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A Study on the Undo Function Implementation
using the Design Patterns

Tai Suk Kim*, Jong Soo Kim'"

ABSTRACT

If the undo/redo function is not reflected in the initial design of an application, it makes it difficult
to implement the undo/redo function additionally, in this paper, we examined some examples to design
the sodoku game and analyzed problems of the design to implement the undo/redo functions. For an
efficient design of the undo/redo functions without using swing.undo package, we propose a class design
using the Command, Memento, and Observer pattern these are used as organic. The proposed method
is more efficient for distributed work than other method. We implemented a sudoku game using proposed
design. In the undo/redo function testing, we could see that it works well.
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Some examples of the sudoku game,
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CommandStack

AbstractCommand

-mCommandStack: Stack = new Stack()

-mlsCheckpoint: boolean

< <create > >+CommandStack(cells: CellCollection)
+savestate(outState: Bundle)
+estorestate{inState: Bundle)

+empty(}: boolean

+execute{command: AbstractCommand)

+newlnstance(commandClass: Striny
~eavestate{outState: Bundle)
~restoreState(inState: Bundle)
HsCheckpoint{): boolean
+zetCheckpoint(jsChedpaint: boolean)

¢ AbstractCommand

+hasSomethingTolinda(): boolean
-push(command: AbstractCommand)
-pop(): AbstractCommand
~validateCells()

+undo() +getCommandClazs(): String
+zetCheckpoint() nexecule(]
+hasCheckpoint{): boolean ~undo(]
+undoToChedkpoint()

AbstractCelfCommand

CearAllNotesCommand

-mOldMotes: List = new ArrayList()

#getCell=(): CellCollection
#setCells(mCells: CellCollection)

<<oreate > > +ClearAllNotesCommand ()
~savestate{outState: Bundle)
~restoreState{inState: Bundle)
rexecute()

~undof)

setCellValueCommand

EditCeliloteCommand

FilllnNotesCommand

-mCellRaw: int
-mCellColumn: int

-mCellRow: int

-mOldMotes: List = new ArrayList()

-mValue: int
-mOidvalue: int

-mCellColumn: int

< <create = > +EditCelNoteCommand(cell: Cell, note: Celliots)
< <create » > nEditCelNoteCommand()

rsaveState (outState: Bundle)

~restoreState(nState: Bundie)

~execute()

reexecute()
~undo()

<<create> > +FilllnNotesCommand
rsgvesState{outstate: Bundle)
~restoreState(in5tate: Bundle)

=< reate> > +SetCellvalueCommand(cell; Cell, value: int)
<<create > »~SetCellValueCommand ()
~saveState{outState: Bundle)

~restoreState(inState: Bundle)

~execute()

~ando()

~undo()

Fig. 2. Command Pattern implementation of the open source sudoku,
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SudokuGame Celole
+GAME STATE PLAYING:int=0 Cellcroup e BEe
+GAME STATE NOT STARTED:int=1 <<oeate>>+CellNote{)
FGAME STATE COMPLETED: int = 2 -mPos: int =0 <<rreate > >-CellNote(notedMumbers: Set)
-mid: long . +deserislize(note: String): CellNote
“mCreated: long el fromIntArray(nptedhums: Tnteqer): Calliote
-mState: int :mntains[\;a‘ug, nt): bociean +serialize(data; StringBuilder)
-mTime: long s +serialize): String 4EMPTY
-mLastPlayed: long -mRows +gethlotedhumbers(: Set
-mNate: String -mSectors * +toggleMumber (number;: int): CellMote
-mActiveFromTime: lang = -1 -mCelums +addMumber{number: int): CelNote
<<aeate=> 1SudokuGameD) :rdig%?réiwﬁoegnumher: int): CeliNote
+oresteEmptyGamel(): SudokuGame HsEmpty(): boolsan
+saveState{outState: Bundle) 2
+restoreState{inState: Bundle) ’ @
+setOnPuzzesolvedlistener(l: OrPuzziesolvedListaner) T E—— Ce -mo!
+sethlote(note: String) Bk & Cell
-+getiote(): String +5UDOK SIZE: int =9 : : = :
sCreted{azaes: org) 0ATA VERSION PLAIN: int =0 AL o St rion Phical)
Hoeiemteal); long ADATA VERSION Lint=1 -mColumnindex; int = -1
+setState(state: int) -mOnChangeEnabled: boolean = rue MR
+getState(); int -mChangeListeriers: List = new ArrayList() mEditable: boolear
+sefTime{time: long) -DATA PATTERN VERSION PLAIN: Pattern el Badlean
+gefTime(): long -DATA PATTERN VERSION 1: Pattern
+setl actPlayed{astPlayed: long) <<oreates»+Cell]
+getlastPlayed(: long ol <=oreate > >-CellCollection(cells: Cell) <<create>>+Cell(value: int)
+setCells(cells: CellCollection) \fi; +ereateEmpty(): CellCollection <<create»>Celljvalue: int, note: CellNote)
+getCells)): Celicollzction +sEmpty(): boolean +getRowindex(): int
+setld{id: long) +oreateDebugGame(): CellCollection +getColumnindex(: int
+getld(): long +getCelis(): Cel . s | FnitCollection)
+eetCellValue(cell: Cell, value: int) +getCellfrowIndex: int, collndex: int): Cell -mCells +getsector()i CellGroup
+eetCellNgte (call: Cell +markAllCellsAsValid() +getRow(): CellGroup
+validate(): boolean eliolle 18 etColumn(): CelGroup

+hasSomethingTolinda(}: boglean
+setUndoChedkpoint()

+undoToChedkpoint()
-thastindoCheckpoi

: boolean

HsCompleted(): boolean
+dearallotes)
HilllnMotes()
+validate)

~isCompleted(): boolean
+markAliCellsAsEditable()
+markFiledCellsAsMotEditable()
+getvaluesliseCount(): Map

HnitCollection()

+deseriglize{data: StringTokenizer): CeliCollection

+resume() +deserialize(data: String): CelCollection
+pause() +romString(data: String): CelCollection
~finish() +serislize): String

+reset() +serialize(data: StringBuilder)

+isvalid{data: String, dataVersion: int): boclean
+addonChangeListenerflistener: OnChangeListener)
+remaoveOnChangelistener{istener: OnChangelistener)
#zonChange()

Fig. 3.

+zetValue(value: int)
+getialue(: int

+getiote(): Cellote
+setiote(note: CeflMote]
HsEditable(: boolean
+setEditable(editable: Boolean)
+setValid(valid: Boolean)
+isValid(: boolean
+deserialize{data: StringTokenizer): Cel
Adeserialize{cellData: String): Cell
Jeerialize(data; StringBuilder)
+serialize(): String

-ontchange(

related methods for implementing undo function in open sudoku,




Originator Memento Caretaker
--------- S
+5etMemento(m: Memento) +eetstate() [HmenEnts
+CreateMementol) +5etStatel])

Fig. 4. Memento pattern,

Utz o2 Command HEL HHES E
FHE s okt A, S 75 7
2 & w) AHEE &= 9t Undo 71559 78S 913l
Al AT BAATIE WEolE LinkedListy
Stack¥# 22 AEFZE o] &3t P2 FH o9
2" 25 AA31aL, Undo/Redo 7155 TEA 35
ART2E ol &dte] BAPPE sty F
B =

H33l=d, Command 3| & o] 7}

3. 257 AHI™2| Undo 7S A4l

3.1 GUI AdA|

GUI AA o] B AlZko] o7t AL T30
NoIAE Undo 7159 78] Zog A7 UTh
53] 7198 S &A= she AlYol, 5§ AlYel
A Undo 7159 Fd°] 283 A97F 2o Fig.
5914 Undo 71%s°] 78® 2559 GUI A E &
- At

MZ AAE oJZFA o] AL FrameLayout= 7}
At & N9 Cell Edl=e 482 5 AE 1~
A AL A, A7 EA = 22471
Cello] FAHAY AHEA7F AFG o g2 AFste =
A= Celle] Yol 249 443 2715 th2A o
o] 28 ¥t} FrameLayout®] $¢992 Al 9x9
Cell A& WE =2 A& sl= SudokuPanel, 5%
Qo= A= EA, A Fo] AF, FHAEA 5
Aelgd & 9= MenuPanel, & g o= Ad

= T AR , @ = By

Ao 2215 49 F de A HEF 7S

o it o of

CIAIC! THEIS OI88t Undo JIs MAIOI CHS 41 1547
&1 Undoable Sudok ver 1.0 - o x|
|\ NewOuz | A1 '= Dynamic Tree | [ ——
- ' MenuPanel |
B |

it e S EREE T

- ALER7FEHE o2

ey 5
SR 23 2P Call

rasltiy
133031
tlasalass
Ty

i -‘ SudokuPanel ‘

T4 ¥
TE

Undo, Redo unda 1 | 2 | 3
Button Redo 4 | s “ 6 i c

L 7 | 8 | 9
[Celdi(d.5) £

| Ex

‘-»} KeypadPanel |

Mensa Sudoky Makers ver 1.0]

Fig. 5. GUI Design of a sudoku game,

He A5 HasAY HEE 4 JE Undo9t
Redo ¥ Eo] £&3H KeypadPanelo] T}

3.2 GoF I{H =EZE5t SaiA Ctoloj
A

2EF Aol A GoF 3E & ©] &3t Undo 7|
TS 7ES A9 o= Fig. 6914 & 4 St

KeypadE ol-&ste AT =25 A4
< F33}7] 98t GoFel Commad 8-S A-8-3}
Ao Command B #H o] 2~E TS F
¢l AbstractAnswerCommandE < i
Command 25 A&t S29E Aol sl dst
= AEE 712 =" 27t AR AlYe] Az
AA 22 HES Y3ty g5 = 985S F435)
7] #13l CommandStatck &2 2=9] LikedList A&
T2E 7MAE undoStack, redoStatck 2} A ¥ 47}
AHEETH WE o7t FEE A HEE A st
7] 913} MementoOriginator Q1 Ej#H o] 25 F+& g+
PathCell S 227} AH&-5 W o7t s=3d o v}
o} 7|&9] 3| 2EfE A5 Memento A S A
A4g 3 PathCell 8229 pathCellList 2} A 5]
AT} 9x9 Celle AAH o2 FE|sh= Sudok
Panel Z# 2+ Undo/Redo ®W# o] Fdd 4% 2
A PanelS ©hA] 18 oF 2 & Displayable 1€ #|
o] ~E F&3lal, PathCell E8) 2o A A% path
CellList7} Aw st GA7MA] Cell& ohAl 28 okd A
QAo Uitk ARE L FErh



1548

GameController

+areate()
HnitGameFramet

HinitCellsAnswer {quizMachineSudaku: int)
HnitAnswerCelsFant()

redrawOtherCelktiumsLabel)
+makeSudokuQuiz(auizMachinesudoku: int)
+addAnswer()

repantSudokuPanel()

tsearchAnswer(): boiean
+checkCelsAnswer(): bokean
tcheckCelsLabels)

mekeCellAnswer{cell: Caf)
+getAnswerSet]

“setCheckCelsSet(cel: Cel)
+getanswerFromCalculateZElement()
+geténswerFromFindHiddenOneAnswer

“shonMinElementSetiset; Set)
“4shoiSameElementMap{map: Map)
“shonRonCelsNumbersetelement(row: int)
4showColCelshumberse tElement(col: int)
~+showGroupCelshumberSetElement(arouphio: int)

<<ereate > +GameContraller{mensaSudoku; Sudok)

+removeAnswerFormOther CellsNumberSet(): bookean

4removeAnswerFromAlbumberSet(cell; Cel)); boclean
“removeAnswerFromRowshumberSet{cel: Cel): boolean
tremoveAnswerFromColshumberset(cell: Cell: boolean
+removeAnswerFromGrouphumberseticell: Cel): boolean

-mensaSudokurtaetCenterPan(): SudokuP: ane\
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Sudoku

<<reates >+Hensasudoku()
“+reatGameFrame
+getGameContraler(): GameController
-+getSudokuPane!(): SudokuPane!
“+getieypadPanel(): KeypadPanel
+getQuizMachine(): QuizMachine
+getAnswerverifier(: Answerverifier

+getQuizDialog(}: QuizDislos
“+getAnswerDizlog(): AnswerD\alug

Cell
~celivo:
-wlIF\ag bw\ean =false
~<elisS
ﬂumbErS t =new HashSet()
-numsLabel: JLabel[*] = new JLabel[S]

~centerPanel; Parel
-answerlabel: JLabel
~cellayout: Borderl ayout
~aisedBorder: Border

chDialoy Dl
+getMessageDialon) MessageDiaog
+getSetupDialogl): SetupDislog
#main{args: String;

-mensasudgiEnsasu

+sufiokuPane]

-setupDialoly

-nfensasudoku

e

SudokuPanel

~sudokutWidth; int =9

-sudokuHight: int =9

~beforeColor: Color

-mouseClickedColor: Color = e ‘Cn\mr(Cn\anahle BROVIN)
~turrentColar: Color = Color. |

<<ereate > +SudokiPanel(mensaSudoku: Sudoks)

HritSodokuPanel 0
+getSelectedtCell(: Cell
+getPathCanvas(): PathCanvas
+getPathCel(): PathCel

<<ueate>>+Cel()
<<create>>+Cel(celiNo: int)

~createl
+getinitFlag(); boolean
“+setinitFlagifiag: boolear)
+setCellsSum (cellsSum: int)
+getcelissum(: int
~+getCelNo(): int
+setCelblofcelio: int)
+getAnsierLabel(): Label
“+gethiumberszbel(: Label
+getRowNumber(): int
+getColumber(): int
+getGrouphlumber(); int
+aetSquare Number(); int
+getanswer(): int
+gethumbersetSize(: int
+setCel Color (color: Caler)
HnithiomsLabelText()
+ereateNumsLabel()
+getCenterPan(): JPanel
~+addNumbersLabel0): Panel
“removehumberFrombiumberSet(answer; int)
“+showhumberL abe(texthimber: int)
+hidenumbertabel(textumber: ing)
+setiumsLabelvisible (fiag: boolean)
+showhumeLabel\WithhumberSetl)
+sethlumberShaw: int)
+setAnswerLabelText(str: String
~+setAnswerLabelColor (color: En\nr)
+gethlumberset(): Set
+setumberSet(umberSet: Set)
HnithumberSet(
Hewumbersetmnswer(answer int)
+gethumberSet2Array(J: if
isIrNumberSet{number: mt) boolean
+sethnswerl sbelVisible (fag: boolean)
+nitCeil)
+setAnsaer{answer: int)
~isanswer (): boolean
+paintComponenta: Graphics)
~+equals{cel: Cel): boolean
+taString(): String
~+checkanswer(): boolean
+setBorder(fia: boolear)
+getClickedCell)
“+mouseReleasedine: MouseEvent)
+mousePressed{me: MouseEvent)
+mouseEntered{me: MouseEvent)
~mouseExited{me: MouseEvent)
-+mouseClicked(me: MouseEvent)

< ccreate>+Cel{celot int, mensaSudoku: Sudoks)

o
*‘%w

meﬁudnkuwndmo int
int

SgeiGrounl; Group.

+geiCels(: Cel

“+fndcelwhCelio(celio: int): Cel
+creatCelsPan(): JPanel
“+ritCelsBackgraundCelor()
4setMouseClickedCelBorder(cel: Cel)
+isSemeRowhumber(c: Cel, c2: Cel]): boolean
+issameCaltumber(c1: Cel, c2: Cell: buolean
~+isSameGrouphumber (c1; Cel, c2: Cel): boolean
+showAlCelsNumberSet)

KeypadPanel

“statusLabel; JLabel
mfmmanomabel Label

~candieButton: JButton
~exitButton: JButton

—currentColor: Color = Color.BLUE

<<oeate >>+KeypadPane!(mensaSudoku: Sudoku)
+areate()

+getinformationLabel(): LLahel

+setStatus(msg: String)

~+getKeyPadPanel0: Panel

“+northPanel(): FPanel

Setupbialog

~answerSearhDialogSudoku: int[ ] = new int[s]{3]
~checkAnswerArray: int[*] =new nt[g][9]
~groupColorSettingButton: JButton
~canceButton: Jutton

~groupCelor2: Jutton
"grounColor3: JButton
~groupColer; JButton
~groupColor’: JButton
~groupColors: JButton
~groupCalor7: Jutton
~grounColor8: JButton

<<aeate > >+5etupDislog()
<create » »+SetupDislog (mensasudoku: Sudoku)

“+centerPanel(); Panel
“northPanel(): Panel
~+actionPerformed(e: ActionEvent)

MenuPanel

“randomQuizButton: JEutton = new JButton{ New Quiz”)
-userDefineButton: JEutton = new JEutton (User Define’)
-Al1Button: JButton = new JButton ("AI-1%)

-ATZButton: JBution = new JButton("AI-2)
“findAnswerButton: JButton = new JButton(Find Answer’)

~cancleButton; JButton = new Jutton(Cancel”)
“setButton: JButton = new JButton(Setup’)

-usingDynamicTreeButton: JButton = new Jutton("Dynamic Tree”)
-answerVerifierButton: JButton = new JButton("Ansiver Verifier”)

<<aeate>>+MenuPand (mensaSudoku: Sudoku)
+areate()

+menuPanel(): Panel
“+southPanel(): JPanel
decoratebentPanel()
+getPreferredSize(): Dimension
~actionPerformedioe: ActonEvent)
“moseReleased(me: MoLseEvent)
+mousePressed{me: MouseEvent)
+mouseEntered{me: MouseEvent)
+mouseExited(me: MoussEvent)
-+mouseClicked{me: MouseEvent)

pisyable

M amenlnrrriginalor

sthcdl

PathCell

@

-pathCellist: List = new ArrayList)

DisnhvaN <areate>>PathCel)

+getPathCellist{: List
“+acd(useransweredCell: Cel)
+dsplayOn(graphics: Graphics2D)

-pathCell
isplayOn()

+getMementol): Mementa

// i
~changed()

~+setMemento(memento; Memento)

pathC:

ComC> nd
[

AbstractAnswerCommand

Memento

< <oreate>> +AbstractAnswerCommand()

-memento
<<ueace>>+.\nsuamnswermmmam(pamcau)

~pathlist: List
-pathCellist: List

<<create> >+Vemento(pathCellist: List)
+getPathCellist(: List

actionPerformedie: ActionEvent) ﬁf‘;‘s“;g o
+update(iarget: Chservable, arg: Object) s
redo)
~compnandStack
CommandStack
-undoStack: LinkedList = new LinkedList() AnsweriCommand
vedoStack: LinkedList = new LinkecList0)
selectedNo: int

+execute{command: Command)
+unda()

4redol)
reAlowcabonsudekiTabie()

<<aeate>>+Answer 1Command()
<<geate>>+Answer 1Command(Sudoku, PathCel, int)

-answerProcedure()

Fig. 6. Class design of the undoable sudoku game using GoF design patterns.
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Table 1, Performance evaluation of a class design using design patterns
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71€} Sudoku(§ 2=E9]) - - - X
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Undoable Sudoku O O O O O

(O: applied, X: not applied)
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