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1. Checkstyle
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1) Metrics

Checkstyle Warnings - Category Metrics

Summary

Total High Priority MNormal Priority Low Priority
1 0 il | 0
Details

Files || Types Warn'ings Details

File Total Distribution
AlphaPanel.java 2
Controller java 1
Game java 1
GamePanel java 4
TitlePanel java 1
WordPanel.java 2
Total 1

Type Total Distribution
ClassDataAbstractionCouplingCheck 4
ClassFanCOutComplexityCheck 3
CyclomaticComplexity Check 1
JavaNCS5Check 3
Total 11
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ex)
AlphaPanel java: 28, ClassDataAbstractionCouplingCheck, Pronty: Normal

Class Data Abstraction Coupling is 10 (max allowed is T) classes [ActionListener, File,
FindWord, Imagelcon, JButton, JLabel, JTextField, KeyAdapter, LineBorder,
MouseAdapter].

This metric measures the number of instantiations of other classes within the given class. This
type of coupling 1s not caused by inheritance or the object onented paradigm. Generally speaking,
any abstract data type with other abstract data types as members has data abstraction coupling;
therefore, if a class has a local variable that is an instantiation (object) of another class, there is
data abstraction coupling. The higher the DAC, the more complex the data structure (classes) of
the system.

AlphaPanel java: 28, ClassFanOutComplexityCheck, Priority: Normal

Class Fan-Out Complexity is 21 (max allowed is 20).

The number of other classes a given class relies on. Also the square of this has been shown to
indicate the amount of maintenance required in functional programs {on a file basis) at least.

Game java:46, JavaNCSSCheck, Priority: Normal

NCSS for this method is 54 (max allowed is 50).

Determines complexity of methods, classes and files by counting the Non Commenting Source
Statements {NCSS). This check adheres to the specification for the JavaNCSS-Tool written by
Chr. Clemens Lee.

Roughly said the NCSS metric is calculated by counting the source lines which are not cormments,
(nearly) equivalent to counting the semicolons and opening curly braces.

The NCSS for a class is summanzed from the NCSS of all its methods, the NCSS of its nested
classes and the number of member variable declarations.

The NCS35 for a file 1s summanzed from the ncss of all its top level classes, the number of imports
and the package declaration.

Rationale: Too large methods and classes are hard to read and costly to maintain. A large NCSS
number often means that a method or class has too many responsibilities andfor functionalities
which should be decomposed into smaller units.

result

File Line Pricnity Type Category
AlphaPanel java28 28  MNormal ClassDataAbstractionCouplingCheck Metrics
AlphaPanel java:28 26  MNormal ClassFanOutComplexityCheck Metrics
Controller java:30 30 Normal ClassDataAbstractionCouplingCheck Metrics
Game.java 46 46  MNormal JavaNC3SCheck Metrics
GamePanel java: 27 27 MNormal ClassDatafbstractionCouplingCheck Metrics
GamePanel java 27 27 MNormal ClassFanOutComplexityCheck Metrics
GamePanel java:b3 53  MNormal JavaNCSSCheck Metrics
GamePanel java:83 83  MNormal CyclomaticComplexityCheck Metrics
TitlePanel.java:21 21 Mormal JavaNC3SCheck Metrics
WordPanel.java: 28 26  MNormal ClassDatafbstractionCouplingCheck Metrics

| WordPanel java: 28 28  Normal ClassFanOutComplexityCheck Metrics




2) Naming

Checkstyle Warnings - Category Naming

Summary

Total High Priority Mormal Priority Low Priority
11 0 1 0

Details

Files || Types I Warnings | Details

Type Total Distnbution
AbbreviationAs\WordinNameCheck 1
LocalVariableMameCheck 2
MemberNameCheck T
StaticVariableMameCheck 1

| Total 11

* LocalVariableNameCheck
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AlphaPanel java: 34, MemberNameCheck, Priority: Normal

Name 'F' must match pattern '*[a-z][a-zA-Z0-9]*%".

Mo description available. Please upgrade to latest checkstyle version.

AlphaPanel java: 124, | ocalVariableNameCheck, Priornty: Normal

Name 'lcon’ must match pattern "*[a-z][a-zA-Z0-9]*5".

Mo description available. Please upgrade to latest checkstyle version.
Game java:.20, StaticVariableNameCheck, Prierity: Normal

Name "ANSWERNUM' must match pattern "*[a-z][a-zA-Z0-9]*%".

Mo description available. Please upgrade to latest checkstyle version.
GamePanel java 48, MemberNameCheck, Prionty: Mormal

Name 'F' must match pattern "*[a-z][a-zA-Z0-9]*%".

Mo description available. Please upgrade to latest checkstyle version.



result
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File Line Priority Type Category
AlphaPanel java34 34 Mormal MemberNameCheck Maming
AlphaPanel java-124 124  MNormmal LocalMariableMameCheck Maming
Game java: 20 20 Mormal  StaticVanableMameCheck Maming
GamePanel java 48 45  Normmal MemberMameCheck MNaming
MainPanel java: 20 20 Mormal MemberNameCheck Maming
RankingPanel java 16 16 MNomal MemberMameCheack MNaming
TitlePanel java:19 19 Mormal MemberNameCheck Maming
WordDic java:15 15 Mormal AbbreviationAsWordinMameCheck Maming
WordDic java:15 15 Mormal MemberNameCheck Maming
WordPanel.java:34 34 Mormal MemberNameCheck Maming
WordPanel.java: 123 123  MNomal LocalVariableMameCheck Maming
3) Whitespace
Type Total Distribution
Emptyl ineSeparatorCheck 89
FileTabCharacterCheck 17
GenericWhitespaceCheck 1
MoWhitespaceAfterCheck 13
WhitespaceAfterCheck 303
| WhitespaceAroundCheck 756
Total 1179
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Fila

AlphaPanel java: 28
AlphaPanel java: 29
AlphaPanel java:30
AlphaPanel java:31
AlphaPanel java:32
AlphaPanel java:33
AlphaPanel java:34
AlphaPanel java:35
AlphaPanel java:40
AlphaPanel java:40
AlphaPanel java:43
AlphaPanel java:43
AlphaPanel java:43
AlphaPanel java: 44
AlphaPanel java: 48
AlphaPanel java: 49
AlphaPanel java:49
AlphaPanel java:49
AlphaPanel java:53
AlphaPanel java:53
AlphaPanel java: 54
AlphaPanel java: b4
AlphaPanel java: 54
AlphaPanel java:65
AlphaPanel java:65

AlphaPanel java:65
AlnhaPanal iava-RR

Line
28
29
30
31
32
33

35
40
40
43
43
43
44
45
49
49
49
53
53

54

65

65
65

Priority
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal
Mormal

Marmal

Type
WhitespaceAroundCheck
FileTabCharacterCheck
EmptyLineSeparatorCheck
EmptylLineSeparatorCheck
EmptyLineSeparatorCheck
EmptyLineSeparatorCheck
EmptyLineSeparatorCheck
EmptyLineSeparatorCheck
WhitespaceAroundCheck
WhitespaceAroundCheck
WhitespaceAfterCheck
WhitespaceAfterCheck
WhitespaceAfterCheck
WhitespaceAfterCheck
WhitespaceAroundCheck
WhitespaceAfterCheck
WhitespaceAfterCheck
WhitespaceAfterCheck
WhitespaceAroundCheck
WhitespaceAroundCheck
WhitespaceAfterCheck
WhitespaceAfterCheck
WhitespaceAfterCheck
WhitespaceAroundCheck
WhitespaceAroundCheck

WhitespaceAroundCheck
WhitecnarabirnnindChack

Category

Whitaspace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace
Whitespace

Whitaenare



2. PMD

- Program May Dependable2| 2FX}

- T Ao et AAFES HARHAM fIERALE
- Eclipse —plugin© 2 At2% 4= QUon, HeZ M
- 24 &L java, javaScript, XML §0| QUCL.

- PMDOJM XMEdt= 7tH 2|22 E, 24 o Z2O8 A2l Javal| H=
Fte| 1l 48

2 sopd + 9lck
1= A

® FIE| 12|20 2 E 16714

Basic (rulesets/basic.xml) Code size (rulesets/codesize.xmil)
Maming {rulesets/namingxmi) Javabeans (rulesetsfjavabeansxmi)
Unused code (rulesets/unusedcodesml)  Finslzers
Design (rulesets/designocml) Clone {rulesetsiclonesxmi)
Import ststements {rulesets/importszemb Couplng (rulesets/couplngsemi)
JUn#t tests {rulesets/juntaami) Strict exceptions (rulesets/strctescceptionocmi)
Strings (rulesets/string.:amil) Controversial [rulesets/controversialemly
Braces (rulesets/braces.xml) Logging {rulesets/logging-avaxmli)
Summary
Total High Priority Mormal Priority Low Priority
43 0 43 0
Details

Files | Categories | Types | Wamings | Details | New | Fixed

Category Total Distribution
Braces 13
Code Size 23

String and StnngBuffer

Unused Code 6
Total 43



1) Braces

- for, if, while, else 230 235 E AIE5t=X] 5 AL

Type Total Distribution
Forl oopsMustUseBraces 1
IfElseStmisMustl/seBraces 5
IfStmitshMustlseBraces T
Total 13
File Line Prionty Type Category
AlphaPanel java:65 65 Mormal  IfStmtshMustUseBraces Braces
Game java; 133 133  MNormmal  IfStmisMustUseBraces Braces
GamePanel java- 212 212 MNormal  fElseStmisMustlseBraces Braces
GamePanel java:213 213 Mormal IfElseStmtsMustlsebBraces Braces
GamePanel java:321 321 Normal IfStmtsMustlseBraces Braces
Rank java:49 45 Mormal IfStmtshMustUseBraces Braces
Ranking java45 43 Mormal  IfElseStmtsMustUseBraces Braces
RankingPanel java:54 54 Mormal IfStmtsMustlseBraces Braces
TitlePanel.java: 06 96 Mormal IfElzseStmtsMustlseBraces Braces
TitlePanel java:140 140  MNormal  IfElseStmisMusilseBraces Braces
TitlePanel.java: 155 185  Momal  FerloopsMustlUseBraces Braces
WordDic java- 146 146 Mormal  HStmtsMustUseBraces Braces
WordPanel java:65 65 Mormal IfStmtsMustlUseBraces Braces

2) Code Size
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File Total Distribution
FindWordTest java 1
GamePanel java 12
GameTest java 1

_ TitlePanel java g

Total 23



ex)

GamePanel java: 27, TooManyFields, Priority: Normal

Too many fields.

Classes that have too many fields can become unwieldy and could be redesigned to have fewer
fields, possibly through grouping related fields in new objects. For example, a class with individual
city/state/zip fields could park them within a single Address field.

public class Person { f/ too many separate fields
int birth¥ear:
int birthMonth;
int birthDate;
float height;
float weight;
}

public class Person { S/ this is more manageable
Date birthDate;
BodyMeasurements measurements;

GamePanel java: 27, Cyclomatic Complexity, Prority: Normal

The class "GamePanel’ has a Cyclomatic Complexity of 9 (Highest = 24).

Complexity directly affects maintenance costs is determined by the number of decision points in a
method plus one for the method entry. The decision points include 'if, "while', “for’, and ‘case labels'
calls. Generally, numbers ranging from 1-4 denocte low complexity, 5-7 denote moderate
complexity, 8-10 denote high complexity, and 11+ is very high complexity.

public class Foo { /f This has a Cyclomatic Complexity = 12
1 public void example () {
g if (g =1) {
3 if {al = bl) |
fiddlea():
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result

File

FindWordTest java:11
GamePanel java: 27
GamePanel java: 27
GamePanel.java: 27
GamePanel java 27
GamePanel.java:53
GamePanel.java:53
GamePanel java53
GamePanel java: 3
GamePanel java 83
GamePanel.java:204
GamePanel.java: 204
GamePanel java 204
GameTestjava 7
TitlePanel java: 14
TitlePanel java:14
TitlePanel java:14
TitlePanel.java:14
TitlePanel java:21
TitlePanel java: 21
TitlePanel java-21
TitlePanel java:124
TitlePanel.java:124
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Line Priority
i1 Normal
27 MNormal
27 MNormal
27 Normal
27 Normal
53 Normal
53 Normal
53 MNormal
83 Normal
83 Normal
204  Normal
204  Nommal
204  Nommal
7 MNormal
14 Normal
14 Normal
14 Normal
14 MNormal
21 MNormal
2 Normal
21 Normal
124  Nommal
124  Nommal
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Type

TooManyMethods
TooManyFields

Cyclomatic Complexity
ModifiedCyclomabc Complexity
StdCyclomaticComplexity
CyclomaticComplexity
ModifiedCyclomatic Complexity
StdCyclomaticComplexity
StdCyclomaticComplexity
CyclomaticComplexity
StdCyclomaticComplexity
Cyclomatic Complexity
ModifiedCyclomatic Complexity
TooManyMethods

Cyclomatic Complexity
ModifiedCyclomatic Complexity
StdCyclomaticComplexity
TooManyMethods
StdCyclomaticComplexity
CyclomaticComplexity
ModifiedCyclomatic Complexity
StdCyclomaticComplexity
Cyclomatic Complexity
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WordDicTest java: 14, AvoidDuplicateliterals, Priority: Normal

Category

Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
Code Size
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String

The String literal "apple™ appears 6 times in this file; the first occurrence is on line 14.

Code containing duplicate String literals can usually be improved by declaring the String as a

constant field.

private void bar{)
buz {"Howdy™) ;
buz ("Howdy"™) ;
buz ("Howdy"™) ;
buz ("Howdy™) ;

}

private wvoid buz (String =)

1}



4) Unused Code
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Unusedl ocalVariable
UnusedPrivateField
| Total

Total Distribution

Game java:22, UnusedPrivateField, Priority: Normal

Avoid unused private fields such as ‘'name’.

| Detects when a private field is declared andlor assigned a value, but not used.

Filz

Game java: 22

Game java: 2
GamePanel java: 208
Main.java:6
WordDicTest java:d
WordDicTest java:9

Line
22
28
208

Priority
Normal
Normal
MNormal
Normal
MNormal
Normal

Type
UnusedPrivateField
UnusedPrivateField
UnusedLocalVariable
UnusedPrivateField
UnusedPrivateField
UnusedPrivateField

Category

Unused Code
Unused Code
Unused Code
Unused Code
Unused Code
Unused Code



3. FindBugs
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FindBugs Result

Warnings Trend

All Warnings MNew this build Fixed Warnings

24 0 a

Summary

Total High Priority MNormal Priority Low Priority
24 4 20 0
Details

Files Categories || Types | Warnings | Details | High || Normal

Category Total Distribution
BAD PRACTICE 1
| CORRECTNESS 5 —
EXPERIMENTAL 1
118N 3 b ]
| PERFORMANCE &
STYLE 3
Total 24
ex)

Child java:23, DM_DEFAULT_ENCODING, Pnority: High

Dm: Found reliance on default encoding in new Classes.Child(Superman): new java.util. Scanner{File)

Found a call to @ method which will perform a byte to String (or String to byte) conversion, and will assume that the default platform encoding is
suitable. This will cause the application behaviour to vary between platforms. Use an alternative AP! and specify a charset name or Charset object
explicitly.

Controller java:34, UWF_UNWRITTEN_FIELD, Priority; Normal

UwF: Unwritten field: Classes.Controller.child

This field is never written. All reads of it will return the default value. Check for errors (should it have been initialized?), or remaove it if it is useless.
Controller java:41, UWF_UNWRITTEN_FIELD, Priority; Normal

UwF: Unwritten field: Classes.Controller.parent

This fizld is never written. Al reads of it will return the default value. Check for errors (should it have been initialized?), or remove it if it is useless.



| Controller java 68, NP_ DEREFERENCE_OF READLINE VALUE, Prionity: Normal

| NP: Dereference of the result of readLine() without nullcheck in Classes.Controller.parentMode()

The result of invoking readLine() is dereferenced without checking to see if the result is null. If there are no more lines of text to read, readLine() will
| return null and dereferencing that will generate a null pointer exception.

| Wordirain java:43, E|_EXPOSE_REP, Priority: Normal

El: Classes.Wordtrain.getWordList{) may expose internal representation by returning Wordtrain.wordlist
Returning a reference to a mutable object value stored in one of the object's fields exposes the internal representation of the object. If instances are

accessed by untrusted code, and unchecked changes to the mutable object would compromise secunty or other important properties, you will need to
do something different Returning a new copy of the object is better approach in many situations.

 Wordtrain java:108, RV DONT JUST NULL CHECK_READLINE, Priority: Normal
RV: Classes.Wordtrain.searchWordList(char) discards resuit of readLine after checking if it is nonnull

The value returned by readLine is discarded after checking to see if the return value is non-null. In almost all situations, if the result is non-null, you will
want to use that nen-null value. Calling readLine again will give you a different line.

Wordtrain java:133, NP_ DEREFERENCE_OF_READLINE VALUE. Priority: Normal

NP: Dereference of the result of readLine() without nulicheck in Classes.Wordtrain.searchWordList{char)

The result of invoking readLine() is dereferenced without checking to see if the result is null. If there are no more lines of text to read, readLine() will
return null and dereferencing that will generate a null pointer exception.

| WordtrainTest java 37, UC_USELESS_OBJECT, Priority: Normal
Useless object created

Cur analysis shows that this object is useless. It's created and modified, but its value never go outside of the method or preduce any side-effect. Either |
there is a mistake and object was intended to be used or it can be removed.

This analysis rarely produces false-positives. Common false-positive cases include:

- This object used to implicitly throw some cbscure exception.

S LI o R e L N

result

Files | Categories || Types | Warnings | Details |i High | Normal |

File Line Priority Rank Type Category
FindWordTest java 14 14 Normal 12 UWF_UNWRITTEN_FIELD CORRECTNESS
FindWordTest java:14 14 Normal 3 UR_UNINIT_READ CORRECTNESS
FindWordTest java:14 14 Normal 18 URF_UNREAD_FIELD PERFORMANCE
Game java:34 34  Normal 18 URF_UNREAD_FIELD PERFORMANCE
Game java:36 36  Normal 18 URF_UNREAD_FIELD PERFORMANCE
GamePanel java-04 a4 Normal 19 SF_SWITCH_NO_DEFAULT STYLE
GamePanel java-299 299  Normal 18 SBSC_USE_STRINGBUFFER_CONCATENATION PERFORMANCE
GameTest java:9 9 MNormal 18 URF_UNREAD_FIELD PERFORMANCE
GameTest java:10 10 Normal 3 UR_UNINIT_READ CORRECTNESS
GameTest java: 10 10 Normal 12 UWF_UNWRITTEN_FIELD CORRECTNESS
Rank java:4% 49 Normal 16 EQ_COMPARETC USE_OBJECT_EQUALS BAD_PRACTICE
RankTest java:13 13 Normal 3 UR_UNINIT_READ CORRECTNESS
RankTest java:13 13 Normal 18 URF_UNREAD_FIELD PERFORMANCE
RankTest java:13 13 Normal 12 UWF_UNWRITTEN_FIELD CORRECTNESS
Ranking.java: 16 16  High 19 DM_DEFAULT_ENCODING 118N

Ranking java:26 26 Normal 17 REC_CATCH_EXCEPTION STYLE
Ranking.java:37 37 Normal 20 OBL_UNSATISFIED_OBLIGATION_EXCEPTION_EDGE EXPERIMENTAL
Ranking.java:37 37  High 19 DM_DEFAULT_ENCODING 118N

TitlePanel java:126 126  Normal 19 SF_SWITCH_NO_DEFAULT STYLE

WordDic java-37 37 High 19 DM_DEFAULT_ENCODING 18N

WordDic java:69 69  Normal 11 NP_NULL ON_SCME_PATH_EXCEPTION CORRECTNESS
WordDic_java:69 69  High 7 NP_ALWAYS_NULL_EXCEPTION CORRECTNESS
WordDicTest java:-1 - Normal 18 UUF_UNUSED_FIELD PERFORMANCE

WordDicTestjava:3 Y MNormal 18 URF_UNREAD_FIELD PERFORMANCE



4. JDepend

ol
21
2t m7| R ER ofFE

458 Houu w4
4 50| 580, +XI8, D=2 BeH0| JHssitt

HEHY SO OF7 |9 SRS B7he = Uk
XML gAaloz: XM 7HsBiCt.

Package TCCCACCaCe A I D V
project 47 47 0 0 1 0.0% 100.0% 0.0% 1

.,
e
O

Term
Number of
Classes
Affarant
Couplings
Efferent
Couplings
Abstraciness

Instability

Distance

Cycles

Z107t 74X = 2|0

Concrete Class

Abstract Class
Fo AL QIEH0]A0] Jl=. =P8 80 HE

(&7

Afferent Couplings

S m7| X0 SHSS 2= ™I 7i=-
Efferent Couplings

Sl TZ| X7 S50k Qb= WX =
FALSL D

02 2FH v AN m7|x]. 12 =T M7 |%].

Main Sequence= £ E{2| Hz|.

Main Sequence2 ZEA 0| BiA| QFSE{0|{LE, 2 THIS0|BIA]
= opEist 7| K.

0242 771 19142 Ac}

Description

|The number of concrete and abstract classes (and interfaces) in the package is an indicator of the extensibility of the package.
|The number of other packages that depend upon classes within the package is an indicator of the package’s responsibility
|The number of other packages that the classes in the package depend upon is an indicator of the package's independence.

|The ratio of the number of abstract classes (and interfaces) in the analyzed package to the total number of classes in the analyzed package

The range for this metric is 0 to 1, with A=0 indicating a completely concrete package and A=1 indicating a completely abstract package.

|The ratio of efferent coupling (Ce) to total coupling (Ce / {Ce + Ca)). This metric is an indicator of the package’s resilience to change. The
\range for this metric is 0 to 1, with I=0 indicating a completely stable package and I=1 indicating a completely instable package.

The perpendicular distance of a package from the idealized line A+ 1=1. This metric is an indicator of the packages balance between
abstractness and stability. A package squarely on the main sequence is aplimaily balanced with respect to its abstractness and stability. Ideal
packages are either compleleiy abstract and stable (x=0, y=1) or completely concrete and instable (x=1, y=0). The range for this metric is 0 to
1, with D=0 indicating a package that is coincident with the main sequence and D=1 indicating a package that is as far from the main
sequence as possible.

Packages participating in a package dependency cycle are in a deadly embrace with respect to reusability and their release cycle. Package
dependency cycles can be easily identified by reviewing the textual reports of dependency cycles. Once these dependency cycles have been

lidentified with JDepend, they can be broken by employing various object-oriented techniques.



Afferent Couplings Efferent Couplings Abstractness Instability Distance
0 1 0.0% 1000% (0.0%
Abstract Classes Concrete Classes Used by Packages Uses Packages

\None project AlphaPanel None org.junit
project AlphaPanel$1
project. AlphaPanel$2
project AlphaPanel$3
project. AlphaPanel34
project.Controller
project. FindWord
project FindWordTest
project. Game
project. GamePanel
project. GamePaneld1
project. GamePanel$2
project. GamePanel$3
project. GamePanel$4
project GamePanel$5
project. GamePanel$6
project GameTest
project. Main
project MainPanel
project. MainPanel$1
project MainPanel$2
project. MainPanel$3
project. MainPanel$4
project MainPanel$5




