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Overview

Visibility (private, protected, public)

Specifying exceptional behavior

Assignable and data groups
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Visibility

Remember the Bag class from the last lecture:
class Bag {

int[] a;
int n;

/*@ requires n > 0; @*/
void extractMin() {

...

Note that there is no public or private.

The fields should be private.

The method should be public.
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Adding Visibility Attributes

public class Bag {
private int[] a;
private int n;

/*@ requires n > 0; @*/
public void extractMin() {

...

but now the JML compiler jmlc complains:

File "Bag.java", line 12, character 21 error: Field "n"

(private visibility) can not be referenced in a specification

context of "public" visibility [JML]

The method is public.

Therefore, the specification is public.

It cannot reference the private variable n.
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Making the Internal Variable Visible

Solution: Decare n as spec_public.
public class Bag {

private int[] a;
private /*@ spec_public @*/ int n;

//@ requires n > 0;
public void extractMin() {

...

Better Solution: Use model variables.
public class Bag {

//@ public model int size;
private int[] a;
private int n;
//@ private represents size <- n;

//@ requires size > 0;
public void extractMin() {

...
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Exceptional Behavior

Consider this class
class MyList
//@ public model JMLObjectSequence content;

/*@ requires start >= 0 && start < end && end < content.size();
@ assignable \nothing;
@ ensures \result.content == content.subsequence(start, end);
@*/

public MyList subList(int start, int end)

Suppose we want to add exceptional behavior.
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Adding Exceptional Behavior

Add a throws clause:
class MyList
//@ public model JMLObjectSequence content;

/*@ assignable \nothing;
@ ensures \result.content == content.subsequence(start, end);
@*/

public MyList subList(int start, int end)
throws IndexOutOfBoundsException

However:

An IndexOutOfBoundsException can always be thrown.

It is still allowed to terminate normally if start and end are out of
range.
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Fixing Exceptional Behavior

Fix the specification:
class MyList
//@ public model JMLObjectSequence content;

/*@ assignable \nothing;
@ signals (IndexOutOfBoundsException)
@ start < 0 || start > end || end > content.size();
@ ensures start >= 0 && start <= end && end <= content.size() &&
@ \result.content == content.subsequence(start, end);
@*/

public MyList subList(int start, int end)
throws IndexOutOfBoundsException

Precondition has moved to the ensures clause.
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Splitting Exceptional Behavior

Make two specifications combined with also:
class MyList
//@ public model JMLObjectSequence content;

/*@ normal_behavior
@ assignable \nothing;
@ requires start >= 0 && start <= end && end <= content.size();
@ ensures \result.content == content.subsequence(start, end);
@ also
@ exceptional_behavior
@ requires start < 0 || start > end || end > content.size();
@ signals_only IndexOutOfBoundsException;
@*/

public MyList subList(int start, int end)
throws IndexOutOfBoundsException

Note that normal_behavior implies no exception.

exceptional_behavior implies no normal termination.

Note that the implication is the other way round:
start < 0 || ... =⇒ Exception.

The new specification is much easier to understand.
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Guidelines: Exceptional Behavior

The basic guidelines for specifying with exceptional behavior:

Use a normal_behavior in specification.

Use also exceptional_behavior to specify when exceptions have to
occur.

Make sure you get the normal behavior right.
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The assignable Problem

Do you remember the PriorityQueue example?
//@ model import org.jmlspecs.models.JMLObjectBag;

public interface PriorityQueue {
//@ public instance model JMLObjectBag queue;

/*@ normal_behavior
@ ensures queue.equals(\old(queue).insert(o));
@*/

public void enqueue(/*@non_null@*/ Comparable o);
...

When compiling it, it produced a warning:

>jmlc -Q PriorityQueue.java

File "PriorityQueue.java", line 7, character 24 caution:

A heavyweight specification case for a non-pure method

has no assignable clause [JML]

Lets add a assignable clause.
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Adding assignable.

What does the function enqueue change?
It changes the model variable queue and nothing else.

//@ model import org.jmlspecs.models.JMLObjectBag;

public interface PriorityQueue {
//@ public instance model JMLObjectBag queue;

/*@ normal_behavior
@ ensures queue.equals(\old(queue).insert(o));
@ assignable queue;
@*/

public void enqueue(/*@non_null@*/ Comparable o);
...

However, when compiling Heap.java:

File "Heap.java", line 50, character 29 error: Field "numElems"

is not assignable by method "Heap.enqueue( java.lang.Comparable )";

only fields and fields of data groups in set "{queue}" are

assignable [JML]
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Mapping Variables To Model Variables.

We have to tell JML that elem and numElems are the implementation of the
model variable queue.
There is a special JML syntax:
import org.jmlspecs.models.JMLObjectBag;

public class Heap implements PriorityQueue {
private Comparable[] elems; //@ in queue;
private int numElems; //@ in queue;

/*@ private represents queue <- computeQueue(); @*/
...
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Datagroups

Every model variable forms a data group.

Other variables in the class or in sub-classes can be associated with
this data group.

Functions with specification assignable queue, where queue is a
datagroup, may modify any variable in this group.
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More About Datagroups

There is a special data group objectState, which should represent the
object state.

All variables should be added to this group (but they are rarely).

Adding a datagroup to another datagroup works recursively:
//@ model import org.jmlspecs.models.JMLObjectBag;

public interface PriorityQueue {
//@ public instance model JMLObjectBag queue; //@ in objectState;

After this change numElems and elems are also automatically contained
in objectState.
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Datagroups Group Data

Datagroups are useful to group variables.
class Calendar {
model JMLDatagroup datetime; //@ in objectState;
model JMLDatagroup time, date; //@ in datetime;
int day,month,year; //@ in date;
int hour,min,sec; //@ in time;
int timezone; //@ in objectState;
Locale locale; //@ in objectState;

...
//@ assignable datetime;
void setDate(Date date);

//@ assignable timezone;
void setTimeZone();

This avoids listing the variables again.
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Datagroups and Visibility

Datagroups and model variables are useful for visibility issues:
class Tree {
public model JMLDatagroup content; //@ in objectState

private Node rootNode; //@ in content

//@ assignable content;
public void insert(Object o);

Using assignable rootNote would produce an error.
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