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2.1 Design by Contract

Design by Contract(DbC)[1]0 0000000000000 0OOODOOOOOOODOO1
gboogooboobobobooboobooboboobooooboobobooooboo
gogbogoobooboboooboooboooboooboboobbooobboobobo
0000000000000 0000000OOOOOODOODOOO (ooD)bDbDoOoo
0000000000000 00000000D0 (D00O)DODODoDoDooobobooo
gbooooboobouoooooboboooobobooboobooboobooboboooboooboo
gboogoobooboboobooboobobooboooobooboboooobo
goboobooobuoobooobooboobboobuoobboobooboooboo
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oo0oOoOoo000oDooO0o00obOOOo00o0oooDoOoooboOobo0ooobooooDoo
000o000ooo0oo0o0ooooooOooooo

oooooooooooooobooooobobooooboOoboOoUoLDbboUooDoOboO
goooboooooooooooooooooooOoobooOoo0oOooDbooooobDooooo
goboooobbCcOOOOOODOOOOOODOOODOOOOOOOOOOODOOOO
go0ooO0oo000oDOoOo00oOoo0ooooboboOogooooOoO0obooboboOooooboooooo
gobboooobooooboooooobboooooo

0000000000000 0Java Modeling Language(JML) [11] O J2SE 1.4 000 O
000 Javal assert 0 [12]00000000000CO0O 10JMLOOOOOOOOOOO
OO00oDOO0oD0D 1000000 JML_ExampleOOOOO sumOO000 JMLODOOODO
O000DbO0o0b0O0bD0O0O “requires” D 000 OO “ensures” 0 U0 0O 0O “maintaining”
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public class JML Ezample {
//@ requires a = null;
//@ requires a.length >0;
//@ ensures \result == (\sum int j; 0 <= j && j < a.length; a[j]);
public int sum(int[] a) {
int s =0;
//@ maintaining s == (\sum int j; j <= 0 && j < 1; alj]);
for (int ¢ = 0; i < a.length; i++) {
s = s + ali]; 10
}

return s;

O 1. JMLOOODODOOooooogoog

public class PDG_Ezample {

int example(int z, int y) {

int ret = 0;
if (z >0&& y > 0){
ret =z + y;

}

return ret;

0 2: 0000 example

23 0O00O0O0OO0O0DOO0

0000000000 (PDG)[I0j000000DO0OC0O0OOUOOOOOOOOOOUOOOD
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oO00OoO00300200000000D0000 PDGODOODO

O000000O0D0ESC/Java20 0000000000000 O0O0OOOOOOOCOOO
gooobooooooooooooboooooboboooooboos2bbooooboOooOo0 JML
gboobobgoboboboobobodgbobboboooobooboaobobooboo
oobooOoooO0ooDooobooOo pbGOOOOOODOO
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int x<2>

F—BKE
—_
return ret;<7>

ek TE

0 3: 0000 example 0 PDG

2.4 ESC/Java2

ESC/Java2 0 0Java0 0000 0000000000000Java0 0000000000
JMLOOOOOOOOO000000 JwaO0OOODOOOO00000000000000
ESC/Java2 00 0000000000000000000000000O00000000
0000000000000 000 Simplify 1300000000

0 4(b) 0 ESC/Java2 0000 4(a) 000000000000000000000000
000003000000000000001000 Bagjavad 1500021000000
0000 elements 00000 Null 000000000000000002 000 Bagjav
01500000000i0000000000000000000000000 Bagjava
021 00000000size0000000000000000000000000000C
00000000000000000000000000000000000000000
ooooo0o0o0

2.5 Daikon

Daikon [3,4,5,6,7, 8 000 0000000000000000000Daikon000
00000000000000000000000000000000000000000
0000000000000000000000000000 DaikenO00O0O00O000O0
0000 [1400000000000000000000000000000000000
0D00(05 0000000 Daiken0000000000000000000O0O000OO0
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000



class Bag {
int size ;
int[ ] elements ; // valid: elements|0..size-1]

Bag(int[ ] input) {
size = input .length ;
elements = new int[size] ;

System.arraycopy(input , 0, elements, 0, size) ;

}

int extractMin() {
int min = Integer. MAX_VALUE ;
int minindex = 0;
for (inti= 1; i <= size ; i++) {
if (elements[i ] < min) {
min = elementsi] ;
minindex =i ;
}
}
size--;
elements[minindex]= elements[size] ;
return min ;
}
}

Bag: extractMin() ...

figures\Bag.java:15: Warning: Possible null dereference (Null)
if (elements[i ] < min) {
A

Execution trace information:
Reached top of loop after 0 iterations in "figures\Bag.java", line 14, col 1.

figures\Bag.java:15: Warning: Array index possibly too large (IndexTooBig)
if (elements[i ] < min) {
A

Execution trace information:
Reached top of loop after 0 iterations in "figures\Bag.java", line 14, col 1.

figures\Bag.java:21: Warning: Possible null dereference (Null)
elements[minindex]= elements[size] ;
A

Execution trace information:
Reached top of loop after 0 iterations in "figures\Bag.java", line 14, col 1.

figures\Bag.java:21: Warning: Possible negative array index (IndexNegative)
elements[minindex]= elements[size] ;
A

Execution trace information:
Reached top of loop after 0 iterations in "figures\Bag.java", line 14, col 1.

(a) input Java source

(b) output warning

0 4: ESC/Java2 0000000
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gbogboboobobobooboobobdoboboboooobobooboboooboo
oOooOo00DOOO0OoOo0O0bDO00oDOOoOoOobOO0DODbaikon OOODOOOOOODO
oJMLOOOODOOOODbOOoDOooooooooboobobonogJawvaOboDoOoo
gobooboooboboobooboooobdg

2.6 Inveriant Coverage
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- ~al--
Target instrumented Data trace
program program database

. Detect
é |n5trument é run é

invariant

O 5: DaikonO0 OO

000000000000 (1|00 00b00000000U00O0LO0OUO0DOUoOOD
000000000000 00Uo0ooo0 600000000 U00o0DooUoooo
gobobobobobobobob-b0oboboboboobobooooooboooo

[00 2.1] 0O0-0000 (Definition-Use Chain 0 0 DUC)
000000000 SO0DO0bO0DbOO0bOeODUCODODODODOODOODOODOO
Definiton-Use Pair(D O ODUPO OO )000 0000 dO0O0OO0 030000000
v(d,u) DO0O0O0O0OO0O000dO0w000000O0O0O0O0OOODODOODUCO DUPO (O
0)0o0o000000ooooOooOoooOooo

v(z1, o) < v(x2, 1) ... = V(Ty, Tp1) (N > 1)

OO004J4000DUPO 0000

ooooOobOo0bObOO0dobw000o0o0oOobooooboooo bUPOOOOOODDOO
obobooooooobob ddwb0Db0ObOD0obooooobL DUPOLOODODODOD
0000000000000 0O00Ubo|jo0b0o0DbUPODOOOOOOOOOO

v(x1,x0) < v(z2,21) ... = V(T Tn—1) < V(Tp,xp) || (n > 1)

[00 2.2 000000000000

000000000000000000000 DbUCOOOO DUC,00000000
00000000 DUCOOD DUCqeees 000 000000000000000O00O0
000000000000 Cr,,0000 (1)0000000

Cln'u = DUCexecuted/DUCall (1)
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3.1 OO

O00o00o00oo0o0oo0o0oo0o0ooOo0oooooUoooooooooo 9
O0Daikon OO0 00O0D0OO0O0DOOOOOOODOODOOOOOOOOOODOODOODO
00000000000 0O0O0O000000OOoOOOOOO(O 6)

1. 0000DOOoOo pbGOODOO
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gbooobobooobo 2000400000000 00000O0DODOODOOODO
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gogbobooobooboooboooboooboboobbooboboobbooboboooboobo
gboooboboobobooobobooooboboobobooobobooobobo
gooboboboboboboJMLOODODObDOoDOooDgooDoo

1. 0ooooboogpbGUOODOO
2. 0000000000000 OOODOODOODOO
() 000000000000 0DOO0O0OUO0O0ODDO0OO0OUOODDODOOOOUOO

g

(b DODDODOOOOOOUO0ODODODODODOOOOOUOODUOODODODODOODOOOOOO
JMLODODOOOOoOoooodg

(¢ DOOODOOUOOOOUOOODOOOOUDOOOODOOUODOOODOO
gobooboooooboobooboboooboon
l. 0ooooooooooooooooooobob1obobobobOobo

() 000000000 0DO0O0O0UCOO0OODDO0O0UCOO0DODOOUOOOOO

i gobgbogobooobogobobobobobobob
i. Joooboboboboboboboobobooboboboboooo

ii. 0O00o0O0ooOo00oooboooobobooobonooboobooobobooobon
gobooood

(b 0000000 0O0ODOOO0O0O0O0OOOODOOOOOO0
2.000000000000000D00

0000 JavaDd 00000 Path_Example.java(0 8) 0 PDG(0 7)0 000000000
000000000000 0000000000 “System.out.println(”input xis 0.”);< 5 >”
oo0ooboooooooooooooooobooboooooonooooooooooo
000000 “System.out.println(’input x is 0.”);< 5> 00000000000000O
00000000o0o0o0ooooobuCcOdnooOoooooooooooooooon
oo oooooonbbbooooooooooooooon
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ret .@
true ..A‘.‘..,.”
System.out.printin("inputx is 0.");<5>

x>0 && y>0 <7>
“.., true

ret

return ret;<10>

O 7. 080000 Path_Example.java O PDG

ooooooooobucOooooooooooooooDbOOoObOOOoOo0oOooOoOoooo
gooooooboooJMLOOODOOODOOOOOOOOOODOOOODOObODOOOD
obobobooooooooooooboooobobobobobooooDooo JMLOOD
gboooboboooobobooboboobobooboboooboboboobobo
gopboooboog

OO0 JawvalOOD0OOOO0OOOOOOOODOOOOJMLODOOOOOOODOO 3000
goo

1. ghost OO “ghost boolean $$f1 = false;” 000000000000 0OOOOOOOO
000DO0DO00O0O00001000001000000ghostdDOD0OODOODOO
O0ooo0o0oooooooooooood

2. set OO “set $$f1 =true;” 00 0000000000000 O0OOset 00O0DO0ODO
gboboobooboooboooboooboobobbooboobooooooboooboo
goboobooobobooboobo

3. assert 00 “assert 1$3f1;” 0000 ESC/Java2 0000000000000 O0OOO
ugooobobootbodogooooboobobbtbodoooooboobobobodoouooobo



public class Path_Ezample {
int ezample99(int z, int y) {
int ret = 0;
if (z == 0) {
System.out.printin("input x is 0.");
}
if (z >0&& y > 0){
ret = x + y;

}

return ret;

0 8: Path_Example.java

gboooobooboboooooboboboooobobobonbObObOO0DbOon
Ub00b0bO0bD0OD essert DOOO 270000000000 0000000O000O0
uboboobooaoo

0000000000 JMLOOODOOOOOOO0OY9000009()0000O0000
ooo9(h) 0000000000000 0O0DDUOUOO

3.3 ESC/Java20 000000

ESC/Java2 0000000000000 OOOOOOOOOOODOODOO
1. 000d

2.00000

3. 000000

4. DO00OO0OODbObOOobOOoboOob

5. DOOoO0oDbOoOoboOO

goboboooboobooobobooobooobooboooboboobboobobool. ooooo
gobodobo2. 0bogbbooboos. ggboobobooboobbooboooo
gbooooboboobobobooo4osboboboobobobbobobooo
O0ESC/Java2 0000000000000 O0O0DODOOODOODODOOOOOOOOOO40
sbbodbuooboboobuooboboaoboobobbooboboobobonoban
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1: public class Example{ 01: public class Example{
2: int example(int x,int y){ 02: int example(int x,int %{
3: intret=0; 03: //@ghost boolean $V f1 = false;
4: if((x>0)&&(y>0)) 04: intret=0;
5: ret=x+y; 05: if(x>0)&&(y>0))X{
6: 06: lI@set $$f1 = true;
7 return ret; 07: ret=x+y;
8: } 08: }
9:} 09: //@assert $$f1;

10: //@assert 1$$f1;

11:  return ret;

12: }

13:}

(a) original source code (b) inserted source code

O9ouooooJMLOOOOOOD

000405 0000000000000010203 00000000000 DODO0OO0DOO
O00D000O0O0O0UOESC/Java20 0000000000000 JavaCC [18,19,201000
O0O00ODD0OESC/Java20 000000 ESC/Java2 0000000000 O0O0ODOOODO
ggoobboooodoogooboboooooboooooobbboooobboooubbo
01,2340000
gooooooobboboooobbooobboooobooooboooooooo
0000000000000 00C00return0000000000O0O0O0OO0OO(DO 10)
gobo0o0o0dwbodoboooooouoooob@obboboo8uuobooonbooo
g bbbl recurnd oo bbooooooobooooboog
00000000000 Otextlength() < patternlength() 0000000 text 00000
Opatterm 000000000000 0O0O0O0O0O0OO0OO0ODOO0OO0ODOOOOODOOODOO
“\typeof(text)==\type(java.lang.String)” O “\typeof(pattern.charAt(j)) <: \type(char)”
0000000000000 00O0D0 textOODO String000000ODOO0OQO patternd j
00000000 pattern.charAt(j) 0 char 000 0000000000000 OOO
00000000000 000000000DO000000DO00000 Stringd OO
gooobooobooooboooobooobooboooboobooobooboboobo
ggoobbogobogoobboodgoobooouoboobboooobbooboba
ggooboboooobtooooboboooobbboooobbooobboooooobbo
gjooooouobobbbbbotbdoooooooooboooooo
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*kkkkhkhkhkhkhkkhkhkkhkkhkkkhkhkhkhkhxk

@15

text.length() < pattern.length()
\typeof(text.length()) <: \type(int)
\typeof(text) == \type(java.lang.String)
\typeof(pattern.length()) <: \type(int)
\typeof(pattern) == \type(java.lang.String)
(BM.buildLastFunction(pattern) != null)
(text != null)

(pattern !'= null)

*kkkkkkhkkkhkkhkkhkkhkkhkhhkhkhkhkhkhrhxd

kkkkkkkkkhkhkkkkkhkkhkhhkhkkhkhkkhkkhkhkkkkkk

@43
text.charAt(i) == pattern.charAt(j)

pattern.length() ==

0 < text.length()

\typeof(text.length()) <: \type(int)
\typeof(text) == \type(java.lang.String)
\typeof(pattern) == \type(java.lang.String)
\typeof(text.charAt(i)) <: \type(char)
(BM.buildLastFunction(pattern) != null)
(text != null)

(pattern !'= null)

*kkkkkkhkhkhkkhkkhkkhkkhkhhkkhkhkhkhkhkhxd

kkkkkkkkkhkkkkhkkkhkkhkhkhkkkhkkkkkkkkkk

@74

pattern.length() <= BM.buildLastFunction(pattern)[text.charAt(i)] + 1
text.charAt(i) < BM.buildLastFunction(pattern).length

0 < pattern.length()

\typeof(text) == \type(java.lang.String)

\typeof(pattern.length()) <: \type(int)

\typeof(pattern) == \type(java.lang.String)
\typeof(BM.buildLastFunction(pattern)[text.charAt(i)]) <: \type(int)
\typeof(pattern.charAt(j)) <: \type(char)

\typeof(text.charAt(i)) <: \type(char)
(BM.buildLastFunction(pattern) != null)

(text.charAt(i) = pattern.charAt(j))

(text != null)

(pattern !'= null)

kkkkkkkhkhkhkhkhkhhhhhkhkhkhkhkhkhkd

—_— =

O 10: BMjavaOOUOODO BMmatchOOOOOOOOOOOO
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Ulgooooi1

counterexample = expression_list

expression _list = { expression }

expression = logical_and_expression { ”||” logical_and_expression }
logical_and_expression = inclusive_or_expression { "&&” inclusive_or_expression }
inclusive_or_expression = exclusive_or_expression { ”|” exclusive_or_expression }
exclusive_or_expression = and_expression { ”\” and_expression }
and_expression = equality_expression { "&” equality_expression }
equality _expression = relational_expression { "==" relational expression }
relational_expression ::= shift_expression { relational_op shift_expression }
shift_expression = addtive_expression

addtive_expression = mult_expression { additive_op mult_expression }
mult_expression = unary_expression { mult_op unary_expression }
unary_expression = sign unary_expression

| unary_expression_not_plus_minus
unary_expression not_plus_minus = (”!” | ”~”) unary_expression
= | postfix_expression
postfix_expression = primary_expression { primary_suffix }
primary _suffix = 7(” expression_list ”)”
= | ”[” expression ”]”
primary_expression = built_in_type()
| ref_ name
| 7 null”
| 7this”
| constant
| 7(” expression ”)”
| esc_primary_expressrion
built_in_type = ”T_boolean” | "T_byte” | T _char” | " T float” | ”T_int”
| ”Tlong” | ”T_short” | ”T_void”
| ?T_boolean[]” | "T_byte[]” | ?T_char[]” | ”T_float[]”
| | ”T.int[]” | " T long[]” | ”T_short[]”

13



0200002

esc_primary_expression

typeof_expression
isEmpty_expression
arrayLength_expression
size_expression
matches_expression
max_expression
min_expression
isNewArray_expression
elemtype_expression
equals_expression
cast_expression
charAt_expression
entrySet_expression
hasMap_expression

HashCode_expression

typeof_expression | isEmpt_expression | arrayLength_expression

| length_expression

size_expression | matches_expression | max_expression

| min_expression

isNewArray _expression | elemtype_expression | equals_expression

cast_expression | charAt_expression | entrySet_expression

HashCode_expression | hasMapObject_expression | mapsObject

hasMap_expression | intern_expression

interned_expression | isDigi_expressiont | listGet_expression

get_expression | getProperty_expression | getTime_expression

keySet_expression

contains_expression | containsAll_expression | containsKey_expression

containsValue_expression | containsObject_expression

indexOf_expression | lastIndexOf_expression | subList_expression

toArray_expression

toUpperCase_expression | values_expression
"\typeof” ”(” expression ”)”

"\isEmpty” 7 (” expression ”)”

"\ arrayLength” ”(” expression ”)”

"\size” (" expression ”)”

"\matches” 7 (” expression expression ”)”
"\max " (” expression expression ”)”

"\min ”(” expression expression ”)”
"\isNewArray” ”(” expression ”)”
"\elemtype” 7 (” expression ”)”

2

"\equals” 7 (” expression expression ”)”
"\cast” 7 (” expession expression ”)”
”\charAt” ”(” state expession expression ”)”
”\entrySet” ”(” expression ”)”

”\hasMap” ”(” expession expression ”)”

”\HashCode” 7 (” expession ”)”

14
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hasMapObject_expression
intern_expression
interned
isDigit_expression

list Get_expression
get_expression
getProerty_expression
keySet_expression
contains_expression
containsAll_expression
containsKey_expression
containsValue_expression
containsObject
indexOf_expression
subList_expression
toArray_expression
toUpperCase_expression
values_expression

ref_name

location

ident

constant

”\hasMapObject” ”(” expression expression ”)”
"\intern” 7 (” expession expression ”)”
”\interned” ”(” expression ”)”

"\isDigit” 7 (” expression ”)”

"\listGet” ”(” expession expression ”)”

"\get” ”(” expession expression ”)”

7

"\ getProperty” ”(” expession expression ”)”
”\keySet_expression” ”(” expression ”)”
”\contains” 7 (” [state| expession expression ”)”
"\ containsAll” ”(” expession expression ”)”

” expession expression ”)”

"\ containsKey” 7 (
”\containsValue” ”(” expession expression ”)”
”\containsObject” 7 (” expession expression ”)”
"\indexOf” ”(” expession expression ”)”
”\subList” ”(” expession expression ”)”
"\toArray” ”(” expession expression ”)”
"\toUpperCase” ”(” expession expression ”)”

" expession expression ”)”

"\ value_expression” ”(
this 7.” 7(” ident location ”)” | regexAt

| ident { ”[” [expression] ”]” } location | "RES” [location]
LOC_LITERAL

| RES.LOC_LITERAL LOC_LITERAL

| LOC.WITH_LOOP_LITERAL INT_LITERAL LOC_LITERAL
IDENTIFER { ”.” IDENTIFIER } | LOOPOLD |

number { number } | 7 {(”” | ”$” | alphabet | number )} ”

” |

| ”false” |"true”
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U4 00004

relational op n= ST | =T | > | T

additive_op e i I

mult_op A

sign n= U477

LOC_LITERAL =" number { number } ”.” number { number }
RES_LOC_LITERAL = 7-” number { number } ”.” number { number }
LOC_-WITH_.LOOP_LITERAL := ”-” number { number } ”.” number { number } ”#”
IDNTIFER w= ("7 | 79§ | alphabet) { ("-” | ”$” | alphabet | number ) }
number n= 0" |71 LYY

alphabet n= Q| PB L2 | TAY | PBY | L | 72
4 00O

gbooobobooobooboooobobooboboboboobobooobooooboo
goboobob430000 JawvabDO0ODOODOODODOOOOODOOOOOODOOO
gbogbobooboboobobuoboooboboobobooobobooobobo
gboobobooboboobobooouooboboobobooboboobobo
goooooon

gbooobobooobooboooboobob 200b000b0b00o0bbOobooboobobo
goooo

l. Jdboboooboobooobooboboobobooboooboobooon

2.00000000000DOO00O0O00DODbOOo0ObOO0ObObOOobObOOo0bOoOOooDn

OO00ODaikenODOO0OO0O0O00OO00O0OOOOOO0ODOODOODODODODODODO

gboboboboboboboboboboobooob

4.1 0000

gobooboogobbooboobbooboobbooboobboobooobo

e J00:HPZ400

e OS:Windows Vista Business
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CPU:Intel Xeon W3520 2.67GHz x 2

Memory:6.00GB

Java:JDK1.4.2_19(ESC/Java2 0 0 0 )0 JDK1.6_17(0 0 0 0 0 Daikon 0 0 0)

ESC/Java2:version2.0.5

e Daikon:4.6.3

4.2 0O00O0O0O0O0OO

0000000000000 0O00ESC/Java2d Javal 40 0000000000000
0booooobodbJaval 4000000000000 O0O0OOODOODOOODOODOOODO
gbooobobooboboobooobobooboboobobooboboooboboo
gooooo

1. if - then - else O O
2. for0O0OO0O

3. while OOODOO

4.3 0000

0000000000000 0000O00DO00O0O00 [21,22]00000 (230000
gbobobobo 4000000000000

1. BM.java:Boyer-Mooer 1 0 00000 O0O0OO0OOOOO
2. calcjava:0 000000 ODOODO
3. MethodHash.java:2 00 byte D0 OO O00O0OODOODOODODOODO

4. TestArrays.java:200 int 000000000

4.4 0000000

gboobobooboboooo

1. 0o0ooooooobooobobobobobooooooooooboooobobobon
ubbooboobbooboobbooboobbooboan
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2. 00000000000 bOO0obObOoO0bOoOobOooboooboboobD 3obOooobooon
goooooo

. 00obopbooboooooooDoboooboDbOobO baikonOODOOOOODODODO
uboboobooobobooboooboboobooooboobooobooboooon
gbobooboobooboboobooboboobooboboooog

4.5 0000000

gbooobooboboooboobgooooooboooboboooboooobooobo
gogbodgbooobuodgbstobuuboobbuooboobbooboobbooon

gboboobooobbooboo ogobooboobooboobobooooooboobooon
gboobobooboboobobooboboobobooboboobobooooonoo
gboobobooboboooboboobobooobboboooboboobobo
gbobobobobobobobooooooooooo

gboobobobobooboboooboooobooobobooboboboobobo
gboobooobooboobobooboob cobooboooobooobbooobobo
goboobooooobooboooboo

gooobooogbooboogobo JMLOODODODbOoOobDobouooobooooboo
gloooobooobbobooboboooboboobooboobogboooooooboboo
ESC/Java2 00000000 OODODO 20000 b00-1000000000000DOOOO
005000000000000000000000DO0O0O0O0O0O0O0 ESC/Java2000
gboobooboboooooobooboboobbobooboboobobooobobo
gbobobobobobobobobooooboooobobooooboobooboooo

gbgobodgbobuooboboooobooboobobuoooboboobobobo
goboodgobood

0500000000
oooo (0)

oooad 0000 | ESC/Java2 | 0O0O0OOOOO |OO0OD0OO |0DO0D0OOO
BM 1.56 3.52 0.0022 0.0037 7.56
calc 0.49 2.26 0.002 0.0037 4.73
MethodHash 0.53 2.06 0.0036 0.0052 4.67
TestArrays 0.47 2.01 0.0032 0.0044 4.55
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gbobooboobooboobooboooboboobooboobooobobooboooDo
gboboboboboboboboboboboboboboboboo

e JUO0OD:0D0OO0ODLDOODDOODDODOODDOODDOOODLDOO
gbobobobobobob

e JUD0ODO:0DOO00DL0DOO0ODLDOOODLDOODLDOOODLDDOODLDbOOODLDOO
gobooboooboooo

e JOUO0OOO: DhOODLDOODLDUODDOOODLDbDOODLDDbDOObLDODOO
gboboobooobobooooo

gbobobobobooboobooooooobooooooooooboebUODbD

06 0000000000000

oooo 00000 (00000 |00Do000oo0 (oooo
BM.java 25 7 0 32
calc.java 10 2 0 12
MethodHash.java 19 3 0 22
Test Array.java 34 10 0 44

ggooobooooobooooboboobooooboooobboobboooooboobo
goobobtboooobobuooouoboooooboboooobbobbboooobbouooogg
gooboboooobooooboooobboooobooooo 2200 1200000
000000 TestArrayjava0 0000 equals 0000000000000 “\typeof(b)
== \type(int[])” O “\typeof(b) <: \type(int[])” D00 0000000

ggoboooooboobuooobbuooooboooobbooobbooduoubbo
ggoboboooobtoooobboooobbtoooobboobboooubbooooboobo
gooboboooobooooboooobbooooboobboooobooooooo
gbobobobobob

0000000000000 00000000000O0O0O0O0O0000OESC/Java2dO
ggoobboooobobodooooboooobbooouobobooobbbooubbo
gooooooobbobobotboddooooooboboboobobobooooooon
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4.7 DaikonO000O00O00OO0DOOOOOOO

ooboobooboooboobooboobooobo0oboobooboboUoboUDdDaikon
gboboooooobooboooooobooboobooboobooboobovyosgboobooobooooon
gboobooooobooboobobooboboobobobobooboboobobo
gboobobooboobobobooobuooooooboooboboobobooobobo
gobodbooooboobooobooboonbo

0000 0O0O0ODOO0ODOO0OO0OO0O0C0OOBMjavaOOOOO BMmatchOOGOQOGODOO
0000000000000 0000O00D00000“%rgd!=nul”’000000O00OO0OO
String0 0000 nullO000000000000O0BM.javal 00O OO0 BMmatchOOODO
OO0nullO00D0OOOO0OO0OOODOODOOOOOODODOOOOOOOODOOOOOD
oooooooooboooooDo

calcjavad0 00000 TestArray.java0 0O 0OO00OO000DOOO0O0DOOOCOOOODOODO
000000000000 00o0oooUoUog “argd >=070 “arg0]|elements >= 0"
gooooooboogooooooooobbooooobobooooDbboooboboOooooo
oooboooOoobOo0oOoobOoO00ooOo0oDoOO0ooDO00ODO00 Itgoooooon
ooooOo0oOo0oOopbooOobooOoobOoobboOoooo

o0o0ooOOoo00ooOOoo0OooDOOoOo0UoOoDOOo0obOoDOboOoOoogoooDooboog
gooboooooboooooooobooooooooooooobboooooboooooo
oobooooooooooooooobboooo

MethodHash OO0 OO0 O OO0O0OOD0OOOOO0OCODODO 300 20000000000
000000 BMjavaO OO “argd !l=null”’ 000000 O0D00O0O byteODOODO null O
00000000 DO0O0O0OMethodHash.java 0 O OO0 compareHashes 0 00O 0O O null O
gooooooooooboooooobboooooobbooobboooobooooo
oooooooooo

0000000000000 “size(arg0[]) 1= size(argl])-17 0000000000000
oo0oboOoo0o0oOooo0o0oOobooooodoOoUoobDbooooboDoogooobooogooo
godlo00000O00DO0oO00ooO00ooOo0oooooOoOooooobOoOoooooon
gobooobDooboodboDbaiken0 OO0 O0OOOODOOODOODOODOOOOOO
oooooboooooooOoOoooboOooobboOoooDoOoooooboooooboo
ooooooo0ooboooboo0ooboobboOooooo

0000 0OOo0O0OobOoO0obOobOoOoobOoboOoO0bOoUObObOObOOObDOOobOoOoDbO
0000000000000000000000003d cale.javal TestArray.javaO 00 0O
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goboodobooooboobg eooobboobuoobboobbooboobbooboooo
goboobooobooboobooobbooboobbobobooboooboob9boog

TestArrayjava0 0000000000 O0ODO200010000000000000000
OobobOo0oobobOo0oUdUdbelcjaval D000 O0OO0OOODOOOOOODOOOODO
goboobboooboobboooboooboboobooab

OO0O0O0DaikonOOOOOOOOCOO0ODOOODOODOOOOOOODOODOOODOOO
obobobobooooboboobuobuodbaikenD 000D obobobobOonDOon
0boboboooogbobaikon 00O 0OO0O0OOODODODODODODODODOD
000 [14000000000000000000000O00O0O00O0O0O0U calejavad O
gobodgbooooboobooobog
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O 7 DaikonDODOO0O0O0OOO0OOOO

oooDO 000000 (0) |000ooo (0) |ooo
BM.java 2 2 1.00
calc.java 3 0 0.00
MethodHash.java 3 2 0.67
Test Array.java 2 0 0.00

0 8 DaikonO00000O000O00OOODO(DODOOODOOOODODOODOOO20000)

0000 000000 (0)| 000000 (@) |000
BM.java 3 2 0.67
calc.java 11 2 0.18
MethodHash.java 3 2 0.67
TestArray.java 11 4 0.36

0 9: Daikon0 000000000000 (D0O0OODODOOODOOOOOO 1000000)

goon O0oo00oO0 (0) |obo0ooo (0) |ooo
calc.java 9 2 0.22
TestArray.java 11 4 0.36
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gobobobobobobobobobobobobOobobOobobOoJavabgnDgooO
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000000000000 000000000 ESC/Java20000000000O000OODO
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