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ABSTRACT 

 
 Word search puzzle game is a game to find the 

hidden words on the board game that it arranged in 

the form of a matrix. The words can be arranged 

horizontally, vertically or it can be arranged in more 

than one segment which are connected horizontally 

and vertically. Search word is compiled more than 

one line segment which has the same characteristics 

as pathfinding problems, so it  requires a 

pathfinding algorithm to perform a search. 

 Simplified Memory-Bounded A* (SMA*) 

Algorithm is one of the pathfinding algorithms that 

can be used to perform a word search on the word 

search puzzle game. SMA* algorithm has an 

advantage in  uses of less memory, this thing 

because the memory usage is limited to a certain 

number of nodes. 

 Based on test results that the longer of 

characters on the search terms so the search time 

will be longer and also memory usage will increase 

although. More nodes are available to search so it 

will be faster, wherein the percentage of  search 

speed increase with adding nodes 100%  it can be 

up to 21.99%  than it does not add the nodes. 

 

Keywords : Pathfinding, Word Search Puzzle, 

Simplified Memory-Bounded A* (SMA*) 

 

1. INTRODUCTION 
 Word search puzzle games or word search game 

is a puzzle based game to find words that are 

arranged in a matrix form. Words can be arranged 

horizontally, vertically or arranged in more than one 

segment are connected horizontally and vertically. 

Completion of word search puzzle game is to find all 

the hidden word on the board in the form of a 

matrix. The problem is how the system can find all 

the words hidden in the puzzle that has been 

arranged in random either horizontally, vertically or 

arranged in more than one segment are connected 

horizontally and vertically. 

 Previously been research on comparative analysis 

Knuth-Morris-Pratt algorithm with Boyer-Moore 

algorithm on a word search puzzle game [1]. From 

these research it is known that the Boyer-Moore 

algorithm is efficient for searching horizontally and 

vertically, while the algorithm Knuth-Morris-Pratt is 

more efficient in the search diagonally. However, 

these algorithms can not be used in the completion 

of this game because the rules of search on the word 

that is composed not only horizontal, vertical and 

diagonal. 

 Therefore in this research used Simplified 

Memory-Bounded A* algorithms for searching word 

on word search puzzle game. This algorithms have 

been seeing a word search puzzle problem 

characteristics are similar to the problems in 

pathfinding. This algorithm is an algorithm that is 

often used on the shortest path search and a heuristic 

search algorithm. This algorithm has the advantage 

of requiring a smaller memory than the A* 

algorithm [2]. 

 Based on the explanation that has been described 

above, it is expected that the solution to the word 

search puzzle game can be found and it is known 

that the selected algorithm is an effective algorithm 

to perform searches on the word game word search 

puzzles. 

 The purpose of which is expected to be reached 

in this research are: 

1. Find out whether the Simplified Memory-

Bounded A* algorithm can be used to find 

solutions on word search puzzle game. 

2. Find out the performance on speed and memory 

usage of Simplified Memory-Bounded A* 

algorithm to searching words on word search 

puzzle game. 

 

2. RESEARCH CONTENTS 
2.1 Word Search Puzzle Game 

Word search puzzle game known as word find 

game, which is famous for helping students to 

recognize words. At this game the letters of a word 

lies in the grid and usually has a square shape. To 

play this game, players find and mark all the words 

hidden in the grid. In the game of word search 

puzzles, hidden word list is provided. Usually a lot 

of related words easy for players to find. Registered 

word can be set in the horizontal direction, vertical 

or diagonal grid. The faster completion of each 
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level, the higher score will be obtained. In searching 

for the words, users read and memorize the words as 

they play games that help them learn the words and 

spelling, letter by letter, the puzzle [5]. Here is a 

picture of the word search puzzle game: 

 

 
Image 1 Word Search Puzzle [5] 

2.2 Heuristic Search Methods (Informed Search) 

 The word heuristic comes from a Greek verb, 

heuriskein, which means 'search' or 'find'. In the 

programming world, some people use the word 

heuristics as opposed to the word of algorithmic, 

wherein said heuristic is defined as 'a process that 

may be able to solve a problem but there is no 

guarantee that a solution is sought can always be 

found'. In studying the methods of this search, the 

word heuristic is defined as a function that gives a 

value in the form of cost estimates (estimates of a 

solution) [2]. 

 The methods included in search techniques based 

on heuristic functions are: Generate and Test, Hill 

Climbing (Simple Hill Climbing dan Steepest-

Ascent Hill Climbing), Simulated Annealing, Best 

First Search(Greedy Best First Search and A* with 

different variations, such as Simplified Memory-

Bounded A*). 

2.3 Simplified Memory-Bounded A* (SMA*) 

Algorithm 

 For certain problems, which limited the 

computer's memory, the A* algorithm might not be 

able to find a solution because it is not available 

memory to store the generated nodes. IDA* 

algorithm can be used for conditions such as IDA* 

only requires a little memory. However, one 

drawback is that the IDA* searches performed 

iteratively will take a long time because they have 

raised repeatedly node [2]. 

 Contrary to IDA * only remember one f-limit, 

the algorithm SMA * given f-cost of each iteration 

until the number of nodes that exist in memory. Due 

to memory limitations in a certain amount, it can 

limit the search to only the nodes that can be reached 

from the root along a path that memory is still 

insufficient. Then restore a best among these routes 

that exist within the limits of the number of nodes. If 

the computer memory is only capable of storing 100 

node, it can limit the search process until level 99. 

 In the SMA* algorithm there is a list that is used 

to manipulate the queue node sorted by f-cost. Here 

is the f-cost is the combined cost of the actual and 

the estimated cost, which is expressed 

mathematically in equation 2.1 as follows: 

 

f(n) = g(n) + h(n)  (2.1) 

With: 

n  = current node 

g(n)  = cost from first node to n node along the 

search path 

h(n) = estimated cost of the node n to the goal 

node (heuristic value) 

f(n)      = total cost  from n node to goal node 

 

Here is the Simplified Memory-Bounded A* 

algorithm [2]: 

function SMA*(masalah) returns solusi 

inputs : masalah, sebuah masalah 

local variables : Queue, antrian nodes yang terurut 

berdasarkan f-cost 

Queue  MAKE-QUEUE({MAKE-

SIMPUL(INITIAL-STATE[masalah])}) 

loop do 

 if Queue kosong then return gagal 

 n  simpul di Queue yang memiliki f-cost 

terkecil dan level terdalam 

 if GOAL-TEST(n) then return sukses 

 suk  NEXT-SUCCESSOR(n) 

 if suk bukan goal dan levelnya sudah 

maksimum then 

  f(suk)  INFINITE 

 else 

  f(suk)  MAX(f(n), g(n) + h(n)) 

 end 

 if semua suksesor dari n sudah dibangkitkan 

then 
Ganti f-cost pada n dengan nilai 

f(suk) yang terkecil. Gantikan nilai 

f(suk) terkecil ini ke semua 

ancestors dari n(ayah, kakek, dan 

seterusnya keatas) kecuali 

ancestors yang memiliki f-cost 

lebih kecil daripada f(suk)terkecil 

itu. 

if semua SUCCESSOR(n) sudah di memori 

then 
  Keluarkan n dari Queue (tetapi tidak 

dihapus secara fisik di memori) 

if memori penuh then 

  if suk = Goal and f(suk) = f(start) then 

return sukses dan exit 

Hapus simpul terburuk di dalam 

Queue yang memiliki f-cost 

terbesar dan level terdangkal. 

Keluarkan simpul terburuk 

tersebut dari daftar suksesor 
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parent-nya. 

Masukkan parent dari simpul 

terburuk tersebut ke Queue jika 

parent tersebut tidak ada di Queue. 

end 

       insert suk in Queue 

Image 2 Simplified Memory-Bounded A* Algorithm 

 

For example there is the problem of finding the 

shortest path as shown below: 

 
Image 3 Path finding problem 

 

Here are the steps to resolve the use Simplified 

Memory-Bounded A* algorithm: 

S80

 
Image 4 Step 1 Path Finding 

S

A

B

C

D

E

10

25

30

35

10

84(120)

f(A) - MAX(f(S),g(A)+h(A)) = MAX(80,90) = 90

f(B) = 85

f(C) = 100

f(D) = 120

f(E) = 84

 
Image 5 Step 2 Path Finding 

 

S

A

B

C

E

D

10

25

30

10

15

f(A) = 90

f(B) = 85

f(C) = 100

f(D) = MAX(f(E), g(D)+h(D)) 
= MAX(84, 110) = 110

84(100, 120)

84
 

Image 6 Step 3a Path Finding 
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D
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25
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f(A) = 90

f(B) = 85

f(D) = 110

85(100, 120)

J

20

f(J) = MAX(f(E), g(J)+h(J)) 
= MAX(84, 130) = 130

110 (110)

 
Image 7 Step 3b Path Finding 

 

S

A

10

90 (100, 110, 120)

f(G) = MAX(f(K), g(G)+h(G)) 
= MAX(95, 95) = 95

95 (100)
B

10
F5

95

K40

95

G

3095

 Image 8 Step 8 Path Finding  (the final results 

search) 

 

2.4 System Analysis 

 Word search puzzle game consists of two 

processes, namely word randomization and word 

searching. The randomization process said that fill 

the game board with the word of a random 

arrangement of random letters and fill in the blank 

matrix. The word search process is doing a word 

search on the game board that has been filled with 

word of a random arrangement. The following is a 

flowchart of a word search puzzle game: 

 

Mulai

Pengacakan Kata

Daftar Kata

Pencarian Kata

Solusi 
Permainan

Selesai

 
 

Image 9 Word Search Puzzle Flowchart 
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 In the word search puzzle game there are a few 

rules that differ from one game to the other games. 

For the existing rules in this game are as follows: 

a. Word search can be done horizontally and 

vertically, and can not diagonally. 

 

A G H X C D W N S A F

K J D C F G M X S D L X

G B E L A J A R J E A Q

M N W A S X C W K O P C

C B Z B H N N M E X D Z

T E D K E L B E L X Q Z

R L Q C V L K V A W T S

S A F K D M A G J A Z D

G J Z H X L K J U R I L

Z A C W V E B I A T N Y

A R S Z B D Z E H R J R

S E F N V L B X H K J V

W

0 21 3 4 5 6 7 8 9 10 11

0

1

2

3

4

5

6

7

8

9

10

11

Dapat dilakukan pencarian

Tidak dapat dilakukan pencarian  
 

Image 10 Word Search Rules 

 

b. Word search can also be performed by 

zigzagged up, down, left and right, but between 

the characters to one another to be connected 

horizontally or vertically. 

A G H X C D W N S A F

K J D C F G M X S D L X

G F K L Z C V B J E A Q

M N B E S X C B K O P C

C H Z L H N N E E X D Z

T K D A J L B L L X Q Z

R B Q C A G K A J A R S

S V F K R M D G J A Z D

G B Z H X L K S U R I L

Z E C W J E B I K T N Y

A X L A B A Z E H A J R

S E F N V R B X H K J V

W

0 21 3 4 5 6 7 8 9 10 11
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Dapat dilakukan pencarian

Tidak dapat dilakukan pencarian
 

Image 11 Word Search Rules (2) 

 

c. Searches can be started from anywhere between 

coordinates (0,0) to coordinates (19.19) in the 

matrix. 

d. Length of characters on the search terms 

maximum 30 characters. 

2.5 Problem Analysis 

 The problems that arise in the word search puzzle 

game is how the system can find all the words 

hidden in the matrix. The first is search first letter of 

word to be searched, and then searched a second 

letter by looking up, down, left and right which 

around the first letter. The method is repeated until 

the search terms found. 

 To perform a word search on the word search 

puzzle game can use path finding algorithms. There 

are some path finding algorithms that can be used. 

The algorithm used is Simplified Memory-Bounded 

A* algorithm. Simplified Memory-Bounded A* 

Algorithm (SMA*) is a development of the A* 

algorithm which overcomes a problem to do a word 

search on the word search puzzle game. This 

algorithm overcomes the weakness that is owned by 

the A* algorithm that large memory usage. 

 Therefore, to be studied to measure the 

effectiveness of the use of the SMA* algorithm is as 

follows: 

1. The number of node generated and removed 

during the search process. 

2. The execution time for finding a solution. 

 

2.6 Word Search Puzzle Game Analysis 

 Analysis on the word search puzzle game 

conducted to see the effectiveness in terms of 

execution time and the number of nodes that are 

raised and removed. In implementing the algorithm 

SMA* will be built a prototype with a picture of a 

word search puzzle game is as follows: 

1. The game consists of a matrix with a minimum 

size is 3 rows x 3 columns and 20 rows x 20 

columns. 

2. Implementation of the chosen algorithm is an 

SMA* algorithm. 

3. The value of the input parameter is the maximum 

number of nodes. 

4. The word searched randomly placed in the 

matrix. 

5. Searching can only be done horizontally, 

vertically, and a combination of horizontal and 

vertical that is connected to more than one 

segment. 

 

Game board on a word search puzzle made with 

a long-scale pixel size of 500 pixels wide by 500 

pixels. In the game board are stored several grid size 

25 pixels long and 25 pixels wide, obtained 20 grid 

of horizontal and 20 vertical grid. If the sum total of 

its grid to 400 grid. 
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The game board as shown below: 

 
Image 12 Game Board 

 

 In the game, there are two major processes are 

performed, among others: 

1. Word Randomization 

2. Word Searching 

 Word randomization process is done by filling 

the matrix with the words being searched for 

according to the rules described above, then fill the 

empty matrix with random letters. Word search 

process performed by doing a word search in 

accordance with the rules described above, after a 

search is found, the stored coordinates of the search 

terms.  

For more details, the following is a flowchart of 

the process of randomization words: 

Mulai

Menempatkan kata pada 
papan permainan secara 

acak

Mengambil 
kata dari file 

teks

Menempatkan karakter 
secara acak pada matriks 

yang kosong

Papan 
permainan 
telah terisi 
kata acak

Selesai

 
 

Image 13 Word Randomization Flowchart 

In this study the process will be discussed 

more in is the process of searching word using the 

Simplified Memory-Bounded A* algorithm. In the 

searching word process there are several steps, 

among others, as in the following flowchart: 

Mulai

Mencari posisi awal 
pencarian

Kata yang 
dicari

Melakukan pencarian kata 
dengan algoritma SMA*

Hasil 
pencarian 

kata

Selesai

 
 

Image 14 Searching Word Flowchart 

2.7 Input Analysis 

 Input data analysis the required in the SMA* 

algorithm is the position of the first letter of the 

word you are looking (initial state), the search terms 

(goal state). The position of the first letter searched 

sequentially from the first column and the first row 

to the last column and last row or until the position 

is found. In addition, the search SMA* algorithm, 

the search needed to calculate the value of f (n). 

 Word search performed on the board game size 

20x20. Board games have filled the search terms are 

arranged randomly. The game board is filled with 

word with a maximum length of 30 characters. The 

word that will be inserted into the matrix is stored in 

a text file, and drawn at random to be inserted into 

the matrix. 

 After the placement of words on the game board, 

then the game board has been filled with word are 

arranged randomly. Game board that has been filled 

words as shown below: 

A G H X C D W N S A F G P I T F V S

K J D C F G M X S D L X K Q Y T J E R R

G H J D R E D H J E A Q D F R E F J J M

M N W A S X C W K O P C V F G X G H G N

C V Z N H N N M E X D Z F Q I U Q T D

T Y D K D L B E L X Q Z F R Y K Z X D S

R W Q C V N K V A W T S D K D L O P E Q

S J F K D M K G J A Z D A X M X N C B V

G N Z H X L K S U R I L U L D Y H P Y R

Z Q C W V E B I R T N Y M U I T O P S

A W S Z B D Z E H H J R L J B N J X K L

S E F N V L B X H K J V X B F T V N F D

D G S Z C N M R X X J V B B K N M X Z J

D V X B C R C C X Z Z C V N B T Y L M U

V M B B N Z A N Z Z D T T M V N K C X

F N Q R X W R E V R T T F U D S I J O A

C X V C B B Z X N W T W T M T X E Z R H

H N V X Z C L L B B M N L K M L L J C P

A B Z N D H X M J I C O O L P V X N C M

Z A B S N D M Z F N Q G W E H R T J Y K

W O

Y

A

G
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19  
Image 15 The Game Board Filled Word 

Papan Permainan

20 grid horizontal

20 grid 

vertikal
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Then after the placement of the word, the next 

process is to fill the empty matrix with random 

letters. After matrix blank is random letters, then the 

result is as shown below: 

A G H X C D W N S A F G P I T F V S

K J D C F G M X S D L X K Q Y T J E R R

G H J D R E D H J E A Q D F R E F J J M

M N W A S X C W K O P C V F G X G H G N

C V Z N H N N M E X D Z F Q I U Q T D

T Y D K D L B E L X Q Z F R Y K Z X D S

R W Q C V N K V A W T S D K D L O P E Q

S J F K D M K G J A Z D A X M X N C B V

G N Z H X L K S U R I L U L D Y H P Y R

Z Q C W V E B I R T N Y M U I T O P S

A W S Z B D Z E H H J R L J B N J X K L

S E F N V L B X H K J V X B F T V N F D

D G S Z C N M R X X J V B B K N M X Z J

D V X B C R C C X Z Z C V N B T Y L M U

V M B B N Z A N Z Z D T T M V N K C X

F N Q R X W R E V R T T F U D S I J O A

C X V C B B Z X N W T W T M T X E Z R H

H N V X Z C L L B B M N L K M L L J C P

A B Z N D H X M J I C O O L P V X N C M

Z A B S N D M Z F N Q G W E H R T J Y K

W O

Y

A

G

0 21 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
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19  
Image 16 The Game Board Filled Random Letter 

 

2.8 Algorithm Analysis 

 Algorithm analysis performed in this study is to 

analyze the workings of the SMA* (Simplified 

Memory-Bounded A*) algorithm to the problem of 

word search puzzles to word searches. This section 

will explain the process manually to generate output. 

 In the SMA* (Simplified Memory-Bounded A*) 

algorithm to search the f-cost calculation for each 

node generated. To calculate the f-cost 

mathematically expressed in the following equation 

2.1: 

f(n) = g(n) + h(n) 

With: 

n  = current node 

g(n)  = cost from first node to n node along the 

search path 

h(n) = estimated cost of the node n to the goal 

node (heuristic value) 

f(n)      = total cost  from n node to goal node 

 

 To calculate the value heuristic, then searched 

using the total of letters in the search terms reduced 

total correct letters of the search. Heuristic value 

calculation is as follows: 

h(n) = Total letter word searched - total letters 

correctly 

 

 The steps of manually searching SMA* is as 

follows: 

a. Select the node with the least cost and the 

deepest level  

b. Generate the next successor of n 

suk node = NEXT-SUCCESOR(n) 

c. Calculate the f-cost of a successor who has been 

raised 

f(suk) = MAX(f(n), g(n) + h(n)) 

d. If all the node selected successor has been raised, 

then replace the f-cost n with the smallest value f 

(suk). 

e. If all n successor is already in memory, then 

remove n from Queue (but not deleted physically 

in memory). 

f. If the memory is full, then remove the worst in 

the Queue node that has the greatest f-cost and 

shallowest level. Remove it from the worst node 

successor to its parent's worst Enter the parent of 

the node to the queue if the parent is not in 

Queue. 

g. Insert the successor node to Queue 

 

With: 

n = current node 

suk = successor node from n  

f(suk) = f-cost n successor node 

MAX = maximum value 

NEXT-SUCCESSOR(n) = next successor node from 

n 

For instance in this case will searched the word 

"BELAJAR" on the matrix which has been arranged 

at random. The first process is done is to find the 

position of the first letter of words to be searched. 

To perform these searches, the search must be done 

sequentially from column 0 and row 0. Here the B 

character of a search performed on the matrix. The 

possibility of the letter B in the matrix will be more 

than one, so it will take the letter was first 

discovered. When the position is found, the search 

will be performed with the initial position of node is 

the position that has been found. For example in the 

case of the maximum number of node is 8 node. 

Here is an example of a matrix with the first 

character of the word have been found: 

A G H X C D W N S A F G P I T F V S

K J D C F G M X S D L X K Q Y T J E R R

G H J D R E D H J E A Q D F R E F J J M

M N W A S X C W K O P C V F G X G H G N

C V Z N H N N M E X D Z F Q I U Q T D

T Y D K D L B E L X Q Z F R Y K Z X D S

R W Q C V N K V A W T S D K D L O P E Q

S J F K D M K G J A Z D A X M X N C B V

G N Z H X L K S U R I L U L D Y H P Y R

Z Q C W V E B I R T N Y M U I T O P S

A W S Z B D Z E H H J R L J B N J X K L

S E F N V L B X H K J V X B F T V N F D

D G S Z C N M R X X J V B B K N M X Z J

D V X B C R C C X Z Z C V N B T Y L M U

V M B B N Z A N Z Z D T T M V N K C X

F N Q R X W R E V R T T F U D S I J O A

C X V C B B Z X N W T W T M T X E Z R H

H N V X Z C L L B B M N L K M L L J C P

A B Z N D H X M J I C O O L P V X N C M

Z A B S N D M Z F N Q G W E H R T J Y K

W O

Y

A

G
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Keterangan : 

B Simpul Awal  
Image 17 Initial Conditions of Searching Words 

 After the first letter is found, the search 

performed using the SMA* algorithm with measures 

such as the following: 
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Image 18 Step 1 Searching Word 

Simpul yang telah diperiksa

Simpul yang sedang diperiksa

Simpul yang akan diperiksa

A G H X C D W N S A

K J D C F G M X S D L

G H J D R E D H J E A

M N W A S X C W K O P

C V Z N H N N M E X D

T Y D K D L B E L X Q

R W Q C V N K V A W T

S J F K D M K G J A Z

G N Z H X L K S U R I

Z Q C W V E B I R T N

A W S Z B D Z E H H J

W

0 21 3 4 5 6 7 8 9 10

0

1

2

3

4

5

6

7

8

9

10

 
Image 19 Step 2 Searching Word Matrix 

 

(5,6)

(5,5) (4,6) (5,7) (6,6)

1
1 1

16

f(5,5) = 7 f(4,6) = 7

f(6,6) = 
MAX(f(5,6),g(6,6)+h(6,6)) 
= MAX(6,7) = 7

f(5,7) = 6

 Image 20 Step 2 Searching Word 
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Image 21 Step 3a Searching Word Matrix 
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Image 22 Step 3a Searching Word 
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Image 23 Step 7b Searching Word Matrix 
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Image 24 Step 7b Searching Word (Solution) 

 

In the picture above shows the search has been 

completed, the path found is (5,6) – (5,7) – (5,8) – 

(6,8) – (7,8) – (7,9) – (8,9). So if these nodes are 

combined will formed word “BELAJAR”. 
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2.9 Functional Requirements Analysis 

Functional requirements analysis aims to analyze 

the process to be applied in the system and explains 

the necessary requirements for this application to run 

properly. Functional requirements analysis include 

user requirements, modeling using the Unified 

Modeling Language (UML), interface design, and 

the design method. 

 

2.9.1. Use Case Diagram 

Use case diagram illustrates the functions of a 

system from a user perspective, so as to facilitate in 

formulating the requirements specification system to 

be built and developed. From the analysis of the 

game is built, then the use case diagram as shown 

below:

 
Image 25 Use Case Diagram 

 

2.9.2. Activity Diagram 

Activity diagram illustrates various activities in 

the system designed. Activity diagrams can also 

illustrate the parallel processes that may occur in 

several executions. The following is an activity 

diagram look for searching words with the SMA* 

algorithm: 

 
Image 26 Searching Word With SMA* Algorihtm 

Activity Diagram 

 

2.9.3. Class Diagram 

Class diagram is a diagram illustrating the 

structure of the defining aspects of the system of 

classes that are made to the system. Class diagram of 

the game is as shown below: 

 
Image 27 Class Diagram 

 

2.10 Interface Implementation 

The main interface is the initial view which is 

testing the display when the user determine the 

position of the word to be searched by the Simplified 

Memory-Bounded A* algorithm. In this interface 

consists of a game board, a list of words, the search 

process, and the other button. View of the main 

interface can be seen in the following figure: 

 
Image 28 Main Interface 

 

System

Aktor

Menempatkan kata otomatis

Mengisi jumlah kata

Mencari kata dengan algoritma SMA*

Reset papan permainan

Mengisi huruf acak

<<include>>

<<extend>>

Menempatkan kata manual

<<extend>><<include>>

Menentukan ukuran matriks

User Sistem

Memilih cari kata

Melakukan pencarian kata dengan algoritma SMA*

Menampilkan posisi kata yang ditemukan pada papan permainan Menampilkan pesan kata tidak ditemukan

[kata ditemukan] [kata tidak ditemukan]

Main
<<Boundary>>

-MAX_MATRIX: int
-panel: Jpanel
-MT: Element
-board: Board
-fileStore: FileStore
-wordList: ArrayList<String>
-random: Random
-WM: char
-wGenerator: WordGenerator
-selectedWord: String
-sequencePlacedWord: ArrayList<Integer>
-sequenceWord: int
-tFrame: TreeFrame
-isManual: boolean
-isAnimated: boolean
-isStep: boolean
-sma: SMAStar

+Main()
+main(args[]: String): void
-setContentList(list: ArrayList<String>): void
-btnAddWordActionPerformed(evt: ActionEvent): void
-btnResetBoardActionPerformed(evt: ActionEvent): void
-btnSearchActionPerformed(evt: ActionEvent): void
-btnAddRandomCharActionPerformed(evt: ActionEvent): void
-listWordSearchMousePressed(evt: MouseEvent): void
-btnAddWordRandomCharActionPerformed(evt: ActionEvent): void
-textJumlahKataKeyReleased(evt: KeyEvent): void
-textJumlahKataFocusLost(evt: FocusItem): void
-menuTreeActionPerformed(evt: ActionEvent): void
-menuExitActionPerformed(evt: ActionEvent): void
-menuUkuranMatriksActionPerformed(evt: ActionEvent): void
-checkboxStepStateChanged(evt: ChangeEvent): void
-btnNextActionPerformed(evt: ActionEvent): void

Board
<<Control>>

-MAX_MATRIX: int
-parentFrame: JFrame
-parentPanel: JPanel
-MT: Element
-random: Random
-panelNumberX: Jpanel
-panelNumberY: Jpanel

+Board()
+Board(parentFrame: JFrame, parentPanel: JPanel)
+setPanelNumberX(panelNumberX: JPanel): void
+setPanelNumberY(panelNumberY: JPanel): void
+init(): Element
+initWord(): void
+initWord(listChar: ArrayList<Character>)
+clean(): void
+clean(MT2: Element): void

Coordinate
<<Entity>>

-x: int
-y: int

+Coordinate()
+Coordinate(x: int, y: int)
+getX(): int
+getY(): int
+setX(x: int): void
+setY(y: int): void

Element
<<Entity>>

-panel: JPanel
-label: JLabel

+Element()
+Element(panel: JPanel, label: JLabel)
+getPanel(): JPanel
+setPanel(panel: JPanel): void
+getLabel(): JLabel
+setLabel(labelL JLabel): void

FileStore
<<Control>>

-path: String

+save(content: String): void
+load(): ArrayList<String> Random

<<Control>>

+get(max: int): int
+getBetween(min: int, max: int): int

WordGenerator
<<Control>>

-MAX_MATRIX: int
+LEFT: int
+TOP: int
+RIGHT: int
+BOTTOM: int
-random: Random
-board: Board
-MT: Element
-WM: char

+WordGenerator()
+WordGenerator(MT: Element)
+initWM(): void
+generate(word: String): void
+fillEmptyBoard(): void
+clean(): void
+getPossibility(track: ArrayList<Coordinate>, coor: Coordinate, ch: char): ArrayList<Integer>
+isInTrack(track: ArrayList<Coordinate>, coor: Coordinate): boolean
+isCanPlaced(coor: Coordinate, ch: char): boolean

CustomQueue
<<Entity>>

-list: ArrayList
-size: int
+ASCENDING: int
+DESCEDING: int
+INFINITE: int

+CustomQueue()
+enqueue(obj: Object)
+dequeue(): Object
+size(): int
+contains(obj: Object): boolean
+getFirst(): Object
+getBest(): Object
+getWorst(): Object
+removeFirst(): boolean
+removeLast(): boolean
+remove(obj: Object): boolean
+sort(): void
+sort(option: int): void
+isInTrack(track: ArrayList<Coordinate>, coor: Coordinate): boolean
+isInTrack(track: ArrayList<Coordinate>, coor: Coordinate, up: int): boolean

TreeNode
<<Entity>>

+OPEN: int
+CLOSED: int
+UNKNOWN: int
+INFINITE: int
-parent: TreeNode
-children: ArrayList
-value: TreeValue
-state: int
-cost: int

+TreeNode(value: TreeValue)
+setParent(parnt: TreeNode): void
+getParent(): TreeNode
+setValue(value: TreeValue): void
+getValue(): TreeValue
+setChildren(children: ArrayList): void
+getChildren(): ArrayList
+setState(state: int): void
+getState(): int
+setCost(cost: int)
+getCost(): int
+addChild(child: TreeNode): void
+removeChild(child: TreeNode): void
+getLevel(): int
+calculateCost(word: String, maxLevel: int, isGoalState: boolean): void
+max(f1: int, f2: int): int

TreeValue
<<Entity>>

-coordinate: Coordinate
-val: char

+TreeValue()
+TreeValue(coordinate: Coordinate, val: char)
+setCoordinate(coordinate: Coordinate): void
+getCoordinate(): Coordinate
+setChar(val: char): void
+getChar(): char

SMAStar
<<Control>>

-MAX_MATRIX: int
+LEFT: int
+RIGHT: int
+TOP: int
+BOTTOM: int
+INFINITE: int
-WM: char
-MT: Element
-successor: ArrayList<Integer>
-lastSuccessor: int
-maxNode: int
-animate: Animate
+isAnimated: boolean
+generateNode: int
+deletedNode: int
+currentNode: int
+textProcess: JTextArea
+animTreeFrame: TreeFrame
+solution: ArrayList<Coordinate>

+SMAStar()
+SMAStar(MT: Element)
+initAnimate(isAnimated: boolean): void
+runNext(): void
+setTextProcess(textProcess: JTextArea): void
+setAnimTreeFrame(animTreeFrame: TreeFrame): void
+search(): void
+startSearch(): boolean
-getTrack(node: TreeNode): ArrayList<Coordinate>
+setGoalTrack(node: TreeNode, root: TreeNode): void
-getPossibilitiy(track: ArrayList<Coordinate>, coor: Coordinate, ch: char): ArrayList<Integer>
-isInTrack(track: ArrayList<Coordinate>, coor: Coordinate): boolean
-goalTest(nNode: TreeNode, word: String): boolean
-getSuccessor(parent: TreeNode): void
-nextSuccessor(parent: TreeNode): TreeNode

Benchmark
<<Control>>

-time: long
-timeStart: long

+start(): void
+getTime(): double
+startTime(): void
+getTimeElapsed(): double

Animate
<<Control>>

-MT: Element
-textarea: JTextArea
-iter: int
-tIter: int
-gIter: int
-nodePosition: int
-listThreadPaint: ArrayList<AnimateObject>
-listThreadText: ArrayList<AnimateObject>
-listThreadTree: ArrayList<AnimateObject>
-isAnimated: boolean
-position: int

+Animate(MT: Element)
+setAnimated(: isAnimatedboolean): void
+setTextarea(textarea: JTextArea): void
+delay(time: int): void
+delayGraphic(time: int): void
+paint(coordinate: Coordinate, color: Color)
+paint(coordinate: Coordinate, color: Color, int time)
+addText(text: String, time: int): void
+makeTreeNode(parentFrame: TreeFrame, graphicRoot: TreeNode): void
+makeEmptyTree(): void
+getListDraw(parent: TreeNode, brother: int, seq: int, lastPos: int): ArrayList<GraphicObject>
+getThreadPaint(): ArrayList<AnimateObject>
+getThreadTree(): ArrayList<AnimateObject>
+getThreadText(): ArrayList<AnimateObject>
+runNext(): void

TreeFrame
<<Boundary>>

-mainPanel2: JPanel
-panel: GhraphicPanel
-sma: SMAStar

+TreeFrame()
+getMainPanel(): Jpanel
+getGraphicPanel(): GhraphicPanel
+setSMA(sma: SMAStar): void
-btnNextActionPerformed(evt: ActionEvent): void
+main(args[]: String): void

AnimateObject
<<Entity>>

-thread: Thread
-next: int

+AnimateObject()
+AnimateObject(thread: Thread, next: int)
+getThread(): Thread
+setThread(thread: Thread): void
+getNext(): int
+setNext(next: int): int

GraphicObject
<<Entity>>

+CIRCLE: int
+LINE: int
+TEXT: int
+DESCRIPTION: int
+DESCRIPTION2: int
-type: int
-color: Color
-x1: int
-y1: int
-x2: int
-y2: int
-text: String
-description: String
-description2: String
-brother: int
-level: int
-sequence: int

+GraphicObject()
+GraphicObject(type: int)
+setCircle(x1;int, y1: int, x2: int, y2: int): void
+setLine(x1;int, y1: int, x2: int, y2: int): void
+setText(text: String, x1: int, y1: int): void
+setDescription(description: String, x1: int, y1: int): void
+setDescription2(description2: String, x1: int, y1: int): void
+getX1(): int
+setX1(x1: int): void
+getX2(): int
+setX2(x2: int): void
+getY1(): int
+setY1(y1: int): void
+getY2(): int
+setY2(y2: int): void
+getText(): String
+setText(text: String): void
+getDescription(): String
+setDescription(description: String): void
+getDescription2(): String
+setDescription2(description2: String): void
+getType(): int
+setType(type: int): void
+getColor(): Color
+setColor(color: Color): void

GraphicPanel
<<Control>>

+drawList: ArrayList<GraphicObject>

+GraphicPanel()
+GraphicPanel(drawList: ArrayList<GraphicObject>)
#paintComponent(g: Graphics): void
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Image 29 Tree Search Interface 

 

3 CLOSING 
3.1 Conclusion 

 Based on research on implementation of 

Simplified Memory-Bounded A* algorithm to 

searching words on the word search puzzle game, it 

can be concluded: 

1. Simplified Memory-Bounded A* algorithm can 

be used to perform a word search on the word 

search puzzle game. 

2. Based on test results that longer of characters on 

the search terms so the search time will be longer 

and also memory usage will be increase. More 

nodes are available to search so it will be faster, 

wherein the percentage of  search speed increase 

with adding nodes 100%  it can be up to 21.99%  

than it does not add the nodes. 

3.2 Suggestions 

 The suggestions that can be given to further 

development, among others things, are as follows: 

1. Determine the percentage of node additions are 

optimal for each case of search. 

2. The addition of the word list can be done 

automatically by the system by taking words of 

Indonesian dictionary. 
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