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3.2.1 Program and types

Program == Variable | ComputationFunctionDec |
PredicateDec | TypeDec |

LogicalFunctionDec

BIRS: W49 4, B9el 40T Lol A

Type ::== bool | int | float | string | unit | x |
Type ref | Type array
TypeDec == type X

TypeList == Type [ ", TypelList ]

Typee Basic Type¥ User-defined Type L2831 Array
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Typel 2 &3t Unity oul= CAl9 Voidet &4
3}l Type ref:= Object, Pointer, addressS ¥ 3 3kt}.

3.2.2 Logical Representation

LogicalFunctionDec ::==

LogicalExpr ==T | F
ArithExpr
ArithExpr

Predicateld ::== Id

"—" Logical Expr |
LogicalExpr "=" LogicalExpr |
LogicalExpr "=" LogicalExpr |
"forall” TypeldList " LogicalExp |
Predicateld(ParamList) |
"exists” TypeldList "." Logical Exprl
PredicateDec

PredicateDec ::== predicate Predicateld
(ParamList) = (LogicalExpr)

logicalfunction Id :
(TypelList) — Type
|

RelOp ArithExpr |
BoolOp ArithExpr |

return type°e] FSldx &

3t} LogicalExpr= assert®} assume
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3.2.3 Function

[require

ParamList == Param [

ComputationFunctionDec ::==computationfunction

d : (ParamList) — Type{

[read (x,....

Body [ensure LogicalExprl}

Param == Type Variableld

Logical Expr]
,x)]1 [write (y,....,y)]

""" ParamList ]

ComputationFunctionol] A =

Functiono| A/l F&3st= &

AHE 71X At} Function® ©]|&3 parameterst
returnBt¥, Require®} ensure?] HAH %= A o]t}

3.2.4 Body

Block == block Label
Flow ::== from Label to

Return :== returnblock
Label ::==

Body == [LocalVariablel Block' Flow" Return'

[when BooleanExpression]
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3.2.5 Command

Command ::== Index : Instr | assert LogicalExpr |
assume Logical Expr
Index == Id
Instr == assignVal Variableld := ArithExpr |
referenceObj VariableID = RefExprl
modArray Variableld [ArithExpr] := ArithExprl
nop |
affectField (Objectld . VariableId :x.Type)
= ArithExprl
affectStaticField(Objectld . Variableld : x.Type)
= ArithExprl
goto Index |
ifd BooleanExpr Index |
throw ExceptExpr |
vreturn Expr |
return |
new Variableld = new ParamlList|
newArray Variableld
= newarray Type [ArithExpr] |
invokeStatic | invokeVirtual |
monitorEnter | monitorExit |
maylnit | check
CommandE IndexE 7|Fo2 FH3It} Yol A3
PredicateDecE ©]&3}o] asserte} assumes FA3HTE 3
Hole Javaold FRHE EE HHOAE AHT F 3
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3.2.6 Axioms

‘ Fact ==
ofm &

t LogicalExpression
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3.2.7 Variable

Variable ::== variable TypeldList

TypeldList ::== ParamlList

LocalVariable == Variable

Variableld :== Id

Objectld == Id

Variable> ¢ Aol wel RS t2A st AT

ParamList9} TypeldListe e+ ZAW Y71 27
o Fol] FEF o] 33t} LocalVariable®} Variable®= ©]
o 22 olfFE TR FAITH

3.2.8 Expression

Expr == ArithExpr | FloatExpr | CharExpr |
ExceptExpr
ArithExpr == n | Id |
ArithExpr ArithOp ArithExpr |
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"-" ArithExpr |

Variableld [ ArithExpr ]
ArithOp == "+" | "=" | "*" | */7
BooleanExpr :== true | false |

ArithExpr RelOp ArithExpr |
BooleanExpr BoolOp BooleanExpr |
"—" BooleanExpr

RelOp == "="["=" | "< "z | "
BoolOp == "N" | "\"

RefExpr == null | Refld

Refld == Id

ExceptExpr

FloatExpr

CharExpr

Expressionﬁ }‘]'E Aol 783 float, characterd 9
¥3¥ 293 Relation? #HES THSTEH 9 TEH2A A
BooleanExprE " Al3F o]+ LogicalExprol A Al&5 =
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3 Verification Condition Ao 23 HARE ¥d
317] ¢ 38l (assertion, assume) Two Pass® &3t}

type instr = AssignVal of JBir.var * JBir.expr |
ReferenceObj of JBir.var * JBir.expr |
ModArray of JBir.expr * JBir.expr * JBir.expr |
Nop |

Ifd of ([ ‘Eq | ‘Ge | ‘Gt | ‘Le | 'Lt | ‘Ne ]
*]Bir.expr *]Bir.expr) * int |

Throw of JBir.expr |

Return of JBir.expr option

[19 3] == FA(EHo)
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public class Example{
int x;
public void A(int y){
if(y>0)
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X+=y;

[2% 4] A ==

variable int x
(v>0)
logicalfunction A :( int ) — unit

predicate P(int y) :=

computationfunction A :( int y) — unit{
read (y ) write ( x )

block 0 : 0 :ifd y>0 1
assert P(y)
block 1 : 1 ! check
2 ' check
3 : affectField this.x : Exampleint :=
VX
block 4 : 4 ! return

from 0 to 1 when y>0
from 0 to 4 when — y>0
from 1 to 4
returnblock 4 }
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