Journal of The Korean Association http://dx.doi.org/10.14352/jkaie.2017.21.5.557
of Information Education Vol. 21, No. 5, © 2017 KAIE

October 2017, pp. 557-565

(K >
N
h
[tk
ol
of, ok

JAVA, C++¢}
AAZFEZ2 Y AMdS wKsta, 715S ol

A Study on Object-Oriented Programming Education using
Visualization Method

Woochang Shin

Dept. of Computer Science, Seokyeong University

ABSTRACT

In the era of the Fourth Industrial Revolution, programming education is becoming more important. However, it
takes a lot of time and practice for students to acquire programming skills. In particular, students find it more
difficult to learn object-oriented languages such as JAVA and C++, which are widely used in the industrial field.
In this paper, we propose a visualization method of object interaction that can help to educate the concept of ob—
ject-oriented programming, understand functions, and improve source code analysis and understanding. The pro—
posed visualization method automatically changes the existing source code and visualizes the operation of the ob—
jects simultaneously with the execution of the program.
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System S'

s = B

Source code Source code

execution @

System
Transformation @ execution

W (syntax) ¢} 97| (semantic)oll wheb gebdich B A
ToIAE JAVA Qlol& tido s 3dfo] Alad Ruls
AAsaL, AZFEE A 2ElE FEET Al2E ek
S AYsely] Hste] AAAG A28 Bl SYSE
=3 Zo] Aejgtt

(49 1] AAANGE AJ2d2d SYSE t-59 245
2 744 FZA (structure) ] T}

SYS = (CLA, K)

e CLA : a set of classes

e < ! a partial order to represent inheritance re—
lation between classes
< = { <cl, 2> | cl€CLA, c2€CLA, cl in-
herits c2 }

(o] 2] AAA G A2l 2ohd Fgx Ce v
o 94ERE FAH FE(tuple)olth
C = <cname, ATTR, FUNC, CONS>
* cname : class name
- cname € 1D
e ATTR : a set of tuple <name, sort> that rep—
resent attributes

e 0|8 AN F=z20Y w=0f et A 559

- name € ID
- sort € SORTExpr
¢ FUNC : a set of tuple <name, sig, body> that
represent member functions
name € ID
- sig = <slx..xsn,s>, sl,.,sn,sESORTExpr
- body = <stl,..,stn>, stl,..stn€ STA
e CONS : a set of tuple <sig, body> that repre-
sent object constructor
* ID : a set of all identifiers
¢ SORTExpr : a set of all sort expressions
- {boolean, byte, short, int, long, float, double,
char} U CLA U ENUM C SORTExpr
- if SESORTExpr then array(s)ESORTExpr
- ENUM is a set of all enumeration type

STA : a set of all program statements

St A Aol g A28l wElS o] gake] AZFE 9
NzE @RS e $4 TSYSE 4eld 4 glvk

(749 3] Al=d s& A3 Al 2" §' 5 Wgks}
e A|ztgl WEk g TSYS+ g 7ol A9

TSYS(s) : SYS — SYS

e TSYS(s) = (CLA’, <') where s=(CLA, <)

o CLA'" = { TCLA(c) | c€CLA } U { v }

- v ! visualization class
+ <" = { <TCLA(a), TCLA(h)> | <a, b>EL }
* TCLA : Sd& Alztst Wg gk

Al 2~

o,

ﬁ?‘—t rlr

[ge] 4] 2= cE Ast Sds o2 W)
B A3 Mg g4 TCLAE vt 2o] 4o
TCLA(c) : CLA — CLA
e TCLA(c) = <cname, ATTR, FUNC’, CONS'>
where c=<cname, ATTR, FUNC, CONS>

rr

£

ol

e FUNC' = { func’ | funcEFUNC, func’=
TFUNC(func) }
e CONS" = { cons’ | cons€ECONS, cons'=

TCONS(cons) }
- if CONS = {} then, CONS' = { <<>,
<cons_entry_st>> }
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WA G5 B Dolwe

S AZgl REA &= statement

- cons_entry_st :

TFUNC(f) : FUNC — FUNC
e TFUNC() =

f=<name, sig, statements>

<name, sig, Statements’> where

* name : function name

* sig : method signature

e statements : a sequence of statements,
- <stl,..,stn>

e statements’ : a sequence of statements

- if sti (1<i<n) 7} return =3o]H, sti Yol

exit_st A9, <entry_st, stl,..sti-1,

sti,..., stn>

- stno] return =] ofUW mEX|uhel| exit_st

AHQ]. <entry_st, stl,...stn, exit_st>

- entry_st : W EF SEo] doSE Az}

R A &elFE statement

A ErE wEg S A8 ZEo

& F+= statement

exit_st,

- exit_st :

(49 6] AAETS cons & AlZs ARG
cons'Z  Wdsle AT AZst ®E S

TCONSE Ukt zFo] A ejghet
TCONS(cons) : FUNC — FUNC
e TCONS(cons) = <sig,
stl,...,stn>> where cons=<sig, <stl,...,stn>>

<cons_entry_st,

- name : function name

- sig : method signature

- stl,...,stn : programming statements
WA B EF dolwt

A Zvel BEo A &S+ statement

- cons_entry_st :

o

tjo

2F B A ALEE 95
O 2 entry_stE F7}sta,
F7tereh. AAAE
F748hct. en-
try_st, exit_st, cons_entry_st W #H &2 [42] 3]olA 7]
< ¥ visualization A vo WWFE &3 3O
2 AAstE A A4S ARE JE (tu
of A3t}

0 2 cons_entry_st2

ntime)°ll v

4. N3 A 2" AE

e

2 AT FAE AZE Alz"e] s e o
g3} P,
e Java Development Kit 1.8

my

¢ Eclipse Neon 2

e Jung Graph library 2.1.1

e JavaParser 3.3.3
(https://github.com/javaparser)

o AZFE: bwscalc java code
(https://github.com/brian-w-smith/bwscalc)

MAFS2-E A2t Al2~"2 (Fig. 2)dl ol #Ht

PHow whol AZtstE

System S'

Object-Oriented
Visualization

System
Source code

S

Source code

(Fig. 2) Input & Output of Visualization System
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TSYS(s) = s

s = (CLA, K)

CLA = {Main, Parser, SuccessParser, Tokenizable,

BasicTokenizable, Calculator, IntToken, MinusToken,

OpToken, PlusToken, Token, AdditionExpression, ...}

< = {<IntToken, Token>, <MinusToken, OpToken>,

<OpToken, Token>, <PlusToken, OpToken>, ..}
= (CLA/, L)

CLA" = {ObjectVisualization, Main’,

SuccessParser’, Tokenizable’, BasicTokenizable’,

Calculator’, IntToken’, MinusToken’, OpToken’,

PlusToken’, Token’, AdditionExpression’, ...}

L' = A{<ntToken’, Token”>, <MinusToken’,

OpToken>, <OpToken’, Token™, <PlusToken’,

OpToken™, ..}

Parser’,

CLA® 71" FY2=EL bwscalc 74]47] Z2Y
= ol Wk CLA'e]| 7|&¥ iéo
FaEo] ZYx Azts W §

71& &4 TCLAS
to] W3ty FgAEo]th. ObjectVisualization aﬂ]
= [H9 394 71<% visualization class ve] & A
ojr}

Z a2 SuccessParserg Al1Ztst Z 2~ SuccessParser’
2 Bl 2 A2 Mk 3 TCLAES [A9] 4]l
L2t i s = = ey

TCLA(SuccessParser) = SuccessParser’
SuccessParser = <"SuccessParser”, ATTR, FUNC,
CONS>

ATTR = { }

FUNC = { parser, parserExpression, parseBinar-
vExpression, parselerm,

parseValueExpression, ... }

CONS = { SuccessParser.SuccessParser }

SuccessParser’ = <"SuccessParser”, ATTR, FUNC’,

iMAZEZZ00Y ws0f

i
ro
K]
-+

561

r
_l\l

CONS'>
FUNC' = { parser’, parserExpression’, parseBinar-
yvExpression’, parseTerm’,

parseValueExpression’, ... }
CONS' = {}

Zd 2 SuccessParser?] WHITE FolA I}
(parsing) S 88t parse() S-S A)zHs) W3k 3
TFUNCE ‘sdte] ¥ighsid thgath 2.

TFUNC(parse) = parse’

parse = <"parse”, sig, statements >

sig = <Expression, List<Token>>

statements = <stl,...,stn>

- sl= "ListIterator<Token> tokenlter = tokens.listIterator();”
- s2 = "Expression expr = parseExpression( tokenlter );”
- stn = "return expr’;

parse’ = <"parse’, sig, statements’>

statements’ = <entry_st, stl,..,stn-1, exit_st, stn>
- stn is a “return“ statement

- entry_st = “ObjectVisualization.enterMethod( this,
"parse” );”

- exit_st = “ObjectVisualization.exitMethod();”

A7) A9 parseitok 24 WA 7

public Expression parse(List<Token> tokens) {
Listlterator<Token> tokenlter = tokens.listlterator():
Expression expr = parseExpression(tokenlter);
if (tokenlter.hasNext()) {
throw new ParseException("Extra text after expression: "
+ tokenlter.next().getValue()):
1

return expr:

}

(a) Before transformation - SuccessParser.parse()



562 FEISSE|=2X H21E M55

public Expression parse(List<Token> tokens) {
// auto-generated for visualization
ObjectVisualization.enterMethod(this, "parse”);

Listiterator<Token> tokenlter = tokens.listlterator();

Expression expr = parseExpression(tokenlter);

if (tokenlter.hasNext()) {

throw new ParseException("Extra text after expression:

"+ tokenlter.next().getValue());

}

// auto-generated for visualization

ObjectVisualization.exitMethod);

return expr;

(b) After tranformation — SuccessParser.parse()

(Fig. 3) parse() code before and after Visualization
Transformation

(Fig. 39 A17+8} Wighe parse() o] FEof Holxol
Ske7F A 2R 7] Aol A1Z3) Sl 2~ <1 ObjectVisualization
o A ZEHE I ARE GATH, Tt vty
Aol st A3 F7E ObjectVisualizationol] Al &St}
g Al Z 250 3 AR

- ol AR ¥

ObjectVisualization<
& wrolA], o] & A3t A
o2 xds)

org.bws.calc.Calculator@77468bd9 ‘

‘ org.bws.calc.SuccessParser@2333739 ‘

(Fig. 4) Visualization of SuccessParser.parse() call

(Fig. 4= main() 347} Calculator 214 9] evaluate()
S5 S E3IaL(*0evaluate”), ©]o1 4 Calculator 2| 7} =}
219] parse() E4E &8 (“Lparse”), Calculator.parse()
t4=7)F SuccessParser 439 parse(0E+E L&
(“Zparse”) Z21& ZRW A7} A AAFC R HAFE
A28} st ol

Z¢)2  SuccessParser

rl

N

BAAFEE ek

SuccessParser®] CONS+ &R gtolw] [4<] 4]d <3}
o] CONS’= { <<>, <cons_entry_st>> } o|t}. o] &
cons_entry_st WHEW Z8sE 7] E(default) AAA
7t R FrEE 01 ]f“_hjr (Fig. 5)¢ %ol
SuccessParser= A|Zbs} WHgtE 3 7|2 WA}
A= g

public class SuccessParser implements Parser {
// auto-generated for visualization
public SuccessParser() {
ObjectVisualization.newObj(this);
}

(Fig. 5) Newly created constructor of SuccessParser
after visualization transformation

SuccessParser A7} mainOggoll 2]3te] A=
f Azbs Y9w9 sHe] Holx: AL the (Fig. 6)3
pag=3

T

org.bws.calc.SuccessParser@77468bd9

(Fig. 6) Visualization screen when SuccessParser
object is created

WA A7s 9 se] TAY W 1 o
Z[EHo R “FYrd@FzTa”
AE A 7T 7 o, 1 oguE Fotst
o olggol sith

A|Zel Q= s A AA 9] o] F-2 Object.toString()
45 o] 83te] =l | toString() F4E LW Fold
(Overriding) 3t 0. 24 2A| 9] o] &5 olafst7] 48 #A4
2 A4 F Atk (Fig. 7ol ol niel ol
ValueExpression 214 = 7171 & A, o5 AA9 o]&
< ValueExpression@ 77468bb0, ValueExpression@77468bc0
o2 Fyehe Anths dF A4S gow sk Aol

o ouE shefsd mge] WLk =@ Tl 54
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(Expression)< H3li= F&84]) 21 AdditionExpression?]
$-o = AdditionExpression@@77468be0) FE| & E & 3=
A Bt AdditionExpression. toStn'ng()g LW ete] g3
of QAo AMEEE T A F #hol shdel| BdHE
& 3t Aol "d& ot +W°] =

ValueExpression(4) | |valueExpression(2)

‘ AdditionExpression: 'ValueExpression(4)'+'ValueExpression(2)’

-

(Fig. 7) Object name change using toString() overriding

1:parse

At org.bus.calc.Calculator@12bb4df8

nain|
»3:parseExpression
4:pars®BinaryExpression

org.bws.calc.SuccessParser@77468bd9

‘ AdditionExpression: 'Val pression(4)'+'Val pression(2)’ ‘

ValueExpression(4) ValueExpression(2)

(Fig. 8) Visualization screen when running the
calculator program

(Fig. 8)2 Aty ZZa:(bwscale)dll A 52
“A+2-27& Atete et AAE ol HAskE AEA)
£S5 ANZ3 99 sHor AP Sao] HoFE
st el dFolth ofymo]ldor HoFEdH glofA
45 = main() 8ol E017F= entry_st WEE9 <lxp

Al W 1684 F OF
2 oErolh dnkage A7
i ojaf= AJF0~55)S A

Ha'. u > pe)

- AZEaEe AEAA

- AWE A

A

F g A9 astel diste] SYLE t-test #AS

A &e A= ohe <Table >3 (Fig. 99F 2o vehyttt

<Table 1> One tailed t-test results

Group N Mean Std.Dev.
Normal Group 16 3 0.8165
Visualization Group 16 3.625 0.7188
df 30
t -2.2982
P(T<=t) 0.0143

P-Value=0.0143

T T T T T T T T T T 1
-500 400 -300 '2 00 -100 000 100 200 300 400 500

1=-2.2982

(Fig. 9) The Obtained t-value and P-value

3dolm, A1z}
e whe
F ot -2

=-2.2982¢] ¢

al

dack &, el

Aol ZRIE

gk}

208201t} (Fig.

9z Zﬂﬂ] u:];ﬁil

pha=0.05 H.t} Eﬂ Zkc}, uh

= 0.059 A
lﬁﬁ Ea=t
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B =RoMs AAEGZze oy NIde w3k,
715E olFst, LnFE A Y ol Edd ERE
= F AT AA A5AE AAE HHS As At
At Al2gle HTE =9 glo], s 29
At Ao TP PR AR So] BAGE BE
S Aoz RoFELh Aletd Alzde] w&FAE
AFe7] Aste] AES g AFS P
W, tAF Ay A4 Alzgle] SFadd frove
27 daEs B

FT HARE A dEAlzgow TR AZtst
W3l A 285 eclipse?] plug-in & FEIZ W43}
W3k 7 glo] AAITke R AJZtsl 7S ARESHA B
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