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Abstract

This research aims to present a measurement module that is an ongoing
development for the Learning Programming Platform, which is a platform for teaching
and learning programming-related subjects. Currently, the platform includes functions
such as defining problems, assigning students assigcnments, and assessing source code
and reports. The objective of this platform was to make teaching and learning more
accessible for instructors and students. The measurement module will measure the
complexity of the student source code for each problem. We use cyclomatic metrics
and object oriented design metrics (C-K metrics) to measure student source codes. The
question complexity reports support the instructor in deciding the coding questions,
considering the difficulty level of coding questions well suited to students, and building
the learning outcome of that course. This information may be utilized to establish
assignments, adjust activities to be relevant skills for the class's learners, and assess

the level of skills of students.
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Aana n1sunenauauiAiinduwiliarududouvowihlusunsudfiuinniu uasvilen
ABENTYINUENGANTTUVRIAATE karN1TYINAULITEUY ATSEAUAMUNENYBINTTAUNEN
anauti Ifannistiusiuauvessedutu (Level) nsiunennaantivosusdaraaiadimds
fiansan JequantAvesnsdunenquantiiiudnuuzdidyionisianuamludiu
AnNaEunsanduanlylv (Reusability)
2.3) 1nsInduAaTagn (Number of Children: NOC)
Humstudnwnueaagnitanuaiidunenasnainaaiauid tdaiansan

[ 1 [

Tuvasiu wasindrwusaagnilunadnvasiiddysensinaunimluiuaiuauise

o

lunmsihnduinldlniwuderiuinsinseduanudnvesnisaunennuautavesnand
2.4) 195InN1sinaiuseninedng (Coupling Between Objects: CBO)
N15:078Y (Coupling) dmsugansunifideing eulvA1vesnisiineiud
Atenq Liolinanausniiudaszainfuinniign iemnuazanlunsuiledoyaaylslsl

dawansenusiena1adu nsingiusenineaadunisuansnuduiussenineingiledinig

a1

Senldiuusniomsansenineiu deiy dawesnsigiuiaazanauiuuegaves

[
=

pana yihlvauanunsaunauinldlg wastngednwvhlaentu



2.5) 11RTINANLSURAYRUYRIAANE (Response for a Class: RFC)

AL URATEUTRIAANE A S1aumsEnEluAAAREIITIRE VAU
maFenldruneaaduld viennusesuisiameluaaaty mestaduansainasumes
AmududoukusIumsen naenldiuanaaadu ddwseafignienldauldiy
Sraumnzdwalinataiinnududou sislusunismageu (Testing) wasdunisuily
Fafianann (Debugging) TassaNAISINATLIY

2.6) 4IMTIATEAUVRINITVINAIUFUNUS n1eluAaa (Lack of Cohesion of
Methods: LCOM)

mamgiudufiou (Cohesion) vesnana fio MsfiazueniusenvaInaTa
fuflenuduiusiuisendug eg1dls nisfisevesnnimedudufougs uansieanating
panuuuiia nsinnzduduteuvesnaraazidunisvenuuiliiwesnisvierfuvesnana
(Encapsulation) d1A1vainisvinnisiniziuiudeuliaigeasinliwwilduvesnisieruves

Aaa (Encapsulation) dife1 Faagyilvilanudutouresnanags

2.2 m3euiwuuliuld (Adaptive Learning)

Msi3susuuuUiule (Adaptive Leaming) manefs uwamnanisdnnisiseusisjaiy
nsUsuLlenn Ranssu vwieiBnslsunsasuliimnzansudnunsianizueadiTouusas
578 [emeUaALaINNLANAITENIN IS s Az AuDE1nzaNLaztdusTUU (BT 199
g uazangm Wama, 2564) nMsdan1ndsusludnuazdiwasesnuuuliianudangu
TnsansaUfudsuient Aanssu donrsaou wazinasinisussdu Iaenadasiy
AneninuagsEAUAINAIN 003 FeuLsazs1s SeosdUsznaunardunouniseenuuuns
Seuiwuuliuld (Adaptive Learning) fixsioluid

1) asrUsznaudAguas Adaptive Learning

1.1) MTATILVANUENNTOVDKSEY (Learner Diagnosis)

HA0UITADIININNTAITIINAL AT TN TEAUANNAINNTavR LT euly

v v
v a A

Frunan Wy Auiugin Fneslangnie waganuannsolunsiaiiage siedidle
AyuAuINInsBeusiaenndestunibuduesusasay
1.2) AsimuAgaUsEasd 153 Bus A unnsnemudnen1n (Differentiated
Learning Objectives)
w3 sunnauazysgradninindoudifertunumdngns udnisis
UsvasAlusyiugosmsianudangu Wislmnyauiuaiuaansnvesusazay uazaina

AUIANT “ynauansaUszauaudnsala”



1.3) MseRNLUURANTINNSISBUIAaINVa1e (Flexible Learning Activities)

'
a = ¥ aa v

Aanssunsizeuimsiissiuanududeuiivainuans Tnegiseunidneam
avoralasulandfivinmennntu Tuvasfdidouiidiiesnanalunsimunaglésuianssud
fimnududeutiesnin uidinsaenndasiunaansnisiseusineiu degraau nisuilang
adinmanslusedunnundstuusiigmjmeiieatuie “madilauunAndemies
nsundeym”

1.4) miLﬁaﬂi%ﬁ@ﬂﬁiL%ﬂuiﬁquﬂxau (Personalized Learning Materials)

donsiSeuiiisiusransnmAedofiaenadesiulszaunsaiiisveiFeu

wazanunsandoulesnulmildesnesuiu madendelimunzaniudSouudaznguiadu
dnesAUsznaUdIAL U9 Adaptive Learning

1.5) MsUszifiunaiiontswemun (Development-Oriented Assessment)

msUszifiunalu Adaptive Leaming saitfulufinisfinnuenuiniviuas
nstiteyadounduungissunnniinsdaduiniiunielini lnge1aldnisusediuuuy
Authentic Assessment %58 Portfolio Usgnaun1sdananganssunisisens wavttuligsey
ATEVTUNTINRIUINITVRINULDS
2) miaaﬂLLUUﬂﬁﬁﬁuﬁLLUU Adaptive Learning

fasufiunumddglunisnseduanuiien daafunaFoudsaudu fnn
AU waglideyadeundustsaieassd laslidadunisuyedu wiiunisimu
FnonmvesiiFeulsifuniiuaiansa Adaptive Leaming SaiduuuimsiidaasaloiSeou
vssamnenensdeudnuiivingastmun wdouisdaaiuammdosiulunues Fady
sngruvesnsisudedadsiu feiuneuniseanuuunmsFeuiuuudiuldseneude 5
Fumerdneey eud

2.1) MFIATNATEAUAILANNTOVDIFS Y

2.2) Mm3fmungaUszasinsiseus vmngauivusay seu

2.3) MmyvonuUUAANTIINSEsuTivanvanesusdenndeafunadnside i

2.0) madenfonsiFeudiiduiusiulsraunsaiuasiuguresidon

2.5) MsUsgliunafaduinulagasiounsyuILNMteuINeyans

23 msi3euivase’es (Machine Learning)

Machine Leamning (ML) 3omsi3susvosaieq iuarvmiavesdygiuseivg
(Artificial Intelligence: Al fisjaiulvinesfiune fanunsaisusandeyauazimuinuudians
iiethelunsindulaviiemanisainadnsidlaesaludd Inghifosdinsdausunsusdogs

FRLAU FIUANA19INNIATEULUIUNTULUUALANTABIMMUAN NI nNBE N LweY Tu
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ofn Aoufimosanansaveldmuilusunsusesseywiidy uwiulanfidoyaduTuann
fu madeuldnfinsuaguynideuluvesieyaiiisuudamasnandululdein Machine
Learning JuanfiunumdndnylaedislinouiiamesaiunsaisouiazUsulenuesann
Uszaunsal GarelifszuvanansaUszmanadeyadnuiuinnuazdumsuuuuidudouls
Taedalusid Tun19¥11a1uves Machine Leamning dsddnyfidesnilsfisdoteoya Toyailu
HadevdnivililnaaunsaBeuiuagiaulfedaliussansnm Bufeyaiinnnngauass
Ui Tumafaganansnifeuildadu Weldsudoyaunds deyadnasdeiiunis
Uszaanauazyiauazeianeu Wesndeyaildfnasiidofanain 1y doyaddeu

TayanvInviy sedeyatiilainund n1svinANazeInteya (Data Cleaning) kagn1sidan

'
[ a o w

AANYeTid1Aty (Feature Engineering) LunszuIun1sidndunauilumaszisusous

9

n¥sniivoyaniouuda tuneusolufonindensaneiiufivanzan fdane3fiu Machine
Learning ®an8U3zLAv LY u Decision Tree, Random Forest, Support Vector Machine
(SVM) ag Neural Networks wiingdana3udvonuazotdewnns1aiu Lagaiunsawus
pomdu 3 Usvianuan laun Supervised Learning, Unsupervised Learning La ¢
Reinforcement Learning Tu Supervised Learning T,uma%ﬁauéjmﬂ%’azﬂaﬁﬁﬂwﬁﬁu T
mneanuITlugadeyadets ffmeuiigndedilumaldiFous wu nmssuundiaiu
Spam W38 Not Spam n3ensvhuesiaguaniadesie Wy vuintiusazyinafiss
Tumanssiuty Unsupervised Leaming Liunsi3susaindeyadilaifithomiu Tuinaay
nengmdumULuuvielasianevosdoyaied 1y MInUngugnéImungAnssunisde
duAlaglinsruarminitgnalusiaznguiidnuaeognels @3u Reinforcement Leamning
\HunsiSeuiuvuldszuusnstasazunadinwielilumaaunsadadulafiafian 1wy ns
WaLNTEUU Al dmdulaunuianunsadiudnasiauinagnsldies lutlagdu Machine
Learning gninluldnuegrsunsuargluvannvatsanavnssy wu Tusunisunng Tdluns
Asginmaensmsumdiiietilunsitadelsn meesziteyadlusiionmuuun

mMinssnvianizyana Tugsiauaznisnan

2.4 9and39u Random Forest

Random Forest L udane3fiun19158ugv0e Machine Learing 7 17 ug1uain
Decision Trees Inssaunguduliinarsfuludnuaznisiiouiuuu Ensemble Liloifinnim
WUE aAANLDUBEILAZANNIINIEINAIVRINTITYINUIY LUIRAVANYBY Random Forest
AaNshiNsdusteg 9By AU Bagging (Bootstrap Aggregating) hagn1sduideniliaesiuy
$EMI19NN3a39 Trees Uiag Trees Ll aAUVAINMAIBLAZaAN TR Moy anToflians

NN DIVFINARBNAGNS TFIN155WNaNFUlanefuazdIglin1sindulavessyuull
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Araiugunndsiu lnenssuiunshauiudunnmsduiegnateyannyadeyaduaty
dleasrsyadoyatosdniuiln Tree usiazsalu Decision Trees 99ty Tree aggnasiely
Tnoduidenilioosunsdnilundias node Tneiiloasns Tree AsULAIITTINARNE AN Tree
sanauiiadndula Tnedwsu Classification agldn1sasazuuuidesastadngan Tree uay
dm3u Regression atldAindsvamadnidelivenfoanunsadanisiutlyminis Overfitting
fazfinusiudrgunnilelssfiusendoyaduusdelinuiuteyalwivioyadoyailsl
ieiunAounadwsiinaylaiutiugr Fannsdl Tree MnnuazvannuansazdIsana N 18es
uazifiuaauuglé uanaind Random Forest Ssamninsasiudeyaiiifliaessiumuann
1 Numerical, Categorical, Text, Date/Time LLazmiﬁéﬁaQaﬁMLﬁlméﬁaw%ﬁﬂﬂﬂmuw
Yoya (noise) ¢ Bnviadstne Trnuddnyuasiiasluyadoyaldognsiszavsnm edsls
finu Random Forest fidaidelusumnududeuvasnisuszmnanauaznslimineinsgaile
Wieufulunadnes 1wy Logistic Regression saufian1sfinnunadnsfiennnitdianSeudiou

a

U Decision Trees LgakazluueansiNUauail noise 41N Random Forest 813¥MMHaaNG

Y

fouadle

25 wAdeineades

nsusziliunueinvedandloulusunsuduidedaglurnis@neringinis
ouiianes Tnglangluuiunvesniseaniuudeseuiagnmsussifiunaidanunuaiunsa
v i3y uideiiunaueisnsi narnvatslunisuseifiuninuenveslond 3
Software Metrics li¥unnuaulamntuluguziedosdiodwiinuiidisssfiunnududou
YoslAnag1adusyuy

Yoshee Jain @ Kathryn Cunningham (2023) lainiawenseumsussiiunsiseus
vouiTeulusunsuilelyl Tagldiumdnuseneudie 3 ssduszneu Téud Anudlunsldanuly
113N (Frequency in Professional Use) mmvﬂﬂﬂﬁﬁm%’uﬁﬁmﬁu (Comprehensibility
to Novices) WagAIUE@DAARBIAUUTUNVBILALLU (Alignment with Domain Context) 1ny
seyhununsdoudmsieguuiiuguredasadaldaiiingliais dilald usideulosi
Whunevesnudgulsinsy

f1un1sUsziliuauenveslang Said Elnaffar (2016) Lasiaunas esfledodn
Predicted Difficulty Index (PDI) 414 Software Metrics 91NLUIRIROU (Sample solutions)
WadasusuanueinvedlandiBeulusunsy infesilefdunuwlunsatuayunisoanuuy
ToaoulriinraumnzautuszdvresgiFou sudamsdmuaazuuliaenndesiuaueini

LN939UIlang
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Kasto way Whalley (2013) @nw1n15la Software Metrics lun1susgifiuaaiuein
vaen1379A g lalAR (Code comprehension tasks) TunsaeuuesdiFoutulinanuasnis
[eunsWeulusunsy Tnanuanunsn 1w Cyclomatic Complexity @31508719UALYN
vadldnldogndman nansAnuinansliifiuinuninaunsadielfernsdaansaoenuuy
Tandlimnzanfussduvesiiou uazanmnuaandoulunsiananisiSeus

Whalley waz Kasto (2014) ve18nan1s@nuwit idy Tnaduduin Cyclomatic
Complexity \fuid niifuseansamlunisussiiuaududouvosnisnunudifunis
yhanlulusunsy uazfinnuduiusfuanueinveslandmsifeulsunsy nande A1dsgs
SeazToudddniienndernudlanaznisdou Jsaenndastudofunuiiin wadnanunsald
TunseenuuukazInaInuAINeINTBIRIaIN L6

[

18NNl Sheard et al. (2013) wag Chung Way Hsiao (2022) FatugnfiemnudAgy

o

o A |

YoM Taginnududsuedlandiniutadvddyndmanonadugninimisisoures

'
= U =

Ji3ou nseenuuuteasuiiiiszfumnuenivnzandadussduseneuddglunsysyiiu
FinuwruaranuiiimaviadiodugansSounisaey

MneAdedina1nuteiu aansaasuléin Software Metrics laglaniziiningnuy
AuguLay 1 Cyclomatic Complexity, LOC, kag Coupling fnaningatunisydiunldy
Uszifluszauanuenvedlandmalgulusunsueg1iusz@nsnm wazdaunsaianly
fwfuadosfladiinrgidieatuayumssenuuudeaeuiifianugfsssuuazisiuguiniy

FPUUNISLT U WUUUSUAD (Adaptive Learning Systems) lasun13Anuyiaeng
niernslunainvaneaivn iesduademans n1siSeuinwsisssma wagnisfine
fuinensaouinmes szuusuusnindstungifideiviaimunlidami (ule-based)
Tnefignssmneifionuaudunanisfoudvosifou fegrddguasssuudnumed 1w
ASSISTments (Heffernan & Heffernan, 2014) uagszuufnesoasozsuwsn (Vanlehn,
2006) Gt oiauonuzLuUAsiuazdamannsalunsuu v ansu S euluseiu
1 egalsfinu szuunuuUsuigulniuunlidazaiauuudassifouuvulaundin
(Dynamic learner model) Ing8191nngAnssunisiinaunastoyaldainsneikuuisealng
(Learning analytics) §etelWszuvanansaufunsiFouslaegredangunaznsaiuainy
éfaamsmaqLwiazqﬂﬂammﬁq%u INNITNUNIUITIUNTIULAY Barbosa et al. (2024) nuin
n15Useegnald 52Uy adaptive learing fiauunsnatelua1v1IngIn1sAoUN AT
Tnslanzlumdonindeulusunsuuasgiudeya Tnewiuluiinsdsefiuanuifiugiunes
Ao dlaansiseud wasnginssunisseu
uenand suideludrmdadliauaulatuniseaiu wuaAeanud fady

(Gamification) 1fiusEUUNMSIBUSLUUUTUR Walasuaausglanazauildusiuves
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Ji3ou feeg1amilsde Gridlock daduinuiassauuuyudadildfaduunuuy Random
Forest Tun1susurlduagnisunsnuasniungfinssuvesdiauiuuisealng (Ying Tang &
Hare, 2020) 4&n21nT Bennani et al. (2022) §3Mu3 7 nagwns adaptive gamification 7
ponuwuuasAUsEnavvatnuauluslEfiseu dussdnsamlunisdaasunadnsnisiseus
unnimslinagnsinadiilieduluunsd

lundveensly Jayani1siseus (Learning Analytics) ag n1snensal (Predictive
modeling) 5¥UU Adaptive learning lugatlagusinnaiusaneisunisidousveanios 1wy
K-Nearest Neighbors Wag Random Forests Woaanisalaudniamienisiseu waziiie
aununIsunsnugstusgaung udmune (Rincon-Flores et al., 2020) a8 19b5inu
AuasalunIsiaunadnsvetluea waznsusuldduwauusealnidinaduany
N1918 Luan kag Tsai (2021) lanunaunisld Machine Learning TuuSunaes Precision
Education Lagnu31 35WUU supervised learning Faaadutuanisnanlunisainnisal
nadnsuaznsUTuNsSeuanzyana wiseldediielunsdenlomanisneinsaifuns
BONKUUNITITEUNTABUIT

TuuTunves Mssougaunslsulusunsy ssuulugausn 1Wu Web-CAT wag
Codelab grldifieldatauauuzuuudnluifnnnsdsldnvesgifou lasiamzlusieda
CS1 91u4 Barr uag Trytten (2016) wansliiiiiuin Codelab telifiseuldsudoiauounus

v a

WUUUT (immediate feedback) wavanunsafinuuogisdeiiios dwwalfSouiinrundqlaly
wAnfiugresadeulusunsIiiutu egndlsfiniu suuUssam rule-based Fenanaus
zlvivolauauuzuuulus dalazinuiziunisuseiiiugduuuresuuin uanduuin
Anwansatunsusuinaglianunsanevauewenuuaniesfiseuldeguiigane
(Edwards & Perez-Quinones, 2008)

miAdsagameremuiladosidamandiussuunisidsuduuuduld (Adaptive
learning) TioanuuuamzdmsuUIUNNSSoudoulusunsy 1wy muideves Lohr et al.
(2024) Aamnszuudsidolausnuzuuuladusfinuuuyiui TnedsanmanisiFouluy
Soalml WednaiunisfamsiuuarnafeusiBeinddu venand Salinsuseyndld
madiAnnsiSousveala3 o (Machine Learning) Ll aU3UlA sd BlausuULLUULIIE 290N
naFnssuvesizou lnsdnudnuarnsidouldnuadldlunainsgiiermuanisunsnuss
Fmngay (Alshammari, 2025)

MnnuAteiingnn dedunundndliifiuiinisesnuuussuunmaiisuiuuuyiush
TagdsandeyadiFounaziuainiidauld fuunliuieduaiunadugrinisnsiFounay

Uszaunsalnisiseuslandu lnsamglunglvinsdeulusunsufgisouiianuuwnne

AUDYNVAINNAY
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NNIINUNINAILT TR \iBadeanuI Machine Learning Sunuindidalunis
snszAuMIsuifunadoulusunsa Tnsannsandenlewisnisussdiuarmenvedand
N1TIATIEANGANTIUTU LAZN1TONUUUTEUUNSITBULUUUT Mg 19 UTEangam
NUITETIINAT IR as nenduag 1@ Cyclomatic Complexity wag Lines of
Code (LOO) arunsatantdiduilinesTunisneinsalseauanueinveslandaqulung
Machine Leaming LileteaeniuuteasuliminzaufussduvesiiFou vazideniunis
IinneiluslrldgiGoulasdaanaudilald aualunisléon wazmnuideslsstuuiun
voslaun Haelilunaaunsnuunssdufidousazuuginiomilmnzaundusoyana
5¥UU Adaptive Learning 5 ulvaidainuaiudana3su Machine Leaming L% Random
Forest Way K-Nearest Neighbors tleadnanuudiassgfifounuulauninandeyanisiious
vosFouuvuiSealng adunsuusihdelauoiuzhuuIzaauag I IaiLualy
ArwdEanien1sdou 1uiduanandstliifiudiu Machine Leaming axdidnaningdly
Precision Education usiusginusnumnuanunsalunisinnunadnsuaznisinlldnuass
fanadurnurimefinsldsumstaunedadeiiios il NNSYIUINTT Machine Learning
WdunisesnuuuAanssunsiseusuazdeasuatnudusyuy aulusngiudrAguenis

WAITEUUNTIRIUNSAUNEAVEY 85T wazdonArediuAnEn B SeuLiALAY

2.6 walulaguazlsuiisning1vag

2.6.1 Lizard

v

HRULAT OB Lizard YuUsn@® Mr. Terry Yin (Yin, 2012/2025) lagia3 adile
Lizard \JwmSeailodusuinaininududeuves Cyclomatic Nuengladnsunwilusinsa

A199 SN w1 C/C++ (lddasly Header File 139 Java Imports) uenainildemsaadiunis

NTIATIERTETAlANLUUAIYN (Static code analysis) Tneildeyanyaldaninig 2-1

b

A 2-1 dydnwalves Lizard
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Wmsldaufon1sSumMEsWIuNnIg Terminal #5e Command Prompt laggnudu

gpondeulieylusuuuy “lizard [options] [PATH or FILE] [PATH] ...” Tag “Options”

Nanansaldauladvisnun 22 Options FIR15197 2-2

A13199 2-2 918azL98A Options Lizard

10U Options 519821990

1 -h, --help LAAIUDAUTILIAGD Az Options f1Se

2 | --version WaAILIDSTUVDY Lizard

3 |-, —~languages nMs¥nanududounun s fideinis wu
“lizard -l cpp -l java”

4 |-V, —~verbose wannadnslulviunves Verbose (Fefladduuuy
817)

5 |-C,—-CCN Junmsimuaduiuanududeuwuulalaaunfn
Farnsuduie 15 Inefladduiid CON wnndee
a59nsudafeu

6 | -f, —~input file Hunssusmedelndanlndiismun

7 | -o, —output _file Bunmsthuadndaldaslndismun wu
“lizard -0 no_v.txt” Feanunsaldsauiu —xml,
—csv %39 —html

8 | -L, —length Humsimuaruemvesilaidugean Ssan
Sudiufe 1,000 Inefliduiifianueniunnitag
HANTUANLFoU

9 -a, —-argument Hunstmuasiuiuresnniived Fedunuy
Sudiufe 100 Tneilrdunifsaumanimes
111N 100 ALANITUILADU

10 | -w, —~warning_only LARINTUA LR TngldgunuuAniouas
clang/gcc

11 | ~-warning-msvs uansnaudadtouwsintuy Tngldsuuuusifiouves
Visual Studio

12 | -, —exclude Humsenifulwdinssduguuuuiiiimun Tag “*”
wneds exclude file waviuait exclude gy
‘lizard -x “./folde/*”’
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Options

sneazLdun

-t, -working_threads

WunsAuuALsIANITYINIUL ANSUAUAD 1 B9
ALIUIULSIANNAYINIRENU Ty CPU Taoens

2 o g &£
LAUNLLAZLITUVU

14

-I, —-ignore_warnings

A1NTILIUNITUANFDY (Warnings) UENIIU3e
WU Uit 1esedlorzuaninaniuUng
Frmndrauiidvuaiiendusiviuay ndesdle
zianNanuung lagluAiefeduiaun1suas
eou Fefiuszleviilunis makefile legacy code

Wiy “lizard -i 20” %99 “lizard -i -1”

15

-X, —-xml

unsddldesntuguiuy XML Fadnldeiu

Ad4 -0 1 “lizard -0 no_v.xml —xml”

16

--CSV

0
[

Junsdalidesntuzuuuy CSV duinldaiuands

-0 WU “lizard -0 no_v.csv —csv”

17

-H, --html

<

Junisddlideanluguwuu HTML Fainldgiu

Y

&3 -0 1 “lizard -0 no_v.html ~html”

18

-m, --modified

AUIUINUIUANNTULDU Cyclomatic
Complexity Number &sag1iu Switch/Case 13l

yaensaidy 1 @7

19

-E, --extenstion

Junisldaudiuvenesingg ves Lizard 1u
“lizard -Eduplicate <path to your code>”
MdunsnsiadeunsAnaendosalan Jawadns

[~3 ¢ @ v}
29NN NUULUBILGUVDINTANADN

20

-S, --sort

WunsSesrieuvesilassng laeWasaunse
Ju nloc, cyclomatic_complexity,

token_count, Parameter _count 8% #3a#anl

ANAUALDY

21

-T, —-Threshold

fuusaAsiavesilas lneianaunsadu nloc,
cyclomatic_complexity, token count,
parameter_count *1a% lizard 9g37891UA RO

NHINTULAUIAINA b “lizard -T nloc=100"

22

-W, --whitelist

Wunisiuuanisuazdendludalndlvaad

fa '/whitelizard.txt'
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10U Options 519821990

Toaasusu “.” Tad whitelist Alnddmsu

fvusliaulasfauuas Lizard

2.6.2 Chidamber and Kemerer Java Metrics (CKJM)

Y

Ftmunedosiio CKIM Jusn@e Mr. Diomidis Spinellis Tng CKIM LHuipdosiio
AMTUAINNASNLTITRgUeY Chidamber wag Kemerer lnansuseaiana Bytecode vos
e Java 7inoulnduda WWsnnsuazAuwimdmividazaataniy 8 laindlauelae
Chidamber wag Kemerer Ing3snisldauiniesile Chidamber and Kemerer Java Metrics
(CKIM) fio n35usdasiiums Terminal ¥i3e Command Prompt $1iluazsioadevlvieglu

sUnuuldulaiegraviun 4 sULuY AN 2-3

A5 2-3 SwazBen Options Chidamber and Kemerer Java Metrics

AU sUluy SN8ALLIYN

1 find build -name "*.class' -mtime -7 | hansuasnsiussnanlndeatanuwily

-print | java -jar [Path File ckjm.jar] ﬁluﬁﬁaﬂﬁﬂmﬁﬁuﬁﬁ

2 find build -name ' *.class ' | ferep - | Lilansuadnsvoaunsnidl s Tulwd

v '$"']java -jar [Path File ckjm.jar] | Aaa

3 find build lib -name ' *.class ' - Wupndsdwmsuuszananalndaanadn

print | java -jar [Path File ckimjar] | egviangluaines

4 | java -jar [Path File ckjm.jar] [Path Jumdadmsulszananalvdaana

File .class] | [unuslng ckim2xml] | wazthwaawdaslng XML

>[AumislnanaaanisiAulng XmL)”

2.7  wpsesdiantdluniswaungenawas
1) Node.js

ANINLINEG DUNITVINIUYDINIBT JavaScript 11 ¥11971UA 8 V8 engine § 414

[

AaulUsUNIUEEnsaRRuILeUnAduLUY Command line waUnaiAty Desktop %30

< a

VAULdsWaeste (The OpenJS Foundation, n.d.) Iﬂ&lﬁl Node.js vl APIs ﬁLﬁﬁmmiaw

dmsurhauiussuuU)URnig wu nssuawaznIsuanta nseudeulng waznisvina

L2 L4

Aurdnidsn ¥ Node. js Sdudnwalianing 2-2

o
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AN 2-2 deyanwalved Node js

2) Vuejs
WJu Progressive Framework @1%5U&514 User Interface (Evan You, n.d.) &3
Progressive Afan157 Vue js duldiduwmiloudiudinanuanunsafoluldauiu HTML @
a S R A a s o A ) | . " a %
¥9 Vue HuAdfin1ann159 lausn3daglianinsdnnisludiuaes View ity el
a1u15011 Vue Wlgeusamdulausnidus) lnagainuazdaunuigdun1svn Single-Page

= o

Applications (SPA) wazidydnualued Vue js Fanmit 2-3

AN 2-3 dydnualues Vue js

3) Nuxt.js
W JavaScript Framework ﬁi“ifﬂ’luﬁwﬁ% Vue js Library (Vue, Vue-router way
Vuex) wazin3 oadawaunfidused@nsain (Webpack, Babel way PostCSS) ilmunaves
Nuxt Aon1svinliniswanivleddusedns nnlaeadedsuszaunisalveainwaun

Ngoaduu (Nuxt, n.d.) ddydnwalves Nuxtjs AsnIwi 2-4

NUXTJS

AN 2-4 Fydnwalued Nuxtjs

4) Express.js
I3 & as a9y vo v @ I a o A & I3 . Ao
Wuluwlsudsnalddmsunmuiveeunamdunsoiuleduu Node.js NM1191U

ilaves Backend Mvaansudsnuugniamnunainluga HTTP Fadulugaves Node js 1ad

v

(OpenJS Foundation, n.d.) Fawsuidsniigrelvigiaungendwisiaunivweundindusiie
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Node.js lAd4189u 191 N153ANS route N1SINNITTBRANAIA N15IANTS middleware N5

AUMTORANAIN FIdeydnuwal Express.js A4NTWA 2-5

OXIOress

AN 2-5 deyanualved Express.js

5) Sequelize
Ao Object Relational Mapping (ORM) u’fluLﬂ%ﬂﬁam%’ém%’u%’mmigméﬂ’azﬁa
Relational database lawn Postgres, MySQL, MariaDB, SQLite &g Microsoft SQL Server
Fafiruannsalunis Query Toya 1in au uazuilugrudeyaldfileddunis Query Toyai
i Relation AU Wazn19¥1 Eager load (Sequelize Contributors, n.d.) Tnei Sequelize i

[

APAININING 2-6

=

Sequelize.js

AN 2-6 dydnunlves Sequelize

6) MariaDB
sruugteyaiiaudesonanszuugutona MySQL fign Fork 98n3nan
gosalAnAua1y MySQL lag Michael Widenius %ﬂLﬁuéﬁagﬂ MySQL La3 (MariaDB, n.d.)
1AS9E3197199) 989 MariaDB unvagisenlainmiloudu MySQL 1w laseasisiva lassasng
89 Database uag Table awsaldauvos MySQL Iaunuasiianun msvaviunisiday
MariaDB wnudi MySQL wnuazlidewhezlsiiuiuiasudivg Code 109 PHP Aaunsadiay

% L3

199711 function wee MySQL el Ineideyanuwaives MariaDB WanIfan g 2-7

o

JI\/\OHQDB

A 2-7 dydnwalued MariaDB




uni 3

S19aZL28ANITANLEUIIUIRY

nsaunenan sinanuduteuvewesaland miuunannesunisiseusnsidey

lUsunsu §Ieagdaninnsieszilazesnuuugeduisnuszideuisnseaniuuuag

o =

Wawgandwdd AwsinisesniuuandnenssueeniuisseauaiLazseazidenn1syinmy
YONALITUAALAIUAIGUHUAINGNT LU UHUANYALAT LHUAINAINTTY LAZUHUAN

Auduiusvestoya Ineliseazidendasaluil

3.1 nseanuuuaanlnenssuganana’
amsmvesunasesunIsisusmndoulusunsy dedifldeundnde o1ansduas
tindnw neflonansdyasuarunsadanismedv nguiSou wndnd@nwidinguiounio
578799 Muualanguazusunienuliiutndnwivesselnnslsulusunsy dutlndne
annsaddliideasaldn (Source code) viiaduulusunsurnuszuuiiielisruunsiadeunis
Weoulusunsumuyadeyannasy (Test set) fio1arsdiasuivunly uazuanssanis
py1ae U untaeYessr UL FefazUszneulusenegandnde Question Bank Module
d1msunisdanislang Uann Assignment Module @195 ULDUNL18971U Do Assignment
Module dmsuliin@nuivilangYeym dau Code Judger Module t8ududildlunns

ATIRADUANINNADIVRITRTALARANUNSAINAFDU (Test case) Nlafmuald

[
a o =

d1u5uluuidedlafin1seanluy Measurement Module, Adaptive Learning
Module Wag Question Recommendation Module 1 stda 1t ald@miulunisinaiy
fudeuvaswesaldn n1si3eusuuuUsuls (Adaptive Learning) uaznnsuuziirlanddaywmi
Wil gaNiusEAuANaNN Ve ey TINATuUTnanraTuNssEuinsWeulUsLNTY
duliidrfusegafifmundulmidae Tneaodnenssusenduasiameddoldidenlide
Service based Architecture Inefisiagasineg dvtifinisianuiems uddmsdafveguu

udeyaiieniu lnvandnenssugenduisnauedidelaviniseenwuuiansdanini 3-1
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KruCode Platform O

Student

@

|

Do Assignment
Module

Adaptive Learning

@ Adaptive Question Module

Question

R .
J Engine Module

Module

Assignment
Module

Module

Cyclomatic Metric

Object Oriented

Measurement O

Question Bank
Module

\ 4
( Code Judger
— \___ Module

A

A

Random Forest IRT
(Now) (Future)

v

Hybrid/ML
(Future)

A

1
‘L Source code

‘ Source code Metrics é
> <

)

Metric

NN 3-1 @nUNNISUVDILONALIS

3.1.1  uagan1sinANududauvarasalin

9NN MA 3-1 meas 1 Jadu Measurement Module tngniinfindnveswagatl

[

Ao Taanududouresresalan densinalagltuinsinfe u1nsin Cyclomatic waguIng

I
Y

TALBeTng (Object Oriented Metrics) N3y uvesuegalitunaudisseluil

1) duneuusnazfunisisdoyavedaldaudaslandUgymiveaiTouain
wnaswesunsSeuinsdeulsunsy Welidudoyatdn (nput) Tumsuszananadnly
Tnedeyaludutndumnearlandtomuay ndeasaldn

2) Tunouvszmanammdudeuvaswoialdn duneuiwiBunisiadiainy
Fudoureswesaldn dufiduldidenlduninunsiadufuuazannsiadelng dWesan
Snwairn1slulusunsy (Programming paradiem) 7ildlunisieunisaeulusunsuaznidu

WUULBAlATIET1S (Structured) waguuuidadng (Object oriented) lng1eazidunu1nsindl

[%
v

fatl

2.1) wnstanaiy Usyneudae 11nsTnsiuiuussianariinsinaay
Fudeudadunnsinfiviauslnsuunau (McCabe) Sawadnsvoinisinaimududouay
UTgNaUun 18T1UIUVTTV A (Lines of Code: LOC) wazA 1110 Ug 81 (Cyclomatic
Complexity)

2.2) 1m5Tadeing 9auideididenlduinsiaves Chidamber and

'
=

Kemerer (Chidamber & Kernerer, 1994) & sunasiadufiseusuuazdenldauiu Tnoa
nadnSUsEnaURIE 6 AN fall

2.2.1) UINTTATIUIULLTOAR 8AAE (Weighted Methods per Class:
WMCQ)
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2.2.2) 1INTINAUTURADUYDIAANE (Response For a Class: RFC)

2.2.3) dwsinsgauanuanvesnsdunannuantRvesnaia (Depth of
Inheritance Hierarchy: DIT)

2.2.0) 1navindmauAanagn (Number of Children: NOC)

2.2.5) 4105TANT5LUIR A UTENI19TRY (Coupling Between Objects:
CBO)

2.2.6) 1105TATEAUYBINITVINAUFURUS Aeluaana (Lack of
Cohesion of Methods: LCOM)

3) iloldnadnsannsinranududoureseesaldnudansihdoyadaudly

Uszaanamedsnadsadifudnilvdsulsemanududeuredland dgymiluwnannasu
wazadaBusiie ielierasdannsaliuszneunisdadulunisusulgdanddaym/

woumnglandUgymmadeulusunsuuigiseudaly

3.1.2  wagan1sEeuiuuuliuld

Y YA

907 3-1 ¥uneae 2 Adaptive Learning Module 1usegaiatuayulsigiseu

Y

Y 9

aunsaseuinseullsuny TnenssuvaviusilandUgmlvanvauiudisousigyana

'
¥ N v = o

Tngsaga Adaptive Learning Hazvhmiihiiiuteyanududeuvaswasaldnfidndnui

Tandtymarga naildlunmsyilanglym aziuunugniewuyadeyannaoy uazvi
nsderuaniiluif Question Recormendation Module (awidl 3-1 wianeaw 3) Litelsivi
msuuzilangtymingautussdunnuannsnvesd oy m vty Jwegailding

gonuuudmsuveneNaseluauian dmsunsimunusulsssissenlumaiiiuzdilandYaym

[
[ 1 [ [

MveauiuiFouniissauanuuiugifasdy aAdeilafinsiaulueadmiuiugi

Y

TandUeyulaeisn1s Random Forest [ YNUIBTEAUAMNBINTDIAIAUEA LTI A

'
=

nadnsazgnanduludsdumiiouansduuziiiudis ey nefideyanignidendiuldly

Y Y Y

nsawIluea Random Forest Usenausiedoyanwoludl

a 1

1) Lines of Code (LOC) 31uuussvianavanvadlandisisewdudisn

2) Cyclomatic Complexity (CCN) 52AUA1MNT UG DULT InTINzURILlAA Lag
° ° v A& a
AuInNaudunsIiudaselulusun sy

]
3 [J

3) Complexity Uhefiuanueinveslandfinmmualaeyaou
4) Time Spent srghafgiseuldlunisvinlang awusisuauauianisderney
gnvng

5) Correct 8051@UYDITIUIUNTANAADUNYNABIFBTILIUNTAUNAADUTIINLA
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6) Attempt 91UIUATINLTIUNYIYIUAIAINBY Tz DUNIAIUNYIYIUNTO
TEAUANUEINTRITEUTUS

Y

Y

7) Current Level sgautagtuvasdiseulussuu Jauwiaglilydyinlaensves
Auaunse wildiluiunuesssauanuinminludagiu wazdgliuuudiassaiuse

USuseaumaulimvunzauls

3.2 uwRunngalad (Use Case Diagram)

[
v v 1

nuITelfaueveaunaniesuseusnalsulusunsy druvewegainainiy

o

Upuvasesalankazionan1siieusuuuUsuld Feideagriiniseeniuuseazidenves

WU mgaLaa Welvigiiduagitasamnsatilalilaede Asnmi 3-2

fo--m T “<<Extend>>
¢ S<Extend>>
extension points
<<Extend>>

slandUemn
_ <<Extend>> 7777
damsfia < g T
yihlandtgmuuuviuaeula
extension points 0 NG ------ -~
P <<Extend>>

audl extension points

Snlvaniaay

21msd

iud . <<Extend>> dernay

.. wanssziRmsUszana.. wWaeulond
<<Include>> /N
ud ]
RN <<Extend>>
Sevumududouvedanddymivun) - Ussananannududouvesvesalin

Senurrnududeuredandiym <
wanesiRmaieuj

anausyiRnisuszanan undnn

Swnuianududeuvedandlymusasiunu

Senurrnududeuredandlymieiunin OOP

2N 3-2 LNUNTINYELAE

A lduszuu fe 91313duazdindnen lage1asdazvinisnivuadidimsunis

1 v Y

Uszananawasalan ianivuanatdnsulissuuiawesalanlduszunanarmaianududau

Yosrasalanuazdaiulayamaniulugudoya uasilloszuulssananaldsaduua 819158

aunsngenuAnuduteuvesresalaniinAnwideuls lnesienunanaianasinnuy

[ 1 v = 3

AuANkarNINTIAdeing dudndnwansaiulangdymauusiuuuuuaould g9

Tanddgynunarillauiannisdenlanddgymndszauanueinuaziuiwuzdi i gas

[y

UTEAUANNANNTIVREISEU wazyldauausaiienlanddymnazanunsaritanddym

wardwasalAnionsivaaunugndedla lnefissezainisvinlanddaynn azuuuila
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TUINATIVDINITAT IWIUUTTIRvRWesAlAn AANudutauresesalanma1lazgninly
[ [ £ 1 =2 [y LY o o L3
Janulugutayanavusvenisszauanuannsalagiuwaziillglunsuusdiland Yamn

wuuUSuasulaluasadnly

3.3 A1aSuneysas (Use Case Description)

[

1) wegadansirdmsunsussanananududouraswesalan

'
a

wanalinidnsn1sldnume 813158 Inga13daunsainnIsiuA auAl waze
Usgifinsussuiana wioudeyaiegluAlulddmsunisussuiananinududou §adl

UATLDUANITVINIIU A9l

1.1) gaLmaLiine?

9191386 09vIN5ideNN1UUNABINT waznadudydnual “iATeamune

o

74 I3

U7 WBALNTUNUNADINS N I TUAE S UNISUSEINaNaA LT UY D uYIwa SaLAR @il

ANBBUIYSIUATLDYANITINNIUY AIA1T19N 3-1

M13199 3-1 AeSUNeaLAALANAY

Yoyaaa : LAY 59 : UC-1 SEAUANUENATY : Uunang
ANTEYIVAN : 8139158 szauANUtugeu : Uunand

AilduigItes : 919158

% s

ABTUTY : MILAT Hldnudesinisiienmstiundents antunadudydnual
“LAseanguIn” Wevhnmsiiunstuidesnisiilulufsdmiunsussaiananny

FUTIUVDITDSALAR

danseu : dldnudesnsiiunstiudilulufy

Uszinnuasdansesu : neuen

Feulvreunsvine : gldseewhnisidigseuunou

Reoulvndanisvia : ssuutufindoyan1siuiing1Aa

TJunoun1svinauung ; Algau YUY

1 nawy “nisdszanana
ANNGULDU”

2. WARIULNR9IANITAD
dnsumsuszulananiny

FUTIUVDITDSALAR
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3. nsendayaln1sAnw
T163%7 Uagnguiseu

4. nady “Aumdeya”

6. LABNNNTUIUNADINITHAD
naudydnual “iATaaving

un”

8. NFANUoyaLIaNfoIN1g

9. Ny “duiin”

5. L@AIRITNINNITAD

7. LAPIALNANLARNINATDY

ANMSUNISINLAD

10. UANTNANGuaEnINaTaY
11. Yuiintoya

12. LAAILILABUNITLNY

v o

Jouadsa

Y

Houlunsyinauniey ;

3. fpenTondayaliATuNILALERY

4. ynnsendeylinsuiiu sTUULLARITEANLIRFBLIN

“nyaunsendeyandnlulvinsudi”

1.2) yapdaum

9131589 89vNSeNNTUIUN R 0aNT waznadudydnual “devey”

L DAUNITUIUT A B9N1588NANNAIFINSTUNISUSEUIANAAINUT US O UVDITDS ALAR

FAUA1DTUNYITIHALLILANITYINU AINNTIN 3-2

M3 3-2 ABSUNBYALAFAUAD

YoyaLaa : AUAD

S9d : UC-2

sEAUANAIAY : Uunang

ASYINNEN : 819158

ey

SEAUANUTULBU : UUNag

AilduigItes : 919158

Y99I ALAN

[

AesUTY : M3aURl ldnudesyihnisidennisiuideints ndunadudydnval

“fareg” BYINNITAUNNSTIUNABINITBNIINAIFAINSUNISUSEUIANAANUT UL DU

RGN

aanseau : Jldnudeinisaumstiuesnanmdmsunisussinananududeuves
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Uszinnuasdansesu : neuen

Feulvreumsvine : gldsewhnisidigseuunou

Reulvrdanisvia : ssuutufindeyanistuimieenaing

TJunoun1svinauung ; Algau YUY

1 nawy “nisdszanana
ANNGULDU”

2. LAAIREND9IANITAY
dnsunmsuszulananiny
Fudoureesalan

3. nsendayaln1sAnw
T163%7 Uagnguiseu

4. nady “Aumdeya”
5. LAAIANTINIANTTAD
6. BanMITuTideInIsua
naudeydnuel “davey”

7. WARSULAILERINATDU
dmsugudunisauteys

8. Ny “Budu”
9. UaniANauanInatou

10. Yuiintoya

11, uangiiioun1saudeya

°o &
d163%

Reulunsvhauiay : | 3. Aansendeyalinsuiiumudiu
4. ynnsendeylinsuiiu ssuvIzuanItenULILHauIN

“nyannsendeyandnlulvinsudi”

1.3) ganaUssinanamududauveweasalan
gamatilinguszasaiialiszuvaiunsainAinududouveswoasaland

#9415 IRYSEUUYINNITSUAASUAFINSUNNTINANUTULDY T9L188LLDuARIRITI9N 3-3
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M50 3-3 AeBungyaaUIEInakam Nt uga YR aTalAn

Yoyaiad : Usvanananugudeuves | sa : UC-3 JEAUANMENATY : 17N
UBRGIGE
ANTEYIVAN : SEUU sgauANUFULeU : 1N

AilduigItes : 919158

fesue - WeinsFunldnuilsituiamanududouresmesaldn ssuvasinmssy
ansuAd S UNITInANUTUgaUMENInTIATRY CKIM Tngsyuuagyinn1sussaiananiny
Fudau naunsainarnududeuldsyuvavindeyadianududeausanuiluguuuulld
XML 9ntuszuvazihdeyadldanlud XML fuasiuus wasiuaniuddmiunista
ANNFULDUMIILINTIAYBY Lizard 1neseuuagsinn1sUssanananugugon mnganse
farennududouldsruvasidoyamanudutousenulusuuuulid XML anifuszuy

'
o v =1

aviidauanlaaniiad XML 1Avasuwls

Y

danseau : seuviinssenldauilnduinmanududeuvewesalan

Usznmnvesdanseiu : nelu

Reulvnounisvha : fideyadeyaduriivegesalan

1 v Y

Neulerdin1svingnu : ssuulsveyamanududou

Y

JURDUNISINUUNG - YUY

1. asvdeuAUsEnanandfns el

2. FanlunsinAanusudeuvesesalan

3. fadeyadumisiiegvesesalAniogludn

4. tuiindeyaasiudsdmiufvdeyadeyaiumisiogues
YOIELAN

5. Waguanuzvesmvihmsasdoyalfidu “Processing”
6. detleyanogvoswosalaniioglumuszinanaludilsituia
AANUGUTeuRasalAn

7. SuaASUAEIUSUNMTInAMNT UL UMELNTInTDe CKIM
8. YnsussanananIutugou

9. Yrdeyaiildarnlna XML Livasiuls

10. SuaASURFNSUNMTInAMNTULDUMBNINSIAVDY Lizard

11. vinsuszanananudugdeu
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12. Yuiintoyaasgiudoya

Reulunsvihuiiiay : | 1 wnlidfivssananassuuaglifloyasuianegves
yosalan
7. mnldanusainrnnududeuls ssuvasidsuaniugves

Avinshadeyalimdu “Eror”

1.4) gawmauansusyInnsussanana
a1m5§awmmsm‘d535’@ﬂﬁﬂizmamamawmmaﬁ’m%nﬂazmamaiﬂ
udale i evnelveransdarunsansuldinganstuladignuszunanaluudatng ded
MeBugTeasduanisineu famsed 3-4

M3797 3-4 AeduneyaaauanaUseIRnTUsTIIaNg

Yogaiaa : wansUsyiRnsUsvinana | e : UCO-4 | sesuadudifey : Urunans

ASYINNEN : 819158 SEAUANUTULDU : Tiod

ey

AilduigItes : 919158

AB5UTY : Jldnuanansansuseiinisussinanaveganstiuignussinanaluudala

iegagliigldauaunsansulainyanistiulafignussaianaluuditng

dansedu : Jldnudesnismsuinganstiulnuiignussainanalduditng

Uszinnuesdansesu : neuen

Feulvreunsvine : gldsewhnisidigseuunou

Reoulvndanisvia : glansuldinganistilagnussuianaluuaitng

TJunoun1svinauung ; Aldau YUY

1 nawy “nisdszanana
ANGULDU”

2. WARIULNR9IANTTAD
dnsumsuszulananiny
Fudournesalan

3. nyendayaln1sAnw

637 Uagnquiseu

4. nady “Aundeya”
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5. W@A9R1519UEIRNS
UsEUIaNanNUTUTaUYD

Y93aLAN

Reulunsvhauiiay : | 3. Aeansendeyalinsuiiumudiu

4. ynnsendeylinsuiiu ssuvIzuanItenULILHauIN

“nyannsendeyandnlulvinsudi”

1.5) gaaniialandtam
919158 azanunsaiinteyaveslandUgmldlagnisnsendeya Jeland
srwazdualand win @aa1ugn1siday wazAnouvaslanddgm sauaNueInveLlang
o uazlidwosalinaaseslanddgmiseiineaziBoamesunsgainanmsisi 3-5

M1599 3-5 Aesunegaaatiialangdaym

Yogaiad : LialandUaym 9 : UCO-5 sEAUANNAAR : Uunana
ANTEYIVAN : 813158 szauANUdugeu : Uunand
AilduigItes : 919158

mesune : Tunsiinlandlam eransdindudesnsendeyateland s1eazidonland
wazanuznisldauliasudiu lnefigunmdsenau uwin wazAneuvadlangtym

a A 1@ v ot v 1% ° Ay & 9y '
anansouiaviselintd Fsanuenistdnuldgnimuadsunudy “ldau

dansu : 191380 ssland Uy

Usznndansedu : neuen

Houlunaun1svinau : fesilenansdednatioy 1 Ay

Roulvmdanisvia : YoyalandUamngniudin

Junaunsyineuung : HAkaTEUY YUY

1. Fenwy “AdalandUam”
2. UARLIYE DY
3. Aany “Inn1slang
Ueywn” 4. wananinaedanislang
gy

5. pantu “winlandtlam”

6. wannaaLinland ey
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7. nsendeyalandUgym

8. ldanuiin

9. {HeNIEAUANNTUTEUVRY
Tand Uy

10. PANWIIU “@s1eyndoya

nagau”

12. nyendoyanaaau

13. pandu “win”

15. adnu “Judin”

18. AANWIY “@s1anas”

19. AANLADNNTWN

21. pdndu “sulvanlld”
22. \donliasUIvan

23. Aandu “duiin”

11. uanaiaaiiuyndaya

nngau

14. uansynvaanaaay

Tumnsna

16. Yuiintoya
17. WAAIWIWADU “TUNN

Toyalasadu”

20. LARINAIlARBULNLLRAE

24. Lanadfau “oulnan
Wddusa”

25. Guiintoyalna

Houlunsyinauniee

9. FensysuAMudueuvatlandUam mnliidenazgnasd

Husedudne
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1.6) gawnameumanudutouradanddamiimun

ileruilifuduiigldnuanniogenuaeududouresiangdam
Tuudagsedvle lneldauasdondoniuy ey seUUIBLANLUYERY Lagidoniuy
seuAnuduteudiemnn Cyclomatic srutazuanuLygas ntudldsuausn
Fonwynenumanududeuvedanddgmvianun Faildeuamisadendnisfinw
516391 wonguidsuiitosnisdumld nduna “Fumnseny” Wedumaeanuaia
Fudouvedangdamiavan szuvzuaninTluanseLadsnududauvedanddgymee
ANLRAB31UIY Line of Code waza519518uAATUdourasland eyl dum §ad
dfumevinen dsnseil 3-6

M13N 3-6 AMeBUBgaAaTIBNUAIANNdudauraslandUymnvun

Yogaiad : SenuUAIANNFUTeuYes | ¥a : UC-6 SEAUANUENATY : Uunang
TandUgynianun
ANTEYIVAN : 813158 sgauANUtugeu : Uunand

AilduigItes : 919158

AB5UTY : JlEuanusavinlalaen1snamy “918971” SEUUITLANLLYE DY
uasdeniuyenumaududeudneiwnin Cyclomatic s¥UUIzMARNAIYEaY 9INTL
Aoy “senuimmisdudeuredanddgmiimun” seuvasuanmiteneny
Aaruiudeuradandtlymitomn deldmuaunsndontinsfinm s1eivn
wagnduizould andunady “Fumsean” Wefummenudanududeu

voslangUgymisnun szuvazianinivuaninadsaududeuvodlandtyn

'
a

ARANARAETIUI Line of Code lazmsnTsnuaAnududouveslandlyniniun

'
v

NAUIN

AnsEAu : 191380RINIYENUAIANNTUTeuvatlanddy v

Uszinnuasdansesu : neuen

Reoulvnounisvia : Ideyadrnududouredlandtdymininlaglduinsin Cyclomatic

Reulandinsinemu : ssuulansseuaaMugudouveslandUymvianun

TJunoun1svinauung ; Aldau YUY

L. naway “35189u”

2. UARLIYE DY
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3. NAWY “5189TUAIAIY
FugaumELUsIN 4. LandLuYE e

Cyclomatic”

5. NALUY “9189U

ANMNUTUTDUVDILANG 6. LAAIVLNDDINEIUY
Yeynisnun” AALgUtauTDslangUgym
Y1990

8. LANIIIBIU
7. 1 @9nUNSANEN
10. WaRINGUSYY

9. L@aNIYIVN

11. lGenngusey 13, uanansIvluanIALadY
12. nady “Aumsieay” | anududeuvedandlymvisie
Aadgd I Line of Code
14. UARIRNNTNTIBNUAIAIIY

Futauvralang g

Feulymsviufivas : | 12, minnsendeyalinsu svuvazuanaudusiowdn “ngan
% o & o v

nsendeyanilulviasuiiu

12. vnszuulinudeyaiiium seuuazianIudwfioudn

“linutayanAum”

1.7) gawnanenuannududeuvedanddaym
gatnaiduduiigldnuamisag nenuaianududouvedland dym
fammnvaustaznistuld Tnedldnuasdoandonuy ey ssuvazuanagen uazden
iy sBnuAANFUTLdBILRSn Cyclomatic s¥utATwARILIYEos Mntugldnuanso
Fonwymesumaududouedlandtym Ssflinuamsadondnmsdnwm o3 ngu

5o warn15UuideINTAUMILA nUuAAYY “AUNITIEU” ITBAUMTIEIIUAIAIY
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Fudouvatlanglyn szuvazlansnimiansaladsanududouvaslandlynidoniaie
47147U Line of Code kaza191991891uAIANUGUgauTDslang Ugmiiaum deilaiaunis
MULAAIAIANTINT 3-7

M50 3-7 AMeBunegaAaTIsnumALdudouadlandUym

Yogarad : SenuUAIANNTUTeuYes | S¥a : UCT SEAUANUENATY : Uunang
Tandtegymn
ANTEYIVAN : 813158 szauANUdugeu : Uunand

AilduigItes : 919158

A1B5UTY © JIEuasavinlalaen1sNamY “91891U” SEUUILLANINYELDE Lavldonily
FeUAANNFUdoumEEsN Cyclomatic S¥UUITLARLILERY NTUNAIY “T1891U

ArNgudouveslandlayn” syuvazuansntnaessnuammngudaurslandtym

!
=

Faglgauaunsaidantnisfing 518391 nauiseu wagn1stuld ntunady “Aum
TV INDALMITIEIUAIANLGUTaUTDIlang Uy TEUUIZUANINTINLARSALRAY
ANugutgouvetlandUymreniadsdiuiu Line of Code LazmITNIIBIIUAIAIIL

Futauvasland Vg iaun

ANsEAU : 191380RINIYIENUAIANNTUTeUTRlangdym

Uszinnuasdansesu : neuen

Feulvreunisvine : fideyaranududouvedanddymninlaeldunnsia Cyclomatic

Reulwrain1svineu : ssuukanssieaumanugudeuvedanddym

TJunoun1svinauung ; Alganu YUY

L. naway “5189u”
2. UARLIYE DY
3. ALY “9189U
ANAUTULDUAINATN
Cyclomatic”

4. uEnLIYL Y
5. NALIY “SI89UAN
AMutUtauTRsland Uy ”
6. LAAINTINADTIBNUY
ArNgugeuvaslangUeyn

7. 1 @anUNSANEN
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8. LAnIT18IN
9. 189NT18U
10. WaRINGUSYY
11. lGenngusey
12. WamaNIsuIU
13. 1ldonn1stnu

14. nady “AUMISIg”
15. wanensMuansALaae

ANugutouvedlandUgym

'
a

ADANLRAYINUIY Line of
Code

16. WEMIRITINTIEIY

ArNgudeuvaslangUeyn

Roulumavnuiivey . | 14, mnnsendoyaliniy seuudskanudusioud “ngan
v Ao & v v
ﬂ‘i@ﬂma%ﬁ‘ﬂﬂ%ﬂﬂﬂ%ﬂﬁ‘Uﬂju

14. wnszuulinudeyaiiAum seuuazlanIudRfioudn

“linutayanAum”

1.8) gawaasenuiarudutouredlangamurias

ganaiidudnudgldanuaunsagaenuinnududeuvadangdamld
I ldauagdoionuyseU SEULITLARULYERY LaslionuysenuAInududeou
Feiupsn Cyclomatic svutazkanuuydos Mntugldnuamsomymenuaanududey
vasdanddymustariunuld ssuvasuanmthresenuimududouvedandlaymuda
Fur FelFnuaunsadondnisinm e nduideu nisthu waglanddgmiidesns
Fumld andfunady “Aumseny” Wefumsenudeududeuvadlangtymusay
Funu szuvaTuanInsansAeasnududeuvedandtamaennadesiua Line of
Code vouinfnwiiomuauarasnesenuiaududeuvedandJaymitaum dedwiu

NSV AIRNSN99 3-8
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M5 3-8 AetunegaasIguAIANduteuvedland Uy musasuay

Yogaad : SNeuUAIANNFUTeuYes | S¥a : UC-8 SEAUANUENATY : Uunang

TanddgnusiazTuau

ANTEYImEaN : 813756 SEAUANUTULBU : UUNag

AilduigItes : 919158

A1B5UTY © JIEUasavinlalaen1sNaY “91891U” SEUUILLANINYELDE Lavldoniiy
SenuALFUTLdBILeEn Cyclomatic syUtIsAnNAYEan INtTunaLy “T1B9
meududeuvedanddamusiasiunu” sruvazudnmtneTeumanLduTouTes
Tangtymusiastunu Ssldnumusodentimsfinu e3n nguideu n1sthu uas
Tangtiymld andunady “Fumsssu” Wefumnsnumardudouredangtiym
LRzTuNY STULITLERINTLEnsARasm LT uTeuredandymdernas s

Line of Code v83inAnwyianua Laza131951e9uAInugudouseslangdymanaum

Aanseau : 9191390BINIRNBNUAANNTUTevedland Uyymusasiua

Uszinnuasdansesu : neuen

Feulvreunisvine : fideyarmanududouvedanddymninlaeldunnsia Cyclomatic

2

Reulwrain1svieu : ssuukanssienumanududeuredanddymunazduanu

TJunoun1svinauung ; Alganu SPUU

L. naway “35189u”
2. UARLIYE DY
3. NAWY “5189TUAIAIM
FugauaILUmnIn
Cyclomatic”

4. uEnLIYLY

5. NALIY “SI89UAN
ANugutouvetlandUgm
LRz T

6. LARINUNDDIIBIUY
ArNgudeuvaslangUeyn
LFRETUIY

7. @onUnsfne

8. LAAITIYIV
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9. 1ADNTIEAV
10. WaRINGUSYY
11. lGenngusey
12. uanan1suu
13. l@ann15Uu
14. uwanslangUayin
15. enlangUoym

16. nAYY “AUMITIBN”
17. uanansmluaniAaie
AMutugaureslangUegynise
AaAes1wIn Line of Code
yaainAnuTavan

18. LARIAITNTIBIU

ArNgudeuvaslangUeyn

Reulmsvinuiiay : | 16. vnnsendeyalinsu ssuvasuaniudaieudn “ngan
% o & o v

nsendeyandlulviasuiiu

16. vnszuulinudeyaiAum seuuazlanIudwfioudn

“linutayanAum”

1.9) gawaasgnumANududounisminaing (OOP)

yawnaiiduduigldauannogmenuainududeudismnindaing
(OOPwasinAnwnsiazauls laesldauasdondaniuysneu SEUUILLANLUY LY
nduglinuarannsndonaymenusanududousismein OOP syuuazuanmiinigg
enumnufudeuisnin 0OP eldnuannsadentns@nu o3 nquideu
nstu waglanddgmildasnisdum mndunady “dumseau” Wedumsisiy
ANANUTUFBUALUATA OOP SEUUILKANINITINTIBIUAIANTUS B UM I8LURTN OOP
fifum Fl¥nuannsaidentndnuidesnisgaenudanududouvesanddgymild
SEUUIL LA 190189 uANAUT U e uvedland Symvesindnuidiiden daflddu

NISVINUAIANTIIN 3-9
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M5 3-9 ANBTUNYAAATIBNUAIAINTUTRUAIIUATNLT TN

YOYALAF : UAAINATIBINY 59e : UC-9 SEAUANUENATY : Uunang
ArNgudeuvaslandtyniaig

umInigadng

ANTEYIVAN : 819158 szauANUtugeu : Uunans

AilduigItes : 919158

A5 : JlEuanusavinlalaen1snamy “918971” SEUUITLANLYE DY
ﬂﬂﬂﬁuﬂmlﬁé “91891UANANUTUTEUAILIUATA OOP” SLUUILUAAINTIIAETIENUY
Aruudousemsin 0OP deldauansadentmsdnw Mein nguiFou msthu
waglangtiymld andunady “Fumssau” Wefumnsnudardudoudiownin
OOP S¥UUALLANIMNTNTIBNUAANLTUToUMELATn OOP fifumm Flsainss
Bentindnuidosnisgsenumanududeuvedandtymls seuvazuanston

seurnNgugeuveslandlynvesindnwingen

AnsEau : 191380RINIYENUAIANNTuTeuvatlanddymvesindnysaz Ay

Uszinnuasdansesu : neuen

Feulvreumsvine : fideyarmanududouvedanddymninlaeldunsia OOP

Roulunaenisvingy : STUULENISIEUAIANNTUTaUAIBWUASA OOP

TJunoun1svinauung ; Alganu SPUU

L. naway “35189u”
2. UARLIYL DY
3. NAWY “5I89TUAIAINY
FugousmeLunin OOP”
4. LEAINTND I8N
ArNgugeuvaslangUeyn
JBYAAR

5. l@onUn1sAne
6. WEARNITIBIV
7. 1A9NT187%)
8. WARINANTYY
9. lHaNNAuLIEY

10. WAAINITUNY
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11. l@ann1sUu
12. wanslang ey
13, @onlangUaym
14. nady “AUMISIg”
15. LAPINITNTIBIIUAIADL
FutaumBLImIn OOP

16. doninAnw19fodn1Ie

FIBUAIALTUSDU
voslangUeyimn
17. LAPIUENADI189TUAT
ANugutouvedlandUgym
vaainAnwiiiden
Foulvmaviendies : | 14. mansendeyalingy szuvaznandadioui “ngan

% o & o v
nsendeyandlulviasuiiu
14. mnszuulinudeyaiiAum seuuazlanIudwfioudn

“linutayanAum”

2) wegansvilanddaymnmsiteuduuudiule
tnfnwaunsaaiunisilandnisseuiuuuiulalaensiauwazdslngees
alén (Source code) iftaliarunvhmsUssananauasnTadeunugniosedlAndiiouty
Tnonszuaumstanisdestunmsnoulnduesaldn ndndussuuaginmssuldaiign
noulndud niounvaounadnslasilSouifisuiuyndonannaou (Test set) lilodins1zs
ﬂ?’mgﬂéfax‘iLLﬁ%ﬂﬁzﬁ%%ﬂﬂW%aﬂIﬁﬂﬁﬁﬂﬁﬂwﬂﬁ\‘mﬁﬁg\‘iﬁ eaziBeafiufuieniunsyruuns
A Ml n1spaulndlan naenIuIENIIRTINERUNAINSVDIYANAFRY
2.1) gapawuzihlandgJaymuuudiule
UnAnwianunsadenland dggmainuauwugiinisseus i lagazuans
sromslanddymitiiarnududeusssutunandidndnvndennsaiidndnuiduluads

'
Y

wsn uanineazideavestayanisinlanddagdunsalndndnviaeidenyilandUgymiuaa

'
Y

wazwanslangdgmdalunmuvanlidn@nwidennsafdn@nwivitlandUgmdnsauans

M15197 3-10
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715799 3-10 AeSueganakuyiilangdeymuuudiule

Fogawna : wuzdlandUymauwuu | 59 : UC-10 sgAuAU@AgY : Uunand
Usule
AnsEviman : dnfinw sgAuANMUgUtou : Uunan

HEWN82U99 ; UnANWN

[

o

A195UY 1 UNANWIAINNTAI TN TINTNNENAB LU INSIT BUI T8 YAAATE UL
uanesgazideaveayansvilandlagdu lnevzuanssenislandUgymnianududeou

seauUUNaN N ANw LA NATNUNANY LU I UASILS N

danseau : dnAnwidesnisguinvenuzinsiseusTeyang

Usznndansedu : neuen

Houlunaunsvinay : -

Reulvndinisvineu : wanslandgdgmmunzauiutindne

Junaunsyineuung : HAkaTEUY YUY

1. idenwy “uuztdinsiseus
eYAAR”

2. uanen13ouurdinig
SyuITeyanadILYeILuIi
NSSEUEEUITIEYAAA

3. @enlandtym
4. wananu1aevinland Ugyma

nsiseuikuuUsule

Reulvmsiaouiey . | 2. nsdldndnedliingidonlandUgm azuansland ey
syauunawlitndnwiden nsdlndndnwaedsnyitland
YaymuauadeliadaasuanssianislandUgmnduiliasa

waznsanUnAnwvilanddgmdnianaiszuanssrenisland

Yaymdalunmugaulnindnwideniieilanddywseld

2.2) gapavilandgdayynisiseuiuuuuiula
UnAnwmaunsitanddagvinisseuiuuudsuld lneidenansienistang
oy sguuiugiinuseauaNLaunsnvestind@ny) 39519asidunn15vnauvesyaLad

LEAAININITIN 3-11
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#15199 3-11 AeSuisgananisilanddaymnisiseuiuuulsuld

Fogaiaa : vilandussiduniy | s : UC-11 sgAuAU@AgY : Uunand
ANUIVRIUNANY

AnsEviman : dnfinw sgAuANMUgUtou : Uunan
fdwAeades : dndnw

Aosuly : lunisvinlanddgymnisseuiuuudsuldaiunsaiilalnenisddlndgesalan
(Source code) Wag Compile [NBANAANS Test set YBINTVNNUVBIRDTALAN MNHATNS

Y04 Test set gnApsianunzaunsatudslangdaymanlula

aanseau : dndAnwidesnsvilandUymauainuivesindnw

Usznndansedu : neuen

Reulvnaunsvineu : desdilandgdeym

Reoulvndanisvia : deyanisvilanddemgniuiin

JURDUNISINUUNG -

HALATEUY

1. idenwy “uuztdinsiseus

eYAAR”

3. panaontang ey

5. 189NNV IR ALAN
(Source code)

6. dUlnannsollsugosalan
(Source code)

7. nsendeyadn

8. AANYL “Run Code”

11 adndu “Iland Jgymn
fnly”

2. W@AInU 198U UINTT

ISgUITEYARa

4. L AN 19901571 ng

Tymnmsiseuiuuuusule

9. LAAINAANYIN1S Compile
BAYLLENITIEN1ING Test Case
10. WAMINA DILIILA DULA

Tangdgymidnioua

12. Yuiindeyanisvinlang

gy
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13, WARINU 19D LULUINNT

SeuIeUAAa”

Foulumaviaudias | 2. nsdllaingvinlandUgmaunnuaiunsnunneuszduuans
Tandsesutunmanlidn@nwidentioun 5 4o

2. nsinAnwneeyilanddgmdnianaravuanssionislang
Haymdnluiimanzau 5 deliindnvnden

6. Mwnazgnidonazusuliduntw C

10. n5al Compile wd7 Test Case lin1uNN Case 3gliiuans
naowdudoundlanddgmildsaunds

10. n38 Compile waa Test Case hisimuyn Case 3z laiwanady

TlandUgmiiald uwiasuansdaldeulandUgmunuy

2.3) gawnansiasulandtapmmsFeuduvuuiuls
Tumsvilanddymnisseuiuuudsuldmnin@nwinuinldannsavinland
AlFsuneununglanielanddananbimnzanivszduaiuguazauauisaveany
tinAnwanusadslanduszdiuld nsazdeadulunuieuluviedermundiimunl i
eaziBeaieafunsdnsiasulanduansdamned 3-12

915799 3-12 AeSuisgananisisulanddayymnsseuiuuuyuiula

Fogand  LUd guland Jeymn | 59 : UC-12 sgAuAU@AgY : Uunand

nsiseuikuuUsule

€

NASEYIEN : UNANWY SEAUANUTULBU : UUNag

[

HEWN82U99 : UnANWN

[

[

mesue : Tumsvilanddymnisiseuiuwuuusuld mntdndnwmuinlianansavillangy

lasvneununeglavselanddenalimuizauiussaunIuiwagANa1N1T0 VIR

U =2

tnfnwansadfeulandlaluninsenisilandnmsseuivuudsula

aansu : UnAnwidesnsideulanddym

Usznndansedu : neuen

Reulvneunisyieu : dnfnwdewnsidensilandlamiuneu

Reoulvmdanisvia : TeyaniswdeulandUgymgnduiin

e

Junaunsyineuung : AUATYUY YUY

1. idenwy “uuztdinisiseus

eYAAR”




a2

3. panaontang ey

5. aanUu “wWagulangdaym”

2. Wd@nInU 198U UINTT

SeuIeUAAa”

4. L AnInY199n15vINlang

Tymnmsiseuiuuuusule

6. Tuninnsiasuland ey

7. uwanslandtdaymlng

Houlunsvinaudivey ;| -

2.8) gawpanisasdmaulangdymnisiteusiuudsula

tnfnwanunsasiunisdsimeulanddymnisiseuiuuudsuldlaenisds

ldgasalan (Source code) v 8lW SEUUMINITATITABUAIINY NABIVBILOT ALAN

Fenszvrunstazinertesiunsnenlng (Compile) TnadunounanisianIsen 3-13

#15199 3-13 AeSutgananisasimeulanddaymnisiseuiuuuliula

Fogawad : n13dernoulang | 59 : UC-13

Tymnmsiseuiuuuusule

sEAUANEIAY : Uunang

€

o [y Y

NASEYIEN : UNANWY

[

SEAUANUTULBU : UUNag

HEWN82U99 : UnANWN

[

[

£
=

Aty : dnAnwianusadiiiunisaineulanddymnisseusuuudsula lnenisds
Inldeasaléin (Source code) HialiszuurNIsUszaaNaLaATIIADUATLYNADIVRILAN

MAgudulnensyurunsiaziieatasnunisreulng (Compile) wasalan (Source code)

aansu : UnAnwidesnsideulanddym

Usznndansedu : neuen

Reulansunsvineu : dndnwdesinlandleymiunou

Reoulvmdanisvia : YoyalandUgymgniudin

Fupaun TN : Hauasyuy

1. adnidenlandUgmn

3. lABNNIWIVDY Source Code

4. dUlnanuseasnalngd

2. W@AINU 198U UL UINTT

ISgUITEYARa
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5. AanYs “Submit Code”
6. LEAINL198015911aNE
Tymnmsiseuiuuuusule

7. W@RIHadNSn13 Compile
8. uansnassudufounilang

Yaymddnsouan

Roulvnsviauiiay : | 8. N3t Compile Wd7 Test Case hainunn Case agluuans

napsdfouunlangJamidd i

2.5) mauanssziansseusiuuuiula
tnd@nwiamnsaidivaseiinnseuiuvudiulfiielinnziuazAnnm
fimunismienisdsuvesmuedld Tngluntvetasinsuansdeyaddnysine Avael
ansavszifiumnuinmilunsilangtamld lnedeyaiiuanssznausensmiead
Tunnsdsey Jeeliiuuulyuuasngfnssunisdsnuvesindnuluusazyinian
uennidsfinmrkduiinansisseiuaudvosindnwiusuuadlumumahlangtiym

ludruvedlandUayvniu vthaevzuansloyanediulandnind@nyiienyi saudalseiang

denuiielianunsadougimuinisvesnuels Snadilideyasevazuenisroulnddsa

Y

!
=

Fareavioudernugnieseddafiinfnuidou wazdayadue liun Swulandivindusa
seRuANUEINVRLlANgMaenT uazaziuuTTLATY TneseaviBunineliuyainanIsuand
niveuse AN seusuuUiuliwaninnsed 3-14

#15799 3-14 AeSurgananisasimeulanddymnisiseuiuuuliula

Yogaia : wansuseiRnisiSeus | Wa : UC-14 sEAUANNEARY : Uunana
wuuUsule
AnsEyiman : dnfinw SEAUANUTULBU : UUNag

HHEWN82U99 ; UnANWN

[

[

Aatue : dnAnwianunsaivaianslseTansiseusuudsulameinsgiuasiinny

o w 1

Wan1amensseuivesmuedls lneluniaeliasiinswanstoyadidsingg Neln

asaUsziliununnuninlunisinlanddeymwle

danseau : dnAnwidesnisguinvenuzinsiseusTeyang

Usznndansedu : neuen

Houlunaun1svinay : -

Houlunaanisyingy : -




aq

JUNDUNITVINIUUNG Hauase

uu

eYAAR”

1. i@enwy “uuztdinisiseus

2. uanen13ouurdinig
SUITEUARRAILTDIUTE IR

nsiseuikuuUsule

Houlunsyinauniey

3.4  wHunwAaNssu (Activity Diagram)

1) galAaLiaA?

A1UN 95 UN8aIR UT UMD UVDINITLN UN1SUIUN A oINS LU TuAE I nSunIS

USTUIANAANUT UL DUVDITBIALAR LA8YiIN

151d0NN1TUINTABINT waznaudydnual

“LASRIVUNYUIN TITIYALLIYANITVINIU AININA 3-3

ity EEAnY
. wansuiiaadanisAtduIunITUTEINaNE
NAWY “A1sUszEnaNamududou” —] vy oy
“ Aududauaswaialda

596397 waznFNEEY ]%

[ nsandayadmsinen

7[ wiafau “nImnnsa nﬁ’aa&aﬁa‘inﬁu‘tﬁﬂiuﬁ'su”j

lafle

nsandoyansuiulyvse bl

nady “Auvindaya”

]e

[ Benlandiyviiidesnisdeaanvaidlda

—(

WHAIAITINTANTTAD

AN 3-3 HUNINAINTTUNLA



a5

illdsau TEUU

anmsUnuiidaenIsuan . . . - = -
L waRIENANSLERH AT UF MU SRUAR
naUusanEnl “LAsasvunauIn”

[ nsantayaaniifiasnts —[ udufigu “ninnnsanailunisszulana” ]
Tl
N ﬂaaﬂmayﬁwulwaalu
[ nady “uunn” )
T
[ Uanihdrauananadou j

v o =1
[ Ll,ﬁﬂ\‘iLl,‘i]\‘il,ﬁlauﬂ'}il,wuﬁ]m‘l’aﬁ'llﬁﬁ] ]
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Powered ByOVis ual Faradigm Community Edition 43

AN 3-3 HUNINAINTTUNLAD (D)

2) yalpdaum
Wuduii 95 unea1AuT UM uYDINITAUNISUIUT A 9IN1509NNNAIEINTU

nsUsEIRaNanududauveesalan lagvinn1sidennsunuinens wavnaudnydnyel

“fea8y” YIUANBEUIYSIUALLDYANITINGIU 9NN 3-4



a6

iltau

SUU

[ nAIY “MIdszanananududau”

%%

uanautihasinnismdmsunisussuiana
ANUdUdauvatwasalan

16391 uaznguiieu ]e

[ nsendayatinisfne

oo “ v = o 2 v
| HADU ﬂ?m"ﬂiaﬂﬂauaﬂ?\nlfaiﬂﬂﬂi‘uﬂ'}!u

U

nsendoyansuduldvinlal

Taile

nady “Aumdaya”

[ Banlanddyniidasnsdsoanvasaldn

14

—(

LEAIATITI9IANSAD

wannsuIunABInIsuan
naduduanuel “daves”

usAsuthAuEAIHAd oY
dmiududunmsaudeya

Al “Budu”

—(

Upwihdauanspadou

LLﬂﬂ\‘iLLﬁﬂLﬁauﬂﬂiﬁU{I’ﬂi‘ljﬂﬁﬂﬁﬁ]
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problemId INT(S)

problemTitle VARCHAR(255)
 problem Description TEXT
 problem CreateD ate TIESTAMP
 problem UpdateDate TIMESTAMP

VARCH AR(20)

problemUpdateBy VARGAR(20)

problemStatus ENUM(..)

] detailReportLizard v

problem VoteScore FLOAT

problemVoteAmount INT(11)

detalReporttizardid INT(s)

problemTimelimit INT(11)

 detalReporttizardfieName VARCHAR(255)
detalReporttizardNCSS DECIMAL(10,4)
detalReporttizardCCN DECIMAL(10,4)
detalReporttizardCreateDate TIMESTAVIP

] assignments v

assignmentld INT(S)

detalReportt zardUpdateDate TIVEST AP i  assignmenTite VARGHAR(255)
# detaiReporttizardheaderReportid INT() + assignmentDescription VARCHAR(25S)
> CREET =  assignmentCreateDate TIMESTAVP
¥ hecderReportid INT(S) - sssgm ntupdseDate TMESTANP |34 ————
] O headerRepertyserid NTE) || @ assgmentCreatesy VaRCHAR(2D)
|
!  headerReportassignmentld INT(S) | [ assonmentupdateBy VARCHAR(2D)
|  headerReportProblemld INT(E) | | Qeesmentiais UML)
| headerReportdUMC DECIMAL(10,4) | [Dassemmeniscore NT(LY
| 3
! DECIMAL(10,4) 0

] detailReport0OP v
detalReportO0PId INT §)

* detalReportOQPfi sName VARCHAR(255)
detalReportOOPWMC DECIMAL(10,4)
detalReportOOPDIT DECIMAL(10,4)
detalReportO0PN O DECIMAL (10,4)

headerReportOC DEQIMAL (10,4)
headerReportCBO DEGIMAL(10,4)

" queue v
aueueld INT(E)

 queuellserld INT(E)

 aueseAsignmentld INT(8)

 queueProblem Id INT(E)

> quevepathle TEXT
> queueStatus VARCH AR(20)
TIVESTAMP

queveStartCompile TIVESTAMP.
queueFinishedCempile TIMESTAMP
QueueCreateDate TIMESTAMP
queuelipdateDate TIMESTAME

@ queueCourseld INT(8)

@ queueSectionld INT{(8)

] sections v

detalReportOOPCEO DECIMAL(10,4)
detalReportO0PRFC DEMAL{10,) ——
detalReportO0PLCOM DEMAL(10,4)
detalReporto0PCa DEMAL(10,9)
detalReportODPNPM DECIMAL(10,4)
detallReportoOPCreateDate TIMESTAMP
detalReportoOPU pdsteDate TIMESTAMP

% detailReporto0PheaderRepartid INT(S)

>

headerReportRFC DECIMAL(10,4)
headerReportLCOM DECIMAL (10,4
headerReportCa DECIMAL (104)
headerReporthPM DECIMAL(10,4)
DECIMAL(10,4)
headerReportoCN DECIMAL (10,4)

headerReportMetricOOP TINYINT(1)
headerReporthetric izard TINYINT (1)

headerReportCreateDate TIMESTAMP.

sectionld INT(&)
@ sectionCourseld INT(8)
”””””  sectionNumber VARCHAR(20)
 sectionCreateDate TIMESTAMP
? sectonlUpdateDate TIMESTAMP
sectionCreateBy VARCHAR(20)
sectionUipdateBy VARCHAR(20)

sectionStatus ENUM(...)
T users v s

usertd INT(8)

] courses v

courseld INT(s)

 coursevearld INT(S)

* ounertsertd 1T(E)

1 % courseCode VARCHAR(255)

| > courseName VARCHAR(2SS)

! courseDes VARCHAR(2SS)

) eorseCreateDate TVESTAWP

? courseUpdateDate TIMESTAMP
courseCrestsy VARGHAR(20)

)
|
i
|
|
i
|
headerReportUpdateDe TINESTAVP |
|
|
|
|
|
|
|
I

S userUsername VARCHAR(20)

> usertashPassword VARCHAR(2SS)

> UserFirstnameThal VARCHAR(255)
 UserFirstnameEngi sh V ARCHAR (255)
 UserLastnameThal VARGHAR(255)

> userCreateDate

> userlpdatedate

TIMESTAMP
TIMESTAMP

userRole ENIM()

userCreateBy VARCHAR (20)

UserlpdateBy VARCHAR(20)
2 userStatus ENUM(..)

>

coursestatus ENUM(...)

courselpdateBy VARGHAR(20)
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j adaptive v

endDate DATETIME

» createdAt DATETIME

» updatedAt DATETIME
correct DECIM AL (10,2)

nextRecommend INT(10)
>

] users

userld INT{E)
J userlJsername W ARCHAR( 20)
> ugerPassword V ARCHAR(20)

# userCreateD ate TIMESTAMP
» ugerllpdateDate TIMESTAMP
userRole ENUM{...)
userCreateBy VARCHAR(20)
userllpdateBy VARCHAR(20)
» userStatus ENUM{,. )

»userHashPassword V ARCHAR(255)
» userFirstnameThai VARCHAR(255)
» ugerFirstnameEnglish VARCHAR(255)
»userLastnameThai VARCHAR{255)
» userLastnameEnglish Y ARCHAR(255)

:]pmblems

2 problem Difficult ENUM(,

i

_| adaptiveUsersLogs ¥

adaptiveUsersLogsId INT(11)
@ problemId INT{11)

difficult ENUMC. ..)

language VARCHAR({255) @

loc INT{11)

complexity INT(11)

attempt INT{11)

currentievel INT(11)

problem VoteScore FLOAT
problem VoteAmount INT(11)
problemTimeLimit INT{11)

2 isForAdaptive TINY INT {1}

Pl

i

' _| adaptiveCompileLogs v

adaptveCompileLogsld INT(11)
problem Id INT{11)
compilelogScore DECIMAL(10,2)
compilel ogSubmithio INT{11)
compilelogTestResult TEXT
compilel ogErrorMessage TEXT

adaptiveld INT(11) " solutions v
problemId INT(8)
@ problem Id INT(10) golutionId INT{10)
problemTitle YARCHAR(255)
@ userld INT{10) @ problem Id INT(10)
# problem Description TEXT
loc INT(11) language VARCHAR(255)
# problem CreateDate TIMESTAMP
complexty INT(11) reportLizardhr INT{11)
* problem UpdateD ate TIMESTAMP
attempt INT(11) reportlizardMCSS DECIMAL (10,2)
problem CreateBy VARCHAR(20)
currentlevel INT(11) reportlizardCCN DECIMAL{10,2)
problem UpdateB y VARCH AR(20)
path TEXT ¥ problem CodeFileld INT(10)
problem Status ENUM (...}
startDate DATETIME »

_ problemCodeFiles ¥
problem CodeFileld INT(10)
> prablem Id INT(10)
filePath VARCHAR(255)
language VARCHAR(255)
»>

path VARCHAR(255) compileloglanguage VARCHAR(255)
2 createdAt DATETIME loc INT(11)
2 updatedAt D ATETIME complexity INT{11)
> ugerld INT(11) » createdat DATETIME

startDate DATETIME * updatedAt DATETIME

endDate DATETIME > userld INT{10)

correct DECIMAL (10,2) compilel ogStatus ¥ ARCHAR(255)

nextRecommend INT (10)
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3.6 nseanuuulmadmIukuziilandUgyimunzauiugiseu

Y

3.6.1  Junsun1seanuuuluLAg

n1seanuuuliinaluauidedladaniuiansiinvesnsileusvenasas (Machine

Learning Lifecycle) Fsusznaumetunaunssoluil

[

1) msivuadayn (Problem definition) 1utunauildlunisszyingusyaa

[y

Y9958 UU FIUNUITYL

a

bIYU

a o

TnUszanAfo MIkuLInANNTINEALAUTEAUAINENNTATDS

ey

2) msrusmtoya (Data collection) Instumeuiiazidunssdoyaainuvas
199 1w grudoa Ind csv deaduldlidoyanngruteyaunanlesunisFouinadou
TUsunsy

3) nswSuLazinANazeInteya (Data preprocessing) Dudupeudilily
nsidaRAAUNG (Outliers) A1fmely (Missing values) wazUsusuuuutoyalieyly
sULuUivnzan Fa3delsihnmsdaidendeyaanzvesaldnianunsnneulngls uazuuag
Adeyanneg 1wy szgalumsilanddym azuuuild Weglusuuuuimangay

4) nsasuazAnldanamanuuy (Feature engineering) Funoud 1 dunis
Anidenfilesnisinmddnygs (Feature selection) Mieasnsfiiaslniandeyaiiu (Feature
extraction)

5) nisidenluma (Model selection) iuduneunisidendane3suilivaizan
LU Decision Tree, Random Forest, SVM, Neural Network Lagfia1504191nU52LANY B4
aymuazanuaizostaya

6) msingeuluna (Model Training) {unsuustoyailugsrnasuuaznagou

(Train/Test Split) Tawluisnsusuamisimesvesiuna (Hyperparameter Tuning)

v
a o Gl

TANIIED A LW

[

7) nasUsziuluina (Model Evaluation) Taa T 6 0 %n
USLaNTAIN LU Accuracy, Precision, Recall, F1-score

8) msilumaluldauass (Model Deployment) usunaunisitliluina
W5RUlWUSNNT 1UU WU APl viSouaUNaLATY

9) ATAARINKALAZUI595N®1 (Monitoring and Maintenance) Dudunoy
A998 UUTEANS N Vel luaN NI DNAT S (Concept Drift) naonaus Ulnnnse
Hnaouluml
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1) UIUUTIVIAYelan (Lines of Code: LOC) nungfiadnuiuussvingasalan
vosriseudnduineuluwnazlandlgm

2) Aanuduteuredlan (Cyclomatic Complexity: CCN) 1un1sinanududou
\Banssnzvedlan nessydrnudumadaseifieglulsunsy

3) szRuAududouvedlang (Complexity) Wuthermiu (label) fitvunlag
faou eszysziuamnunveslandusiazie
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Description Submission

Jasaru

walkns:dunowenn - (eun] Auade 100 (4 au

Description

....... usunsudnEunsaonsan

Please New File.

wiZzonLnone WlSTASnEuiEn ()

Testset

Example 1

M9 4-29 vthaensyilangUseiliununnuzvesindne

tnAnwaunsadiiiunisvilandgdymnsseuiivvusulalagnsimmunuazdala
ga5aldn (Source code) uszuy Faifdenliannsadulnanlndaneiowosnuease
aslndtulminigluszuy Taonssuiunsiinsounquuansduney dausnssulndddnan
a'aL%"]mmiﬂauiwa“lﬁmLﬁau:daaLi‘]u'gULLUUﬁmmiaﬁleé’ FIRINIATIFFUTDRANAA
Fonaintulunsreulng wdentu ssuvazynmseasulAailasulneUsouiiounadng

PlefusnauNnAInnie IneLanIsaInIng 4-30 D90 1WA 4-31

U hlondUumimunsiuannsa wieulondOes
Description Submission 1
gasnau c

HAlHRQS-AUAZILLTN - (NIELN) DAY 100 (4 ALY -
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= StudentUser Tester] [\
rlongdrurnaiuAuaILISa R
Description  Submission | sava v E

WUWAIDINDSISE
walkons:AuATILENN Avan 100 (4 Au) mainjava >

Description

SuauAL 1 51u9u () 9nduoUS HASU n FLoudu ust 50 2 Fwou hiulu
i 3 1 ] onihoa

s ua: e unu index

wadwsupulusunsuiiionun 2 ussria

+ ussfousauacodipyario Aulundisd
*+ ussrofaoonanodoyadi 0 e Monthao (@ index ARtEUaULNTU 5 ua: e Tagluvauwauao
disdliuanvlion2u3 Your index invalid}

Testset

Example 1:

Input:

A 4-31 mihvenmsvilandUgmmsBeusuuuuiula

vdndiinAnsyilandlamdSaardsdmneuSeuies mﬂmaé’wégﬂﬁaqﬁwm
p1al Test set ananindesudaiouduidhonnudlangtymildisudmieuansdoyana
nsnageUATY Test set uazazuansyuludslanddaluuioludmtasuuzinisnious
seyaraifionanssenslandialuiivmnzandussfuanuivesindnuuanadanmi 4-32
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rhlondUeurmmundiuauisa

A9 4-33 nthaenseanduludalanddall

4.2.3  mswWasulanddyvnisGeuiuuudiula

mninanwmuintangJgmnlasuteunueiinududauiiuninssAuaLEnge

v =2

Yosnuas visarlonlulandlinssiuseauanuiuasinueniiegludagdu dnfnwaiunse

Wenidsulanddgymla svuulasunisesnuuuaiiieliaudang ududldanu lagids
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HavNGURrMSWL
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AlgUauA 1234 IUsunsuo: WUVIFY 4321

wlalia mswLW:

1 Budu
2 Suddlay

Please New File.

StudentUser Testerl [\

wasulongurum

- |

A9 4-36 wihaeuandland eyl

4.2.4 msdernulandlgyminsiseuiuvuuuiuld

wasnfitndanwvilanddymdiianazdsinauissusssmnuaniinsiadeunsel

nagauveslandJymuugnaesianuanu Test set AzuanINaIRRoUdUARIEAMUA

Tangdgymildniaudmdennaniteyanalioussneuanaiiouanisienislanddalun

WigauiuszAuAN T inAnYLARIRIn IR 4-37
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&

Al 4-37 wihaensvilanddamnisGeuiuuuysuladise
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= StudentUser Testerl [\

rlondgUsyriaiuaAdiuaiuisa MBS

D il Subi
eeeee = R
Submit No#5

mainjava } >
Error

int number = scanner.nextint();

int mod1 = number % 10;

System.out.print(mod]);

number = (number - mod1) / 10;
int mod2 = number % 10;
System.out.print(mod2);

Submission Result

No. Tl Submit Date 1) Language T| Score Tl status Tl View
5 2025-05-16T04:06:41000Z Java 000 e
number = (number - mod3) / 10;
4 2025-05-16T04:05:47.000Z Java 000 e
3 2025-05-16T04:04:41000Z Java 000 e

AN 4-38 ntNApuanItaRanantlonaulna kit

mninAnwileudisugesalangndosniuvanlionsaiudy ssuvagyinisaeulng
uaznsIRdoUMUnIUNaaaunNland Ueynin lanivuneld Jananisvadouunaznsel

PNAFDUILHAAIANINING 4-39

StudentUser Testerl [\

mldngUsuricouANuaIuIsa wasulondlaum

Descrij ption  Submission o » n
+ wiviwa | & dulkaalwa mu | Java v K

Submit No#4

mainjava } >
Testset 1:
import javautil.Scanner;
Input: 3456
public class main {
’
public static void main(String[] args) {
Scanner scanner = new Scanner(System.in);
Testset 2:
int number = scanner.nextint();
Input: 1972
Stat [ caiiea ]
int mod1 = number % 10;
System.out.print(mod1);
Testset 3:
Input: £239
Status:

AN 4-39 NTNDWAAINANITATINFDUANUNTEINAFDU
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Hamun AzuuwteaLn ns1 Heat Map fuansivednanuilunsvilanddamilusoudiiny
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FanthaeusyianisvilandUgmuuuliulananinening 4-40

TondUrumAguluiage Uss3aimsrilondlnum
FwoulondUen : 3 @ s«Aulaquu: thunaw ﬁ
a2vadv junit
Sufuriy LU unat 2 nn: 0 23 0UNAU 2568 13N 1007
Swoumsdo dasymsaoulwd wouLoC AuuufoHua
6 100% 9 100
A+B
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Api My sl g s a N o P Reb M
n
Mo
Wed
Fri
o
nsWLaavs:quanuausavaviseuiusau 1dUonA
] seusmamsn
dwnan
et mmGon ;e a0sm 2 s 32 2 -
s1emslongUaunn
s 1l iy Tl dolond 1| win 11 seutl Nl Loctl ,‘;“’“"‘” 1 w1l goms
23 dinay 2568 adoasno -
......... i ==} m e o em -] s
2 2 e 2368 A . vunaw 0 0 7ui 0 Z
nne2
:‘j‘a‘:“n‘;‘;';‘“ floce) Do 2 s 28 o 2
1 shewing 1o 3of 3records 19 v

M9 4-40 vthaeUseiiniseuineyana
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Taeldlamaldiumsniugiu Idun annuusiugh (Accuracy) AnFendu (Recall) asifies
(Precision) ALadenaxndu (F1-Score) InaiFeuiiisuiutheiduiigaouimunly e dn
anuannsavedlnalun e siuAEInTINgandmTUieu FaainnsTius
Poyanisvitlangdayymnmsifeulusunsuvesin@nwdnuiy 1010 518015 washusaRnousy

(80%) wazyAnazauy (20%) Fanansusziiiulinalagldyadeyanaaounaninanisnad 4-1

A13199 4-1 T1891URaN1TIUN (Classification Report)

3ZAUAINYIN AULTiB Al3ENA AnRAenaundy | s1uudaega
(Class) (Precision) (Recall) (F1-Score) (Support)

1 (s¥AUdD) 0.98 1.00 0.99 129
2 (szarudunans) 0.98 0.95 0.97 61
3 (5¥AULN) 1.00 0.92 0.96 12
ANULLAIUEN 0.98 202
(Accuracy)

Macro Average 0.99 0.96 0.97 202
Weighted Average 0.98 0.98 0.98 202

nansUsziliuwandliiuilaaiiauudugilaesiugad 98% lnsaniglusydiv
AN " Aamaanusavitungligndes 100% (Recall = 1.00) Tuvnirfiszdiu "1n’ d9
fidoyatosiian (12 fee19) Addlde F1-Score gefia 0.96 dmdumsiinnginoaziden
ufnvesnsvineluusassedu a1unsagldain Confusion Matrix fauanslumnstedl 4-2

FauanaduumMsuegnLasialulsaysEauAINeIN

AN519% 4-2 Confusion Matrix UadlaLaa

ATAINT3A \ Adiinung 32AUSY sEAuUIUNaNg FEAUYIN
(Level 1) (Level 2) (Level 3)
AUy (Level 1) 129 0 0
seauUIuNas (Level 2) 3 58 0
seauenn (Level 3) 0 1 11
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WaAs1eveyadn Confusion Matrix WAINUT

o SvuluszAuiednuiy 129 Au gninwunliegagniesviaiun

o Tunguszauiiunan ifiseu 3 Auiilumavinneindusziuing

o [ [y Y a [ = [ Ly
o dwmsusyivenn dgiseu 1 augnyineaainedauluilussduliunas

nsmaealiinisyiuieeaiamasuainsesudigluenn wseaineinldde wandl

(%
Ao W v

WiuIiANsEinse TalunNsinune haranusaLeNLeEasuTRIANLEN e ag19d AUty

FadudnuasNmunzaufussuuiuzimauwuulsuls
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AnuFudau 2 1m5in Ae 11RsIA Cyclomatic wazaasinweniLIfIBeTng Fnnsin 2
wnsindannsovsvendsdnumgnsidenlusunsuieniadeulsunsdlaseaiing
(Structured Programming) LLazmiL‘ﬁEJuI‘USLLﬂiﬂJL%\‘i’?@]q (Object-Oriented Programming:
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ansavdudgdanddgmviedadrdiunrmeinievedand ileaiasraunisainsiFeus
oehafuszuuuntndnuilududeu vonand suidelddlditanmegansSeuduuuuiuld
ielsinAnwannsadanfindunsdeulusunsuldsenumes Tasflunasosutiazyhmid
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Random Forest @sfinnsananaudnuazveswesalinitndnuvhnisdeanan Wy Sy
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nanfidnAnuldlunisvinlangtiygm S1uuedsidnAnwhnmsdwesaldn azuuuanugn
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290U Fanadnsvedluinavzuuziiseiuanuenvoslanddymilimuzauduindnw
‘1/1?5}\‘1%1ﬂﬁ?ﬂLLWﬁ@WB%&IQ%VTWmiLLuzﬁ’ﬂWﬂﬂinWoWU’m 5 FeluntinAnufiovinisdonyi
Tand¥gmnaniy denalndvzgaeliindnuldnusulanddamitenauiuluniede

auiull wazanunsorneunis@eulusunsulaagnewaliles



91

52 Uslewinldsu

1) o1nsdiasuanansngesuAnNduieuvesesaldndiinAnyinaidoy
Fuunluwsazlanddaym wasiliouiisutuimududouvesaasvostanddaymiiu e
dziouisszauauausanaRsulusunsuvestidalunsazlang Uy

2) seuAInnududeurewetalannie Yielie1arsdiaouinluldlunisuiu
AanssunIsaew/nMsteuninenuaieg Tunsdauszaunisalnmsiseuiunindnwiagiudu
JEUU

3) Wn@nwaunsadenvilanddymnisdeulusensufissuunuziildnusesu

ANUANNNTNVRIUNANWITIEYAAA

v o

53  2831nA

1) Feosildlunsiinlima wu Sruaussvinuedldn (Lines of Code: LOC) wage
Anugugeuluulelaauifn (Cyclomatic Complexity: CCN) fidadninlunates lag LOC
91alasudnsnannguwuvaladnisdeuldnvesinfnyiusasau war CON launsnasyiou
fdvtsueesauudeunisdanestunieanninlunisudtymlfodsnsouagu

2) lusatagtuerdeteyaaniuzvesiFouluranamis lnglildfarsanis
wrltavemgdnssudisouluszerend 3013dinnuansavesszutlun1sneuaussie

msasuwdasegaseriios ldinzsiluimuinsvianisanoesvesisey

5.4  davduanusluauinn

'
=

1) WalwasuasaielminSsuLaz 91215881 0UDMAUNAIUINITVDIAULDY 1130

Yoin@nwsazauluwsastussula g taLY

'
=

2) Uszgnaldimadanisadrauvuinaesnannsainniuainuniiviivediseuly
538817 (Dynamic Modeling) M3t sulfisuduisnisdus 1y nauwinisnevaussde
U9@ou (Item Response Theory: IRT) LLazmsﬁﬁlu‘gLLUULﬁmm (Reinforcement Learning)
naonaunIsiIteayataunduaingissunnldlunisusuliessvusuuiiealny (Realtime

Feedback)



AMANUIN



AANUIN N

UNAUIINANUWLHEILLNS

2024 16th International Conference on Information Technology and Electrical Engineering (ICITEE) | 979-8-3503-7581-7/24/$31.00 ©2024 IEEE | DOI: 10.1109/ICITEE62483.2024.10808506

2024 16th International Conference on Information Technology and Electrical Engineering (ICITEE)

Measurement Module for Supporting Arrange
Difficulty Coding Questions on KruCode Platform

Peerasak Pianprasit
Software Engineering
Faculty of Informatics

Burapha University

Chonburi, Thailand

peerasak@buu.ac.th

Abstract— This paper aims to present a measurement module
that is an ongoing development for the KruCode platform, which is
a platform for teaching and learning programming-related subjects.
Currently, the platform includes functions such as defining
problems, assigning students assignments, and assessing source
code and reports. The objective of this platform was to make
teaching and learning more accessible for instructors and students.
The measurement module will measure the complexity of the
student source code for each problem. We use cyclomatic metrics
and object oriented design metrics (C-K metrics) to measure student
source codes. The question complexity reports support the
instructor in deciding the coding questions, considering the
difficulty level of coding questions well suited to students, and
building the learning outcome of that course. This information
may be utilized to establish assignments, adjust activities to be
relevant skills for the class's learners, and assess the level of skills
of students.

Keywords— measurement, cyclomatic metrics, object oriented
design metrics, difficulty coding question

I. INTRODUCTION

It is widely acknowledged that practising solving various
programming challenges enhances programming skills.
Therefore, programming instructors often design teaching
methodologies that impart knowledge while assigning
programming tasks, ensuring that the lessons are neither too
difficult nor too easy. This approach aims to progressively
foster expertise in programming skills, allowing each student
to tackle increasingly complex problems. That aligns with
Vygotsky's concept of the zone of proximal development,
which continues to inspire educational design and
development efforts [1].

Instructors evaluate the complexity of assignments
regularly, especially in programming courses. Assessing the
correctness, coverage, and complexity of students' program
source codes is expected in programming teaching. However,
determining how one coding question is more complex than
another and attempting to sequence coding questions in
assignments from easy to difficult is challenging. Therefore,
most instructors rely on their experience to design appropriate
teaching methodologies, including inspecting students' source
code for complexity. Nevertheless, the methods for thinking
about and writing programs may vary, and each student's
perspective on the difficulty of solving the same problem.
Nonetheless, previous research [2] implies that examination
questions in programming courses often correlate easy-level
questions with straightforward thinking processes, a small
number of source code lines, and clear question formulations.
Higher-level questions typically involve complex concepts
and much more source code.
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Therefore, this research presentsthe design of an
application that utilizes software complexity measurement
processes to create a metric for assessing the complexity level
of coding questions. This tool aims to reflect whether the
instructional designs implemented by instructors are
appropriate. Furthermore, it serves as a tool for simplifying
the assessment process and reducing time while providing
accurate information about the complexity of source code.

II. BACKGROUND OF RESEARCH

A. Sofiware Measurement and Metrics

Software measurement is the process of measuring
different characteristics of a process or product, such as the
size, amount, or dimension of a specific feature. Software
metrics measure the level at which any impute belongs to a
system product or process. For example, a basic measure like
lines of code (LOC) counts the number of lines in source
code. LOC is typically used to predict the effort required to
develop a program. Similarly, evaluating effort expended in
activities such as unit testing demands a clear understanding
of the process boundaries to establish when it begins and ends.
Software metrics are a quantifiable or countable assessment
of the attributes of a software product [3]. Software metrics
support risk assessment and mitigation decisions during
software development [4].

B. Cyclomatic Complexity

Cyclomatic complexity (CC), proposed by Thomas
McCabe in 1976, serves as a software metric to assess a
program's complexity by quantifying the number of linearly
independent paths within its source code [S], [6], [7]. Utilizing
a control-flow graph representation, where nodes signify
indivisible code segments and edges denote potential
execution flow transfers, this metric aids in determining
program stability and confidence levels, with lower
complexity indicating higher understandability and lower
modification risks [8]. By interpreting programs as strongly
connected directed graphs, McCabe's metric enables the
analysis and regulation of path proliferation, correlating a
program's complexity with the topological intricacy of its
graph structure. Previous research [9], [10] has proposed this
metric for software maintenance productivity.

C. Object Oriented Design Metrics

The metrics suite [11] proposed by Chidamber and
Kemerer, also known as "C-K metrics," has garnered
significant attention from researchers and software engineers,
leading to numerous empirical studies evaluating these
metrics. This suite comprises six class-level metrics, consist
Weighted Methods per Class (WMC), Response For a Class
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(RFC), Depth of Inheritance Hierarchy (DIT), Number of
Children (NOC), Coupling Between Objects (CBO), and
Lack of Cohesion of Methods (LCOM). The C-K metrics
have been so popular that researchers have examined and
empirically validated them in various projects. These metrics
have become widely accepted and utilized in object oriented
design assessments, contributing to the demand for software
measures aimed at process improvement.

D. Case Tools For Software Metrics

Various CASE (Computer Aided Software Engineering)
tools are available for measuring software, catering to
different needs and preferences [12], [13], [14], [15], [16]. For
example, Analyst4j operates on the Eclipse platform and
provides comprehensive analysis and reporting capabilities
for Java programs; CCCC is an open-source command-line
tool that supports both C++ and Java codebases with various
metrics. Metrix++ is an extension tool for the collection and
analysis of code metrics. Dependency Finder is a suite of tools
for analyzing compiled Java code and extracting dependency
graphs. Platform-specific tools like SonarQube, Jenkins,
Code Climate, GitLab, and Lizard, each with unique features
and supported languages, aim to streamline continuous
inspection, code review, and performance analysis processes.
Other tools such as CKJM, OOMeter, and Semmle cater to
specific needs, such as measuring object-oriented design
metrics in Java codebases or providing customizable code
analysis through dedicated query languages. Each tool has
strengths and limitations, requiring careful consideration
based on the project requirements and preferences.

E. Related Work

Software metrics are used to measure software or
processes in the software development process. It has also
been used in the field of education, for example, in following
research. Yoshee Jain and Kathryn Cunningham propose a
matrix for curriculum planning, emphasizing criteria such as
the frequency of professional usage, comprehensibility to
novices, and alignment with domain context [17]. Said
Elnaffar developed the Predicted Difficulty Index (PDI) tool
to assess coding question difficulty, assisting in better exam
design using software metrics from sample solutions [18].
The metrics estimate the difficulty of code writing tasks,
assisting in designing and selecting exam questions, with
higher cyclomatic complexity indicating greater question
complexity [19]. Software metrics are pivotal in assessing
code comprehension tasks, providing valuable insights into
code tracing difficulties, particularly in first-year
programming assessments [20]. Programming question
complexity is a multifaceted aspect influencing student
performance and learning standards [2], [21]. Assessing the
difficulty of exam questions is crucial in gauging the expected
skills and knowledge level at the end of a course.

III. OUR APPROACH

A. KruCode Platform

KruCode Platform [22] used the Minimum Viable Product
(MVP) principle to design a platform supporting
programming education. This platform serves as a tool for
instructors to manage courses, student groups, assignments,
and code submissions. The platform focuses on providing
immediate feedback. The platform aims to formulate a coding
culture among university students, offering continuous

feedback learning, problem-solving assignments, and support
for various programming languages. However, it cannot
measure the complexity of coding questions; instructors may
use more effort to assess the difficulty level of assignments.
Consequently, adjusting assignments (coding questions) to
match students' skill levels.

B. Complexity Measurement Module Design

In selecting metrics for measuring code complexity, we
considered undergraduate software engineering curricula,
which represent the primary user group for current platforms.
We observed various programming-related subjects, such as
programming principles, object-oriented programming, and
data structures and algorithms. Cyclomatic Complexity (CC)
metrics and object oriented metrics were deemed particularly
crucial for helping instructors assess code complexity and
gain clear insights into student performance. Cyclomatic
complexity supports understanding the program's complexity;
object oriented metrics shed light on class characteristics.
However, these metrics may only partially reflect code quality
or usability. Nevertheless, they could serve as indicators for
evaluating the suitability of object oriented design and
fostering more collaborative discussions between students
and instructors.

The modules' design leverages a service-based
architecture due to its flexibility and seamless integration
capabilities with existing systems. The modules that measure
code complexity also continue interacting with the existing
database and platform, facilitating more accessible data
presentation and analysis of difficult coding questions.

KruCode Platform o

Measurement Service O

Time Schedule

pr— Loc,
A cCcN
Metric —~
Source code [ ]
< ,, WMC, RFC,
I

DIT, NOC,
CBO, LCOM

Object Oriented
Metric

Fig. 1. The measurement module design

Fig. 1 shows the topology of the KruCode platform and
measurement module. The process begins with retrieving
source code data for each student's programming problem
from the KruCode platform, including the problem ID and
source code files. After that, the measurement service
measures the complexity of the source code and stores the
results in a database. Afterwards, statistical methods are
applied to this data to refine the complexity of future
programming problems on the KruCode platform.
Miscellaneous reports are generated to aid instructors in
making informed decisions about improving or assigning
programming problems for learners.

There are many metrics for measuring source code
complexity, for this research, we selected the following
metrics: LOC, Cyclomatic Complexity, as well as object
oriented metrics like Weighted Methods per Class (WMC)
and Coupling Between Objects (CBO) for their relevance to
both structural and object oriented complexity. These metrics
are particularly suited to the KruCode platform's objectives
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because they are simple, widely understood, and provide
actionable insights that help instructors make informed
decisions. Adding more metrics would risk redundancy, as
many overlap without significantly improving the
assessment. Given the wide range of problems tackled by
KruCode, these metrics offer the most practical, relevant, and
interpretable results for instructors and students.

IV. SYSTEM IMPLEMENTATION

First of all, the instructors sets the queue for processing
the complexity of the source code, which is a process of
creating a queue sequence to process the complexity of the
desired problem. Users must first select the academic year
before entering course and class group data and specifying the
processing time for the source code complexity analysis, as
shown in Fig. 2.

WumsTudROUsIaRa
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Fig. 2. Setting schedule for process complexity of the source code

After the processing is completed, instructors can access
reports on the average complexity of the source code
submitted by students for each problem statement. These
reports reflect whether the coding questions are arranged from
casy to difficult, as shown in Fig. 3.
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Fig. 3. Average complexity of the source code submitted by students for
each problem statement

The instructor can view the cyclomatic complexity
(CCN) and the number of lines of code (LOC) of each
student's source code for each coding question, comparing it
with the complexity of the instructor's solution. Red points
indicate the complexity of the instructor's solution, green
points represent students' full score, yellow points represent
students' partial score, and  blue  points  represent
students' zero scores (indicating that the program did not meet
the problem statement expectations). This report suggests that
source code with full scores but high complexity or LOC may
require conceptual refinement for program optimization.
Meanwhile, when many students receive a score of zero, it
suggests the need to teach test design and error reduction
during program execution. Additionally, if many students
receive zero scores, the instructors may need to review the
teaching approach by explaining the concepts and program
design, as shown in Fig. 4.
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Fig. 4. Comparison of complexity, LOC between instructor solution and
students source code

This information from the system can answer these
questions. Can students write the source code to solve the
problem or not? Are the coding questions arranged in order
from easy to difficult? This information is important for
instructors to rearrange the coding questions suitably to create
an appropriate learning curve, reflect a picture of students'
understanding, and adjust their teaching to suit students' needs
during that semester, which is a short-term operation. For
long-term operation, when the same subject is taught multiple
times, the coding questions can be reused for the new group
of students enrolling in the class. Since learners have similar
background knowledge and the same problems, it will lead to
a reflection of the complexity of the problem that is
appropriate for the learner at that level and to see the overall
picture of the whole course, whether the sequence of the
problem is an appropriate sequence of increasing difficulty or
review the coding question to adjust accordingly.
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Instructors can access reports on coding question
complexity for the entire course in a specific class, as shown
in Fig. 5 and Fig. 6. It shows a scatter chart and a table of the
problem complexity. The user can hover the mouse over any
point. Then, the system displays the problem number, the
average of lines of code, and the average complexity.
This supports deciding if adjustments are needed for future
iterations of the course, enabling informed decisions on
curriculum enhancements based on observed complexity
trends in programming assignments.

Additionally, instructors can access individual details of
each student to demonstrate how various metrics are reflected
in each student's source code files, as shown in Fig. 8.
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Fig. 5. Graph represents the complexity of all coding questions in course
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Fig. 6. Cyclomatic complexity of all coding questions in course

The results of the object oriented metrics showcase
various values according to the metrics for each coding
problem in the students' source code, as shown in Fig. 7.
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Fig. 7. Object oriented metrics report

Fig. 8. Individual's source code object oriented metrics

V. CONCLUSION AND DISCUSSION

This research used software metrics, including cyclomatic
complexity and C-K metrics, to analyze the source code
submitted by students, aiming to measure various
complexities according to the object oriented metrics. The
average complexity values of the problem statements then
displayed, reflecting the difficulty level of the problem
statements and aiding instructors in ranking them for a
structured learning experience. Additionally, object oriented
metrics were presented to illustrate the quantity and
magnitude of different complexities based on object oriented
metrics.

For future research, a dashboard will be developed to
allow students and instructors to visualize their own
development progress or the development of students in each
class clearly. Additionally, machine learning technology may
be utilized to recommend problem statements suitable for
each student.
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WuALAY
17 | headerReportCreate | TIMEST - CURREN _ Jureduil | 2023-
Date AMP TIMESTA LﬁU}JJuﬁ 03-01
MP GERR 05:49:1
318974 3.000
18 | headerReport TIMEST - CURREN _ Jureduil | 2023-
UpdateDate AMP TIMESTA | iusuil | 0301
MP uAlay 05:49:1
318974 3.000




A13199 V-2 T1982LDYAMN5 detailReportLizard

101

YaNN319 detailReportLizard
A195U"Y ANANUTULDUT AT In L lAaAS NUB ILUALAU
Agvan (PK) detailReportLizardid
a1nu Homodul Uszan | uIn | MrRuAAT | 319819 ﬂjaaqq
Uaya
1 | detailReportLizardid | INT 8 - PUGIPRN 2
(PK) ANAINY
Fugoures
1IN
lolaa
LURINVD
WUALAU
2 | detailReportLizard VAR | 255 - Folwd@tsa | Main
fileName CHAR AAIY Java
Fugou
3 detailReportLizard decimal | (10,4) - JIUIUVDY 13
NCSS LOC
il detailReportLizard | decimal | (10,4) - U 34
CCN VYDA
Fugou
lolaa
LURINVD
WUALAU
5 | detailReportLizard | TIMEST | - CURREN | 1Jumedunl | 2023-
CreateDate AMP TIMESTA | 1fiusui 03-01
MP GERR 05:49:1
18914 3.000
6 | detailReportLizard | TIMEST | - CURREN | 1Jumedutl | 2023-
UpdateDate AMP TIMESTA | AuTuil 03-01
MP il 05:49:1
18914 3.000
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FN319 detailReportLizard
A195U"Y ANAMUGULDUTR AT IR g lAaAS NUBILUALAU
Aguan (PK) detailReportLizardid
a19u Homadui] Uszan | duin | AuueAn | 519azden mjaaqa
Uaya
7 detailReportLizard INT 8 - &I 3
headerReportld (FK) M99
F189IUAN
AU
Fugouvns
Yo 5alAn
AN997 V-3 T8azBEnANSe detailReportOOP
Foans1e detailReportOOP
A195U"Y AITNAIAMUTUTOUTDI CKIM
Agvan (PK) detailReportOOPId
a19u Homaduil Uszan | duin | AuueAn | 519azden mjaaqa
Uaya
1 | detailReportOOPId INT 8 - PUGIPRN 2
(PK) AAIY
Fugouvns
CKIM
2 | detailReportOOPfile | VAR | 255 - Folwd@tsa | Main
Name CHAR AAIY Jjava
Fugou
3 | detailReportOOP decimal | (10,4) - U 13
WMC VYDIUUTON
sionand
il detailReportOOPDIT | decimal | (10,4) - ANSEAU 34
AANEN
YDINITAU
99
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YaNN1319 detailReportOOP
A195U"Y AITNANAMUTULOUTDI CKIM
Aguan (PK) detailReportOOPId
a1nu Homodul Uszan | IuIn | MRuAAT | 5198190 ﬂjaaqq
daya
5 detailReportOOP decimal | (10,4) - FIUIUVDY 3
NOC AANEGN
Heundiau
80
6 | detailReportOOP decimal | (10,4) - ANTEAU 5
CBO AL
Aeaded
7 detailReportOOP decimal | (10,4) - U 3
RFC 150
melupana
flanunsn
MOUAUDS
8 | detailReportOOP decimal | (10,4) - ANNNSIAN 0
LCOM fuduiou
YOIAANE
9 detailReportOOPCa | decimal | (10,4) - U 12
AANABLT
Fuifurand
10 | detailReportOOP decimal | (10,4) - JIUIUVDY aq
NPM 150
11 | detailReportOOP TIMEST - CURREN | 1umeduu | 2023-
CreateDate AMP TIMESTA | 1fiusui 03-01
MP GERR 05:49:1
18914 3.000
12 | detailReportOOP TIMEST - CURREN | umeduy | 2023-
UpdateDate AMP TIMESTA | AuTuil 03-01
MP
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FN319 detailReportOOP
A195U"Y AITNANAMUTULOUTDI CKIM
Aguan (PK) detailReportOOPId
. PR . . . 79819
a1nu Yomauil Uszim | auie | nvueen | sheasiden |
Uaya
WAl 05:49:1
31897U 3.000
13 | detailReportOOP INT 8 - W 6
headerReportld (FK) TMFRN
FIEITUAN
AU
Fugouvas
Yo 5alAn
AN997 U-8 T18azBEARNS queue
Fom3ng queue
A195U"Y ATNIRAFUAIIRANAINT UG
Agvian (PK) queueld
. PR . . . 79819
a1nu Yomauil Usziam | auie | nvueen | sieasiden |
Uaya
1 | queueld (PK) INT 8 - AN 2
ANANY
Fugouvas
CKIM
2 | queueUserld (FK) INT 8 - siaglda | 107
3 | queueAssignmentld INT 8 - sWauil 13
(FK) 165y
UOUNUY
4 | queueProblemid INT 8 - sialang 34
(FK) eyl
1Asu

UDUNUNY
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queue
A195U"Y AN UAIIRANAINT UG
Aguan (PK) queueld
a1nu Homodul Uszan | IuIn | MRuAAT | 5198190 m;aaem
Uaya
5 | queuePathFile TEXT - - P /storage
a7 /source
AIN1TIn | /2565/1
A3 /885102
Futiou 65/5/65
160367/
24/59/c
urrent
6 queueStatus VAR 20 - dn1UsVee | Pending
CHAR 7
7 queueStartProcess | TIMEST - - Junedud 2023-
AMP Futud 03-01
flgdudn | 05:49:1
AU 3.000
Fugou
8 | queueStartCompile | TIMEST - - Jueedul | 2023-
AMP Futudid | 03-01
Sufeay | 05:49:1
Futiou 3.000
9 queueFinished TIMEST - - Jueedul | 2023-
Compile AMP AuTuiii | 0301
AL 05:49:1
Futiou 3.000
aSady
10 | queueCreateDate TIMEST - CURREN _ Jupedud | 2023-
AMP TIMESTA | 1fiusui 03-01
MP 4519A7 05:49:1

3.000
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queue
A195UNY MTNTAAIRUAITIAIALT UL Y
Aguan (PK) queueld
a1nu Homodul Uszan | IuIn | MRuAAT | 5198190 m;aaem
Uaya
11 queueUpdateDate TIMEST - CURREN _ Junodu 2023-
AMP TIMESTA | 1fiusui 03-01
MP wAlafn 05:49:1
3.000
12 | queueCourseld (FK) INT 8 - S 2
NANgNS
13 | queueSectionld (FK) |  INT 8 - RG] 4
U
AN9T V-5 Az BunnnIng problems
Fom3ng problems
A1B3U"Y FoyalandUgym
Agvan (PK) problemid
a1nu Homodul Uszan | uIn | MrRuAAT | 319819 m;aaem
Uaya
1 | problemid (PK) INT 8 - sialang 59
U
2 | problemTitle VAR | 255 NULL | Feotiade 116
CHAR Tanddgm
3 | Problem TEXT - - IUALLDYA 88
Description voslang
U
q Problem TIMEST - CURRENT ’3’uﬁLLaz 2022-
CreateDate AMP _TIMESTA | niana319 07-04
MP 11:06:1
9.000
5 Problem TIMEST - CURRENT ’3’uﬁLLaz 2022-
UpdateDate AMP nalen | 07-04
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FN319 problems
A1B3U"Y PoyalandUeym
Aguan (PK) problemid
a1nu Homodul Uszam | auin | AMuueAl | s1gasiden mjaaqa
Uaya
_TIMESTA 11:06:1
MP 9.000
6 | Problem VAR | 20 NULL | ¥effains | peera
CreateBy CHAR TangUayin sak
7 | Problem VAR | 20 NULL | Tefduian | peera
UpdateBy CHAR TangUayin sak
8 problemStatus ENUM - ‘active’ | @nuUgYnY | ‘active’
Tanddgm
9 Problem FLOAT - NULL ﬂIWLagﬁl 3.5
VoteScore ATLUU
i
10 | problemVote INT 11 NULL U 15
Amount r;ﬁmm
11 | problemTime INT 11 NULL | Tisuldale | 100
Limit UIULA LAY
A5 -6 SBABEARNTIT assignments
%am’sw assignments
AD5UNY Witevssnuiiveunnglitndnw
Agvan (PK) assignmentld
a1nu Homodul Uszam | auin | MuueAl | s1gasiden mjaaqa
Uaya
1 assignmentld (PK) INT 8 - SHaRI7e 59
U
2 | assignmentTitle VAR | 255 - Yol Progl
CHAR 91U HW 11
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assisnments

P09 UL UMY AN AN

assisnmentld

au Honoduil Uz | wuin | AuUeAn | siuazioen ﬂjaaqq
Yoya
3 Assignment VAR 255 NULL swazldun | Quiz 2
Description CHAR W70 Array
and
Method
4 Assignment TIME - CURRENT | ufluae 2022-
CreateDate STAMP _TIMESTA | 1iana3n9 07-04
MP 11:06:1
9.000
5 Assignment TIME - CURRENT ’3Ju‘17llLLaz 2022-
UpdateDate STAMP _TIMESTA | na1duan | 07-04
MP 11:06:1
9.000
6 | Assignment VAR | 20 NULL | ¥effains | peera
CreateBy CHAR WIVDU sak
7 | Assignment VAR | 20 NULL | Tefduian | peera
UpdateBy CHAR W99 sak
8 Assignment ENUM - ‘active’ | @nuUgYnY | ‘active’
Status WiTo91u
9 Assignment INT 11 NULL ALLLUUVDI 40
Score WiTe9u
10 | problemVote INT 11 NULL U 15
Amount r;ﬁmm
11 | problemTime INT 11 NULL nansula 100
Limit wuwinlng
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FN319 sections
AB5UY MTNTeYANGNS Y
Agvan (PK) sectionld
au Honoduil Uz | wuin | AuUeAn | siuazioen m;aaem
daya
1 | sectionld (PK) INT 8 - RG] 1
SeU
2 | sectionCourseld INT 8 - S 2
(FK) UANgA3
3 | sectionNumber VAR 20 - YR 4
CHAR Seu
4 | sectionCreateDate | TIMEST - CURRENT | Yufiuay 2022-
AMP _TIMESTA | nianasns 07-04
MP 11:06:1
9.000
5 | sectionUpdateDate | TIMEST | - | CURRENT | Sufiuae 2022-
AMP _TIMESTA | na1dues | 07-04
MP 11:06:1
9.000
6 sectionCreateBy VAR 20 NULL %arﬁﬂ%ﬂﬂ peera
CHAR sak
7 sectionUpdateBy VAR 20 NULL %ar}:{vﬂmm peera
CHAR sak
8 sectionStatus ENUM - 'active' | d@a1usUy | ‘active’
WiTo91u
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JIN1519

users

NP NLHGIIRERIN

userld , userUsername

a1nu Homodul Uszkam | auin | AMuueAl | s1gaziden m;aaem
Uaya
1 | userld (PK) INT 8 - eV GRIN 20
Alda
2 userUsername (PK) VAR 20 - Fodmsu 6216
CHAR ClGARTY! 0105
YUY
3 | userHash VAR 255 - AN hxZetL
Password CHAR 3kgw3
lv9hkda
4 | userFirstname VAR 255 - Fou3wwes | mwung
Thai CHAR Alfanuiu
Mg
5 userFirstname VAR 255 - %aa’%waa Kachen
English CHAR Alfanuiu
A1
2INQY
6 | userLastname VAR | 255 - Joanaves | 1Hamos
Thai CHAR Alfanuiu
Mg
7 userLastname VAR 255 - %'aaqasuaa Khem
English CHAR dlfaudu | thong
A1
2INQY
8 | userCreateDate TIMEST - CURRENT | Sufiuaz 2022-
AMP _TIMESTA LANEsNa 10-17
MP 15:01

:24.000
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users

NP NLHGIIRERIN

userld , userUsername

a1nu Homodul Uszam | auin | AMuueAl | s1gasiden mjaaqa
Uaya
9 | userUpdateDate TIMEST | - | CURRENT | Sufiuaz 2022-
AMP _TIMESTA na1vulan 10-17
MP 15:13
:39.000
10 | userRole ENUM - NULL | Usgenneg | student
Alda
11 | userCreateBy VAR 20 NULL | Foffadns Pomra
CHAR U pee
12 | userUpdateBy VAR 20 NULL %aﬁé’ﬂmm Pomra
CHAR U pee
13 | userStatus ENUM - - AnusUay | ‘active’
Alda
N5 -9 Sr8aBEnRNS courses
%aﬂ']s']\i courses
AB5UY MINVBYANANANTITEY
Aguan (PK) courseld
a1nu Homodul Uszam | auin | AMuueAl | s1gasiden mjaaqa
Uaya
1 | courseld INT 8 - I 2
NANAGNT
2 | courseYearld INT 8 - e 2
NSANWN
3 | ownerUserld INT 8 - eV GEIRER 2
4 courseCode VAR 255 - IYaT1831 | 885102
CHAR 65
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%aﬂ']i']\i courses
AB5UY MINVBYaNANANTITeU
Aguan (PK) courseld
aau Homodul Uszam | auin | AMuueAl | s1gasiden m;aaem
vaya
5 | courseName VAR 255 - Fosredn | wdnnis
CHAR TUsunsu
6 | courseDes VAR 255 - ANa5UNY NaNNIT
CHAR 3787391 TUsunsu
7 | courseCreateDate TIMEST - CURRENT | Sufiuaz 2022-
AMP _TIMESTA | nianasns 07-04
MP 11:06:1
9.000
8 | courseUpdateDate | TIMEST - CURRENT | Yufiuay 2022-
AMP _TIMESTA | na1dues | 07-04
MP 11:06:1
9.000
9 courseCreateBy VAR 20 - %arﬁﬂ%ﬂﬂ peera
CHAR sak
10 | courseUpdateBy VAR 20 - %aﬁvﬂmm peera
CHAR sak
11 | courseStatus ENUM - ‘active’ | @01uULUD peera
UANgn3 sak
AN997 U-10 TUazBEnnNINe problems
Fom3ng problems
A1B3U"Y asaiutoyalangdeym
Aduan (PK) problemld
A Honodul Useiam | dune | MrueAl | 518azidun m;aaem
vaya
a9y
1 problemld INT 10 - . 1
Tanddgym
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FN319 problems
A1B3U"Y asaiutoyalangdeym
Aduan (PK) problemld
. . . . - A9E"
a9 YaaaNl Usgin | 2u1a | NUUAAT | S18asaen .
vaya
Fede Suen
2 problemTitle VARCHAR 255 NULL . .
TangUayin ALae
. U
PRI
problem ) TUsunsu
3 TEXT - - Yolang L
Description JUAN
Tayn 5
LAY
CURRENT o 4 2024-04-
problem TIME JUNLRY
q - TIME ) 04
CreateDate STAMP LIANAIN
STAM 07:55:33
CURRENT o 4 2024-04-
problem TIME JUNLAY
5 - TIME 3 04
UpdateDate STAMP PREL
STAM 07:55:33
problem VAR %a;lia%fw
6 20 NULL . Adam
CreateBy CHAR Tanddgym
problem VAR %a;ﬁé’ﬂmm
7 20 NULL . Adam
UpdateBy CHAR Tanddgym
8 problemStatus ENUM - ‘active’ AUy ‘active’
problem AaAnzLLL
9 FLOAT - NULL 2.5
VoteScore vm
problem i
10 INT 11 NULL | dwauglnam 35
VoteAmount
problem 1AL
11 INT 11 NULL . 60
TimeLimit Tunssu
AUTUTDY
12 | problemDifficult | ENUM - ‘easy’ vodlang ‘easy’

U
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Fom3ng problems
A1B3U"Y asaiutoyalangdeym
Aguan (PK) problemid
o L ﬂl L 4 o 1 = éll’gaej’]q
aeu Yanoaul Uszian | aue | MvueAl | sieaziden .
Uaya
U
ilUlgluns
13 | IsForAdaptive TINYINT 1 0 s . 0
ilang ey
wuudsula
AN9T V-1 TeazBunnnsng problemCodeFiles
Fom3ng problemCodeFiles
A1B3U"Y msaiuteyalndvesaldnnasawivadlandtaym
Aguan (PK) ProblemCodeFileld
o = [ ¢ o J = U'Jaﬁi']q
aeu Yonoaul Uszian | auia | AuueA | sieaziden )
Uaya
Problem afutoya
1 INT 10 - o 1
CodeFileld lildensalan
a9y
2 | problemld INT 10 - . 1
Tanddgym
VAR Fovadlvid
3 | filePath 255 NULL .o Main.cpp
CHAR Yo5alAn
VAR mMwvedlng
4 | language 255 NULL . ew CcPP
CHAR Yo5alAn
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FIA1TNNTWIDING

solutions

ANB5SU"Y

maiuteyarnududeuvedlndyesalan

Indwasalan

Aguan (PK) solutionld
. 4 . . . . A29819
aau YDADANY UssLan | aun | NMBUAAT | 519821980 .
vaya
afutaya
ANUT UL
1 solutionld INT 10 - . 1
IGNRLG
Ya5aLAnN
A6
2 | problemid INT 10 - . 1
Tandtgym
VAR AMwUeebia
3 | language 255 NULL . ew CPP
CHAR Ya5aLAnN
JIUIU
4 reportLizardNr INT 11 NULL co 1
NINYU
JIUIU
5 reportLizardNCSS DECIMAL | 10,2 NULL . 10.00
UISvin
AU
6 reportLizardCCN DECIMAL | 10,2 NULL FUTDUVDI 1.00
Tandtgym
afuteya
7 | problemCodefFileld INT 10 - 1
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YaNNINANWDINGY adaptive
A1B3U"Y ssanuteyatagiulunsitanddgmuuudsule
Agvan (PK) adaptiveld
o o [ 4 o 1 = U’Jaﬁi']\‘i
AnU Yanoaul Uszian | aune | Avueal | s1eaziden .
Uaya
aiutoya
Jaqdu
1 adaptiveld INT 11 - . 1
Tun1s9i
Tandtgym
AR
2 | problemid INT 10 - . 1
Tandtgym
AR
3 | userld INT 10 - . 1
RN
U
4 loc INT 11 NULL . 1
U35¥in
AMULULDU
5 complexity INT 11 NULL . 10.00
VOIANRDUY
6 | attempt INT 11 | NULL piids 1.00
seeiullagiu
7 | currentLevel INT 11 NULL y 1
RN
4. . | -\storage\
Megvatlig
. . | adaptive\
8 | path TEXT - NULL | n1svialang
65160000
U
\20
CURRENT | Juiluae | 2024-04-
TIME .
9 | startDate - _TIME PIATLINYIN 04
STAMP )
STAM | Tandtgym | 07:55:33
Fuiiuae
CURRENT L. | 202a-0a-
TIME annvi
10 | endDate - _TIME . 04
STAMP Tandtgym
STAM o 07:55:33
d59
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Foasunwdange adaptive
A1B3U"Y msanuteyatagiulunsitanddgmuuudsule
Aguan (PK) adaptiveld
o dl [ '3 o 1 = (;],’Jaﬁll']\'i
aau Yanaduyl Uszan | vuie | Anueal | S1eaziden .
Uaya
CURRENT | _ | 2024-04-
TIME Tuiuag
11 | createdAt - _TIME 4. 04
STAMP naadg
STAM 07:55:33
CURRENT | _ | 2024-04-
TIME Tuiuag
12 | updatedAt - _TIME do 04
STAMP LIAULAR
STAM 07:55:33
ANUYNFBY
13 | correct DECIMAL | 10,2 NULL R 1.00
VDIANDU
syaulangd
14 | nextRecommend INT 10 | NULL dalui 2
RV RETHY
mswﬁl 9-14 5188LDUANT adaptiveUsersLogs
%am'ﬁ']m’]‘le}'lé'\‘mqw adaptiveUsersLogs
A1B3U"Y ssaiuteyauseiftunsintanddgmuuudsule
Aguan (PK) adaptiveUsersLogsld
a1nu Yomadul Useian | auin | MuueAl | s1gaziden | #9819
Uaya
aiutoya
adaptive Usz 39
1 INT 11 - . 1
UsersLogsld Tun9vi
Tandtgym
a9y
2 | problemid INT 11 - . 1
Tandtgym
AT UL DU
3 | difficult ENUM - NULL vodlang ‘easy’
Uy
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FONITNNNENDING Y adaptiveUsersLogs
A1B3U"Y ssauteyauseiftunsitanddgmuuudsule
Aguan (PK) adaptiveUsersLogsld
a1nu Yomadul Useian | auin | MuueAl | s1gazden | #9819
Uaya
VAR ATYIVD
4 | language 255 NULL e e CPP
CHAR Indeasalan
U
5 loc INT 11 NULL . 1
UTTVIR
AT UL DU
6 complexity INT 11 NULL . 10.00
VDIANDU
7 | attempt INT 11 | NULL ASafida 1.00
seeiullagiu
8 | currentLevel INT 11 NULL Y 1
RN
4 . . | --\storage\
Megvatlig
. . | adaptive\
9 | path TEXT - NULL | n1svialang
65160000
Uy
\20
CURRENT | _ 2024-04-
TIME Tuiuag
10 | createdAt - _TIME 4. 04
STAMP naadg
STAM 07:55:33
CURRENT | _ 2024-04-
TIME Tuiuag
11 | updatedAt - _TIME do 04
STAMP LIAULAR
STAM 07:55:33
a9y
12 | userld INT 10 - N 1
RN
CURRENT | fufluaz | 2024-04-
TIME L
13 | startDate - _TIME PIATLINYIN 04
STAMP )
STAM | Tandtegmn | 07:55:33
CURRENT | _ 2024-04-
TIME Tuiuag
14 | endDate - _TIME 4 04
STAMP a7
STAM 07:55:33
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FONITNNNENDING Y adaptiveUsersLogs
ANB5UY ssauteyauseiftunsitanddgmuuudsule
Aduan (PK) adaptiveUsersLogsld
A19U Yonaau UsTAn | JUIR | AKRUAAT | 51988 | §ne81g
b4
Youa
Y
TangUayin
o <
#1159
ANHONFBY
15 correct DECIMAL | 10,2 NULL . 1.00
YBIANHDU
szaulang
16 | nextRecommend INT 10 NULL dalun 2
LN E

A19199 U-15 91882188AN15 adaptiveCompileLogs

FONITNNNENDING Y adaptiveCompileLogs
AN93UY ssaiuteyauszintunisddanddagmuuudiule
Agvan (PK) adaptiveld
aeu YomoaN U | vun | AMRUAAT | SI8aziaen | Aa9819
Uaya
afuteya
adaptive Usz 3
1 INT 11 - 3 1
CompileLogsld Tunsvin
Tandtgym
a9y
2 | problemld INT 11 - . 1
Tanddgym
3 | compilelogScore DECIMAL | 10,2 NULL ATLUU 100.00
Compilelog PP
4 INT 11 NULL AFINES 1
SubmitNo
Haawv | [{"output"
Compilelog .
5 TEXT - NULL N133U SInput: 5
TestResult . o
GRIYE! x 1 =5}
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FONITNNNENDING Y adaptiveCompileLogs
AND3UY ssanuteyauszintunisddanddagmuuudiule
Aguan (PK) adaptiveld
A YomoaN USTAn | u1a | AMWUAAT | SIUaziBen | A29d9
Uaya
error:
. . | expected
NAANN
Compilelog . ‘; before
6 TEXT - NULL N133U
ErrorMessage R ‘return’
AlGale
return
0;
AMY1UD9
VAR o
7 | compileloglanguage 255 NULL Indees CPP
CHAR )
alan
U
8 loc INT 11 NULL " 1
USI9IA
AU
9 | complexity INT 11 NULL | dudouves | 10.00
AMBU
CURRENT | 4 2024-04-
TIME Y
10 | createdAt - _TIME 4. 04
STAMP LANETS
STAM 07:55:33
CURRENT | Yufluae | 2024-04-
TIME i
11 | updatedAt - _TIME L3819y 04
STAMP
STAM LAE 07:55:33
a9y
12 | userld INT 10 - Y 1
RN
Compilelog VAR dnuy
13 255 NULL . SUCCESS
Status CHAR 133U
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