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public static double computeAverage (double[] array) {
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Relationships:
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1) ngandunisilagu
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mmmmqﬂuum
wasuulagldidnias)
ML_CoVaCh (METHOD:
_LEVEL_CONSTANT

VALUE_CHANGING)

a=at+1%

oF iy

g=1/0000L;
d=h-12f;
1% I ™
characﬁep t='a';

boolean'f=false;

a=at2;

b=-1;

c=10001;
d=h-1.3f;
e=1.6d;
character f='b';

boolean f=true;

2) o AN e NI ITT
JUMLILNNTUARSEALAY
ATUAULAN ML_InLiMiFo
(METHOD_LEVELL
INTEGER_LITERAL._
MISSING_FORMAT)

1y ='ie;
SOt -
skt © GUEERaS.

a = 010;
b = 0x12;
short ¢ = 025;

3) AneA DAL RgY
el BT IE KRG T
anpled ML_PILIMIFo
(METHOD_LEVEL_
FLOAT_LITERAL_
MISSING_FORMAT)

float a=1.1%f;
b+=1.0f;
deubke cp=d /. 07

@ F 0¥

float a=1.1;
b+=1.0;
double c =
CLOT;

i/7;

Cl =
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1) ANTANEIUANTIL AR d E1Br10; a = b-10;
o o0 A — 3. = * .
A2ANLILNTNLA o= TR 4 b = a*>5;

- - g = A0 d =Db/9;
ATLALLILNANA .
e subtela i e = b-c*a;
ML_ArBiOp (METHOD £ 2AaEE £ = cibs
_LEVEL_ARITHMETIC i da
_BINARY_ OPERATOR) y

2) ngeiuNLAgL &—— —Prtoy a = b+10;

FALTUNNI NGRS b = atc; b = at-c;
_ d = b*-c; d = -b*c;
ATLALLILILANANA
e = bt+c/—a; e = -b+c/a;
ML_ArUnOp
(METHOD_LEVEL "
ARITHMETIC_UNARY.
OPERATOR)

3) ngetiunILLasLsn at+; ++a;
ATLNTN AT AR b-=; bt+;
wuueia ML_ArShOp
(METHOD_LEVEL
ARITHMETIC_SHORT_

OPERATOR)
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4) ANTAEIUNNTAsILE a+=b+c; a-=b+c;

° a ° ' = ”- =" ” .
ANILNITANVLAAINN test d+="test"”;
- b=c*a;

UARE ML_ASArOp
(METHOD_LEVEL
ASSIGN_ARITHMETIC
OPERATOR)

5) n1geLNILLAeIL =(b&c) |d;
o a ° ' Czd,'
ANTUNNTAILA AN o

cr=d"a;

Rm3InNe ML_AsLoOp dl='a
(METHOD_LEVEL % 2:';*; z
“4 |1 [l
ASSIGN_LOGIC_ P o

.p',- .;T;

OPERATOR) =
o o | LA T

6) N17AHLNNTLLALL Q- R a=>>b-1;
o o a ) . o —————————— ] =
s NIRRT Y] ° d;

d>>>=3;

Aaudn ML_AsShCE
(METHOD_LEVEL_

ASSIGN srﬂru EI

OPERATOR)"!

IANYNINYINS

n "R

FaaTifiuNsaeRin
ML_ShOp) METHOD_
LEVEL_SHIFL_
OPERATOR)

WRITIN WY




49

dl o a dl dl Y ¥ 1 dl dl ¥ o o O a
A13797 4.2 n1gaiiiunisidasuudasnaliifindeunnsasninaadasiusaoaniiiunig

G

a2 ¥ 1 dlc a % 1 o o 1 o 1 o o o
TUALTALNNWIAINATUUNNT Finatinesviasualiunauuila | Faatinesidfualiuuaawn
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AN LRy d>=a; d<=a;
[ o & | = o P .
ANANTUE ML_ReOp | ST c==b;
el c>d;
(METHOD_LEVEL _
RELATIONAL _
OPERATOR)
9) nsAHuNTIUAE LGS b ; ass&b;
AHUNNATINZULIL 'S cld;

- : A& &Cy : a™c;
N9N1A ML_LoCoBiOp $3; bad:
(METHOD_LEVEL _ Lo v ale;
LOGICAL _

CONDITIONAL_
BINARY_OPERATOR)
10) N9AHunNTIaEsEe at-to; alllb;

o a . | .
ANHUNNATINZ UL ciSe rcéd;

a&&c; ! (a&é&c) ;

NNIAML_LoCoUnOp
(METHOD_LEVEL |
LOGICAL_
CONDITIONAL 4

UNARY_OPERATOR)
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1) NeALENNNTI AsIL

int a,b,c;

int a,b,c;

ﬁuuﬁmﬁmﬁugﬂg double d,e; double d,e;
d=e* (a/b) ; d=d* (a/c) ;
ML_PrVaCh
(METHOD_LEVEL_
PRIMITIVE_VARIABLE_
CHANGING)
2) NMTAIRNTNNAT a8 int a=1;
SusulFiufaulsnia i long p=11;
X PlLEa ti-ik 5 float c=1.0f;
Wug ML_PrColnin B4 iveti ; double d=1.0d;
(METHOD_LEVEL_ boolean é; boolean e=false;
PRIMITIVE_CONSTANT_ character /£; character f='d’;
INITIALIZE_INSERTION)
3) NTANLHUNNIFAANGTHAY o= ’ int a;
pessausfiniugqu RO long b;
£ o g te—iSuaEE float c;
aan ML_PrCoin{g double c=iNER double d;
(METHOD_LEVEL_ boolean e=false; boolean e;
PRIMITIVE_CONSTANT character f='d’; character £f;
_INITIALIZE BELETION)
4) N13ANIUNNTID M Tiaga int, x; byte x;
wlslii g Wl ag IonpQy XY/
4 chariz; 1inYizk
7¢NIA ML_VaDeTyCh double a: float a;

(METHOD_LEVEL _
VARIABLE_DECLARATIO
N _TYPE_CHANGING)
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ﬁuﬂ’m ML_NPrColnDe
(METHOD_LEVEL_
NONPRIMITIVE_
CONSTANT_INITIALIZE _
DELETION)

CA a=new CA();

CA a;

w
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1) NNTANEIUNITALTNAENT
Lﬂ?ﬂlﬂuuﬂmsmﬁmﬁmﬂmmu
gl ML PrCADe
(METHOD_LEVEL _
PRIMITIVE_CASTING_
DELETION)

doublle! dV=1354d,
e =43.2d;

int! ¥=(int)d ¥
(int)e;

double d =135.4d,
e =43.2d;
int 1=(int)d + e;
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2) nsaliunsfnAndnAry | Private int a; private int a;
y Y o oid ml (int a oid ml (int a
thisAunLNFaLLsaan ver (1 A Vot (1 )
a=a,
ML_ThFiAcDe (METHOD
_LEVEL_THIS_FIELD_ )
ACCESS_DELETION)

3) N1TANLHBNNTLAN this private int a;
y Y o void ml (int a) {
ANUUUNF LT

i D
ML_ThFiAcin (METHO bthis. a2
LEVEL_THIS_FIELD_ )
ACCESS_INSERTION

4) NMIAUBUNIAUAEIATY methodA () ;
super AMUNTN Lien
A8N ML_SuMeAcDe
(METHOD_LEVEL y——-

SUPER_METHOD_ E
ACCESS_DELETION)
ot
4""‘ ) | 7 .
5) N19ANLHUN e ; emberA=a;

super mw%quﬂm@ﬂ

SR S AN N E N o

_LEVEL_SUPER_FIELD_
ACCESS_DELETION)
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TNARLNNIAINANTUNT

Finatinesiafua LA AL L

FinatingsiaAuRTLNAIL L

6) N19ANLHUNTEAL
wRmeslunsanld
NULLARA ML_MelnPaSw
(MEHTOD_LEVEL_
METHOD_INVOCATION
PARAMETER_SWAPPING)

method (a,b) ;

method (b, a) ;

7) n12ediunguA lunng
= (=3 = o
L?ﬂﬂLﬁJVI@@IﬂﬁIiNNﬂW??U
A1 ML_FIMeln (METHOD
_LEVEL_FLOATING
_METHOD_INVOCATION)

a=b.method () ;

b.method () ;

8) nsadiunisuilunng
\dnfean5i3el ML_ArAcCh
(METHOD_LEVEL |
ARRAY_ACCESS_
CHANGING)

9) N19ANHUNITEaLINNS
\dinfean 53¢l ML_ArAcSw
(METHOD. L EVEL-
ARRAY_ACCESS_
SWAPPING)

10) N7 HUNNTLA latinal
AN ML_UpExCh
(METHOD_LEVEL_
UPDATE_EXPRESSION_
CHANGING)
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fapandensalaseaiieresdenoudeunusie g if. else, switch, for, do,
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1) N3 HLNNTuA laaL

gwitch (&) {

switch (a) {

o = , case 1 case 1
lungsnaulanuy switch -
cdsel 28 N ) case 3
ML_SwCaSw (METHOD case /'3 case 2
LEVEL_SWITCH_CASE._ } }
SWAPPING) — .

2) NANilNIg NTaL switch (a){s switch (a) {
- - = Sasé 17 . o case 1
Raulalunissndula

case 2
FaAIN switch 194 case 3 case 3
case 4

ML_SwCaDe
(METHOD_LEVEL
SWITCH_CASE
DELETION)

3) NFALNEANTALE AN
Fvgaludenau
switch 189 ML_SwBrDe
(METHOD_LEVEL_
SWITCH_BREAK_
DELETION)

swi tveh (a) {
case 1
break;
case 2
case 3
break;
case 4
break;

switch (a) {
case 1
break;
case 2
case 3
case 4
break;
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Finatinesiafua LA e L
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4) n3AiunNTaLaLALTIN
nanndieanudares
if...else 189 ML_If1StCh
(METHOD_LEVEL_
IF1_STATEMENT_
CHANGING)

if (<conditionl>) {
lelsef
<statement>

}
- cond LETFom){
<statement>

}

if (<conditionl>) {
lelse

<statement>

if (condition?)
<statement>

5) N1IALHUNTAALNA Y
damnunely Yannnuds
UBNIf...else ML_If2StCh
(METHOD_LEVEL_IF2_
STATEMENT_CHANGING)

if(<conditionil>)y{
<stafiementl>

telsed
¢Statemént2>

} Fin

if (<conditionl>) {
<statement2>

lelse(
<statementl>

6) N1IANHUNITALTBRINN

if (<conditionl>) {

if (<conditionl>) {

o . <statementl> <statementl>
else aMNUAAINN If.Lelse
. . lelse }
PfauiuafuLay TE(<eondition2>) { if (<condition2>) {
<statement2>
ML_If3StCh (METHOD <statement2>
hed se i Jelse(
_LEVEL_IF3_STATEMENT_ <statement3> <statement3>
CHANGING) } }
7) nealtdnNa LR AN for () { for (){
<statement> <statement>

uqmmn%mmmmu%ﬂ
199 ML_ItBrDe
(METHOD_LEVEL_ITERATI
ON_BREAK_DELETION)

1f (condition) {
break;

1f (condition) {

}
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8) N13AUNITALTIAAINN

for (i=0;i<n;i++) {

for (1i=0;;) {

a 1. <statement> <statement>
ﬂqﬁﬂﬁzmﬁéﬂqmqﬂj@qﬂ ) ]
TAAINNNITIUTN D while (1£4) 4 while () {
ML_ItExDe (METHOD <statement> <statement>
B B } }
LEVEL_ITERATION_
EXPRESSION_DELETION)
9) NEALTENNNT AR O =3 SR N while(...){
%@ﬂQﬁNﬂﬂiquﬁﬁm@ﬂfor ) )
1N ML_ItFoStCh
(METHOD._LEVEL Lopite=S ) ) do{
ITERATE_FOR_ ) Jwhile (...)
STRUCTURE_CHANGING)
10) NN9TANRIUNNTLLI AR do ¢ for(;...;){
9 ¥ <statements> <statements>
AAAINNNITAUL U .
Jwhile (...) }
do..while a7n
ML_ItDoStCh (METHOD do{ while (...){
<statements> <statements>
_LEVEL_ITERATE_ twhillel(.1.) }
DO_STRUCTURE_
CHANGING)
11) AN9AITUNNTILARIL while (...){ for(;...;){
9 ¥ <statements> <statements>
ARAAINNNITAULNURS ) )
while @11 ML_ItWhStCh
(METHOD_LEVEL while (...){ dof
<statements> <statements>
ITERATE_WHILE_ } ywhile (...)

STRUCTURE_CHANGE)
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TNARLNNIAINANTUNT

Finatinesiafua LA e L
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12) N13ANTUNITRAU
daAulUML_StSeSw
(METHOD_LEVEL_
STATEMENT_
SEQUENCE_ SWAPPIN®)

f(a);
a=b+c;

a=b+c;
f(a);

13) NNIANTRUNNTANIN1TAY
AnduAmnsgIUIay
%’ﬂagmﬁmﬁugmmn
ML_RePrRe (METHOD
_LEVEL_RETURN_
PRIMITIVE_REMOVING)

2L/ glel TRt )Y
metdrntar

floaty getFloat () {
rethmn by

int getInt () {
return O0;

float getFloat () {
return 0.0f;

14) NIANTIUNNTANINTA
AnuAmInsgIULe
Tayarindngann
ML_ReNPrRe (METHOD
_LEVEL_RETURN_NONP
RIMITIVE_REMGVING)

@BTect geto¥ () {
Y B a7

Object getO () {
return null;

15) n3aiiuntaliasusa
wUglurAreRtadayA
= dej
AUzl
ML_RePrCh (METHOD_
LEVEL_RETURN_PRIMITI
VE_CHANGING)

int getInt () {

return a,

float getFloat () {
return b;

int getInt () {

return c;

float getFloat () {
return d;
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16) Y ey T e I
uilslunnshurndaya
11indmg 1 ML_ReNPrCh
(METHOD_LEVEL_
RETURN_NONPRIMITIVE
_CHANGING)

A getObject () {
return a;

}

A getObject () {
return childOfA;
}

17) n3aiiun1saudangadl
NTAUATLNIEURRNAIM
Wiaali ML_ReStDe
(METHOD_LEVEL_
RETURN_STATEMENT
DELETION)

A getObject () {
retwrn al;

return ja2;

A getObject () {

return a2;

18) N13ALHUN1IALTAANN
nsBenlfanuaessvien
AANANNNIININU LT
ML_MelnStDe(METHOD
_LEVEL_METHOD
_INVOCATION_
STATEMENT=DEEETION

<statementl>
method () ;
<statement2>

<statementl>
<statement2>

19) N13MLUUNNIALTAAINN
ns3enldfanureanion
suped)%AML_SuCoDe
(METHOD_LEVEL_
SUPER_CONSTRUCTOR_
DELETION)

class CA extend A{
CA () {

super () ;

class CA extend A{
CA () {
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1)

nsaEun T LA
ATUNLANNNTAUANTES
wiianlu ML_ReMeDe
(METHOD_LEVEL_
RETURN_METHOD_
DELETION)

A getObject () {
BeSEEAR R\

racik ek’

void getObject () {

nsaHuNsuA lfien
ping319(constructor) L
nanefuisfia skl
1n13AUAT ML_CoTeMe
(METHOD_LEVEL

CONSTRUCTOR_TO L
METHOD)

(G=mEre-s AT :

vold ClassA () {

N19ALIRANTA AN
WIINHLARTURILNTI AR
91N ML_MeDeArSw
(METHOD_LEVEL_
METHOD_DECLARATION
_ARGUMENTS_
SWAPPING)

nt mlsednt! a; int! B)Ii{

inti mli(int b, int a) {
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1) n17ALIUNT AL A

DNo

NTATYAILANNIF LT
dayalu  CL_FiAcMoGh
(CLASS_LEVEL_FIELD_
ACCESS_MODIFIER_

of Mokazecy Mghn N=%
proteced inty by

private int a;

public int b;

CHANGING)
2) neAnunNsaLAMENFL | Public int a=5; public int a;
189/941l9 CL_FilnDe e L float c;
double d=3.5; double d;

(CLASS_ LEVEL FIELD_
INITIALIZE_DELEMON)

MR RIDUR G LT
A1ATUANUANNATLEN D
Wiiaalu CL_MeAcMoCh
(CLASS_LEVEL_
METHOD_ACCESS_
MODIFIER_CHANGING)

public int mdw() {

}
protected int m2{

private int ml () {

}
public int m2{
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FinatingsiaFAuRITLNAIL L

o

4) NNIANHUNTALAIRATY
static aanaINdaya1e3
AaNaliu CL_FiStMoDe
(CLASS_LEVEL_FIELD_
STATIC_MODIFIER_

static int a;

static Class b;

int a;
Class b;

DELETION)

5 N13AHUNTINARAN ¢ Aot ar static int a;
d&t static aanadi ghess B static Class b;
faya1239nad L
CL_FiStMoIn(CLASS_

LEVEL_FIELD_STATIC
_MODIFIER_INSERTION)

6) N1TANLRUNNTIANIEA | Classia class a

dnusallseault TEETR implements implements In2 {
v Inl, In2{
14 CL_MIiExIn  (CLASS_

LEVEL_EXTEND_
INTERFACE LDELETION)

4.1.3 TaUNNSINLARANALASIFSIIUDINI /I
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AN 199 4.8 ngantiunadasuntaaialiinadaunwsasluans e s

TNARLNNIAINATUNT

Finatinesiafua IR e L

FinatingsiaFAuRITLNAIL L

1) N13ATRNTWA lang
Fanldwsien length()1e4
SP_MiCalLeMe (SPECIAL
_MISTAKE_CALLING_
LENGTH_METHOD)

a.length{();

a.length;

2) N17eEUNNTF AN
LWNABA add()mmmmmﬁ'
AuNanAANTANIA
AaN4 Collection 11
SP_FoCaAdMe (SPECIAL
_FORGOT_CALLING_
ADD_METHOD)

Li'stl a=new "€ )%
Wnicl a=b ;
Q. edd (a);

List c=new C{();

int a=2;

3) N2 uNNIFANISIEN
WARMA start() 109ANAGT
AunanAANTANIAIN
ARG Thread 11
SP_FoCaStMe (SPEGIAL
_FORGOT_CALLING_
START_METHQD)

Thread a=new T (b) ;

a. start () ;

Thread
T(b);

a=new

m@&-ﬁmﬁuﬂmuﬂmm@

=

Fanuian equals() e
nsifTeuiiay u
SP_ObCoCh (SPECIAL_
OBJECT_COMPARISON_
CHANGING)

c=a.equals (b);
d=a==Db;

c=a==Db;

d=a.equals (b);
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4.2.1) METHOD_LEVEL_PRIMITIVECNUMBER_MODIFICATION a18130i3en 1
Tneszyadludeiiananidu MLPiNuMo Wlungaaaifadanarafifaaannisudlagiuyy
vasnianiielfiindeRnE it e ddsdnua. Tolananie
1) ML_InLiMiFo : METHOD_LEVEL_IN'FLEGER_LITERAL_MISSING_FORMAT
2) ML_FILiMiFo : METHOD_EEVEL. FLOAT_LITERAL_MISSING_FORMAT
4.2.2) METHOD_LEVEL_PRII\/HTI\ZF_JC_ONSTANT_MODIFICATION Aa17d19D
Genldlaaszyasludetafaaile ML PrCc';Mo Tunduaasdenianarafifiaainnisufle
13 mumwuﬁmmmLW@TuLﬂmmﬂmmwmm ‘Es’lpﬂivﬂ@ummﬂwm”mmmwmmm
1) ML_InLiMiFo : METHOD_ LEVE.L |NTEG'ER LITERAL MISSING_FORMAT
2) ML_FILiMiFo : I\/IETHOD_LE\/EL_FLOA':E L-ITERAL_MISSING_FORMAT

3) ML_CoVaCh: METHOD LEVEL CONSTANT VALUE CHANGING

4.2.3) I\/IETHOD LEVEL_PRIMITIVE_INITIALIZE_ MODIFICATION ax190Ean g
Tnaszyasludananataiilu ML_PrinMo LﬂuﬂzimmmﬂmwmmmLﬁmmmmmhmaﬁ
A ARl LLﬂﬁ?‘ﬁuﬂm Tnetlsznalifoaanscdaianainae

1) ML_PrColnln *MEFHOD_LEVEL" PRIMITIVE CONSTANT_INITIALIZE_INSERTION
2) ML_PrColnDe : METHOD_LEVEL_PRIMITIVEEGONSTANT _INITIALIZE_DELETION
42.4). METHODB_LEVEL PRIMITIVE_VARIABLE_MODIFICATION gnungnEan1d

Qe

a

Tnaszyasludeiiananaiiu ML_PrvaMo ilunguaasdeianaiaifiaiudoulsaiiniugiu
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IpetlsznaufqadneuzdaianaInAe
1) ML_PrColnin : METHOD_LEVEL_PRIMITIVE_CONSTANT_INITIALIZE_INSERTION
2) ML_PrColnDe : METHOD_LEVEL_PRIMITIVE_CONSTANT_INITIALIZE_DELETION

3) ML_VaDeTyCh : METHOD_LEVEL_VARIABLE_DECLARATION_TYPE_CHANGING
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4) ML_PrVaCh: METHOD_LEVEL_PRIMITIVE_VARIABLE_CHANGING
4.25) METHOD_LEVEL_PRIMITIVE_DATA_MODIFICATION @nunsnizanldlae
sryasludeinnaniu ML_PrDaMo Lﬂuﬂzimm*’ﬁ@ﬁmwmmﬁLﬁm%umnmmlﬁh
Lﬂ?ﬁlﬂuuﬂ@ﬁmﬂ@ﬁf@ﬁq LLﬂ@mﬁmﬁugm Tnanlsznausmadnenicdainnainpe
1) ML_InLiMiFo : METHOD_LEVEL_INTEGER_LITERAL_MISSING_FORMAT
2) ML_FILiMiFo : METHOD_LEVEL_FLOAT LITERAL_MISSING_FORMAT
3) ML_CoVaCh: METHOD_LEVEL CONSTANT VALUE_CHANGING
4) ML_PrColnin: METHOD_LEVEL PRIMITIVE_CONSTANT_INITIALIZE_INSERTION
5) ML_PrColnDe : METHOD<EEVEL . PRIMITIVE_CONSTANT_INITIALIZE_DELETION
6) ML_VaDeTyCh: l\/lETHOD_LEVEL_\]_{ARI/—\BLE_DECLARATION_TYPE_CHANGING
7) ML_PrvaCh : METHOD_LEVEL PRIMITIVE_VARIABLE_CHANGING
426) METHOB_LEVEL VARIABLE_DATA_MODIFICATION ansnsaiFenldlae
seyadludeiianaailu ML VaDaMo Lﬂuﬂéh_\l“ﬂﬂ\ﬁﬂamv\mﬂﬁﬁLﬁﬁ%uﬁ/‘]_lﬂ’}ﬂ%\i’mﬁquﬂ?
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1) ML_PrColnin : l\/lETHOD_LEVé_L_PRlMI'!.:IS/:EJ_CONSTANT_INITIALIZE_INSERTION
2) ML_PrColnDe : METHOD___I___E\/EL_PRIMﬁ\_{:E___CONSTANT_lN|T|AL|ZE_DELET|ON
3) ML_NPrColnDe : I\ﬂETHOD_LEVEL_NQ_N.PR.IMITIVE__C-O_NSTANT_INITIALIZE_

DELETION
4) ML_VaDeTyCh : METHOD_LEVEL_VARIABLE_DECEARATION_TYPE_CHANGING
5) ML_PrvaCh :.METHOD_LEVEL PRIMITIVE .VARIABLE_.CHANGING
4.2.7) '"METHOD-LEVEL_ARIHMETIC_OPERATOR_MODIFICATION 214190
Benldlaszyasludeninnainily ML_ArOpMo Lﬂuﬂzjum@ﬁ@amwmmﬁﬁm%mmma
uilan et asiamifundsuh rnada SLEun fasn Sitnns Lol L4 ++ uaz— lne
Usznaufaadnsuzdaianainaa
1) ML_ArUnOp : METHOD_LEVEL_ARITHMETIC_UNARY_OPERATOR
2) ML_ArBiOp : METHOD_LEVEL_ARITHMETIC_BINARY_OPERATOR
3) MI_ArShOp : METHOD_LEVEL_ARTHMETIC_SHORT_OPERATOR
4.2.8) METHOD_LEVEL_ARITHMETIC_EXPRESSION_MODIFICATION @1d190

Fanldlaascyasludaianataiilu ML_ArExMo ilungudaianaiaiiinainnisudila
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SmarinnstlszifiuAnmnsaradingsassaaisiAiuntmnsadaaans lagdsenendae
AnsousdaianainAe
1) ML_ArUnOp : METHOD_LEVEL_ARITHMETIC_UNARY_OPERATOR
2) ML_ArBiOp : METHOD_LEVEL_ARITHMETIC_BINARY_OPERATOR
3) ML_ArShOp : METHOD_LEVEL_ARTHMETIC_SHORT_OPERATOR
4) ML_AsArOp : METHOD_LEVEL ASSIGN_ARITHMETIC_OPERATOR
5) ML_UpExCh : MEHTOD_LEVEL_ UPDATEEXPRESSION_CHANGING
4.2.9) METHOD_LEVEL LOGICAL_CONDITIONAL_OPERATOR gaunzaisen’ld
naszyasiuded ana il MEL6CoMo. Iilungadasdafinnaraiiinainnisuile
Lﬂ?ﬂlﬂuuﬂmﬁfgﬁﬁLﬁum@m\immﬂmﬂizmué’fmﬁﬂwmﬁ@amwmmﬁ@
1) ML_LoCoBiOp: METHODILEVEL “LOGICAL CONDITIONAL_BINARY_OPERATOR
2) ML_LOCOUnOp:METHOD_LEYEL_L(?G!_CAL_CONDITIONAL_UNARY_OPERATOR
4.2.10) |\/|ETHOD_LEVEL_LOGICAL:L_EXPRESSION_l\/IODlFlCATlON #N:N9DLTEN
;_;ﬁuﬂ@mm@qiﬂﬁmwaﬁmﬁLﬁmmnmﬂlﬁh

d‘ a Ly —— 72 o/ —. Y a I~
wWasuulasiinaiinnenssnylatdsgnatiogansius 1etiananne

M lngsryasludananaialilv ML_LoExMio

1) ML_LoCoBiOp: METHOD_LEVEL .LOGICAL .CONDITIONAL_BINARY_OPERATOR

W W ey

2) ML_LoCoUnOp:M ETHOD_LE\/EL_LOGICAL_CONDITI_ONAL_U NARY_OPERATOR

3) ML_AsLoOp: METHOD_LEVEL_ASSIGN_LOGICAL_OPERATOR
4.2.11) METHOB_LEVEL_BOOLEAN_EXPRESSION_MODIFICATION @d1d 19D
Genldlnescygeludananadsmilu ML, BoExMO Lﬂumﬁmm%’@amwmmﬁLﬁm%uuuﬁwwﬁ'
Hn31lszfuAInneaTEinadnfanael sz ildp AN NN LE luiwus fna Tnatlsenaudog
AnsusdaianainAe
1) ML LoCoBiOp:METHODILEVELLEOGICAL_CONDITIONALEBINARY_OPERATOR
2) ML_LoCoUnOp: METHOD_LEVEL_LOGICAL_CONDITIONAL_UNARY_OPERATOR
3) ML_AsLoOp: METHOD_LEVEL_ASSIGN_LOGICAL_OPERATOR
4) ML_ReOp : METHOD_LEVEL_RELATIONAL_OPERATOR
4.2.12) METHOD_LEVEL_ASSIGNMENT_OPERATOR @nunsniganldiaaseyaslu

Y a 3| ) 1 Y a nzll a Aé{ o o o a o 1
TaRANATALIY ML_AsOp LﬂuﬂqmmmmmwmmmﬂmuﬂummLuumﬂumimuumm
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gﬂLLuur;iw']%qm@ﬁwumqmameﬁm nstvuaANmNeAsINE NMstvusaendn tag
Usznausdiadnsuztaianainma
1) ML_AsArOp : METHOD_LEVEL_ASSIGN_ARITHMETIC_OPERATOR
2) ML_AsLoOp : METHOD_LEVEL_ASSIGN_LOGICAL_OPERATOR
3) ML_AsShOp : METHOD_LEVEL_ASSIGN_SHIFT_OPERATOR
4.2.13) METHOD_LEVEL_TYPE_EXPRESSION_MODIFICATION a1usnzen g
Tnasryadludenanainiiuy ML TyExMo Lﬂuﬂzﬁm@ﬁ@ﬁmwmmﬁLﬁm%uLﬁﬂq@ﬁﬂﬂﬁ?LLﬁim
Lﬂ?qlﬂw,l,ﬂmﬁmmmzmuﬁi@ﬁﬁmmﬁﬂgmiuﬁwaﬁ L‘IiuﬂW?@Uﬂ’]ﬂﬂ?ﬂlﬂuﬁﬁﬂﬂ‘ﬂﬂﬁﬂyj@
(casting) 38 miLﬂ?iﬂmﬁm%Hmmﬁa s Inelszna e danwnusdatinnannna
1) ML_PrCaDe : METHOD_LEVEL_PRII\/IITIVE_CASTING_DELETION
2) ML_VaDeTyCh : METHOD” LEVEL VARIABLE_DECLARATION_TYPE_CHANGING
4.2.14) METHOD_L EVEL THISIEXPRESSION MOBIFICATION @1unsai3anld
Tneszyasludatanarnuidis ML ThExvio L‘fluﬂdmm%@ﬁmwmmﬁtﬁm%utﬁmmnmutﬁh
Snariinnsden\dandnaal this Tumimmﬁmmﬂm@ummﬂmmmmmuLL@ AN
&R mu@ﬂuuww Taeinlsznetisiaganmsnis m@mﬂwmmﬂ@
1) ML_ThFiAcDe : l\/lETHOD_LE\/EL_THIS-.-EI'EJ_D_ACCESS_DELETION
2) MI_ThFiAcIn : METHOD LEVEL_FIELD_ACCESS_ INSERTION

4.2.15) METHOD LEVEL_SUPER_EXPESSION_ |\/|O|31F|CATION arunanirenld
Tneiszyasludatianaismtlu ML_SuExMo Lﬂumjmaﬁ@amwmmwLﬁmum@qmnmwﬁh
wasuuastinasfifina F AR super lufidadndsaanindeyauazaundniufionaas
aanaud Tnanlsenatdnadnsiusdadanainag

1) ML_SuFiAcDe : METHOD_LEVEL_SUPER_FIEED_ACCESS_DELETION
2) ML SuRiAcIin® METHOE (LEVEL_SWPER_FIELD_ACCESS_INSERTION

4.2.16) METHOD_LEVEL_CALLING_METHOD_MODIFICATION @1a190t5en 4
Tnsszyasludeianainiiu ML_CaMeMo Lﬂuﬂ@'mm%’@ﬁmwmmﬁfﬁm%mﬁmmnmmﬁ’ﬂm
nsenldauafionludnmuesinedy neadunisiinesieundian sideaufautlafia
SuAnanwienean tnalsenausiadnuusdetianainae

1) ML_MelnPaSw : METHOD_LEVEL_METHOD_INVOCATION_PARAMETER _
SWAPPING
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2) ML_FIMeln : METHOD_LEVEL_FLOAT_METHOD_INVOCATION
4.2.17) METHOD_LEVEL_ARRAY_ACCESS_EXPRESSION_MODIFICATION
annsnFendinassyatludeianainidu ML_ArAcExMo iunguaesdatanaianiina
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desannsulainalludeuiiiniadnfedeyaesenfisdlnaninildausinasinig
pdlnrnans viiennsadusaiiduiuenfistuanedin falszneudaednunizdefanannie
1) ML_ArAcCh : METHOD_LEVEL ARRAY ACCESS_CHANGING
2) ML_ArAcSw : METHOD_LEVEL ARRAYSAGCESS_SWAPPING
4.2.18) METHOD_LEVEL_UPDATE_EXPRESSION_MODIFICATION @ 11 19D
Genldlnaszyadludanana sl UpExivio Lﬂuﬂzg'mm%’@ﬁmwmmﬁLﬁmﬁuLﬁﬂq@ﬁﬂ
nsufilatinainslsudliftdagdin laalseneudsgdnsuzdetiananae
1) ML_ArShOp : METHOD_LEVELARTHMETIC SHORT_OPERATOR
2) ML_UpExCh: METHOD_LEVEJL_'UPQJAT:E_EXPRESSION_CHANGING
4.2.19) METHODILEVEL _EXPRES}S-I_ON_MODlFICATlON @WNW?GL?‘EITWI%I@EI?%Q
acludefinnanaiily ML EXMO Lﬁuﬂ@;g@%ﬂg%ﬁmwmmﬁﬁ piuifiasannnisuila
Lﬂ?QIﬂuLLﬂmﬁwwﬁﬁhﬂunﬂjﬁﬂﬂp@%@%ﬂéﬁ@%@gzﬁ“ﬂﬂmziﬂﬂm‘wmmﬁ@
1) ML_PrCaDe : METHOD_I___E_\_/_EL._PRIMI]ﬁE&Q_ASTlNG_DELETION
2) ML_ThFiAcDe.: METHOD_LE\/EL_THIS_FIELD_ACCESS_DELETION

3) MI_ThFiAcin : I\'/II-ET_HOD_LEVEL_FIELD_ACCESS_INS_'-ET'?TION
4) ML_SuFiAcDe : METHOD_LEVEL_SUPER_FIELD_AECESS_DELETION
5) ML_SuFiAcin.; METHOE _LEVEL, SUPER EIELD ACCESS.INSERTION
6) ML_MelnPaSws METHOD. LEVEL'"METHOD' INVOCATION_PARAMETER _
SWAPPING
7) ML FIMeIn: METHOD! LEVELAFLOAT. METHOD JINVOCATION
8) ML_ArAcCh : METHOD_LEVEL_ARRAY_ACCESS_CHANGING
9) ML_ArAcSw : METHOD_LEVEL_ARRAY_ACCESS_SWAPPING
10) ML_UpExCh : METHOD_LEVEL_UPDATE_EXPRESSION_CHANGING
4.2.20) METHOD_LEVEL_SWITCH_STATEMENT_MODIFICATION @1a1303en 14

Tneszyasludanianaiaiily ML_SwStMo iilunguaesdaiianaiaifintiuiiasainnisudla
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1) ML_SwCaSw : METHOD_LEVEL_SWITCH_CASE_SWAPPING
2) ML_SwCaDe : METHOD_LEVEL_SWITCH_CASE_DELETION
3) ML_SwBrDe : METHOD_LEVEL_SWITCH_BREAK_DELETION
4.2.21) METHOD_LEVEL_IF_STATEMENT_MODIFICATION g1unsnanldineg
sryadludetanatnidy ML IfStMo Lﬂun@imm%ﬁmwmmﬁLﬁm%mﬁmmmlﬁh
wasuuladlaseaieaesdaa i iin oot s AUdaRL . if uas if.. else Inaisynaudae
Ansousdaianainae
1) ML_If1StCh : METHOD_LEVEL_IF'I_"ISTATEMENT_CHANGING
2) ML_If2StCh : METHOB_LEVEL IF2 STATEMENT_CHANGING
3) ML_If3StCh : METHOD_LEVELJ_IF3_STAJTE|\/IENT_CHANGING
4.2.22) I\/IETHOD_LEVEL_DECISIOE\L__I\/IODIFlCAlTON ansniEen Miasssyadly

dananataiu ML_DeMottlungudaddaranaainaguitiasannnisudlaasunl s
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Tseainaaesdamanuininaaitdaransnisndulavisandenanu switch, if uaz if... else
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1) ML_SwCaSw ; _l\/l_-ETHOD_LE\/EL_SWITCH_CASE_SV\/_APPI NG

2) ML_SwCabDe : METHOD_LEVEL_SWITCH_CASE_DE_I'-_‘E"I'ION

3) ML_SwBrDe : MEFHOD_LEVEL_SWITCH_BREAK_DELETION

4) ML_If1StCh: METHODLLEVEL. IF1 .STATEMENT. CHANGING

5) ML_If2StCh : METHODYLEVEL=IF2_STATEMENT_CHANGING

6) ML_If3StCh : METHOD_LEVEL “IF3_STATEMENT_CHANGING

412.23) METHOD_LEVEL_ITERATION IMODIFICATION @WNW?QL?‘EIﬂI%I@EI?Z‘I.J@Q
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fapnudeniAaadesiudanumdsnisutivonng Ineszneudiadnenizdenanans
An

1) ML_ItBrDe : METHOD_LEVEL_ITERATION_BREAK_DELETION

2) ML_ItExDe : METHOD_LEVEL_ITERATION_EXPRESSION_DELETION

3) ML_ItFoStCh : METHOD_LEVEL_ITERATION_FOR_STATEMENT_CHANGING
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4) ML_ItDoStch : METHOD_LEVEL_ITERATION_DO_STATEMENT_CHANGING
5) ML_ItWhStCh : METHOD_LEVEL_ITERATION_WHILE_STATEMENT_CHANGING
4.2.24) METHOD_LEVEL_RETURN_PRIMITIVE_MODIFICATION @nunsat3anld
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1) ML_RePrRe : METHOD_LEVEL RETURN RPRIMITIVE_REMOVING
2) ML_RePrCh: METHOD_LEVEL RETURN_PRIMITIVE_CHANGING
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ﬂ’W?LLTﬂﬂJLﬂgﬂuLLﬂ@\iﬂqfﬂﬂ'l’mﬂ’]ﬁ‘ﬁuﬂlﬂ‘sﬂmLZLILﬁﬁmLLUUf?mqsLuﬁﬂHmzﬁiN"I Tagsznausag
anwnuzdeinnainme _ L 4
1) ML_ReNPrRe: |\/|ETHOD_LEVEL_RE{UI_\;N_NONPRII\/IITI\/E_REI\/IOVING
2) ML_ReNPrCh: |\/|ETHOD_LE-VE-L_RE'I'-E:J;PN-_NONPRIMITIVE_CHANGING
4.2.26) |\/|ETHOD_LEVEL__RET.'URN_STI";;:TI,:EMENT_MODIFlCATION aunsnizanld
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1) ML_ReStDe : MEFHOD_LEVEL_RETURN_STATEMENT_DELETION
2) ML_RePrRe : METHOD_LEVEL RETURN_PRIMITIVE_REMOVING
3) ML_RePrCh : METHOD: L EVEL“RETURN_PRIMITIVE '"CHANGING
4) ML_ReNPrRe : METHOD_LEVEL RETURN_NONPRIMITIVE_REMOVING
5) ML, ReNPrCh:'METHODELEVEL (RETURN INONPRIMITIVE_CHANGING
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1) ML_SwCaSw : METHOD_LEVEL_SWITCH_CASE_SWAPPING
2) ML_SwCaDe : METHOD_LEVEL_SWITCH_CASE_DELETION
3) ML_SwBrDe : METHOD_LEVEL_SWITCH_BREAK_DELETION
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4) ML_If1StCh : METHOD_LEVEL_IF1_STATEMENT_CHANGING

5) ML_If2StCh : METHOD_LEVEL_IF2_STATEMENT_CHANGING

6) ML_If3StCh : METHOD_LEVEL_IF3_STATEMENT_CHANGING

7) ML_ItBrDe : METHOD_LEVEL_ITERATION_BREAK_DELETION

8) ML_ItExDe : METHOD_LEVEL_ITERATION_EXPRESSION_DELETION

9) ML_ItFoStCh : METHOD_LEVEL_ITERATION_FOR_STATEMENT_CHANGING

10) ML_ItDoStch : METHOD LEVEL ITERATION DO_STATEMENT_CHANGING

11) ML_ItWhStCh : METHOD_LEVEL ITERATION_WHILE_STATEMENT_CHANGING

12) ML_StSeSw : METHOD _LEVEL STATEMENT_SEQUENCE_SWAPPING

13) ML_ReStDe : I\/IETHOD_LEVEL_RET'lURN_STATEMENT_DELETION

14) ML_RePrRe : METHOD_LEVEE RETURN_PRIMITIVE_REMOVING

15) ML_RePrCh : I\/IETHOD_LEVEIT_RETqRIJ\J_PRII\/IITI\/E_CHANGING

16) ML_ReNPrRe : METHOD LEVEL. RE{URN NONPRIMITIVE_REMOVING

17) ML_ReNPrCh : METHOD_ LEVEL RET%BN NONPRIMITIVE_CHANGING

18) ML_MelnStDe : METHOD LEVEL METHODLINVOCATION STATEMENT_
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1) ML_ReMeDe *METHOD_LEVEE RETURN: MEFHOD_DELETION
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1) CL_FiAcMoCh : CLASS_LEVEL_FIELD_ACCESS_MODIFICATION_CHANGING
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2) CL_FilnDe : CLASS_LEVEL_FIELD_INITIALIZE_DELETION
3) CL_FiStMoDe : CLASS_LEVEL_FIELD_STATIC_MODIFICATION_DELETION
4) CL_FiStMoln :CLASS_LEVEL_FIELD_STATIC_MODIFICATION_INSERTION
4.2.30) CLASS_LEVEL_ACCESS_MODIFICATION @nsnsaizenldinaszyaqly
faniananitlu CL_AcMo Lﬂuﬂzimmi@amwmmﬁ'Lﬁm%uLﬁ@q@qﬂﬂﬁiLLﬁimLﬂ?qlﬂul,l,ﬂmﬁﬁ

1
o o A

én wﬂﬁﬁa‘zuiumﬂ%ﬁqmﬁﬂm@qﬂmm%muﬁﬂLw“@mmmm%ﬂr;Tf;LLﬂﬂmmm@ Ine
dsznavdaadnuzdeiianalnfa
1) CL_FiAcMoCh : CLASS_LEVEL FIELD_ACCESS_MODIFICATION_CHANGING
2) CL_MeAcMoCh : CEASSHIFEVEL METHOD_ACCESS_MODIFICAITON_
CHANGING \
4.2.31) CLASSILEVEL STATIC ‘MODIFICATION a1u1snzanldlnaszyasiu
dafana1nilu CL_StMo Lﬂuﬂ@mm@ﬁ@'ﬁﬁwmmlm:ﬁummm’ﬁlLﬁ@%Mﬁ@Wﬁﬂﬂﬁ@LLﬁh

QI o o as ! o 'FQ o [
TnenisinvseauAdaty staticliauanaginsoulsadnana Tnadsznausudnsuy

FRAd
e

darianannpe <)
1) CL_FiStMoDe : CLASS_LE\_/EL__FIELD_STA_\;EJC_MODIFICATION_DELETION
2) CL_FiStMoln :CLASS_LEVE_L_F‘ELD_Sﬁ_IP___MODIFICATION_INSERTION
4.2.32) METHOD_LEVEL mmmﬁ'fﬁﬂﬁlﬁmmzumiui@amwmmﬂu ML tfungu
vestefiananaflAsdulussifionianiaudonnmsasitinnudulsysalunns Ge
mimumﬂ%uiﬂﬂ,mmm@uﬁqLﬁl@ﬁ?ﬁ?zﬁuﬁugm Tnatlsznaudiaansusdalianainae
1) ML_InLiMiFo . METHQOD" LEVEL . INTEGER LITERAL MISSING_FORMAT
2) ML_FILIMiFo *MEFHOD_LEVEL FLOAT_LITERAL_MISSING_FORMAT
3) ML_CoVaCh : METHOD_LEVELY CONSTANTEVALUE_CHANGING
4) ML PrColnInMETHOD_LEVEL_PRIMITIVE_CONSTANT_INITIALIZE_INSERTION
5) ML_PrColnDe : METHOD_LEVEL_PRIMITIVE_CONSTANT_INITIALIZE_DELETION
6) ML_VaDeTyCh : METHOD_LEVEL_VARIABLE_DECLARATION_TYPE_CHANGING
7) ML_PrvaCh: METHOD_LEVEL_PRIMITIVE_VARIABLE_CHANGING
8) ML_NPrColnDe : METHOD_LEVEL_NONPRIMITIVE_CONSTANT_INITIALIZE_
DELETION

9) ML_ArUnOp : METHOD_LEVEL_ARITHMETIC_UNARY_OPERATOR
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10) ML_ArBiOp : METHOD_LEVEL_ARITHMETIC_BINARY_OPERATOR

11) ML_ArShOp : METHOD_LEVEL_ARTHMETIC_SHORT_OPERATOR

12) ML_AsArOp : METHOD_LEVEL_ASSIGN_ARITHMETIC_OPERATOR

13) ML_AsShOp : MEHTOD_LEVEL_ASSIGN_SHIFT_OPERATOR

14) ML_ShOp : METHOD_LEVEL_SHIFT_OPERATOR

15) ML_LoCoBiOp: METHOD_LEVEL LOGICAL_CONDITIONAL_BINARY_OPERATOR

16) ML_LoCoUnOp: METHOD_LEVEL LOEGICAE CONDITIONAL_UNARY_OPERATOR

17) ML_AsLoOp : METHOD_LEVEL ASSIGN_LOGICAL_OPERATOR

18) ML_ReOp : METHOD_LEVELFRELATIONAL OPERATOR

19) ML_PrCaDe : I\/IETHOD_LEVEL_PRI'i\/IlTI\/E_CASTING_DELETION

20) ML_ThFiAcDe : METHODALEVEL “THIS FIELD_ACCESS_DELETION

21) MI_ThFiAcIn : METHOD_LEVEL_FIELP_ACCESS_INSERTION

22) ML_SuFiAcDe : METHQOD LEVEL SUJPER FIELD_ACCESS_DELETION

23) ML_SuMeAcDe : METHOD _ LEVEL SUJF;ER METHOD_ACCESS_DELETION

24) ML_MelnPaSw : METHOD LEVEL I\/IETHQE) INVOCATION_PARAMETER _
SWAPPING P! 7 Ry

25) ML_FIMeln : METHOD LEVEL FLOAT METHOD INVOCATION

26) ML_ArAcCh : METHOD LEVEL_ARRAY_ACCESS CHANGING

27) ML_ArAcSw : MEFTHOD_LEVEL_ARRAY_ACCESS_SWAPPING

28) ML_UpExCh ; METHQOD" LEVEL . UPDATE.EXPRESSION_CHANGING
29) ML_SwCaSw *MEFHOD_LEVEE_SWITECH! CASE_SWAPPING

30) ML_SwCaDe : METHOD_LEVEL_SWITCH_CASE_DELETION

31) ML.SwBrDe “METHOD_LEVEL SWITCH_BREAK DELETION

32) ML_If1StCh : METHOD_LEVEL_IF1_STATEMENT_CHANGING

33) ML_If2StCh : METHOD_LEVEL_IF2_STATEMENT_CHANGING

34) ML_If3StCh : METHOD_LEVEL_IF3_STATEMENT_CHANGING

35) ML_ItBrDe : METHOD_LEVEL_ITERATION_BREAK_DELETION

36) ML_ItExDe : METHOD_LEVEL_ITERATION_EXPRESSION_DELETION
37) ML_ItFoStCh : METHOD_LEVEL_ITERATION_FOR_STATEMENT_CHANGING
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38) ML_ItDoStch : METHOD_LEVEL_ITERATION_DO_STATEMENT_CHANGING
39) ML_ItWhStCh : METHOD_LEVEL_ITERATION_WHILE_STATEMENT_CHANGING
40) ML_StSeSw : METHOD_LEVEL_STATEMENT_SEQUENCE_SWAPPING
41) ML_ReStDe : METHOD_LEVEL_RETURN_STATEMENT_DELETION
42) ML_RePrRe : METHOD_LEVEL_RETURN_PRIMITIVE_REMOVING
43) ML_RePrCh : METHOD_LEVEL RETURN. PRIMITIVE_CHANGING
44) ML_ReNPrRe : METHOD LEVEL RETURNANONPRIMITIVE_REMOVING
45) ML_ReNPrCh : METHOD_LEVEL RETURN_NONPRIMITIVE_CHANGING
46) ML_MelnStDe : METHOD#EEVEL . METHOD INVOCATION_STATEMENT_
DELETION \
47) ML_SuInStDe : METHOD AL EVEL SUPER_INVOCATION_STATEMENT_DELETION
48) ML_ReMeDe : METHOD_LEVEL_RET;URN_METHOD_DELETION
49) ML_CoToMe : |\/|ETHOD_LEVEL_COI\ES_T.RUCTOR_TO_I\/IETHOD
50) ML_MeDeArSw : I\/IETHOD_LEVEL_M%joE)D_DECLARATION_ARGUMENT_
SWAPPING : ;:.-‘ 7
4.2.33) CLASS_LEVEL m_mimGﬁﬂﬂiﬁﬁjyy@alui@ﬁmwaﬁmLﬂu CL 1unguues
%’@Emwmmﬁﬁm%ﬂmzﬁmm& Tnenlszneussaneuzdadanainas
1) CL_FiAcMoCh ZCLASS_LEVEL_FIELD_ACCESS_MODIFICATlON_CHANGING
2) CL_FilnDe : CLASS_LEVEL_FIELD_INITIALIZE_DELETION
3) CL_FiStMobe.: CLASS.LEVEL. FIELD_STATIC.MQODIEICATION_DELETION
4) CL_FiStMaln !CLASS_LEVEL_FIELD!STATIC_MODIFICATION_INSERTION
5) CL_MeAcMoCh : CLASS_LEVEL _METHOD_ASCESS_MODIFICAITON_
CHANGING
6) CL_ExInDe : CLASS_LEVEL_EXTEND_INTERFACE_DELETION
4.2.34) SPECIAL ansnsnsanldlnascyadludaiananaiilu  SP iflunguaas
HefamanafiiatuiuAnEmzanzaasilsunsaesfiamesnatan Tnadsznaudan
ansuzdatianainpe
1) SP_MiCaleMe : SPECIAL_MISTAKE_CALLING_LENGTH_METHOD
2) SP_FoCaAdMe : SPECIAL_FORGOT_CALLING_ADD_METHOD
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3) SP_FoCaStMe: SPECIAL_FORGOT_CALLING_START_METHOD
4) SP_ObCoCh : SPECIAL_OBJECT_COMPARISON_CHANGING
4.2.35) ALL annsnsanldiaussyasludeiiananadu  ALL iunguues

¥ a dld o dl 2 % 1 nI/ o [~ % ]
TaRANAIANNAIUNA L UTELIL Gﬁ\iﬂﬁ‘ﬁﬁﬂ‘ﬂ‘]_ﬂﬂ@QﬂﬂﬂUﬂW?‘ﬂﬂVIQiﬂiu?SﬂULN‘VI@@ UBUNNIBN

lus2AuAag LaZIaLNNIAINLAANNTATIAE19UBINHIA19 79N 60 ANTHELY

4.3 TWadanuunAANNEANAIA J

duwlndduiuld luaesisduaoian 11a2a990UANT a9 WATATUIUATLAUITA

1 | a i o = vll X L | |
%unwammenumﬁ@zmmﬂmmﬂmmﬁumu F9azalaseas1ailu XML tinalEdnelu

4+
°

ARG EEATETNSTNE RELY! GHQIV’W?Q@?WQ?J@QVLW@?J@ﬂ’WﬁuﬂV’]Q’]NN@W@WG’WQVU??&ﬂ@UﬁQH

asflsznauuarAnIANIRGEANAS [ )

1. <modconf> Lﬂu@dﬂﬂ?“’ﬂ‘ﬂ‘u‘ﬁ@ﬂ‘V]l?.eLuﬂ’W?Vl’]\ﬂuﬁl‘ﬂﬂ?V'LI'LI NGHER ﬂ‘ﬂ'LI‘LLLL

ﬂm@illlb‘] NS Lﬂul,wmmin’mummmmuma?m\‘nummu

. I'.' i

2. <scope> uasAdsgnalitaauad <modcontEniuasAilsznaunldlunisnivua
B> = i o dl 3 i ‘al a @ . - 2 a
VORI AP BT LN RSN TN CILANANGRT NG04 sznouson AnuaNiF
I A
AGNGLANGR
2.1) className. fupmuantianldlunisscyienatalusiasiuaiuaes
Tlsunsunazninnaus R NIRIARAANANS
2.2) "methodName flugmuantimnldlunisscyesguuiaont1asnanad
% o 21 QI a 9 1 2% dl =3
FENNgININATIA RN R AdE U N el T 8ATA 84921 T A 19LNia ALY
o ~ Y PP
Wsgduuuilasannluldsunsuniwiaionsenliiuianaiusnoide

& o Ny Y = a ol | e
Lﬂll‘ﬂuﬂu‘lﬂ LIRS P AINWITIN AR TNLLAINF NN

3. <modify> LuaeAdsznavsesans <scope> uasAdsznaudn ldlunisninun
a o b 1 lﬂl £ % a o £ 3
TRALAZATUINTRITaUNNIRINFaIN1T RN A lusHaswatuansllsunsy

sznausneAnaNLA
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3.1) modType Lﬂu@mmuumﬁ‘l%‘l,umﬁzmﬁm@ﬁ@uﬂwémﬁﬂwmwiwqﬁl
ABNNTTLRNAS WA AU Lﬁ@‘lﬁlﬂuiﬂmm AUlszadAlungEauNNg
aau Imﬂmwsmzqmﬁmm%’@uﬂwémvl,rﬁ’f%ﬁ@mwémLLuumizuLL@:
TALNNFRIUFRTANEILY

3.2) modNum \unnantimnldlunisssyiuouaesdaunndasisoanisis

luwsazdnwoiengniuunauluguaus

avlusasueiugal

AULINENINYINS
PMIANTUAMINYAE
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NISNAFALNITNINUY

o

ﬂqﬁﬂﬂﬂ’ﬂUﬂ’]?Vquﬁ’]uﬂ‘Nﬁ‘g‘UU:a ﬂ1 ALR frﬂﬂGl’]‘ﬂﬁl%‘iﬁ‘ﬁ@ﬁl’ﬂ\‘itﬂﬁ‘l,mﬁ‘ﬂ@’mLL‘LI‘LIﬂﬂﬁﬂ

’&’]Mﬁ“ﬂﬂ’]ﬁ‘ﬂjﬂﬂ{]‘u [ﬂiuﬂ’]ﬂﬁ‘ﬂuﬂ'}? N9 ldsunINARNNILARFIRINIATEN

AANIIUANART ﬂmv’lﬂ‘?ﬂﬁ‘ﬁ‘llﬂ ’J‘VI?;I’W@EI wazpnat19Iasualiuain

o

wlsde Java Examples i in a Nutshell | aV|d Flanagan Tunameaay

-‘-I-......-' .
thaﬁ 1)

ANAIMNRANAIAAT LT

5.1 NSNAKALNTLAN

NITNAABLNN

fuatiuaInuiiede Java Alnadayasine lunlndoia

FuatiunaunInisuil 8 SWARURTLUAZUNLLNR

1sznaunimiauaaglils 10 war AT aF U UraIann

ANguA I NN AN LN NI RIR

5.1.1 "I,V\Imummmuunﬁumqm Audaunnsas Tdsunsuiliilullsungy

o
e R

AR memumuuﬁi 20 Au9ULsn@ LA NIYRIRANUIUNAUNLN D

uLENARe i Tu aznuing WaLINALATNUNTINADY

o diﬁli Ay < =
L?‘ﬂﬂ"l“?u ARALN NANFAAINIT AINTIEASLAY A

e AIneniwens

* This program prints out the fﬁst 20 numbergyin the

AR TREAMNAY

* sequence, starting with the numbers 0 and 1.

‘k‘k/

ALt Aaef1 memﬁﬁammmum

public class Fibonacci {

public static void main(String[] args) {

int current, prev = 1, prevprev = 0;// Initialize some variables

for(int 1 = 0; 1 < 20; i++) { // Loop exactly 20 times
current = prev + prevprev; // Next number is sum of previous two
System.out.print (current + " "); // Print it out

prevprev = prev; // First previous becomes 2nd previous
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prev = current; // And current number becomes previous
}
System.out.println(); // Terminate the line, and flush output
}

}
‘]Jﬁ 5.1.n VL‘V\IZ‘]?MZQ[?’]TAQ‘]JUSNﬂ?”ﬂ’E]Uﬂ’JEI LLZ\I“"VISJ’]&ILWﬂ‘ﬂﬁ“’ﬂﬂ‘Llﬂ’Wﬁ‘Vﬂ\‘i’]U“ﬂ’ﬂ\i[ﬂ".]’ﬂEI'W\WI 5.1

5.1.2 Iddan1vuunmqn luntsiAndeunniesdaneaizsingg Wa

FANINUAAINNRAANAATILT] ﬂﬂmms‘mmmw‘lu@ﬂw 5.1.49 a4

Tnsaa¥aann@ndidsznay "-—u

. scope NxynLs Falpanninnaae Inednnsssynndneizily
AAN% Fibonacci \ \
. modify fludau AN SRR LAUNNIRIA 19| LAZITIUIUALBIATTN
2 ] a o - 6 I I Y ¥ a U ]
ge3daunnsesfaen s uaLL L1 fesnsriinaesteunniaailuy

<?xml version="1.0"
<modconf>

<scope className="Fibonacci'.i static void main(String[] args)”>
<modify modType t

_— =
<modify modType= Op" modNum=""1"7> LY

<modify modType="M - SAY
<modify modType="M nLiMiFo" modNum="1"/> m
<modify modType="ML S"SE" modNum—"l"/>

. AAUBINYY INYINT

"l.'l

N 5 1.4 LLW@ﬁl'ﬂﬂqﬁuﬂV"I’J’]QJN@MWH@\W}Q@HWQV}W

ammmmmmmaa |

51.3 Wﬁ‘ﬁ‘ﬁ@ FualUNaINITLa ﬁlLWNLﬁ]N%I'ﬂ‘LIﬂW?'ﬂ\‘i"INQ“’WU Lﬂuﬁ*w@mu'ﬂuuw

wWanuuadll feevasaacinelugli 5.1

/**
* This program prints out the first 20 numbers in the
* Fibonacci sequence.Each number is formed by adding
* together the previous two numbers in the
* sequence, starting with the numbers 0 and 1.

‘k‘k/
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public class Fibonacci {

public static void main(String[] args)
int current, prev = 1, prevprev
for(int 1 = 0; 1 <= 020; i++kﬂ£Loop exactly 20 times
current = prev % prevprev; {I\\Text number is sum of previous two

System.out.print (current ey ) ; // Print it out
prev += current; 3 I // First previous becomes 2nd previous

prevprev = prev; / And current number becomes previous
} \I-%W /
System.out.println() ; %\ ﬁate the line, and flush output

P

Initialize some variables

I

}
917 5.1.0 TWdsviaduaiiundinas il il aeuulasuedsant 19 5.1

¥

o Ao Y
watfunlenInus ey

WISUANANGEN WUAAT ' _ReOp uaz ML_InLiMiFo

q o o B, AT F T a ° a
2. ﬂ’]?LﬂaﬂuLLﬂ@\ﬂmQﬁ b {___ AN1ANNTDNINUAAIMNRANANA

1A ML_ArBiOp

17in ML_AsArqg

4. Nl As ULl A9 AR HAN A LUAITAAANN U UAAILATTAAINNAN ANGANIUUA

w BB INBNINEINT
52 “”‘Q“W‘Tﬂ’ﬁﬂwwﬂﬂ nEiae

nhanaseunasBa RN diTufntenasBa s Rananaslusia
% o = o o o =] a oA = a o =) '
uatuanuuuinindwmiunisindfimlunsGeunisaendsanisinidsunsunesiames
Tneazlduandliddoyasine Hunlidsiasuatuneuiinisudlufnisudeaunndes

dsznausng siasuatiuuazmsnawmnlsznaunisineuaesilsunsy Wddaiiuuaainu

AANATA AL INATTAFUTLNAIAINANTUA AN L ANT LN NIRRT NDDN 1AL
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5.2.1 IWAsasuatiunaunINIsuA NN ANTaunwas sasuatiuvaallsunsuil

Wusaduaiiuaaaldsunsnldsunsunldlunisanusnsanununaniilu 1 ihiaw 1 d9lug
. A = o A  aapvo o ° \

U BAZAUNT ANNRNUILAUN NN IenIMUA T sunsuazN1eulntaIAEN12ANU AN

AALRIAALAAALTA LQ@’]ﬁﬂ’]u’]mbl,ﬁ?ljﬂ’ﬂﬂﬂ\l’m%iﬂﬁ’]@’ﬂ Iﬂﬂﬁ?’]ﬂ@ﬁlﬁﬂﬂﬁ\ﬁﬁ@ Anatng

Tugin 5.2.n

import java.util.Scanner;

public class Seconds {

// dvuldsunTdfoudruiuiundi

e
// é‘i’aati'nwan'nv‘hq'mmaﬂﬂ‘i
// U = 100
// 1000000 3w =

// PANNBLIAG
// - weenude 1y
//
public static void
Scanner kb =
System.out.print ("3

int second = kb.nextI

int tSec = second;
int year = tSec / (12 * 30 * 24
tSec %= (12 * 30 * 24 *
int month = tSec
tSec t= (30 * 24| T SEOTIT———
int day = tSec /. I
tSec %= (24 * 3600 y
int hr = tSec / 3600;

T RUAINENINYINS

RTNIIBIARAING W e

}

717 5.2.n Idsviasiuatiuelsznauson uasuNnewnLsznaun1aMIeIuIedsnaEnam 5.2

a
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5.2.2 ddairnuaninuianaialdlunisimndeunniesdnsnizsiie) nad
Trsgaireaundniszneudag an1@n scope NTeyDNLTRUAALNINTANTOUNNIDIT
seiiilunang Seconds lupnuuiaiuiian main uazdan@n modify ludaunldninue

Asdnwurresdeunniasslinfieuazatuanqnresteunniasiisdeanisinaslusia
¥

suatiufsiasaetelugli 5.2.9

<modconf>
<scope className="Seconds" m
<modify modType="ML ArEx

/tlc void main(String[] args)”>
—ngn

<modify modType="ML P m= '/>

<modify modType="ML

</scope>
</modconf>
N 52, »vv \ Jotinedl 5.2
& o L% ‘ " \
52.3 1W@?M@m J”dL |1L\ ?QQﬁQQquHﬂu?ﬁ@muﬂUUﬂ

mdﬂ F

wWasuulasly fessiasoael qg LI
L.

import java.util.Scanner; Jﬁﬁ;

public class Seconds {

// dvuldsunsdiouirunuiunidudiis

// GIRUNNANIVINNUYD-

// umIi =

// 1000000 Auii i

// vuua m

// - mammmuh 1 m ufd 30 Ju

AT AT S

public static ﬂ)ld main (String[] args)

Scanner kb = new Scanner (System. ‘B),

S Rl UMNINYIAY
e a0 s )

’

tSec -= (12 * 30 * 24 * 3600);

int month = tSec /-(30 * 24 * 3600); 3 l
month %= (30 * 24 * 3600); 4

int day = tSec /(24 * 3600);

tSec %= (24 + 3600); 5 l
int hr = tSec / 3600;

tSec %= -3600; ‘El
int min = tSec / 060{'
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tSec /= 60; ﬂl

System.out.println(second + "™ i = " + year + " I " + month + " 1fou " +

day + " fu " + hr + " dalus " + day + " wiil " + tSec + " Awi");
}
9
}

77 5.2.p Idswasuatiuudsnisudlauaziauansiumbninislaauudlas

o QI a ¥ ! v Y o dl v o %
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! &
wasuudasTusiasuatiuniasiaiiasne Aedetilis

. J . .
1. NP AsULL AN ARSI AT ATIE e F2ANHuNN Tl AsuAN AR f9 LA

Andeiruamuln NaA s 3 ML ArEXMo agML_PrCoMo @83m

|

2. nalanuulaediin N 181751 UAAITANAT AT AndanIuuARNRANAIA
1A ML_ArExMo —
3. mﬂﬂﬁﬂuuﬂmﬁqm"ﬂLﬁumu‘mqmméﬁmme@ﬂmm AMNTRANUAANNTANANA

ML_ArExMo o - A

4. nzaniiuntniddewsaudsansfaudsaundsiafaaiy andaniuunaana
¥ = _-'-__-'_IJ"J

NANWAA ML_PrvaCh _ =

il
A poay ™ ey
| g

5. nailauuda8AaAHEN 19919 aAMALLLNGN. AR Nda R UA AT NRANANA

-

ML_ArExMo &/
6. NIANRUNTLALUANAINLBIANATINTENUUARLINRANANA ML_PrCoMo
o a dl o v 1 b o
7. nmeanilunisidaguelssdunuressiaatlvieslusruuiaagiuudaaindedvun
ANNHANAIA ML Pr@oMa
8. N9asuulaIfIAHUNINATANMUAAINISLATATIA ANNTANANUAAINNRANATA

#AML_ArfkxMo

|
= [ % ¥

9. ngANBuNITlAtUA Ll A FALlsAuNNTRALALIAW ANTANINUAAINY

HAWANA ML_PrvaCh

5.3 NSNAFALUMTANANNRIANAIARI LUlLsunsn (Aaasnen 3)

N19INAFALNITLANANNEANAIALLTUFAat19N 17 ANANR ANAIAAa 11T 4

suatiuanuiiede Java Examples in a Nutshell Inglusinadntiazlduanslnddoyasiie

a

4 ! & o Y o 1 o QI a ¥ ! %4 o v o
VL@LLﬂi‘V\I@?‘M@ﬁlu@‘]_l‘]_lﬂﬂu%’m’]ﬁ‘LLmﬂLW?LILmNﬂ@UﬂW?‘ﬂﬂﬂ‘izﬂ‘ﬂ‘UﬂQH TUARURAUULLASWNE
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o

wilsznaunisinauaasllsunsy adannuamauinnain uaglndsiagduaiy

PAIANNNNILA WA NLANTAUN NI ATNTAN1UUA

5.3.1 IWAssasuatiunaunInsus i ANdaunngas Tuldsunsniiiflullsunsy
o & o PRIy ° \ = aa \ P ~
LAPNARNFURIALATN IFAINNTAUI U ALNNNALTE A TALAENITALNNNALTEAN

Aurnlaldaslunisenuns 21 °]]'erLﬁ@j‘@ﬁﬁlﬂ’]?ﬁ'}u’)mﬁﬂLLWﬂW@G‘ﬂ@ﬁiﬂiLﬁu 20! LA

y)llﬂ WAUTREIELAL AU UNNLARAZUN

—

/** T——

* This class comput{ \ ts in a table for reuse.

* 20! is as high ‘\§\~ ype, so check the argument
* passed and "throw LEdit HHHHH* too small.

‘k‘k/

N17AFIRADLINALIANUITATLN

|dlc‘£
ﬂqﬂLﬂU1%1umqﬁqﬂﬂqmﬂl

public class Factori
// Create an array t
static long[] tab
// A "static initiali dn il 7e 4 st value in the array
static { table[O0]
// Remember the highe
static int last = 0;
public static long fac egalArgumentException {

// Check if x-is too big or too small. Throw an 1 exegption if so.

X

if (x >= table L"# of any array

throw new Ilﬂ 1A ow; ﬂis too large.");
ow new IllegalArgumentException("x must be non-negative.");

if (x < 0) thr

// Compute and ca‘hﬁny values thatilafe not yet cached.

B U487 T]ﬂ‘ﬂﬁwmﬂ‘i
table able[last] * (last + ;

last++

ﬁ;mua;mm;lmwmaa

return table[

}

}
ﬂﬁ 5.3.N1 VL‘V\I@?MZQIFI‘LA’QUUSN‘IJEUHEUW)&I meuwmmﬂiuﬂ@umﬁ‘mmummm@ﬂw 53
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5.3.2 "LWzﬁ"aﬁwumm'm‘ﬂmwmm‘ﬁ"bﬂuﬂﬂiLﬁN%’@Uﬂwémﬁﬂmeiwj Tned
Tasa¥reann@nfisznandan aundin scope fisvyfeufnnfiaginnnfndannniasis
szyiilunana Factorial Tusinumiisiuiien factorial wazdau@n modify ludauldfismun
ﬂmaﬂwmvm@munwsmmﬂLL@”@’]uqmmm@w@uﬂwa‘mﬁ RN ANAS Ui AR WALl

o o o

mwummqgmﬂugﬂw 5.3.2

<modconf>

<scope className="Factorial" tatic int factorial (int x)”>
<modify modType="ML ArOp
<modify modType="ML R
<modify modType="ML

<modify modType="ML A

</scope>
</modconf>
N 5 fratihed 5.3
& o Y W g = LY 9 ' 4' - o o o all
5.3.3 1W@?M@m iRyl IAUANTANTIasNULTUIHaR Ut uN

// Create an array to cache values 01 ough 20!.
= - :'r L
static long[] table = new JouglZ] h B L)

// A “static indgi s€.in the array
N,

// Remember the ﬂhe the amay
static int last ;
public static long ‘aﬂrlal(lnt x) theows IllegalArgumentException f{

CRUHIMBYINHANG.

throw new IllegalArgumentE;ﬁeptlon("Over ow; x 1s too l "

"%ﬁﬂ &ﬂﬂ SRV HAR Y

} while(last <= x) 4 l

static { table @ }

// Now return the cached factorial of x.

return table [x—l)ﬁ

‘ﬂﬁ 5.3.A LL‘V‘lfﬁ‘ﬁ/‘i?ﬁ[ﬂu’il‘i_l‘]_I‘VI'Z‘]\‘Iﬂ'ﬁ‘LLfg]/ll"llLLZ‘IWLK‘I"IILLZW\\‘HFI’]LL‘WLJ,\WI3~Iﬂ'1ﬁ‘L‘]Jf‘lﬁl‘LALL‘]J'Z‘l\?
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o QI a ¥ ! v Y o dl v o ¥
ﬁ@\iﬂ’]ﬁ‘LLfﬂ‘ﬂL‘IN?JLlﬁlﬂJﬂ‘ﬂUﬂW?‘ﬂﬂﬂ”lﬂiuﬂl‘ﬂUL‘I.IWll‘ﬂ\‘]?‘W&ﬁlu@UUVIVLG’WﬂWVHWVL‘J"QZWUﬂ’]?

wasuwlaslusiasuatiunusumisinefssie i

o [ ¥

1. malasuulasdoaiunisdsauimeuanuduiugaindenivuananuianain
- P R d -
11l ML_ReOp {I1anNnilaanienungesqanmedn1sii
2. madasuudasteninunisuduuy whie ldiflufenaauauinludnwusau oy
nlusnatvaziiiudengannisawiniiuido. . while aandaninunantanain
#p ML_ItWhStCh
4
dl o/ o a a o dl o 1
3. MalasuulaesiRAAEER NN A TAIIARININERIAN LasnTU AW AR
Tunsidndedayed® 1@afied andaninunna 1 mlana1nTia ML_ArOpMo uaz

l
ML_ArAcMo 3

dl o o = "dll; o % '8 ¥ o a
4. manlasuudasdeniiuaauis e uaNdiiusandentuunaanianans
11n ML_ReOp Tudn7ifada nisispaadan i ednisias
5. malasuwlasiutiaddunastdatisdeyaasaifisd andennuannuiianans

17in ML_ArAcMo Sare Ny
1 =iy

5.4 NSNAFALMIIANANNRANAIaad lulilsunsy (Aaasnan 4)

N19INAFALNATLANAITNRNANAIALLTUAIENIN12LA N A NR ANAIAAa 11994
Y o =] o o o =] a oA = a o = I's
FustiuanuuuinindInsunsindg in lunisGaunisaenftn1sinisunsumeniomes
Tneludnedretarlfuansluddoyasiie ludndsvaduatiudeauninisuilaiams
b 1 Y o 92 % o &
daunwiasilegnouded svasiuriildasunaemndzznatnismnauaasilounsy g
FANIUUAAINNRANANA LA INAIFdFURITUNAYaaNNTLA [ A BNdaUNNTad AN

dan e

5.4.1 Indswasuariunauinnisud luismndeunwies siasiuaivaesldsunsuil
dusvaduativaseldsunsullsunsuinldlunisunasasnnianaiuisaiinliszenedsie
o o dl o Y Yy A I v o ° ndl dl v o Y o o o 1
falaaaassausniiuualiudaiAuriniusaeeswaunann tdivuua i desiasaecing

Tugiin 5.4.n
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import java.util.Scanner;
public class SignFinder {

public static void main(String[] args) {
// mMis¥n Scanner dhaaninlvldmunsateudmundazdy dudw , 16
Scanner kb = new Scanner (System.in) .useDelimiter ("\\s*[,\\s]\\s*");
System.out.print ("SWIUREIN = ") ;
int a = kb.nextInt();

int b = kb.nextInt();

int ¢ = kb.nextInt(); #
String sign = ""; i @
if (a + b == ¢)

sign+="+";
} else if (a - b ——
sign+="-";
} else if (a * b == c)
sign+="x";
} else if (a / b == ¢)
sign+="/";
}
System.out.println ("

317 5.4.n TWdsasiuaiuds 3 LATTNAE AL 72N ALININNNLARFIaE NN 5.4

5.4.2 dderimunnlaaianaiai aniindeunnIesdnwuzsng Inal

TseaFwann@niisgn pe NITUDNLIFIN Aagrinnisianasszyunana
SignFinder lusnumil ;l* 2 !r' AdninvunnuAnHIza9
ﬁ@unmé@wﬁmﬁmqu I mmmmmmm@mwa‘mﬁ N o LANAS I UITAAURTTY AITTA

ﬁfmm@“wﬁﬁu JANYNINYINT
<modconf>
<scope className—"SlgnFlnder" meth‘iName— publl(ﬁtatlc void malutrlng args)”>

”ﬁﬁﬁﬁﬂ AAANTINENNE

<mod1 y modType="ML IfStMo" modNum="1"/>
<modify modType="ML PrVaCh" modNum="1"/>
</scope>

</modconf>

317 5.4.2 IddanuunpnuianaInaefaet 19 5.4.1
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5.4.3 TWasdasuaiTundanisud i dANdaunnasdeaswurlusiafuaiiun
wWasuuasldfsiasiaedlugln 5.4.
import java.util.Scanner;

public class SignFinder {

public static void main(String[] args)
// mMis¥N Scanner dhaandimnlvildmanate a widazdy dudw , ¢

Scanner kb = new Scanner (Syste mlter("\\s*[ \\s]\\s*") ;

System.out.print ("I
int a = kb.nextInt();

int b;
int ¢ = kb.nextInt();f.
String sign = ""; X
if (a + b !=c¢c) {

signt="+m;

} else if (a - b ==
sign+="-";

}

if (a * b >= ¢) {
sign+="x";

} else if (¢ / b ==
sign+="/";

System.out. prmtln("m‘imummﬂpm i
= 'Jﬂ?ﬂ#«f..

717 5.4.p Indm Al nsulaauulag

Mmmmﬁhmmmu@unmmmﬂ’mmummma‘mmu@uuwimﬁwumﬁ%wumi

S LA IR

ma‘mmrﬂa‘muumﬂﬂmugfaLLﬂa‘fﬂumwumumnm@muummwumwmm
RN I SJW]’J NEIaY
2. dandasuudassiaaifiunismiadTeuiauanuduiusaindanivuanau
HANana ML_ReOp
3. nslasunlasdAiuntmiaBeufieuanuduiug uagnisasuulas
szlapdananu if lnanissn else aananndaninuanNmANana ML_ReOp Las
ML_IfStMo
. A

4. nalasunilassudsilufaul sFaunaia e uaINTan I UAAINNEANAIA

ML_PrvVaCh
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5.5 NSNARBUNITLANANNRANAIAAIbUTLSUNTN (AB8aN 5)

N19INAFALNITLANANNRANAIALLTUFAat19N 1T ANANR ANAIAa 11194

(4 1

suatiuainuiisde Java Examples in a Nutshell tnglusiaatingtiazlduanslnddayasing

a

b4 1 & o Y o 1 o ¢=I a A ] %4 o Y o
VLﬂLLﬂVL‘I/\lZQj‘VI@mu’ﬂUUﬂ’ﬂuVIqﬂq?LLfiﬂﬁlL‘WNLﬂNﬁlﬂUﬂW?ﬂﬂﬂigﬂﬂUﬂ’Jﬂ TUARURAUULASWNE

wilsenaunisinauaasldsunsy adannuamaiuianans uaslndsiasuaiiy

LAAIANIN “fizz” WY B LAAGTIFA 58l LWAANANIN “buzz” kN WAL

f—'ll &K o dl . g
LB LAAIDNFILATNIANGS zzbuzz” Tpeiazandailszlen

nasindulauu if...elsg uat/lunsaile

/** This program playg | Z ‘ﬂ.' . 5 to 100, replacing each

* multiple of 5 with iple of 7 with the word "buzz",

* and each multiple z". It uses the modulo

°

* operator (% . S-Oun - is divisible by another.
¢ e 52 o

‘k‘k/

public class FizzBuzz {  ..'% Jﬁh’-, " // Everything in Java is a class
= € L

public static [voldimain (String[] args) rogram must have main ()

for(int i =

if (((1 %

else if ((1 % 5#'== 0) System.out.pr nt("flzz"), // else a multiple of 57

:1::ﬁ‘uﬁl iﬂﬂ?ﬁj“ﬂ“ﬁ W T e

System ut.print (" ");

ammmm UANINYA Y

I] // A multiple of both?

System. out int ("fizzbuzz");

}
ﬂﬁ 5.5.N Vlvxlmummwauumﬂim@umw LL@JVI&I']EILﬂmﬂ?uﬂ‘ﬂ‘i_lﬂ%‘%’]\‘i’]um’m[ﬂ"J’rJF;INVI 55
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5.4.2 "LWzﬁ"aﬁwumm'm‘ﬂmwmm‘ﬁ"bﬂuﬂﬂiLﬁN%’@Uﬂwémﬁﬂmeiwj Taad
Tasa¥reann@nfisznandan aundin scope fisvyfeufnnfiaginnnfndannniasis
seiilunang FizzBuzz Tusnuuiaiuiian main uazian@n modify g lF i
ﬂmaﬂwmvm@munwsmmﬂLLﬂvmmmmm@w@mwa‘m'ﬁ' aINTTLANAS LU AUy

o o o

mwummqgmﬂugﬂw 5.5.9

<modconf>

<scope className="FizzBuzz" atic void main(String[] args)”>
<modify modType="ML ArOp
<modify modType="ML R

<modify modType="ML

<modify modType="ML L
<modify
<modify

</scope>

</modconf>

1588197 5.4.1

553 |Wasias NanaeniTlatia Andes nipetaaznuLlusiasueiui

/** This program plays the ga i 7 9.;;. i ounts to 100, replacing each

* multiple of 5. / with the word "buzz",

-

* and each mul !?? ' It uses the modulo

* operator (%) toﬂte lmby another.
‘k‘k/

public class FlzzBuzz‘? // Everything in Java is a class

public sﬂﬂ ﬂqsvl ﬂ !1 ﬂﬁn must have main ()
for (in /"cotint from 1 to 100

// A mu”ple of both?

if <'(<1/5> >=0) || ((i&7) ==0))

q ] ! ﬁﬁ) ——jm Mn:lq tiple of 57?2
1f ((1 - System.out.print(i); // ﬂ}tiple of 72

else System.out.print ("buzz"); // else just print it

.

System.out.print (" ");
}

System.out.println();

‘ﬂﬁ 5.5.A VLW@?VZWIWQUUWZ‘I\mW?LLmEILL@“’L'Z‘]“IILLZWN[FI’]LLMuQWNﬂW?Lﬂ@ﬂuLLﬂ'Z‘]\?
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o QI a ¥ ! v Y o dl v o ¥
ﬁ@\iﬂ’]ﬁ‘LLfﬂ‘ﬂLW?JLﬁ]ﬂJﬂ‘ﬂUﬂW?‘ﬂﬂﬂ”lﬂiuﬂl‘ﬂUL‘I.IWll‘ﬂ\‘]?‘W&ﬁlu@UUVIVL@ﬂWVHWVL‘J"QZWUﬂ’]?

wasuwlaslusiasuatiunusumisinefssie i

o [ ¥ o

1. naasunlasafiun sl T e R UANNANNUSAINT AR N UA AN NE ANATA
- o o 4 Y dy -

1A ML_ReOp LJUqaN 1NN uunge9qanAadnIsias

2. A unl a9FA NI UNIN AL AIA FIATLTRUNITNINATINZLULNINNA F9
ANNUNIINNATINZLLLBANIA BASF A URUN T AsU A NANNUST A1n
1aNIMUAAMNRANAIATHA ML_ArOBME, Ml LoCoBiOp, ML_LoCoUnOp ua

-
ML_ReOp 1naziixan
dl v o A % [ dl v Y
3. naasuudasdennannafina et if luaneaehanulagn1sfntanan else
- Qs O l a =)

AANANINARUI AN UO AW UAALINNANAIATRAML_If3StCh

4. nraulasuudasdan@uanammiaatanis Laznsasuilasiananunisingula if

{ Q o vll o

Tudnuusnaesiagtlunigaduaisunqudensainielulselon if uaziselon else

andenuuARINNERNARTR ML AfOpMe WAz ML_If3StCh
i
5.6 NMSNAFALMTIANANNRANAInaT L LllsunsN (Aias1an 6)

3 Jo g

d =l 1

N19NARALNINRNAINRANAIARN1INAGBLNIRL AT 1A ana1a R T uFaasnang

AuANNRaNaAas dsuaT LA Neae Java Examples.in a Nutshell Tngilusinagngil

azlfuandlnddayarie lnuniWdsianuatunewnanisuflaisindaunndes

dsznausag siasuatiuuazmnamalsznaunnsineuaestlsunsu Wddaiiuuananu

AANATA AL WA T RAWRTLrAIRINNIT LA I I ANdRLN N IR IAANd RN ALA

56 WAz R LRI UINa AN A 30T 1R TR d alnEa ¢ e dlReinAuTdsunsunay

- X A a oA = = A @
piRlullsunsutidullsunsuiananistiuiatlngazdNanladndanananotaanaauiLu
dl v o [ 1 . ” dl KX o dl ¥ [<3 o
LRUNUN9698 5 A6 TLTUNTHAZUAANANGN “fizz” LN LHALAADAILAINUITAVEL] ARIFA
o 1 ” d‘ =® % dl v v [~3 %3 v v o 1
ALUAAIAIIN “buzz” UNU BAZINALAANDNAALAININTAE LA LA AAIA LA LELAAIATIN
“fizzbuzz” wAAzwanmA1aiun g nsaiaaslselaanldlunteindululullsunsuiaz 14

Uszlam switch...case Tunsdnduladnazidnteulaveamnnisalls
/‘k*

* This class is much like the FizzBuzz class, but uses a switch statement

* instead of repeated if/else statements
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**/
public class FizzBuzz2 {
public static void main(String[] args) {

for(int 1 = 1; i <= 100; i++) { // count from 1 to 100

switch(i % 35) { // What's the remainder when divided by 35?
case 0: // For multiples of 35...
System.out.print ("fizzbuzz "); // print "fizzbuzz"

break;

// Don't forget this statement!
case 5: case 10: case If the remainder is any of these
case 20: case 25: the number is a multiple of 5
System.out.pri int "fizz"
break;

case 7: case 14:

multlple of 7.

System.out
break; \\

default: other number.
System.out ~‘-- ‘ number
break;

1UNNI1IN9UTBFRRENT 5.6
Y |
5.6.2 "LWzﬁ@ﬁﬂum AN ; uﬁjmws’mﬁﬂwmzmﬂ Ined

% a dl v a = =® a dl o a % 1
Iﬂﬁ‘\‘iﬁ?qﬁﬁﬂﬁﬁﬂﬂﬂ?”ﬂ’ﬂulﬁ’]&l@m’mﬂ scope NIZUINUTLITUNASNINITIANTALNNTET WA

s s BB F A THB A G

daunwsasi mm%a‘mmﬂmm [?’lu’ﬂ‘]_.lj_l

—RARIAINIUNNIIN HIAY,......

<modify modType="ML InLiMiFo" modNum="1"/>

<modify modType="ML ReOp" modNum="1"/>

<modify modType="ML SwCaSw" modNum="1"/>

<modify modType="ML SwCaDe" modNum="1"/>

<modify modType="ML SwBrDe" modNum="1"/>

<modify modType="ML ItFoStCh" modNum="1"/>
</scope>

</modconf>

717 5.6.1 I&danunanuRanaIn8968E 19N 5.6.1
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56.3 asdaduatiundsnisudlunuidudaunwsasdeasnuLilusiasuaiun

wWasuulasll fasiasaedelugly 5.6.a

public class FizzBuzz2 {
public static void main(String[] args) {
int 1 = 1;

N

i++;

switch(i % 035) s the remainder when divided by 357

/,
/E multiples of 35...
; é "fizzbuzz"

n't forget this statement!

case 10:
System.out.prin
break;

case 5: case 0: ca le remainder is any of these

case 20: cas umber is a multiple of 5
System.out. ; ; t"fizz"

case 7: case 21g: :
System.out.
break;

default: >ther number...

System.out.pri he number
break;

}

}while (1 == 100;)

System.out.println

) =

} 77— )

sa

71l 5.6. ”LWmV’miufaﬁw\mmm mLLmLMLmmﬁmmmﬁﬁﬂmﬂﬁﬂmlﬂm

e B TN i

Lﬂ@ﬂuLLﬂ@\i’lmﬁmmuummmme‘mwjmmiﬂu

RN A BEIA Lt

Lﬂ@ﬂuLLﬂmumLﬂ@ﬂwﬂummwmmwﬁwLmu do...while aA1NaNN4aN1NLAAINN

NANANATHA ML_ItFoStCh

2. ﬂ’]ﬁ‘Lﬂ?]IEIuLLﬂ@\‘igﬂLL‘LI‘LIﬂ’]ﬁ‘LLZQﬂ\“]"]J’ENﬁ’JLﬂﬂJ’Q’]ﬂ%’ﬂﬁ’muﬂﬂQ’]NaﬂW@’]Wﬁﬁﬂ
ML_InLiFoCh

3. maulasunlasludenunisiadulauuy switch...case taanisadunadilunis

ARAU1IATRITAAINN ANNTANTUUAANNEANAIATIA ML_SwCaSw
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4. nsulasuutasludiarnunisiadulanuy switch.. case Taanissadanany break
28N ANLBNINUAAMNRANAIATHA ML_SwBrDe

5. nnslasuudasludeninuniafndulansy switch. case lagnnsdnnsdilunis
NeuLnensiean il den1vuaanutanaintia ML_SwCaDe

6. nialasuudassasfiuniadTauia AN NANAUSANNDANINUAAINNRANANA
73m ML_ReOp
N //
57 mswmaumsmum&m 1) St 7)
NTNAAALNITLE N AVILNANE Nmmmummmmwmmmlmm
o =X o o 2] = =

% AuTIN1IM IUsunINARNNILRaT

Tnelusaeteailazlduan gl dd e asg warfunauRinsuAliu LAy

aun19nuaasldsunsy TWa

o

TANTNWAAITNNANA WA T ANIANTAUNWIAIAN Y

AANIUUA

WynadlnenILAN YraL AR ies uaausnstirasn Tnely

Iﬂi‘LLm‘u’%Vl’m’]i‘LLEIﬂgmm’N’]‘ﬂ@ @’]ﬂﬁlﬂ’a‘t@ﬂ switch lun13dnauladied

TNERS L‘ﬂﬁlﬂﬂ\i?ﬂ@ﬂﬁ@ﬂ’]\iMVl 5.7.0

s RHE ) EJ‘V]? NEIN3

public class Plural {

ARSI T Wﬂ’] NYIRE

Scanmrr kb = new Scanner (System.in);
System.out.print ("noun = ");

sNoun = kb.nextLine();

pNoun=sNoun;
switch (sNoun.charAt (sNoun.length()-1)) {
case 'c':
case 's':
case 'x':
pNoun+="es";
break;
case 'y':
if ((sNoun.charAt (sNoun.length()-2)!="a"')&&
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(sNoun.charAt (sNoun.length()-2) !="e") &&
(sNoun.charAt (sNoun.length()-2)!="1i") &&
(sNoun.charAt (sNoun.length()-2) !="0") &&
(sNoun.charAt (sNoun.length()-2) !="u")

)|
char[] pNoun2 = pNoun.toCharArray();
pNoun2 [pNoun2.length-1]='i"';
pNoun=new String (pNoun?2) ;

E

} ‘...-lll.-"
System.out .println/

pNoun+="es";
}
break;
default:
pNoun+="s";

break;

R1192NALININNUTDIFIDENNT 5.7

AUNWTBIANHOIZA WY

UNRZNINTLANGRUNNIDY LAY

an1@n modify tudqul IB9TALNNIBIFAI|UAZAIUIUATD

daunndasnsieanaanalug pFnaEg LN 5.7.9

<modconf> -l

k.
L)
<scope className=" g "": in(String[] args)”>

ﬂr(:o o ﬂ
eOp" modNum="2"/>

<modify modType="M

<modify modType="M
— HEATEINYNT
</modconf> ‘

R RIBTUERAIREN A 8

5.7.3 TWasdaduatiunasnisud vy udaunnsasdeasnuLilusiaduaiun

<modify mOdT§F6="ML D€MmodNum="3"/> s

</scope>

wasuulasly fsiadaedeluglyn 5.7.

import java.util.Scanner;

public class Plural {
public static void main(String[] args) {
String sNoun, pNoun;
Scanner kb = new Scanner (System.in);
System.out.print ("noun = ");

sNoun = kb.nextLine();
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pNoun=sNoun;
switch (sNoun.charAt (sNoun.length()-1)) {
case 'c':

case 'x': i 1

pNoun+="es";

case 'y':
if ((sNoun.charAt (sNoun.length()-2)!='b") | I&

(sNoun.charAt (sNoun.length()-2) !="e") &&
(sNoun.charAt (sNoun

(sNoun.charAt (sNoun.
(sNoun.charAt (sNoun.
)
char[] pNoun2 = pN

pNoun2 [pNoun2.length-1]="4
pNoun=new String (M‘
pNoun+="es";
break;
default: N
.

pNoun+="s";
break;

9119 5.7.A TWAsaf LI o L WLAAIA LN N TN AeuLlag

a

o dl v o ¥
dupilanmualdazwunis
LY

AN LA

wasudlaslusiasumdi

0

1. ﬂ'mﬂ%ﬁﬂuu,ﬂmimﬂ%"\w@ﬁ@mwvwitoh annsRansiNeulnazn19sn

oeak il R PRI T) T

2. ﬂﬂﬁ‘LﬂgﬂgLLﬂ@\‘igﬂLL‘LI‘]_Iﬂ’]ﬁ‘LLZQﬁkﬂlﬂ\‘iﬁ’lﬁﬂﬂ?gﬂzﬂ’]ﬂﬂaﬂum‘%ﬂjﬂmﬁﬂﬁ’lﬁhLﬁuﬂﬁ?

ARAPARARUINI R

a G o o a = = ¥ (=3
URUATAINNEAIALTEINNNIN RTINS wazn il asuutlasnisFanldiniian

1
=

length Lunsanlddeya andeniuuaniuinnainatin  ML_ReOpuas
SP_MiCaleMe
4. nalasunasianseadieaaataniny it aanniesatduiinniaan anndaniuue

ANMNRANATA ML_DeMo
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5.8 NSNARAUNITLANANNRANAIAAIbUTLSUNTN (Aatan 8)

N19INAFALNITLANAMNRANAIALLTUFAat19N 17 ANANR ANAIAAa 1194

(4 1

suatiuainuiisde Java Examples in a Nutshell tnglusiaatingtlazlduanslnddayasing

a

1 %4 o v o
wiavsznaunie saAURTLLAZUNNg

urndaviaduatiuneuiinisud ol
windsznaunisineurest MuRANan ualnssiasualiy

o S a g
Mﬂ\i@qﬂﬂ’]?LLﬁl"ﬂLWNLmN‘H

5.8.1 1WA RS 9 Tlsunsuiiiflullsunsui ld

114N197ANUIDLLATRNUA ratosthenes T4A1AUNANNS
1 ) [~3 dl -~ E 5 1 v 1 Y o Z’/ 1 1
AR UILLAN AN A PBUATRTUILLANNTA Tag NI udaa 11wl

v

dld 1 1 = ¥ i of 1. A o [~
NUAUAENI1 100 UTRRN NN UTEUIAN A LN U UIULDANITLAT

/‘k‘k

* This program computes pr he Sieve of Eratosthenes

* . . -~ . R — . .
algorithm: rule out mu%&igigﬁﬁﬁiéaq.?- i ime numbers, and anything

* remaining is ﬁ}irime. It prints out e number less than

* or equal to the supplied command-line argumen
**/ :
public class Sieve

public static void ?aln(strlng 1 args)

vl um e iwiﬁﬁ ne

int max // Assign a default value

ﬂiwmmmwﬁmmﬁgzz,ﬁ:w

Create an array that specifies whether each number is prime or not.
boolean[] isprime = new boolean[max+1];
// Assume that all numbers are primes, until proven otherwise.
for(int 1 = 0; 1 <= max; i++) isprime[i] = true;
// However, we know that 0 and 1 are not primes. Make a note of it.
isprime[0] = isprime[l] = false;
// To compute all primes less than max, we need to rule out
// multiples of all integers less than the square root of max.
int n = (int) Math.ceil (Math.sqrt(max)); // See java.lang.Math class

// Now, for each integer i from 0 to n:
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// If 1 is a prime, then none of its multiples are primes, so
// indicate this in the array.
// If i is not a prime, then its multiples have already been
// ruled out by one of the prime factors of i, so we can skip this case.
for(int 1 = 0; 1 <= n; i++) {
if (isprime[i]) // If i is a prime,
for(int j = 2*i; j <= max; j = j + i) // loop through its multiples

// noting they are not prime.

isprime[j] = false;
}
// Now go look for t
int largest;
for(largest = max; !i // empty loop body
// Output the resul

System.out.pri equal to " + max +

—

}
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<modconf>

<scope className—"SiD " methodName="public static voi@main(String[] args) ”>

<modify modType="ML P‘Cﬁ" modNum="1" />0
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<modify mo

<modify modType="ML ArOpMo" modNiﬁ—"3"/>
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</modconf>
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J*x
* This program computes prime numbers using the Sieve of Eratosthenes
* algorithm: rule out multiples of all lower prime numbers, and anything
* remaining is a prime. It prints out the largest prime number less than
* or equal to the supplied command-line argument
x5/

public class Sieve ({

public static void main(String

// We will compute all pz: 3 he supplied command line argument
// Or, if no argumen )
int max = 100; sign a default value
try { max = Integer. to parse user-supplied arg
catch (Exception e) ) ently ignore exceptions.

"""-..

// Create an a - ies whethe umber is prime or not.
ispri 90 g r k ‘\\

// Assume that al

boolean|]

i:en otherwise.
int i = 0;
while (1 <= max) {
isprime[i] =
__i;
}

7 ]
// However, we know ha.jE{Lﬁeil, i orimes. Make a note of it.

isprime[0] = isprime[l Eﬁ-‘
// To computewal less 't ' le out
// multiple.'
int n = Mathle#i .Math class
// Now, for ea;H intege

// If 1 is a prlme, then none of 1ts multiples are primes, so

ii ﬁww PNINYANT

out by one of the prime factors of i, so we can sklp this case.

W}a Nt Inesy

for(int j = 2+1, j <= max; ) gh its multiples

isprime[j] |= false; ﬁl // noting they are not prime.

// Now go look for the largest prime:

}

int largest;

largest = max;

do{ 6 l
largest--;

}while (isprime[largest]) // emp{ly

// Output the result
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System.out.println ("The largest prime less than or equal to " + max +

is " + largest);
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5.9.1 TWasiasuatiunauwnInIsud L AN ANTaunnsas IWdsaduaiiuaag
TsunsunieiananTilsunsniiullsunsnguiuldlunismns9aaaumn1379 Sudoku 911374

Adl Vo f.'/ ¥ A 1 6 o A 1
Vlvlmumuugﬂmmmmﬂgmﬂvlu NANIABLULDT UAN UTARTTINEAELTBIANTTIN Sudoku

¥ 1= o Adl % o
’QZIF]’QQVLNQJE]’)L@“IIIG] LaEINTIINU

public class Sudoku {
public static void ma
int[]1[] t = {{ 9,

~ 0~ 0~

~

~

~

R T e
o W Ul J s o N
~

~

System.out.println(isSudku(Flla . . o

}
) . ) o
public static boolean 1sSudo ,_:___:
if (checkRow (table)&s L able) ) {

return true; mew—m————————————————————a_

) \ 7 RY |

return false; T
} !

// add any additional Tﬁthods here

= AUHINERINE NG

return truey

FRIANTUNNINGAE

public static int[] constructChecker () {
int[] check=new int[10];
for(int i=0;1i<10;i++) {
check[i]=1i;
}

return check;

public static boolean checkRow (int[][] arr) {



for (int 1i=0;1<9;i++) {
int[] checker=constructChecker();
for (int j=0;73<9;j++) {
if (isRepeat(arr[i][j],checker)) {
return false;

}

return true;

public static boolean check
for(int i=0;1<9;i++) {
int[] checker=constru
for (int j=0;3<9;j++)
if (isRepeat (arr(

return false;

}

return true;

public static boolea
int[] checker;
for (int row=0; row<7;

for (int col=0;col<7;c

for (int 1=0;1i<3;1i++) { e “
for (int j=0473<3; - 4

if (isRep

} )

e HUEINENTNENS
ot R WABEAIAUAAINLN Bt
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aun@n modify 1fudauldniinunnmdnwuzaesdeunniasdneuaziatuinqnaed
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<modconf>
<scope className="Sudoku">

<modify modType="ML" modNum="15"/>

</scope>
</modconf>
317 5.9.9 Iddanvunanuianain
59.3 "LWmuamufauw AUNNTAITIRLNULTUIT A waTTUN

public class Sudoku {
public static void
int[][] t =

~ 0~ 0~

~

~ 0~ 0~

o W U o NP
~

~

}

=T
public static boolean ]
1 (checkRow (tab g idmeheektotuin-fbabielismchecktna €Nt} {l
return false; v_ :
} |
// add any additionai-methods here

AT T YA

}else(

PRI NN ING A Y

public static int[] constructChecker () {

int[] check=new int[10];
for (int i=0;1>=10;) { £l
i;

check[i]=

}

return check;

public static boolean checkRow (int[][] arr) {

for(int i=0;i<9;--1i) { {l




int[] checker=constructChecker () ;

for (int j=0;73<9;j++) {
if (isRepeat (checker, arr[i]l[j])) {{l

return false;

}

return true;

public static boolean checkCol "“.1
for(int 1i=0;1<9;i++) {
int[] checker=construct
int j=0;
do{
Jt+;
if (isRepeat (ar
return false;
}
}while (j<9)
}

return true;

public static boolean c
int[] checker;
int row=0;
while (row<7) {

row+=3;
for (int col=0;e0l<7;

constructCh
for (int 1i=0;

for (int j=0; %1,
if(isRepea<i rr l
return flase,

ﬂ‘IJEI’J'VIEWIﬁWEI'lﬂ‘ﬁ

[row—
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Application of AST for Enbugging on
Debugging Training System

Practical training for realistic experience

Tanawut Wattanaprechagit and Somchai Prasitjutrakul

Department of‘Cumpute ngmeenng, Faculty of Engineering
ngkok, 10330 Thailand

ABSTRACT /ﬁer, the students can be trained by debugging
— i i

W duk of debnpring rid : codes with commonly encountered bugs.
Audents to alequ:'r&' the skill bW & it i ESE T3 ‘Elp the students to reduce the occurrences
necessary and heneficial o 21 - trading Ty ki ieir programs.

svstem for then fn this paper, w
the ahstract syntax tree fo

existing programs in arder fo 4 -
enerraen foolindonts Ay erature on teaching of introductory

many semantic ervars ints the pro L - 40 ing'[2] had identified these papers in four of
i icula, pedagogy, language choice and
caching. Most of them are tools for
vhich has two main objectives. One
enbug, debug, 1 af these tools is to improve the
education, novice programitng. N = 1 apding of students or help them to learn in
A pasily ways and the other ohjective is to reduce
! ThE workioad of the teachers. Typical targets of these
topls afe computer programming course management,
poorly especially in compute £ v!‘_“' detection, automatic assessment or
many students, computer programy tomatic program diagnosis system. However, there
difficult because they have to leans Tt 8@ small number of papers that are interesting in
programming SLmultanF nm mmmm kiliger finding way to improve debugging
gyntax of programming _tsnerane — mromEmE elis pesearch [3] has shown the relation
structure,  computer n grammers and good debuggers. The

apers in computer science education field

Kevwords

Mature of learning any new

pmgramming design for il y probler ' g slilhas an effect to improve programming
skills are hard for the Em_nerg o spe . Moregver, the research of Ryan and Michael [4]
debugging skill. Debuggiig is a skill for remmmg I:ﬁs shown #ay to improve debugging skill, which
any defective codes from cgmputer programs Lfl meds pra::ueal experience. Hence, we propose to

does  not ‘ﬁe% m trammg debugging skill of
programmer’s I EJ w
tus work w

Students rew debugging skill to cope with 8 applled Abstract Syntax Tree to
defective programs. Frﬂqueml\-' 5tudents mﬂct hlgh— 1.tw enbugging TEC e which emph,asu:es o

frequ ir tic bugs. These bugs
Fe ea %: 51; l codes to be the
bvstude 5. Syvnt ciive %es i 5t students will practice

be identified bv., compllerat the compile time I:mt mhﬂ mﬂr skill by our debuggmg training system. In this

errors such as semantic errors must be identified by  paper the meaning of enbug is the opposite of the
students. They take substantial amount of time to  Wword debug, namely, that to add errors or defects into

correct defactive programs because debugging is software or hardware. The rest of paper is organized
difficult skill for them. Although students require 2 follows. Section 2 gives a short background and
&Ebugglng skill for ggd[ng programs, computer overview of related works. Section 3 El‘i."ES an idea of
programming courses rarely train the debugging skill. the methodology to construct the system. Section 4
The students must develop this skill by themselves. reports the results of implementation in enbugging




and finally in section 5 we draw a conclusion and
point to the firther work.

2. BACKGROUND AND RELATED WORKS

To develop automatic enbugging technique for
debugging training system which scopes to the
semantic errors, we need to understand the structure
of programs and require a tool for manipulate the
structure of programs in order to inject the semantic
errors which do not violate the language syntax of
programs. There are two main components
used as the tools for implementation the ‘del i
training system: abstract syntax treg #nd Comng
iy Y

1.1 Abstract syntax tree (Al NS the tree
representation of abstract sy Progtam. which
independent from concrete & '
programming language such as ide
conditions, or statements. A
representation of program strug
in structural matching togifder
evolution [3], finding unusua
mutable class pattem [7]. Tl
its capability to be parsed®Back
represented by the AST spil
requirements. AST is the besg€hoig
development.

1.2 Commaon bug, Althoug

a11J

EL Al ll\ [ o
J x >
have reported that many studelits | .n S

frequency defect code into t ,
1986[1], there is very tiny report aboufsen
high-frequency defects, such as a report
2003[8] that is19 vears aﬁer
published. The most o
defects can be searched
books or web pages in
Some of the information of @
Vipindeep's technical report [9]. WE

information to inject defect into the original source
code.

, e
folf using, -l?.u

ek KTJ
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3. METHODOLOGY

We begin our work by designing the system
workflow. The resources and the limitations are
panned for building the system. This system is
developed for besic java programming course and all
of systems are implemented in java language. AST, a
tool from Eclipse [10], is chosen for owr
mplementation. For describe owr method we will
explain in two level of view, overview of system and
enbugging step to inject bug.

31 System work flow. The workflow of
mg training system is designed to train the
skill of students. This system must be easy
d lessen the workload of the teacher. In
programming course, teacher must give an
Rercise t0 students to increase their experience in
n general, the teacher will give the

PO I

T = .
deseriptieiaf problems.  Students must design and

solve these problems correctly. After
fini shed, programming, students must compile
pgrams before submit them to the

her already has the original solution

T test idea. Moreover, some testers
ad f@ test his requirements. These testers
| tvreduce the workload of teacher. When
celved the exercises from students, these
EXErcse be tested by these testers. Hence, the
achers always have the problem description, original
jon'ebde and tester in exercise package.

he system workflow was designed in Figure 1.
praresources in teaching, debugging training
gedgfBug into the original source code.
HERCIISed to ensure in enbugging and the
ents are used to tell the scope of bug

only little extra workload for the

Student

Figure 1 debugging training system work flow



3.2 Enbugging.

AST tool is used to feed the defect into the
original source code in following step.

1) We begin by parsing the original source code to
AST structure by using AST parser in first step.

2) Second, the AST structure will be modified.
All possible enbugging patterns will be searched.
Then, a pattern will be randomly selected to modify.

3) After the second step, some structure under
root of the AST will change to defect structus r
that, we parse AST back to source codeal
to confirm that our modification can,
codes.

4) After running the teste )
cause defect, we remember this nogdi
new injection until reach to :
Eequirements.

3) The last two steps, We wi
information into the original
from the original source ¢
defected source code which ca
exercise

These steps are shown in figiire

ﬁ"

‘
\

\,
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4.

In this section we will report 10 examples of bug
type from our implementation. They are a variety of
simple to complex defects resulting from
modifications to the ASTs by three different methods
{insert, change, or delete)

4.1 Bug from using false arithmetic operators.
Java programming language supports three arithmetic
operator unary, binary and shortcut. We modified
these codes like tablel.

Table 1 Bug from using false arithmetic operators.

inal code:
a

RESULTS

b+o;
a/(b-c);

EEEC Ooe:
p+C;
ar (b=c) ;

from using false relational np-erltnrs
tional operators for comparing two
rmines the relation. We modified

- Tt

; ablel.
W

g from using false relational operators.

Enbugggd code:
fa==b) {...}

3 Bug from using false logical and conditional
' agianpuapge provides six conditional
& “fout logical operators to operate

Iy J_ es. We modified these codes like

m@

musing false logical and conditional
operator.

Figure 2 flow of enbugging step



4.4 Bug from Dangling else. It is easy to be
confused about matching nested if—else statement. It

is easy to miss else from the if-else statement. We
modified these codes like tabled.

Table 4 Bug from dangling =lse.
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Enbugged code
While (a<14d){

}

(riginal code
if(a){

else if (b) {

}

Enbugged code
if(a){

}
if (b} {

4.5 Bug from break in swit
frequently encountered. Omil

slalement cause an extra
We modified these codes ke tal

Table 5 Bug from b

Original code {
switchia) ¥ o ey
case J: .7 g B_{,_‘i.l'&.rﬁ"l fa
caga 1: ...

[ g
P"‘ new Afl]

Enbugged code
switchia)

4.7 Bug from missing initialization of objects.
Each object must be initialized before its usage.
Without the initial value specified, the object is null

and can cause runtime error. We modified these
codes like table7.

Table 7 Bug from missing initialization of ohject.

comparison of ohject. All java
belasses of java.lang.Object. The java
merely compare reference of object.
student misuse this statement. We

se codes like table®.

able’8 Bug from comparison ohjsct

ctAl .equals{cbjectal) ;

code
Dhj ecthl ==

objecthl;

onl Swapping arguments. Same type

4.6 Bug from missing mfrnnt in iteration.

= U FREAIN El’“Tﬂ“i

Table & Bug ﬁ'urn missing increment in iteratifin,

Nt il W ethod calls is easily misused.
-ﬂ can produce different outcome.
odes like table.

Tabile J Sug from swapping arguments.

Original code
methodl (int argl,int arg2){...}
argl,int arg2){...}

mecthodl({ a,b] ;

r arg3){..}
t argl){...}

methodl{ b,a) ;




4.10 Bug from modifier change. Object oriented
programming has many modifiers for different
purposes, changing, deleting, and inserting them can
cause defects. We modified these codes like table10.

Table 10 Bug from modifier change.

(riginal code
public int method(..){...}

Enbugged code
private static int
method (...} {...}

&, CONCLUSIONS AND FUR

We have presented app
injecting defective codes i
we can inject as many semanti
eave minimal extra wo
future we will extend our tyvg
mplement debugging tra
and analyze efficiency of systg
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