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Exercise 1: Jahob Syntax
Translate the JML annotations in the following program into Jahob syntax.

class IntKey {
int value;
}

public class BubbleSort {
/%@ requires arr.length > 0 &€ (\forall int i; i >= 0 && i < arr.length; arrfi] = null);
@ ensures (\ forall int k, 1; 0 <=k 68 k<=1 1 < arr.length;
@ arr(k]. value <= arr[l].value );
@x/
public void sort(/*@ non_null x/ IntKey[] arr) {
/%@ loop_invariant i >= 0 &€ i < arr.length;
@ loop_invariant (\ forall int i; 1 >= 0 &€ i < arr.length; arrfi] I= null);
@ loop_invariant (\ forall int k, 1; i <=k &6 k<=1 1< arr.length;
arr[k]. value <= arrfl].value);
@ loop_invariant (\ forall int k, [;

@ 0<=FkHE k<=1 1<l I<arr.length;
@ arr(k]. value <= arrfl].value );

@

@x /

for (int i = arr.length—1;i > 0; i——) {
/%@ loop_invariant i >= 0 &6 i < arr.length;
@ loop_invariant (\ forall int i; i >= 0 & i < arr.length; arrfi] I= null);
@ loop_invariant j >= 0 &6 j <= 1i;
@ loop_invariant (\ forall int k, 1; 1 <=k &6 k <=1 1 < arr.length;

@ arr[k]. value <= arrfl].value);
@ loop_invariant (\ forall int k, [;
@ 0<=FkHE kE<=1E6 i< [<arr.length;

@ arr(k]. value <= arrfl].value);
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@ loop_invariant (\ forall int k; 0 <=k €& k < j;

@ arr(k]. value <= arr[j|.value);

@x/

for (int j =0;j <1i; j++) {
if (arr[j]. value >= arr[j+1].value) {

IntKey tmp = arr[j];
are[j] = are[j+1];
arr[j+1] = tmp;

Exercise 2: Sets, Lambda Functions, and Closure
JML uses special model classes to reason about sets while Jahob has builtin support for
these operations. Consider a binary tree implementation that has nodes of the following
type:
class TreeNode {
TreeNode left;
TreeNode right;

}

For the verification of properties of this class we often need the set of all nodes of a tree.

class Tree {
TreeNode root;
//: specvar content :: objset
/*: vardefs content == ... x/

-

Complete the definition of content of class Tree such that it corresponds to the set of all
tree nodes in this tree. Use builtin sets, lambda expressions, and the closure predicate
rtrancl_pt. You may assume the tree is acyclic.



