)@ (TotalU(Month, Month = June)U(Year, Year = 2019) (7)

Set of Data: Income [4] GIncome U IExpenditure U ILiability)® (Total U
(Month, Month = June) U (Year, Year = 2019))
L. / [3] (3Income U FExpenditure)® Total U (Day, Day =
DRI - .‘{, P {1,2,3,..,15}) U (Month, Month = March) U (Year,
\\A e _ 74/ Year = 2019)
e Set of Data: Expenditure

[2] Elincomesalary® Total U Type, Type = Salary U Month,

/ _______ .< Month = May U Year, Year =2018
[1] Hincomesalary®Total U Type, Type = Salary U Month,
/ Month = May U Year, Year = 2019

Set of Data: Liabilities

Figure 3. Formulation and execution of cutting points on three-dimensional
layering.

INFORMATIVE MULTIDIMENSIONAL
OPERATION FRAMEWORK

By composing the three-dimensional layering and the aspect elements for
data execution and management, an integration stage of layering through
components using a weaver is shown in Figure 4. The composition of the
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informative multidimensional layering is the extensional framework of the
early stage of this study (Figure 1). We illustrate the combination of layering and
pointcuts for data manipulation. There are two method calls for the execution
of weaving. The combination is composed of functional data and aspect
elements. The weaver is an analytical operation to call particular objects (three-
dimensional layering and pointcuts) into a component. The components are
created following the personal finance application requirement specifications.
The samples of the component names are DisplayTotal, CompareStatement,
InsertAccount, UpdateAccount, and DeleteAccount. For example, the
DisplayTotal component displays the total income. In running time, the
component consists of many jointly crosscutting points such as income, date,
type, and total aspect. Each one is a sequence of methodologies from 1 to n
components depending on the particular call of an end user interaction.

Select (Condition for

<)
dimensions) .
+ { 4 @ .® L
an income an expenditure a liabilities
axis axis axis
—
Table J

Ll Name

@ layering @ pointcuts

Executions of weaving

Joint point

DeleteTransaction ‘
% UpdateTransaction ‘
InsertTransaction ‘
g CompareStatement
% DisplayTotal
Income (11,12, ... ,In)
Date (Date 1, Date 2, ... , Date n)

Type (Type 1, Type 2, ... , Typen)
Total (Total 1, Total 2, ... , Total n)

Figure 4. Integration stage through components.
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To support the design of the multidimensional information layering, Figure
5 represents the architecture of a Three-layer User Interface Composition
Model (TUICM). The UI layer on top, facilitates the visual page that allows
the end users to interact with menus and retrieve information records on output
devices. The UI layers communicate with components and data layers of a
software system for manipulating data from the lower layers. The component
layer provides components that decompose functional data (FD) and aspect
elements (AE). Each FD and AE is called to express an execution to the top
layer. The data layer manipulates data acquisition from the different calling
stages through the three-dimensional layering.

UI Layer Ul Ul Ul Ul

0 ] AN

Component Layer FD e FD AE cen AE

@ — —

Data Layer <:>

Three-dimensional layering Database

Figure 5. Three-layer user interface composition model.

With the given definition and execution designs of the three-dimensional
layering personal finance including the functional data and aspect elements, we
could alter the multidimension layering into the user interface operations. The
interface views are based on the conceptual design of the previous sections.
The multidimensional layering can combine functional data, aspect elements,
and the layers. We believe that our integration stage (Figure 5) enables transfer
of the model to the Ul design in an orderly manner. There are three different
executable programs (compile-time, run-time, and weave-time) during the
active life of AOA. The first stage is compiling time. The interface prototypes
(Figure 6-7) are designed for displaying layouts on a computer screen to
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the end user. To transform the principle of separating concerns into the end
user review phase, our Ul approach is divided into three sections (functional
data, aspect element and composition section). The second stage is running
time. We express an interaction of an end user selection to the buttons. By
separating a Ul design into three sections, layout buttons are provided in each
section. The third stage is weaving time. A section of weaving executions are
specified such as to call a dimension of an income axis to display an amount
balance of income and categories of income (Figure 6), and to call two and
three dimensions for comparing a financial statement (Figure 7). A dynamic
selection is provided in this design when the end user selects and/or deselects
the buttons. Then the execution of the system will display a set of output data
differently.

Personal Finance Apps The aspect elements

an income
axis [>

an expenditure
axis

Y
01/01/2019 - 31/01/2019

2%

a liabilities
axis

i)

Layering of
three dimensions 3‘"50mcszlm®T0tal U Type, Type = Income

U Month, Month = January U Year, Year = 2019

Consuting

Owning Business — 2 %

Gambling 2%

Set of Data:
Income

® Set of Data:
Working ~ $5,000 Expenditure
Consulting  $2,000 Set of Data:
Owning Business  $125 Liabilities

Gambling ~ $100

@ Executions of weaving

Figure 6. User interface through weaver in one-dimensional layering.

Another component is a CompareStatement in Figure 7. We have
applied dynamic weaving through the layering of three dimensions in order to
compare a number of financial statements. The functional data can be selected
for crosscutting concerns from three method calls (an income, an expenditure,
and a liabilities menu). The execution statement depends on the current stage
of selection controls through the buttons. Figure 7 shows the multidimensional
data operation in different method calls through the interfaces and operational
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semantics of dimensions and layers. The comparison of responsiveness also
provides layering of the time series in a set of aspect elements. Thus, the month
button is specified as an aspect element that is selected in the lower section. At
the weaving point, the execution of weaving enables an adaptive display of the
total number of recordings depending on the end user selection. Therefore, the
composition of the separate designs seems to support the crosscutting layering
views of the functional data and the aspect elements.

((3Income U 3Expenditure)® Total U (Month, .
Personal Finance Apps Month = January) U (Year, Year = 2019)) Personal Finance Apps

=3 =3 e ==
00 00O :

< January
01/01/2019 - 31/01/2019

Syt of Data:
Icome

= > January
< Set of Datas 01/01/2019 - 31/01/2019

Expenditure, §

Set of Data:
Liabilities

Executions of weaving

Set of Data:
Income

-
-7 N

Income  $25,000
" Expense $500

Income 25,000
¥ Expense $500
Liability $1250

Set of Data:
Expenditure

Set of Pata
Lighilities

((3Income U 3Expenditure U 3Liability) ® (Total U
(Month, Month = January) U (Year, Year = 2019))

Figure 7. User interface through weaver in multidimensional layering.

PRACTICAL EVALUATION

We conducted an end user evaluation to assess our user interfaces of the
mobile personal finance application prototype. The end user usability of the
mobile application was designed to study the interaction of the framework
composition through the visual user interfaces.

Objectives
In order to evaluate the end user usability, the following objectives were

identified to assess the performance of the layered-combination design of the
three-dimensional functional data and the aspect elements:
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- RQ1:Doestheseparationofconcerns,data,layers(sections),and composition
help users to use the application easily?

- RQ2: Does the composition of crosscutting concerns through adaptive
buttons help users to access data effectively?

- RQ3: Does the design of a variety of functionalities and aspects for an
all-in-one touch screen help users to control and manage their experience
comfortably?

Experimental Design

This study was designed using the three components related to Figures 6 and
7. We used a tutorial guild to tip the participants as to how to use our mobile
application. The first component was to insert an income transaction into
the InsertAccount component. The screen showed how the end user could
access and insert a subcategory of an income record. The subdimensions
belonging to the particular dimension could be called to access and select the
subdimensions. The second component was the display of the total balance in
the DisplayTotal component (Figure 6). The screen showed how the end user
could access and see categories and subcategories of income records. The
subdimensions belonging to the one dimension layering could be reported by
end user clicking. The last component was the CompareStatement component
(Figure 7). The comparison screens of the financial statements were assigned
for the users to access the three record categories.

To evaluate end user satisfaction on mobile usability, a questionnaire
with 19 items and an open-ended question to elicit opinions and suggestions
for improving the mobile application was administered. Research questions
from the System Usability Scale (SUS) questionnaire (Brooke, 1996), the
controllability and management of mobile interactions (Hussain, Hashim,
Nordin, & Tahir, 2013; Tonder & Wesson, 2012), and the questionnaires of
Cui and Honkala (2013) were employed as part of the questionnaire in this
study. We had grouped all items into three aspects: 1) Perceived Usefulness (5
items), 2) Perceived Ease of Use (5 items), 3) and Perceived Controllability
and Management (9 items). Each statement was rated on a Likert scale from
1 (strongly disagree) to 5 (strongly agree). The questionnaire consisted of the
following questions:

Perceived Usefulness (PU)

Q1. I felt confident using the application.

Q2. I found the application unnecessarily complex.

Q3. I found that the various functions in this application were well

integrated.

Q4. I would imagine that most people would learn to use this

application very quickly.

Q5. I think I would like to use this application frequently.
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Perceived Ease of Use (PEU)

Q6. I thought there was inconsistency in this application.

Q7. Ithink that I would not need a technical person to support or
advise me on using this application.

Q8. It was easy to track any financial information.

Q9. Icould get to know my financial statements better than the
existing application.

Q10. I thought the overall application was easy to use.

Perceived Controllability and Management (PCM)
QI11. I felt comfortable inserting category names of records for
income, expenditure, and liabilities.
Q12. I felt comfortable inserting any transaction into my financial
accounts.
Q13. Ithought the application separated my categories clearly.
Q14. Ithink I can use the buttons to manage my financial records
quickly.
Q15. I think the sections on the screen are separated with good looks.
Q16. I think the purpose of displaying the income, expenditure and
liabilities button on the same screen is to make it easy to use the
functions.
Q17. I think the purpose of separating periods of time (day, week,
month, and year) is to make it convenient to view my reports.
Q18. I think it is easy to understand how the application works. The
task of comparing my financial statement(s) by clicking buttons
and then the resulting report(s) which can easily be changed.
Q19. I felt comfortable and could easily use the variety of functions
that was designed for the all-in-one touch screen.
The following items were identified to match the research questions.
The RQ1 consisted of: Q11, Q12, Q13, Q15, and Q17. The RQ2 consisted
of: Q6, Q8, Q9, Q14, and Q18. The RQ3 consisted of: Q2, Q3, Q10, Q16,
and Q19. We assumed that the minimum value of an expectation to validate
was 75% for usefulness and satisfaction. The 75% was established as a final
acceptance benchmark for most usability values (Veral & Macias, 2019).

Participants
We ran the experimental study for 100 participants (50 female and 50 male),
aged between 18 and 30 who had experience in using any personal finance and/

or accounting applications for more than three months. All the participants who
volunteered to review the application usage task were from our university.
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Procedure and Tasks Performed

We gave the participants our prototype application and allowed them to use
the personal finance application freely. All users were requested to respond
to the post-task questionnaire in order to find out their perceived usage. After
the participants had accessed the tutorial guild, we allowed them to insert
income categories and subcategories (T1). We also told them to insert more
categories for expenditure and liabilities (T2). After that, the participants were
asked to insert their usual transactions (income, expenditure, and liabilities
records) (T3). Then the participants clicked the balance page to see the reports
of each recording (T4) and following that, clicked the status page to view a
comparison of their financial statements (T5). The buttons enabled them to
see the different views. In the final stage, we administered the questionnaires
to the participants to evaluate the end user usability test of our prototype
conceptual design.

Results

In order to assess the end user usability, answers to the research questions
were analyzed. The items were grouped as explained in the experimental
design. The comparison of the research questions based on mean, minimum
value (min), maximum value (max), and standard deviation (SD) is shown in
Table 2. The minimum value of the expectation was 75%.The average value of
RQ1 obtained for the purpose of separating views was 89.12%. The average
value of RQ2 obtained for the purpose of dynamic compositions was 88.88%.
The average value of RQ3 obtained for the purpose of all-in-one screen was
89.56%. Therefore, all research questions were more than the minimum value
of expectations.

Based on the demographic information gathered from the participants
who completed the questionnaires, 26% of the participants had experience
in using personal finance applications from six to more than 12 months. All
participants were between 18-30 years old. The overall mean of the topic
rating scales for end user usability is presented in Figure 8. The result was
based on a five-point Likert scale from 1 to 5.
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Table 2.

End User Results Based on Research Questions.

Mean Percentage SD Min Max
RQI1 Q11 4.41 88.20 0.5522 3 5
Q12 4.32 86.40 0.4899 3 5
Q13 4.45 89.00 0.5573 3 5
Q15 4.58 91.60 0.5160 3 5
Q17 4.52 90.40 0.5409 3 5
Total 4.46 89.12 0.5373 3 5
RQ2 Q6 4.52 90.40 0.5218 3 5
Q8 4.45 89.00 0.5389 3 5
Q9 4.37 87.40 0.4852 3 5
Q14 4.32 86.40 0.5101 3 5
QI8 4.56 91.20 0.5187 3 5
Total 4.44 88.88 0.5210 3 5
RQ3 Q2 4.46 89.20 0.5759 3 5
Q3 4.28 85.60 0.5333 3 5
Q10 4.44 88.80 0.5187 3 5
Qle6 4.68 93.60 0.4899 3 5
Q19 4.53 90.60 0.5766 3 5
Total 4.48 89.56 0.5533 3 5
4.5 4.486
4.48
4.46 4436
4.44 4418
442
4.4
4.38
Perceived Usefulness Perceived Ease of Use  Perceived Controllability &
Management

Figure 8. Overall mean of topic rating scales.
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Based on some of the participants’ comments on the open-ended
question, it was found that the visual design of the all-in-one screen for
reporting financial performance using charts was helpful. Besides, it was easy
to view the comparison of the participants’ records in a more comfortable
and systematic manner. Ease of account reporting and financial comparison
were most commented on by the participants, especially using the dynamic
buttons. They could recognize the reason for using the different colours for the
buttons.

Independent samples t-test was used to compare the means of two
independent groups.We assigned the gender of the participants. The results
showed statistically significant differences among Q9 (F = 14.337, p
<= 0.01), Q15 (F = 18.831, p <= 0.01), and Q19 (F = 12.887, p <= 0.01).
Two-way ANOVA test was applied to compare the means of three or more
independent groups.We used the experiences of the application usage. The
results showed statistically significant differences among Q1 (F = 19.028, p
<=0.01), Q7 (F = 12.468, p <= 0.01), Q8 (F = 7.692, p <= 0.01), Q16 (F =
18.826, p<=0.01), and Q17 (F =11.578, p <= 0.01).

DISCUSSION

We sorted the information requirements into sets of multidimensional data
as proposed by Akanmu and Jamaluddin (2016). A comprehensive data
dimension was reliably elicited from the dataset in the database tables. The
multidimensional layering was specified for supporting data operations of the
personal finance mobile application. By dividing the information recording into
three dimensions, the functional data was defined as a correlative relationship
of sets of data. An infinite series of a set of dimensions and subdimensions
was proposed. The multidimensional relationships have been claimed to
support software design using layers (Boukraa, Boussaid, Bentayeb, and
Zegour, 2013). Thus, any new concerns or information requirements could
be proposed incrementally and added in the dimensions. Our dimensional
design was described along one dimension (Batory & Geraci, 1997; Batory,
Liu, & Sarvela, 2003). The composition defined the set of all representations
of refinement programs from {fl, ...., fn} combined to a program p from
{pl, ..., pn}. Besides, more dimensions supporting the degree of abstractions
were related to our design. The principles of the execution design allowed
us to analyze and design any software parts extensively and adaptively.
The decomposition of the requirement designs and system functions on the
architecture view of cloud computing had supported our idea (Surendro,
Supriana, & Supriana, 2016). We proposed that the software system be
composed separately supporting a fine granularity and the composition be
designed flexibly in the informative multidimensional layering.
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In the early stages of the implementation level, an Aspect-Oriented
Architecture Design (AOAD) (Rashid, Moreira, & Araujo, 2003; Moreira,
Araujo, & Whittle, 2006; Sanchez, Moreira, Fuentes, Araujo, & Magno, 2010)
an approach method and technique of separating concerns to improve on
system quality attributes known as non-functional requirements was applied.
The non-functional requirements can show developers how a software system
should be, not what it should do with regards to functional requirements.
However, our initial research on the separation of concerns seemed to support
all stages of the software development life cycle. Proof of the design concept
based on Rukhiran and Netinant (2017b) is shown in Figure 9.

Analysis
Set of Functional Aspect
Data Data Elements
Review Design
= Income [ Day ]
=& Expense ®[ Week ]@ @
= Liability [ Month_| =
The execution of weaving Weaver Model
Wplem%
Income Day
Expense D—D Week
Liability Sunctional Month
Based on weaving
Figure 9. Software development stages using separation of concerns for
prototype model.

In supporting our separation of UI designs, we arranged the
graphical user interface into three sections. The top section is a selection
of the functional data. There are many stages involved in display layering
of one dimension, comparison between layering of two dimensions, and
comparison among layering of three dimensions. The execution of weaving
for displaying data compositions is based on end user selections by way of
buttons in supporting the main dynamic design of Richard and John (2010).

We have experimented with the end user usability of the personal
finance mobile application in the evaluation of this paper,. By applying the
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questionnaire from many kinds of research, the topics were in agreement with
the Technology Acceptance Model (TAM) (Davis & Venkatesh, 1996; Ibrahim
& Al-Rawashdeh, 2014). The TAM integrates the determinants of perceived
ease of use and perceived usefulness to assess and predict user acceptance.
Moreover, we have designed a specific brief of perceived controllability to
prove our conceptual design. The results from our research questions have
passed the minimum value of expectations, which is consistently related to
Veral and Macias (2019). Although there are different methods and techniques
to evaluate user perception (Nooraishaya, Ahmad, & Ali, 2018), the approach
in assessment of the visual composition of the end user perspective in this
study was based on mobile application design and performance (Alalwan,
2020).

CONCLUSION AND FUTURE WORK

One of the key challenges in a mobile application is the focus on improving
software quality attributes to support a variety of mobile performances.
Breaking down a software system into smaller pieces is one solution to allow
us to define the fine granularity for achievable data and reusable functions. We
divided the application specification into two segments. The multidimensional
layering of the personal finance information was assigned to support data
acquisition and manipulation. The aspect element was assigned to operate
functional methodology. The informative three-dimensional layering enabled
support in the development of the personal finance application to achieve
flexible and adaptable designs. We assumed the case study of an execution
rule on the layering of three dimensions and aspect elements (Figure 3). The
operational semantics analyzed these concerns using components. From the
three-dimensional information, layers, functional data, and aspect elements,
we developed the three-dimensional user interface composition model. The
Three-layer User Interface Composition Model (TUICM) (Figure 5) which
responded to Ul gave a better performance in terms of relationships of U,
components, and data access layers. By dividing the display component to
support our analyzed approach, we illustrated a cooperative Ul design to keep
a clear separation of the different layers (Figure 6—7). The results of the end
user usability showed the multi-layered approach which enabled adapting of
data operations and reporting.

Thus, this article has drawn a variety of peopleware in software
development. Firstly, a system analyst can understand the relational separation
of personal finance information through a collection of methods for analyzing
functions and data via a three-dimensional model. The principles of the model
canbe applied to any software business. Secondly, itenables a developer to adapt
our design for clean codes and less inheritance. AOSD is one of the approach
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techniquesthatcanavoidscattered (duplication)andtangled (dependency)codes.
Our software design is an open software architecture that can be transformed
and implemented to support any programming language. Finally, an end user
should be able to use the well-organized software design to interact with data or
access any information with no more than the basic rule of three mouse clicks.

To push forward the personal finance software design to the next stage,
we will focus on an architecture constraint design of components. We intend to
design the components for the personal finance software to support functional
specifications and adaptations. An execution flow diagram of the components
will be provided to connect all components and information flow in the software
system. By improving on the separation of concerns in suitable UI designs,
we plan to focus on various kinds of end user interface designs such as for
the elderly and farmers. The use of technology by the elderly has a beneficial
influence on enhancing their quality of life in an increasing ageing population
in our country. In addition, farming is a major occupation which contributes
to the Thai economy. Most existing software do not support the particular
financial business statements of farmers. Therefore, this house bookkeeping
software design project could take traditional Thai farmers forward to become
smart farmers.
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Abstract

Developing component-based software is a demanding profession for software engineers. Developing
component-based software is more complicated and needs more skills to meet software qualities, especially for mobile
software design and development. Not only does mobile software have many platforms, but also a separation of
concerns is required in the primary design and development, making the final component software very satisfying and
comfortable to use the application. Since many prototypes have been redesigned and developed in a software life cycle,
a prototype must undergo many components with multilayered and prime to duplicate components. The redundant
components maybe failed to support the effective reuse because the components are contained several details and
specifics. The house bookkeeping software can be decomposed into many components. The interaction and overlap of
components are influenced by behaviors and classes. The limits in collaborations of reusable components can be found.
In this paper, the multiconcerns circuit component diagram is originally proposed to express the development of
component-based software, especially decreasing interactions of resemblance components. This technique uses a
software component reduction between interactions of inter analogous inputs and outputs components, reducing a few
redundant information, complex interactions, and tangling components. The result of the development makes software
engineers better comprehend the design and implementation of component-based software proficiently. The empirical
study of the house bookkeeping mobile software has shown an improvement of a component reduction in the final
prototype of 26.47 percent over the previous technique using only an information flow diagram.

Keywords: multiconcerns; circuit component; diagram, layering; sofiware development; mobile software.

1. Introduction

Many researchers have approached a separation of concerns as a software adaptation to improve
software quality attributes of a software design and development such as modularity, compensability, and
reusability. The separation of concerns is to design the individual matter to support programming
(Sommerville, 2014), such as class, method, procedure, etc. The separating concerns deliver the principal
designing and programming paradigms of an aspect-oriented approach using weaving instead of calling the
functionalities directly. The approach enhances a more reusable, extensile, and adaptable system (Diaz,
Romero, Rubio, Soler, & Troya, 2005; Pinciroli, Justo, & Forradellas, 2020). The modularization is
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improved by generating new constructions for the encapsulation of crosscutting concerns into single
modules named aspects and composing the crosscutting concerns together named weaver (Muck; &
Frohlich, 2014).

Software engineers can rapidly change among frameworks, behaviors, interfaces, and platforms for
upgrade and maintenance with different techniques. Component-based software (Tibermacine, Sadou,
Dony, & Fabresse, 2011) introduces a construction of software and concept reuses. The purpose of a
component provides standalone services that design a specific architectural style. The component-based
approach of software developments focuses on software requirements, architectures, designs, verification,
formations, and distributions (Buhnova, et al 2014). The researches and development of component-based
systems have been focused on many areas. Verma (2002) compares component-based software engineering
with traditional software engineering and represents the benefit of reducing cost, decreasing development
time, increasing term quality control (characteristic, performance, reliability, and usability), and increasing
applicability of functional theories. Many researchers have designed component-based software supporting
object-oriented development on web applications (Okewu; & Daramola, 2014) and mobile applications
(Giedrimas; & Omanovic, 2015). A component provides core functionalities that can be implemented by
coding and programming for several system requirements and user's requirements.

Moreover, components are designed for software development as architecture constraints that any
features can parameterize. The business components are possible to support more complex or higher levels
of software constraints. However, traditional software engineering, like the object-oriented approach,
cannot reuse components significantly (Sommerville, 2014) and does not improve the system's internal
design. The object orientation may fail to support the effective reuse because the single class contains
several details and specifics. Behaviors and classes influence the interaction and overlap. Developers can
find the limits in collaborations of reusable classes. An example of software solutions and aspect-oriented
framework on the component-based software is proposed by Lee and Bae (2004). The technique has
merged the reuse solution supporting separation of concerns on non-functional aspects (inter-component
non-functionality). The component-based software enables the promotion of the reusability of components
and connectors (Panunzio; & Vardanega, 2014).

Our recent works are designed for housekeeping software based on three dimensions of layering
(Rukhiran; & Netinant, 2020a). The layering is separated relatively among datasets. The layers consist of
concerns (income, expenditure, and liability) linking the X, Y, and Z axis coordinate. The functional data
combination is from the three-dimensional layering of datasets that information can perform between
layers. We have first applied the principles of Aspect-Oriented Software Development (AOSD) to separate
the software's functions explicitly. The aspect elements are the minor functions that are engaged from
crosscutting other concerns in a core system. By crosscutting concerns, the aspect element must not
comprise during producer processes, and the developing software becomes scattered (duplication) and
tangled (dependency) (Kumar, Kumar, & Iyyappan, 2016; Pinciroli, Justo, & Forradellas, 2020). The aspect
elements have been excluded from the functional data. The execution design of an aspect-oriented approach
through a weaver is proposed. One solution of our recent samples is a transfer component on the liability
payment that can reduce the total of the liability data, decrease the income data by weaving on three layers
(day, month, and year) and raise the expenditure data. A multilayered approach is provided for adapting a
variety of crosscutting concerns. However, the design and implementation studies have not been completely
designed yet. The previous research proposed Information Flow Diagram (IFD) with the Rapid Application
Development (RAD) methodology (Chomngern; & Netinant, 2017; Rukhiran; & Netinant, 2020b).

In addition, software development was lack of the practical consequence of successful user
capabilities in the deployment. The final software could guarantee to be misappropriated for users. In this
research, we present the concept of a dimensional hyperspace through the functional data, describe the types
of aspect elements, and design the execution flow diagram, which is one of the main concerns in the system
usage level from the functionalities abilities of the house bookkeeping software. To state the important
diagram, we also propose a Multiconcerns Circuit Component Diagram (MCCD) of component-based
software. The MCCD is the ease of use by dividing the functional patterns of contracts (sets of data in
layering and separating concerns) and connecting components from inputs and outputs. A concern circuit is
a pattern of structures using a principle design of a circuit that characterizes a logical relation of component-
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based software in the development. Our proposal aims to design the execution flow of the component and
the concerned circuit and prove the execution through the vertical and horizontal layering in the
implementation phase. We have proposed the conceptual framework design of the MCCD diagram in the
case study of the house bookkeeping software design. By demonstrating the empirical components, the
concept of the MCCD can be applied adaptably competent in application software designs.

2. Objectives and research questions

This research's main objectives are primarily to design and implement component-based software
like a house bookkeeping mobile application for users' diverse technological skills and suitably better
deliver the final software product of the house bookkeeping mobile application. The succeeding research
questions are defined to comprehend the objectives.

RQI1: This is the technique to aid the design and implementation of component software to support
the Information Flow Diagram. Is the technique suitable for developing component-based software
development like a house bookkeeping mobile application?

RQ2: How can Multiconcerns Circuit Diagram better comprehend the design and implementation
of component-based software efficiently?

According to an agile software development system named RAD (Rapid Application
Development), the model arranges rapid prototype releases based on users' iterations and satisfactions.
However, the designers and developers cannot promise the final product met better design and deployments
of variability component-based software. The first research question aims to study a better solution during
the plan, design, and development phases. The MCCD methodology can agreeably express the whole
system components and layers of component interactions with the support of multiconcerns. The second
research question is to evidence the better design and development of component-based software
development. Our final production of the house bookkeeping mobile application has used this methodology
in the deployment.

3. Literature review

The research study establishes software design and development using circuit component design of
the house bookkeeping mobile software. Accordingly, many studies have been provided in this research
review.

3.1 Separation of concerns

Separation of concerns is defined as a critical principle of software designs and implementations.
A concern is divided as a part of the software that represents a single functionality. The aspect-orientation is
an approach to handling the separation of concern through new abstractions and composition mechanisms
(Muck; & Frohlich, 2014). The design principle of aspect orientation software is to augment crosscutting
concerns' modularization (Tanter, Figueroa, & Tabaerau, 2014; Al-Hudhud, 2015). The concerns can be
called by the components depending on a weaver. Weaving is a process of systematizing aspects and other
elements (Zhang, Khedri, & Jaskolka, 2012; Lindstrom, Offutt, Sundmark, Andler, & Pettersson, 2017).
The evolution strategies of aspect-oriented software focus on defining the four rules by explaining the
event, condition, and action for supporting the changing of computation environment (Zhang; & Rong,
2009). The dynamic evolution is concerned with a running time. The first rule is an addition of a base
component. The second rule is an addition of an aspect component. The third rule is an addition of an
aspect connector. The fourth rule is the addition of attachments. Therefore, the separation of concerns can
result in reusable, extensile, and adaptable systems.

3.2 Component-based software

Component-based software is defined as an architecture constraint to validate the specific
architectural elements (components) (Tibermacine, Sadou, Dony, & Fabresse, 2011). A study of aspect-
oriented software architectures for code mobility is composed of components (Lobato, Garcia,
Romanovsky, & Lucena, 2008) and aspects. The aspect is represented using the symbol of a diamond
shape, and the crosscutting interface is displayed using a small grey circle with its name placed over the
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circle. The separation of concerns can solve the fine-grained problem. The architecture becomes a clean
modularization, an explicit introduction, and an improving variability of programming with flexible
incorporation of code mobility. To prove the consistency of components, a system's intra-component
dependency models enable a determination of the dynamic adaptation (Sadeghi, Esfahani, & Malek, 2017).
Hoffman and Eugster (2008) mention that aspects' ability is the separation of concerns, and the
modularization is transformed into reusable components. Creating explicit modeling crosscutting concerns
and an appropriate aspect-oriented technique can achieve the semantic separation of concerns. Design aims
are to reduce coupling and decrease cohesion by counting the number of modules explicitly named point
cut. The pointcut is defined as a state of selecting the specific joint points. Component-based development
(CBD) has been designed for supporting the encapsulation of collaborative behaviors crossing multiple
components through the explicit architectural element. The connector enables to contain and reveal gross
structures and global control flows, including the entire system's behaviors such as design decisions,
collaborative protocols, and functions incorporated into the non-functional aspects using connectors (Lee; &
Bae, 2004).

3.3 Early stage of our house bookkeeping software design through Aspect-Oriented Approach (AOA)

Our recent Aspect-Oriented Software Development (AOSD) is designed for supporting the house
bookkeeping software by separating the functional data and the aspect elements. In our recent work, we
have proposed the functional data through a three-dimensional layering to present the relationships between
sets of data and dimensions. There are three dimensions (incomes, expenditures, and liabilities) dividing
from a series of data concerns. Each dimension is categorized into smaller datasets shown in our latest work
(Rukhiran; & Netinant, 2020a). The functional data initially recorded from one field to n fields in table
names. The aspect elements define as a set of computational properties (e.g., insert, update, delete, day,
month, year, and sum) which starts corporately more than one aspect to m aspects. An object executes
calling the aspect elements and the functional data using crosscutting concern in an upper level. We assume
a weaver to call the object for the final execution by using the functional formula n x m for crosscutting
concerns, as shown in Figure 1. Weaving is the process of transforming to solve scattered solutions and
avoid tangled methodology.

Functional Data Aspect Elements
Table
Name Method ) Ob_]ect
| (Transaction) »  Weaver
> mxn

Figure 1 Execution design of aspect-oriented approach

A glass of iced black coffee (Americano) can explain the execution of AODA. Coffee is a
functional data, and a cube of ice is an aspect. Hence, a glass contains many cubes of ice like our design.
We separate the computational functionalities into a single methodology. Our weaving process performs a
transformation of crosscutting by advising at running time logics. The dynamic transition of aspects is a
process that can return a calling operation to the object without any effect at a compiling time and a running
time.

On the other hand, a blending coffee is a mixture of ingredients that we cannot get any ice like an
Object-Oriented Design Approach (OODA). OODA focuses on representing problems using objects and
their behavior. An OODA implementation leads to code scattering and code tangling (Gupta, Singh, &
Kumar, 2016), while AODA deals with breaking down the methodologies using the separation of
crosscutting concerns. AODA also leads to an increase in the modularity of components and reusability of
aspects.
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Figure 2(a) Comparison of AODA using black coffee Figure 2(b) Comparison of OODA using blend coffee

3.4 Adaptability of the framework in software design

The principal key to achieving adaptability in software design is compatibility and interoperability.
These elements are necessary for a rapidly changing environment. The adaptive application in QoS (Quality
of Service) is to interact with the implementation of changing resource conditions (Witana, Fry, &
Antoniades, 1999). Software services need to be adaptable and aware of the contexts for experiencing the
best QoS. Self-contained adaptable applications provide naturally dynamic adaptability in the environment
by reacting at a running time. The formal model is to specify the characteristics with aspects of applications
and environments managed by a framework. The framework for context-aware, adaptable software
applications and services is conducted by Benedetto (2011). The user's QoS requests on an an-hoc client
application. The adaptable application development is carried out as a routine engineering activity, and it
brings an independent evolution from the other tasks. The strategy designing pattern, specialization classes,
adaptation classes, and Objective-C categories specification are produced to QoS approach. Kebir (2012)
has proposed a combining approach called JACAC basing on aspects and components to enable the
autonomic capabilities in the self-adaptive software system. Dynamic reconfiguration is one of the solutions
that a framework can implement through an object orientation. The new component basing on a software
system can be applied when the new services or functionalities are replaced and adapted in either the
functional or non-functional dimension. An extensible framework is implemented for identifying the
aspect-oriented refactoring opportunities on an extractor. The architecture consists of layers to support the
refactoring of the extensions and the interaction with users through a pluggable architecture (Boukraa,
Boussaid, Bentayeb, & Zegour, 2013).

4. Our house bookkeeping software framework design

According to our early execution design of house bookkeeping software in Figure 1, two main
fundamental concerns are separated using aspect orientation: aspect elements and three-dimensional
layering called functional data. The object can use the composition of these two main concerns. In this
practical programming, the object is known as the component. The component is software constraints called
aspect elements and functional data to execute in a compiling time. Application software may consist of
many components. In this section, we have divided our separation of software concerns into four sections.
Section 4.1 clearly understands aspect elements of house bookkeeping software design and how it works
with components. Section 4.2 delivers a basic crosscutting concept of three-dimensional layering and aspect
element layering through a hyperspace design. Section 4.3 presents our early designs of the component-
based approach. Section 4.4 offers an adaption of our multiconcerns circuit component diagram. The
multiconcerns circuit component is an extension series of our components from section 3.

4.1 Principles of aspect elements
4.1.1 Aspect element declaration

For designing software, functional and non-functional requirements decompose the functionality of
a system. The functionality can support many components' encapsulation, and each component may require
many objects to collaborate in an operation. An object's explicit design is separated from the functional data
and the aspect elements in our design. In this context, we only provide the functional aspect named aspect
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element. The definition of the aspect element is a set of crosscutting properties that tangles in the system's
functionalities or methodologies. For instance, the aspect elements in house bookkeeping software design,
the thirteenth functionalities of the aspect elements are designed separately in Figure 3. Some more aspects
are presenting in the following sections. The aspectual properties are excluded from the functional data.

EDMED

Figure 3 Aspect elements of house bookkeeping software design

4.1.2 Type of aspect element and how it works
By defining each aspect's functionality, we have fundamentally realized that the framework can
declare the aspects into two different types. Each aspect has well-defined roles as follows:
1.Individual aspects: The individual aspects work once when the object is called. However, there is
more than one aspect that can be called to execute at the joining point.
e Insert: The insert aspect is called when the transaction has requested to insert data.
The object or the transaction will call the insert function once, simultaneously, and the object also calls the
functional data. The execution depends on the object that is called on.
e Delete: The delete aspect is called by the object when the weaver is requested.
The execution works completely when the functional data is also called to send the correct concern.
The delete function will be accomplished when the object receives the transaction from the aspects and the
functional data.

e Update: The update aspect is called when the weaver is reached through the display
component. The object will request the aspects and functional data that depend on the requesting object's
purpose. In Figure 4, the transaction containing the update aspect and other aspects, such as a type, a
location, and a photo. We assume the first transaction of crosscutting between aspects as tl1. The object is
assigning as a weaver of t1 support many crosscutting points.

Object A set of incomes
g (weaver) < Functional Data

Figure 4 Execution of update function of income

e Notify: the notify aspect can be requested when the due date of a payment is set up for
reminding.

e Location: The location aspect relating to the space stamp is assigned as a function of
the current location of spending or receiving money. The location function cannot be called individually. It
needs to be requested through the other aspects like an insert, an update, and a delete aspect.

e Photo: the picture aspect is an optional function that can be called to request proof of
payment. The advice works as an analyser to identify the aspects that a photo can select.

2. Persevere aspects: an arithmetic sequence can explain the continuous calls of aspects. We
assign the first transaction of the sequence as tl. N is a number of transactions. Tn is the term of the last
transaction. Therefore, the formulation of the persevere aspects can be given by tl to tn where n > 1. For
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every sort of a countable infinite is {tl, t2, t3, ..., tn}. Each transaction can be called at the same time. It
depends on the requests from the object.

e Date: The dating aspect is called when the transaction is requested. Weaver can reach
the aspects directly. For example, a tracking operation (a component) of a financial statement is asked for
through the object from a display operation (a component) by combining the date 1 to date 5 of the
recordings. The object will call on the functional data to request displaying three-dimensional layering
(incomes, expenditures, and liabilities). The date aspects are also asked by calling the 1st date to the 5th
date, as shown in Figure 5.

o Week: The week aspect is called by specifying the week function. A transaction can
work the execution collecting a transaction through the object for seven days. This design is suitable for
calculating an account's total and displaying its data using a scheduled task.

e Month: The month aspect is the function of calling the transaction for a month. The
aspect has a concept design like the week aspect. Collecting different concerns can reach each aspect that
depends on the functional data.

e Year: The year aspect also has the same purpose as the date and week aspect, but the
execution can be called covering an amount of dataset in a year.

e Time: The object calls the time aspect. The function can return the time value.

e Type: The type aspect is specially designed to support the categories of the functional
data. The aspect can be called corporately to reach different types of datasets.

e Sum: The sum aspect is a function for calculating several transactions. In Figure 7,
more than one aspect can contain a transaction. Each aspect is identified using a number as series to
summarize the final result.

\
" a set of concerns
e --- Object [* Functional Data

Figure 5 Execution of date aspect

Both individual and persevere aspects can be called cooperatively in an execution. The operation
of inserting an expenditure account works through the object. There are many aspects (e.g., insert, date 1,
time 1, location, and ...) and an expenditure concern (a concern in the functional data) called by the object.
Moreover, the optional process can work causally by inserting a notification to remind regular incomes and
payments. The object also calls date and time aspects that can be set up for a scheduled notification, as
shown in Figure 6. Then the object will call the weaver for execution at a running time.
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Figure 6 Execution of insert function of expenditure

The overview execution of separating concerns is illustrated in Figure 1, and the composition of
using the aspect elements and the functional data by an object has represented in this section. However, the
explanation does not include how an object works with another object. In our design, we assign the object a
component that can be defined to manipulate the functional data and the aspect elements. Therefore, many
components should provide regarding the principle design of the separation of concerns. The components of
the framework will present in the next section.

4.2 Crosscutting concept of hyperspace design

Crosscutting point is required to execute the functional data and the aspects using intersections of a
single crosscutting point. Each dimension cuts across a single element aspectual property to implement
relatively because of crosscutting concerns shown in Figure 7. The separation of concerns is able to be
potentially used crosscutting the different requirements. The process integrates the functional data and the
crosscutting concerns called weaving. When a transaction is reached, the object associated with a method
call will analyze the transaction. The different invocation of this methodology is presented dynamically and
flexibly. It depends on the aspects as well as the functional data that are invoked in the execution. The
functional data is independently used and represented the dimensions that are associated with a method call.
The weaver can affect the different datasets from the dimensions. The aspect can be called depending on the
execution at that time. The three dimensions present a set of dimensions in a hyperspace approach. The
hyperspace approach defines a space of the multi-dimensional matrix by containing a specific concern of a
dimension. The hyperspace of this design is a concerned space in the three-dimensional design that adapts
the multi-aspect. A concern space consists of a set of concerns and components. For example, a one-
dimensional layering may require for getting datasets from an axis. An x-axis consists of datasets from an
expenditure concern, a y-axis only presents datasets from an income aspect, and z-axis is datasets from a
liability concern. Two-dimensional layering shows the relationship between two axes by combining two
layers. The ability of the hyperspace in our design achieves the dynamic effects. Moreover, a new concern
and multi-dimensional dataset can be incrementally proposed (Khanzadi, Shahbazil, Arashpour, Ghosh, &
2019).
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Figure 7 Hyperspace design of functional data crosscuts aspect elements

4.3 Component-based approach of house bookkeeping software
4.3.1 Software requirements

The development of house bookkeeping software at the system level is constructed to cover a
personal finance performance. The scope of the software should be focused on functionalities and abilities
as follow.

1. Set up for the first usage, such as selecting recording accounts of income, expenditure,
or/and liability and manipulating the categories of each recording and the risk condition of financial
statements. For example, the function will notify when the amount of expenditures and liabilities is more
significant than income.

2. Record transactions of an income, expenditure, and liability daily by categorizing the
separation of concerns. Smaller categories are dividing from sub-dimension. The software also supports
using infographics of each item.

3. Adapt a financial statement for the day, week, and month using aspect elements' concept
design.

4. Track for inputting everyday transactions and payments automatically. For example, a user
may set the notification to record an amount of money to spend on lunch.

5. Notify for a chronological payment date and a user configuration of financial finance.
For example, the system will notify the payment due date monthly of a credit card.

6. Manage liabilities by transferring a recording of a liability dataset to an expenditure dataset
and reducing an income dataset. For example, a user makes a payment of a credit card. The user also has to
record the payment, and the software will transfer a transaction by increasing the amount of expenditure
and decreasing the amount of income.

7. Backup data for synchronizing files to a local database and cloud computing, such as
uploading the dataset transactions.
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4.3.2 Software component-based declaration and execution

©)

Transaction
Type |:> Setup QL Schedule Display
] EAN AN
Timestamps N \/ L L
Account Search Track
Space stamp M M A\ A\
, N4 N L
Picture Agent (Alert)
Date Alert

Components of the Framework

An Input Information

Figure 8 Execution flow diagram of house bookkeeping components

In Figure 8, the framework's component is a component-based process of the execution flow in a
running time. The component represents the software-defined steps that emphasized the design phase for
constructing software in the implementation phase. The transaction flow diagram can use independently for
the development of application software in any platform language. There are seven components (setup,
account, search, schedule, track, display, and agent intelligent) described in the execution flow diagram.
The components provide the structural sequences of an operation to control the execution and achieve the
systematic reuse component. The input information on the left-hand side in Figure 9 contains the samples of
data recordings transferred into the execution component flow. The input information consists of many data
recordings. For example, a transaction is an amount of money, a type is a category of funds that is separated
as the functional data, a timestamp is a sequence of characters of a specific event (e.g., date and time
literals), a space stamp is an indicating particular location and the data of the location can be used Global
Positioning System (GPS) coordinates to track the current location easily, a photo is a proof of payment that
it can be related to the details of payment, and a date alert is a service to remind the payment for due date
alert. The input information can make a different effect to support in a finite state machine. We have
designed the execution sequences between the components in Table 1.

Table 1 Samples of processes between components

State Functionality of Description
components
Setup = Display The software provides the first configuration, which contains user

information, record domains, and risk conditions for a notification system.
The event is to execute by transiting user configurations to the state of the
account component.

Account - Search 2> The state supports inputting transactions into an appropriate type for
Display keeping data and transactions by separating data types and checking for an
existing record.
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State Functionality of Description

components

Account - Search > The tracking state is executed corporately with the searching component.
Track = Display A dynamic search of data recordings is activated using the day aspect, the

week aspect, the month aspect, and the year aspect to display finance
reports. The software provides tracking adaptively on different timing and
dynamic datasets in the three-dimensional layering.

Account = Schedule > A financial statement is monitored by planning due payments and usual

Display spending and receiving money. The schedule component approaches a
database to query a due date for reminding payments and send a push
notification for alerting a user to record a usual transaction.

Account > Agent > The agent component is a future stage of gathering data from databases

Track > Display kept recording by the account component. The application of data mining
techniques and algorithms should use to analyze and forecast for improved
financial management performance. The different agents (an active agent:
keep tracking all times and a passive agent: execute by requiring or setting
an alert on) should be provided supporting an operating for monitoring
data and alerting to an automatic notification. The tracking component's
reminding system should include an ending and warning for a user's
financial risk conditions.

Moreover, the application software is divided into many components having their states. The
component is a part of the abstract system that it cannot execute individually. A component is an
architectural element that is assigned as the main functionality to communicate with other components.
Each component provides its services (method) separately, but the components are synchronized to others,
depending on the system's requirements. For a synthetic transaction of the separation of concerns, more
than one component may require executing corporately to another, and more than one aspect enables to
across in a component. We have represented the framework design components for supporting house
bookkeeping software, and the transaction flow diagram is provided sustaining the execution flow of
components. The weaver cooperates between components for crosscutting concerns the aspect element.
To propose the conceptual framework components through the separation of concerns, we intend to clarify
the processes, structures, and functions. First of all, the process is defined as a systematic sequence of
actions that control the flow of data and the operations between the components providing procedures,
status, and behaviors and tells a developer how the software works. Secondly, the structure has defined a
boundary of each functional element. Thirdly, the function is defined as the role of the operations
describing the capabilities of the software. We represent the circuit components' structures using the
physical connection of circuits to prove the component-based software. By separating seven-circuit
components, we define the processes, structures, and functions as follows:

* Setup Component is an initial component to provide the software configuration before starting
the application usage. We have designed a circuit design of a circuit to represent a component circuit shown
in Figure 9. The three types (income, expenditure, and liability dimensions) of data recordings arrange for a
user to set up a user account. The categories of each type (subdimension) are available for separating
records. The setup component consists of the functional data, the aspect elements, and the user
configuration. Based on the user's requirements, the component can select the types of recording. A user
may not establish a liability recording if he/she does not have a credit cardholder. After choosing some
subcategory of incomes, a user may receive money from many sources like a salary and selling products
online. Thus, the user can create the subcategory of revenues. The final selection of the notification on the
user's financial statements, such as the user may set up the report of risk conditions when "an amount of
expenditures is more significant than several incomes and is less than several liabilities. The statement can
provide the symbol of I < E < L. Moreover, the user requests can often adapt the selections. We use the
language of set theory to present the collection of those elements. We let the event where:

A set of the setup component = { Functional data, Aspect, Configuration };

The functional data = { Incomes, Expenditures, Liabilities },
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Aspect = { Create, Insert, Type, Save, ... },
Configuration = { Type of Records, Subcategory, Configuring Condition, ... }.

Type of records ~ Subcategory

Income — — Create
Expenditure —| Setup — Insert
mponen — Type
Lisbiliy |~ component [ SZEG
Date Time

Figure 9 Structure of a setup component

* Account Component is a manipulative stage for supporting insert, delete, and update
statements. It manages the activities of data inputs and records data. The majors of recording are income,
expenditure, and liability dimensions. Moreover, a user can setup to remind a usual record by including
another component for this execution. We let the event where:

A set of the account component = { Functional data, Aspect, Configuration };
The functional data = { Incomes, Expenditures, Liabilities },

Aspect = { Create, Insert, Update, Save, Delete, ... },

Configuration = { Debit, Credit , ...}.

* Search: is a browsing stage by separating the categories of concerns. It enables the specific
searching to support the different attributes for displaying the results through a graphic data report. The
component is designed to support the relational and non-relational databases. The separating of concerns
provides a useful technique in designing databases and querying data. We let the event where:

A set of the search component = { Functional data, Aspect, Configuration };
The functional data = { Incomes, Expenditures, Liabilities },

Aspect = {Type, Date, Time, Day, Month, ... },

Configuration = { Select, Where , Group by, Having, ...}.

* Schedule: A stage of arranging is for reminding of usual recordings and payment programs.
The software must provide an input process of time reminding, and if the user setups for scheduling a due
date of payments, many notification techniques should apply.

A set of the search component = { Functional data, Aspect, Configuration };
The functional data = { Incomes, Expenditures, Liabilities },

Aspect = { Date, Time, Total, ... },

Configuration = { System, Email , SMS, MMS, ...}.

» Tracking: A stage of reporting a use financial statement by tracking dynamic data. For instance,
the conceptual design of aspects such as a day aspect and a week aspect allows users to track their finances
at different timing.

A set of the search component = { Functional data, Aspect, Configuration };
The functional data = { Incomes, Expenditures, Liabilities },
Aspect = { Type, Total, Day, Month, Year, ... },
Configuration = { Graph, Number, ...}.
» Display: A display component is the final stage of every component. Graphic User Interface
(GUI) can represent connecting with other devices like a printer, a monitor, and a voice (Text to Speech).
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A set of the search component = { Functional data, Aspect, Configuration };
The functional data = { Incomes, Expenditures, Liabilities },

Aspect = { Type, Date, Time, Day, Week, Month, ... },

Configuration = { Monitor, Printer, Speech, ...}.

* Agent Intelligence: An agent component is the stage of an intelligent system. An innovative
housekeeping software is a challenging key to integrating the advantaged techniques such as data mining
and data scientist to analyze and forecast trends in personal finance from the existing data. For example,
predicting the most spending on a month's expenditures and suggesting a payment of interests and debts to
reduce a cost. The framework is designed to support dynamic adaptability. For example, in the agent
intelligence component, an existing application can insert components without any effect at runtime.

4.4 Adaption of multiconcerns circuit component diagram

In this section, we have illustrated the two samples of the component-based circuits for presenting
the component-based software using circuits' design. The interconnections between components are shown
by crosscutting of layers. Each component is generated differently in a multiconcerns circuit using Interface
Abstraction Layer (IAL) to connect layers. A layer is widely applied to group architecture patterns in
different levels of system abstractions (Gama; & Donsez, 2011). A higher layer enables to call services on

the neighboring lower layers with the providing aspects (Netinant; & Elrad, 2016). LIA is a low-level
perspective of separating multiconcerns circuits that allows independent concerns and data granularity. The
overall objective of the design is to separate the multiconcerns circuit from the abstraction layer. We
assume several setup circuits into three concerns (from one to three numbers): a circuit of an income
dimension, an expenditure dimension, and a liability dimension, respectively. The setup circuit's sample
design can fulfill specific roles and practical concepts, as in Figure 10.

Day Week Month Year
—E<L<I
Income (I) —
—I<E<
Expenditure (E) —] CS'etup I<E<L
reuit ——I<L<E
Liability (L) |

Y

y

Layer Interface Abstraction

Iy 'y
\4 \ 4 I
Manipulate L; Manipulate

Date L, Date
Time L; Time

L,

Setup
Circuit 1

Setup
Circuit 2

Figure 10 Execution flow diagram of setup circuit

In Figure 10, a setup circuit is the first important state for users' signing up before using a house
bookkeeping application software. The circuit consists of the functional data (income, expenditure, and
liability), the aspect elements (day, week, month, and year), and the configuring conditions for applying
financial statements (e.g., E <L <1, and I < E <L). Because the analyzing phase, which is one stage of the
Software Development Life Cycle (SDLC), is based on the user's requirements and adoption o f information
technology to build powerful and efficient software to support personal finance management and an
economy. For creating an account, a user must choose record types for managing the personal account
(income, expenditure, and/or liability recordings) and a notification of the risk conditions of financial
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statements. We use the mathematical symbols: greater than (<) and less than (>) to compare the money
flow. For example, the user may set up the notification system when "an amount of expenditures is greater
than several incomes and is less than several liabilities." The statement can be proved by the symbol of I <
E < L. On the other hand, the designing phase should provide an account generation's capabilities and the
notification by considering the component that the action is called and the configuring condition is stored in
a database. Moreover, the functional data is design using three-dimensional layering to provide a more
loosely coupled software design and high cohesion. The separation of concerns handles the reusable
software components. Layer Interface Abstraction (LIA) provides a set of multiconcerns circuit
components. A circuit comprises three-dimensional data and the aspect elements (e.g., insert, delete, update,
time, date). There are three numbers of accounting circuits that belong to different datasets. The data
recordings of accounting circuit numbers one to three are a set of incomes, a set of expenditures, and
liabilities. A set of data in one dimension on one layer is a set of incomes (I), expenditures (E), and liability
(L). The component-based circuit does not take place to be executed respectively. The execution depending
on the method call, is requested adaptively using a weaver. The formal notation of one-dimensional = {{I},
{E}, {L}}. For example, the set of incomes must start from the first record to n record. We express the set
of incomes = (11, 12, I3, ..., In) on one layer. The formal notation of one-dimensional = {{I}, {E}, {L}}. A
set of data in two dimensions on one layer is a Cartesian product of sets. Each set of the dimensions
intersects for all. Thus, there are three formal notations of two-dimensional = {{ I, E }, {I, L}, {E, L}}. For
example, the cross product of I and E is denoted by [ x E. Weset IXE = {(i,e) |1 €Eland e € E}. A set of
data in three dimensions on one layer is also a Cartesian product of sets. The formal notation of three-
dimensional = {{I, E, L}}. Consequently, to manipulate more than one recording of data, we design LIA as
a layer to crosscut among circuits between the functional data and the aspect elements through the weaver.
The dynamic weaving can integrate adding and removing between concerns and components at a compiling
time and a running time.

Day Week Month Year
Income (I) —| — Debit
Expenditure (E) —| AC.Cou.nt — Credit
o Circuit
Liability (L) __| — Others

r

A4

Layer Interface Abstraction

y -~

v v I
Manipulate Ei Manipulate L1
Date E, Date L,
Time L,
.o L"

Account
Circuit 2

Account
Circuit 1

Figure 11 Execution flow diagram of account circuit

Figure 11 shows another sample of an account circuit presenting through the functional data and
the aspect elements. It illustrates the functional relationship of data manipulation (an insert, an update, a
delete) through the configuration of debit, credit, and others. A debit is an execution of increasing an
amount in the payable account. A credit is an execution of increasing a negative amount and decreasing an
amount of money paid from an account. Because the desired features in the software design should focus on
user behaviors, the others of unknown and forgotten transactions can exist because a user may not
remember where the money comes from and spends on. Thus, we name these anonymous records as others.
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5. Evaluation
5.1 Operational semantics of using three-dimensional layering

A new idea of dimensional layering is used to describe the sets of data dividing into three
concerns. The data sets' composition can represent the dataset of house bookkeeping for executing data in
the component-based circuit. The axis layering is provided three different semantics containing an income
layer, an expenditure layer, and a liability layer, as shown in Figure 10, 11. The layer provides the
appropriate contextual information for data manipulation. Each dimension consists of a set of multilayers
such as a y-axis of an income layering, Income = {Il, 12, I3, ..., In}, refers to one layering of sub-
dimension which is divided from user's data categories (e.g., a passive income and an earn income). There
are two types of quantifiers using to express the formal notations for computing the functional data from
datasets. The universal quantifier (V) is for a selection of all records from a layering. We describe as
Vincome, income > 1. The existential quantifier (3) is for some records in the universe. We express as
Jincome, income > 1. The quantifiers can also be used to express through the two-dimensional for two
layerings and more. For example, selecting a searching component is compared between all categories of
incomes and some categories of expenditure. We set the sample of two layerings as Vincome U
Jexpenditure.

The dataset of an income layering from one to one horizontal or vertical or oblique line can take to
execute with some aspects through the weaver. A combination of the functional data is from a set of data
between layers. A transformation of weaving includes the functional data and the aspect elements which cut
across from the method call. For instance, the layers of an income dimension are computed to show several
salary categories in March 2017. The transformation of weaving must execute through the functional data
of an income layering. The aspects are the type aspect, the total aspect, the month aspect, and the year
aspect, as shown in Figure 12 at point number 1 (1). We let the type = {Incomeg,jary}, the total = {sum():
Y. n}, the month = {May}, the year = {2017}. We assign a symbol of crosscutting concern by a weaver is
Q. For each execution, an amount of salary categories on March 2017, we compute

EIIncomesalary® Total U (Month, Month = May) U (Year, Year = 2017) or
. & (May U 2017).

Jincomesggary € Income

However, at the same point an amount of salary may show on May 2016, it depends on the method
call of the functional data and the aspects as at (2). The aspects are composited relatively, but the same
aspect may be showed different semantics depending on parameters. We let the type = {Incomegjary}, the
total = {sum(): ), n}, the month = {May}, the year = {2016}. By computing, the statement can be assigned

JIncomeg,ary QTotal U (Month, Month = May) U (Year, Year = 2016).

The formula is expressed using a composition of two layers, such as a cutting point from one
horizontal and vertical layer to two layerings, to compute relatively between two dimensions. For instance,
in (3), the financial statement has computed a balance of incomes and expenditures from 1st — 15th March
2018. We set the type = {Income, Expenditure}, the total = {sum(): X n}, The day= { 1,2, 3, ..., 15}, the
month = {March}, the year = {2018}. We express

(3Income @ Total U (Day, Day = {1,2,3,..,,15}) U (Month, Month = March) U (Year, Year = 2018)) U
(3Expenditure®Total U (Day, Day ={1,2,3,...,15}) U (Month, Month = March) U (Year, Year = 2018))

or

(3Income U 3Expenditure)®Total U (Day, Day ={1,2,3,..,15}) U (Month, Month = March) U (Year,
Year = 2017))

The three layerings are designed to support the computation of three dimensions for showing an
amount of income, expenditures, and liabilities. In (4), the relation of a cutting point is called from one
horizontal, vertical and oblique line. Comparing three domains can represent a balance of incomes,
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expenditures, and liabilities in June 2018. We let the type = {Income, Expenditure, liability}, the total =
{sum(): Y, n}, the month = {June}, the year = {2018}. We compute

(EIIncome®Total U (Month, Month = June) U (Year, Year = 2018)) U (EIExpenditure@Total U (Month,
Month = June) U (Year, Year = 2018)) U (EIliability®Total U (Month, Month = June) U (Year, Year =
2018))
or
(3Income U FExpenditure U Liability)@)(Total U (Month, Month = June) U (Year, Year = 2018))

Set of Data: Income ) (AIncome U 3Expenditure U 3Liability) ®(Total U
A (Month, Month = June) U (Year, Year = 2018))

S~ / - —% 3 (3Income U FExpenditure)®Total U (Day, Day =
= -~ \g - - -
9

{1,2,3,...,15}) U (Month, Month = March) U (Year,

S 2 Year = 2018)
N L7 -
PN - / / »  Set of Data: Expenditure
- N _-"
/- .
/ _______ O : 2 Elincomesalary® Total U Month, Month = May U Year,
/ Year =2016
// 1) Elincomesalary®Total U Month, Month = May U Year, Year = 2017

Set of Data: Liability
Figure 12 Formulation of cutting points on three-dimensional layering

5.2 Circuit component analysis of the application

The house bookkeeping mobile application has been developed by C# .Net language on Xamarin
cross-platform to deliver both iOS and Android applications. There are many functionalities of the house
bookkeeping application. Each functionality has many components to make it worked. Using the RAD
methodology to develop a prototype for users to test and verify functionalities, every prototype has to agree
to accept the design and use aesthetic. We can move on to the next component to ensure that users are
delighted and comfortable using the application. If users feel unsatisfied and uncomfortable to use the
application, we must reconsider, redesign, implement, assess, and bring to users once more for their
opinions. The house bookkeeping application consists of 16 primary components. Each component has
subcomponents, as illustrated in Table 2. The first prototype included 156 subcomponents. Each change of
the prototype will have to undergo many components with the same functionality and system properties in
many components. When anyone changes the same functionality or a system property was missing from the
other components, this situation inconsistent information of the component that may cause errors in the
application. Using Information Flow Diagram (IFD) in the design and development, we have not
confronted any missing information flows, processes, user interfaces, and databases. However, we have lost
tracking component interactions, trading information, redundant functionalities, and system properties, and
been tedious to make changes. Therefore, the second prototype took so many times to make changes and
deploy the application to users.

We experienced using the concept of circuit components to analyze, reconsider, redesign,
implement, correct, and cutover brings less time of development with the better comprehend, lesser tightly
coupled, and higher cohesion. The multiconcerns circuit component diagram divides components into two
types of components: aspectual components and functional data components. Each component visibly
defines inputs, outputs, layers, and constraints. This technique leads the developers and designers to analyze
and effortlessly refactor components improbably. We have found that the third prototype, using the
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information flow diagram with multiconcerns circuit component diagram, enables to design and develop the
application with fewer components, interactions, information, processes, and the same functionalities and
properties. In Table 2, we have achieved to reduce the duplicate components from 156 components to 113
components. Thus, the house bookkeeping mobile application's final prototype is one-fourth of the third
prototype components, of 26.47% component reduction.

Table 2 Comparison of components by using IFD without MCCD and IFD with MCCD

Components IFD without MCCD | IFD with MCCD | Component reduction | %Reduction
Welcome Screens 10 10 0 0
User Registering 5 4 1 20
User Authentication 4 3 1 25
Multilanguage 9 9 0 0
Income Transaction 11 9 2 18.19
Expenses Transactions 11 9 2 18.19
Liability Transaction 11 9 2 18.19
Menu Screens 4 4 0 0
Financial Reports 17 14 3 17.65
Balance Calculation 6 1 5 83.33
Account Management 9 3 6 66.67
Income Categories 12 8 4 33.33
Expenses Categories 12 8 4 33.33
Liability Categories 12 8 4 33.33
Calendar 16 7 9 56.25
User Profile 7 7 7 0
Total 156 113 50 26.47

In Figure 13, we demonstrated the number of components in the house bookkeeping mobile
application using an information flow diagram without a multiconcerns circuit diagram and the number of
components in the ultimate house bookkeeping mobile application using an information flow multiconcerns
circuit diagram.

The components of the house bookkeeping software design described in this paper have been
proposed using a circuit's structures. Although the circuit is rarely applied to define a property of
components, the software building block seems to contain input and an output that can be useful to
interconnect several entities and describe supporting the separation of concerns. The advantage of input and
output characteristics is to identify clearly between aspects and functional data during a weaving execution.
We assign that inputs are composed of datasets, functional data, aspect elements, configurations, and
outputs collected by crosscutting a method call. The various concerns and aspects are easy to use to
represent ordinary relations of separating concerns in three-dimensional component layering. The
illustration of Figure 13 presents the sample of cutting points that can show significantly different data even
at the same point because of a plane layer. In this case, the Layer Interface Abstraction is designed to
manipulate between layers of concerned circuits to ensure that the core recording of a house bookkeeping is
divided relatively. However, a circuit component enables to prove the construction of components at a
crosscutting point. A component working as an object is required weaving at joining points. Therefore, the
syntax overview of explicit joint points should be declared for transforming the conceptual design of the
multiconcerns circuit into programming.

For software design descriptions (SDDs) in this article, we use the IEEE standard 1016-2009 for
Information Technology. The IEEE Std 1016-2009 stipulates that an SDD should be organized into a few
design views. Each view addresses a specific set of design concerns of the stakeholders. Thus, we may state
for the better approach of a design view, design entities, such as component, class, data stores, and process
in advance to capture all critical elements for supporting design views. Moreover, the summary of design
views has mentioned that the composition is refined into new viewpoints. We are genuinely sure that our
components of a concerned circuit can be express physical designs and logical decompositions of
functionality. Besides, the partitioning of information should be more increased by design viewpoints. To
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agree with this statement, in three-dimensional layering, a plane of layering has provided the hyperspace
design of the sets of data and functional data. The house bookkeeping software enables support users to add
their new sub-categories of recordings. For example, a user may have an extra job (selling products online),
the user can add a new type of income. The report must include several new revenues by separating from
each category.

Components of the House Bookkeeping Mobile Software

|

§
X
i
3
\
X

EIFD without MCCD  ®IFD with MCCD

Figure 13 Number of components in the application developed between IFD without MCCD and IFD with MCCD

The multiconcerns circuit component technique has shown that the component-based model
concentrates on a fewer decomposition of tangling components while preserving exactly consistent former
system operations. The multiconcerns circuit component technique provides interoperations of components
into individual functional or aspectual components, precisely representing essential communications.
However, other concerns of component-based software quality, such as system performance, reusability,
extensibility, and adaptability, need to be supplemented to discover how this technique could accomplish it.

6. Discussion

In the early stages of approaching the separation of concerns, the user's requirement is gathered to
analyze and design for non-functional requirements. Aspect-Oriented Architecture Design (AOAD) only
improved non-functional requirements (Sanchez, Moreira, Fuentes, Araujo, & Magno, 2010; Panunzio; &
Vardanega, 2014). In our work, the separation of concerns is used to design the house bookkeeping
software design's functional requirements. We have applied the separation of concerns by dividing a fine
granularity into sets of data, functional data, and aspect elements. The data sets are related to the three-
dimensional layering for providing a method call through a plane on each dimension or more named the
functional data. The hyperspace design can represent a crosscutting point between the functional data and
the aspect elements. By dividing the aspectual properties from the base components, the separation of
concerns can lead us to the dependencies of the aspect elements claimed by Sanchez, Moreira, Fuentes,
Araujo, and Magno (2010).

Additionally, if there is a change in a development period, such as an extension request of
functional components and a new method, call to a pointcut. The new aspects are called statically at a
compiling time, and a dynamic weaving is provide supporting on the requirement of applications during a
running time (Diaz, Romero, Rubio, Soler, & Troya, 2005; Zhang; & Rong, 2009; Rukhiran; & Netinant,
2020a). The new requirement will not impact the design and implementation phases. Design views of the
multiconcerns circuit component diagram are provided separately using crosscutting points to execute
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between the functional data and the aspect elements. Weaving ideas can be programmed supporting any
language (Java, C#, C++, and Python). Basically, in Java, there are many programming extensions,
including Aspect] (a widespread aspect-oriented extension to Java) and weavel (a dynamic aspect weaver
for Java Virtual Machine (JVM) which uses a special opcode (invokedynamic method)) to be added in an
implemented code (Garcia, Ortin, Llewellyn-Jones, & Merabti, 2013; Rodriguez-Prieto, Ortin, & O'Shea,
2018). Aspect] is a simple aspect-oriented extension supporting operating systems and embedded systems
programming. In this paper, the house bookkeeping mobile application has been developed by C# .Net
language on Xamarin cross-platform. The multiconcerns circuit component diagram establishes the
separation of functional components and aspectual components. The diagram makes developers visualize,
comprehend, realize, and assembled the components to reduce redundant components, have few tangling
components, refactor unstructured components, and be better interactions of components.

By designing the house bookkeeping software components, the execution flow of the multiconcerns circuit
component diagram can represent the individual work of each component, information, relationships, and
interactions between components. While all components are proposed by describing information, processes,
structures, interactions, and functions, we have found that the functional cooperation between components
is an important key that should identify clearly for increasing modularity and ease of reuse components
(Hoffman; & Eugster, 2008). Many inputs and outputs signals of a circuit component can represent
connections and interaction to perform different crosscutting concerns at a running time. Design views are
applied using the concept of viewpoint. The viewpoints approach allocates a few points with another
corresponding (Panunzio; & Vardanega, 2014). The component-based software is proposed as a component
model involving the improved separation of concerns and minimal interaction environments.

7. Conclusion

In this paper, the multiconcerns circuit component diagram promises to support a better aspect-
oriented approach through a different glass of coffee to describe how the aspect-oriented approach works
differently. The three-dimensional layering is proposed diving from three different categories of the house
bookkeeping software design. The functional requirements are influenced to design the aspect elements of
the house bookkeeping generated and categorized in two types for supporting calling once time and
repeating at the same time. A multilayered approach is provided for adapting a variety of crosscutting
concerns by weaving. Weaving is an operation between functional data and the aspect elements. For
improving software designs, a developer should focus on designing an architecture constraint known as
components. Designing components enable collaboration of the reusable and flexible classes. We have
defined Layer Interface Abstraction as a conjunction layering between a component-based circuit
component diagram and a low-level perspective of separating multiconcerns circuit components (an income
layering, an expenditure layering, and a liability layering). The layer interface abstraction is more beneficial
for independent concerns and data granularity. Thus, the evaluation presenting through operational
semantics of three-dimensional layering enables understanding the executions of weaving and ease to use in
an implementation phase. We have compared the house bookkeeping software design and development
using between the information flow diagram without the multiconcerns circuit component diagram and the
information flow diagram with the multiconcerns circuit component diagram. The component layering is
not guaranteed to lead to a great deal of complexity and duplication in designing, developing, and
maintaining software. Software engineers are responsible for dealing with those issues by using any
techniques. Therefore, component-based software is enabled to apply by the new introduction of
multiconcerns circuit components.
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