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JML is a Java behavioral interface specification language that is used to verify Java program codes. How-
ever, while JML can describe program specifications with rich expressions, it has some drawbacks, such
as the large amount of JML specifications required for verification. In order to improve these difficulties,
we extend JML with refinement types. In extending JML with refinement types, we specify that arrays,
functions, and variables unqualified by the final modifier cannot be described by predicates in order to
guarantee that only variables with refinement types are constrained by predicates. In addition, we restrict
the visibility of variables described in predicates according to the JML rules. In addition, we develop a
verification tool for S-JML, which is a simple version of Java and JML with refinement type annotations.
This tool verifies the existence of counterexamples to the JML specification using the SMT solver. In the
constructor, it prevents member variables with refinement type from being used by other functions without
satisfying the predicate of the refinement type. Finally, we present an example of a program written in
S-JML to show the usefulness of this research in reducing the amount of JML specifications that need to be
written and in identifying where defects occur.
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class jml_example{
int x;
//@invariant 0 < x && x < 100;

jml_example (){
x = 50;

}

//@requires 10 <= arg && arg <= 50;

//@ensures 10 < \result && \result < 150;

int methodl (int arg){
return arg + this.x;

}

//@ensures 10 < \result && \result < 150;

int method2(int arg){
return methodl (30);

}
}
1 JML Ofl
i 1=
/+8@ requires a != null 1 class refinement_type{
@ && (\forall int i; K
@ 0 < i & i < a.length; 2 type Nat = {int x | x >= 0};
: gths 3 type NatEven = {Nat x | x % 2 == 0};
@ ali-1] <= al[il);
4 NatEven x;
Qx/ 5
1nj/b1narySearch(1nt[] o e ) 6 Nat method(NatEven arg){
} 7 X = arg + 2;
8 return x + 5;
9 }
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/*‘@def_type Nat = {int x | x >= 0 };*/
/*‘@def_type NatEven = {Nat x | x % 2 ==

0}; */

4 HEOEF

int /*‘Q@refinement_type NatEven */ even;

int /x‘@refinement_type {int x | x >= 0 } */ n;
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class final_examplelq

int /*‘@refinement_type {int x | x >= y }*/ x;

final int y;

6 final TOEMOBEM 1

class final_example2{

A /x‘@refinement_type {A a | a.b.x >= this.c.d.y }*/ a;

final C c;
}
class A{
final B b;
}
class Bf{
final int x;
}
class C{
final D 4d;
}
class D{
final int y;
}

K 7 final TOEMHOBEN 2

class invalid_example{

int /*‘@refinement_type {int x | x >= y } */ invalid_x;

private final int y;
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/*‘@def_type Nat = {int x | x >= 0 };*/

int /x‘@refinement_type Nat*/ method(int /*‘@refinement_type Natx*x/ arg){

arg = arg + 1;
return arg * arg;
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class A{

C /*‘@refinement_type {C c | c.num > 0}*/ c;

}
class B{
C /*‘@refinement_type {C c | c.num > 5}*/ c;
}
class C{
final int num;
}
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/*@requires num >=
/*@ensures evennum /% 2 ==

11 el

void method (){
int x = 0;
X = x + 9;

}

(= x_temp_5_0 0)
(= x_temp_5_1 (+ x_temp_5_0 9))
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class jml_example{
int x;
/*Q@invariant 0 < x && x <= 100; */
jml_example (){
x = 50;
}
/*Q@requires 10 <= arg && arg <= 50;%*/
/*Q@ensures 10 <= \result && \result <= 150;*/
/*Q@assignable x;*/
int methodl (int arg){
X = arg * 2;
return arg + this.x;
}
/*@requires 10 <= arg && arg <= 20;*/
/*Q@ensures 10 <= \result && \result <= 150;*/
/*Q@assignable x;*/
int method2(int arg){
return methodl (arg);
}
}
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class v_example {
int /*‘Q@refinement_type {int x | x > 1}*/ x;
/*Q@requires arg > 0;*/
void set_x(int arg){
x = arg;
}
}
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class refinement_type_example {

int /*‘Q@refinement_type {int x | x > 5}*/ x;
int /*‘Qrefinement_type {int y | y > 3}*/ y;

void method (){
v = x;

}
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class A {
final int /* ‘@refinement_type {int x
final B b;
void method (){
/*Qassert x_a > 1;%/
}
}

class B {
final int /*‘@refinement_type {int x
final A a;

| x > b.x_b}*/ x_a;

a.x_a > x && x > 0}*/ x_b;
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class final_example {
final int /*‘@refinement_type {int x
final int /*‘@refinement_type {int y

final_example (){
x = 2;
y =1

| x > y}*/ x;
| x > y}*x/ y;
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class false_path {
/*Q@requires x > 0;%*/
void method (int x){
if(x < 0){
/*Qassert x == 5;x%/

}
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class false_other {
/*Q@ensures \result > 5;%/
int methodl (){
return method2 () ;
}

/*Q@ensures \result > 7;*/
int method2 (){

return 2;

}
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class Even {

/*‘@def_type Nat = {int x | x >= 0};*/
/*‘@def_type NatEven = {Nat x | x % 2

== 0};*/

int /*‘@refinement_type NatEven #*/ evennum;

/*Q@requires num >= 0;*/
/*Q@ensures evennum % 2 == 0;*/

int addTwoEven (int num){

int /*‘@refinement_type NatEven */ even = O0;

if (num%2==1){

even = num + 1;
}elseq{

even = num;

}

this.evennum = this.evennum + even;

even = even + 2;

this.evennum = this.evennum + even;

return this.evennum;
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class example_loop {
/*Q@ensures \result % 3 == 0;*/
int method1 (){
int mul_of_3 = 0;
/*@maintaining mul_of_3 % 3 == 0;x*/
for(int i = 0; i < 10; i =i + 1){
mul_of_3 = mul_of_3 + 3;
}
/*@maintaining mul_of_3 % 3 == 0;*/
for(int i = 0; i < 10; i = i + 1){
mul_of_3 = (mul_of_3 - 2) * 3;
}
/*@maintaining mul_of_3 % 3 == 0;*/
for(int i = 0; i < 10; i = i + 1){
mul_of_3 = mul_of_3 - 6;
}
return mul_of_3;
}
/*@ensures \result % 3 == 0;x*/
int method2 (){
int /*‘@refinement_type {int x | x
for(int i = 0; i < 10; i = i + 1){
mul_of_3 = mul_of_3 + 3;
¥
for(int i = 0; i < 10; i = i + 1){
mul_of_3 = (mul_of_3 - 2) * 3;
}
for(int i = 0; i < 10; i =i + 1){
mul_of_3 = mul_of_3 - 6;
}
return mul_of_3;
}
}

h 3

0}*/ mul_of_3 = 0;
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ensures-clause | assignable-clause

A (38 REEFRODIGE S-JML spec-header =
compilation-unit ::= [class-declaration | . . . requires-clause | requires-clause | . . .
class-declaration ::= class ident class-block compound-statement ::=
modifiers ::= [modifier | . . . { statement [ statement ] . .. }
modifier ::= private | final | jml-modifier statement ::= compound-statement
jml-modifier ::= spec_public | local-declaration ;
ident ::= letter [ letter-or-digit | . . . | expression ;
letter ::= _, $, a through z, or A through Z | if ( expression ) statement
digit::=0|11]2|3|4|5|6|7|8]9 [ else statement |
letter-or-digit ::= letter | digit | return [ expression | ;
class-block := { [ field] . . . } | assert-statement
field ::= member-decl | possibly-annotated-loop
| jml-declaration | def_type-clause
jml-declaration ::= [ private | invariant possibly-annotated-loop ::=
| def_type-clause [ Ioop-invariant | . . .
member-decl ::= method-decl loop-stmt
| variable-definition loop-invariant ::= maintaining-keyword predicate ;
method-decl ::= [ generic-spec-case | maintaining-keyword ::= maintaining
modifiers [ type-spec | method-head spec-expression ::= expression
compound-statement local-declaration ::= variable-decls
type-spec ::= [ assignment-op implies-expr |
type [ dims | [ refinement_type-clause | assert-statement ::= assert predicate ;
type ::= reference-type | built-in-type expression-list ::= expression [ , expression | . . .
reference-type ::= ident loop-stmt ::= for ( [ local-declaration | ;
built-in-type ::= void | boolean | int [ expression | 5 [ expression-list | ) statement
dims ::= ‘[’ ‘1’ requires-clause ::= requires predicates ;
method-head ::= ident formals ensures-clause ::= ensures predicates ;
formals ::= ([ param-declaration-list ] ) assignable-clause ::= assignable store-ref-list ;
param-declaration-list ::= store-ref-list ::= \nothing
param-declaration [, param-declaration | . . . | store-ref-expression [ , store-ref-expression |
param-declaration ::= [ final | type-spec ident
variable-definition ::= modifiers variable-decls ; store-ref-expression ::= store-ref-name
variable-decls ::= type-spec ident [ store-ref-name-suffix ] . . .
generic-spec-case 1= store-ref-name ::= ident | this
spec-header | simple-spec-body | store-ref-name-suffix ::= . ident
| simple-spec-body | ‘[’ spec-array-ref-expr ‘]’
simple-spec-body ::= simple-spec-body-clause spec-array-ref-expr ::= spec-expression
[ simple-spec-body-clause | . . . invariant ::= invariant predicates ;

simple-spec-body-clause ::= predicate ::= spec-expression



expression ::= assignment-expr

assignment-expr ::= | postfix-expr assignment-op |
implies-expr

assignment-op 1= =

implies-expr ::= logical-or-expr
[ ==> implies-expr |

logical-or-expr ::= logical-and-expr
[N

logical-and-expr ::= equality-expr

logical-and-expr ] . . .

[ && equality-expr] . . .
equality-expr ::= relational-expr

[ == relational-expr |

| relational-expr [ != relational-expr |
relational-expr ::= additive-expr < additive-expr

| additive-expr > additive-expr

| additive-expr <= additive-expr

| additive-expr >= additive-expr

| additive-expr
additive-expr ::= mult-expr

[ additive-op mult-expr] . . .
additive-op ::= + | -
mult-expr ::= postfix-expr

[ mult-op postfix-expr ] . . .
mult-op := * | / | %

postfix-expr ::=

primary-expr | primary-suffix | . . .
primary-suffix ::= .ident

| ([ expression-list ] )

|

primary-expr ::= ident | new-expr

expression ‘1’

| java-literal | this

| ( expression )

| jml-primary
new-expr ::= new type new-suffix
new-suffix ::= ( [ expression-list | )

| [’ expression ‘]’
java-literal ::= integer-literal

| boolean-literal
integer-literal ::= 0 | non-zero-digit [ digit ] . . .
non-zero-digit :==1[2|3|4|5[6|7|8]|9
boolean-literal ::= true | false
jml-primary ::= result-expression

| old-expression
result-expression ::= \result
old-expression ::= \old ( spec-expression )
def_type-clause ::=

def_type ident = refinement_type ;
refinement_type ::= { type ident ‘|’ predicates }
refinement_type-clause ::= refinement_type ident

| refinement_type refinment_type



