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ﬁt‘ parjong@andLinux: ~

par jong@andLinux:™% ./run
Segmentation fault
par jong@andLinux:™% I
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int mean(int p, int q) {
return (p + q) / 2;
}

int mean(int p, int q) {
retumnp/2+q/2+(pPp%2+q%?2)/2;
}
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void mean(intx p, intx q) ;
void sort(int* arr, int len);
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[*@ BM| */
int mean(int* p, intx q) {
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requires
ensures
assigns
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requires & ensures

» requires P
y 2ot 2 &2 M PSSl O St =
» \valid
» ensures P
) 847t ERE S BHEE0f0f ofs £
» \result
» O A
[*@ requires \valid(p) && \valid(q)
ensures \result == (xp + *q) / 2; */
int mean(int* p, intx q) {

return *p /2 +*xq/2+ (*xp% 2 + *xq% 2)/ 2;
}
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requires & ensures

» ensures=stJ Z825 5 MEJE 7|

[*@ requires \valid(p) && \valid(q);
ensures \result == (xp + *q) / 2; */
int mean(int* p, intx q) {
*p = 0; *q = 0; return O;
}

» \old

[*@ requires \valid(p) && \valid(q);
ensures \result == (\old(*p) + \old (xq)) / 2; */
int mean(int p, int g) {
*p = 0; *q = 0; return O;
}
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requires & ensures

» ensures= ST =Z2 5| S AFEJOES T

» Ol A|

[*@ requires \valid(p) && \valid(q);
ensures \result == (\old(xp) + \old(xq)) / 2; */
int mean(int* p, intx q) {
inti = 0;

while(i >=0);

return O;

}
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assigns

» O} X|Bk...
int M;

[*@ requires \valid(p) && \valid(q);
ensures \result == (\old(xp) + \old (xq)) / 2; */
int mean(int* p, intx q) {
M=0;
return*p/2+*xq/2+(*p% 2+ *xq% 2)/ 2;
}

» assigns L

F =
=X 2 0Ee §Y2 HERX| X3
\nothing
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assigns
» ofX| ..
int M;

[*@ requires \valid(p) && \valid(q);
ensures \result == (\old(xp) + \old (xq)) / 2;
assigns \nothing; */
int mean(int* p, intx q) {
M=0;
return *p /2 +*xq/2+ (*xp% 2 + *xq% 2)/ 2;
}

» assigns L
A SEE 2 HEAE A= R H2E| Y ot
=X %2 0Ee FY=2 HARX] %S
\nothing
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[*@ requires \valid(p) && \valid(q);
ensures \valid == (\old(xp) + \old(*q)) / 2;
assigns \nothing; */
int mean(int* p, intx q) {
return *p /2 +*xq/ 2+ (*p% 2 + *xq% 2)/ 2;
}
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/[*@ requires len >= 1 && \valid_range(arr, 0, len — 1);
ensures 0 <= \result < len;
ensures \forall inti; 0 <=i < len ==> arrli] <= arr[\result];
assigns \nothing; */
int find_max(int* arr, int len) {
int idx = 0;

for(inti =1;i < len; i++)
if( arr[i] > arrlidx] ) idx = i;

return idx;

}
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loop variant & loop invariant

» loop variant e
Hi=F AW Al 20| SO EE= H5 ALHA
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» loop invariant P
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/*@ requires len >= 1 && \valid_range(arr, 0, len — 1);
ensures 0 <= \result < len;
ensures \forall inti; 0 <=i < len ==> arrli] <= arr[\result];
assigns \nothing; */
int find_max(int* arr, int len) { idx i len—1

int idx = 0; l ‘l' 1'

/[*@ loop variant len — i;

loop invariant 0 <=i <= len;
loop invariant 0 <= idx < i;
loop invariant \forall int n; 0 <= n < i ==> arr[n] <= arrlidx]; */
for(inti = 1;i <len; i++)
if( arrli] > arrlidx] ) idx = i;

return idx;

}
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typedef struct _list { int element; struct _list *next; } list;

/@
requires \valid(root) && ???;
ensures ???;
assigns \nothing;
*/
list *find_max(list *root) {
list *ptr = root;

while(root—>next) {
root = root—>next;
if( root—>element > ptr—>element ) ptr = root;

}

return ptr;

}
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inductive & predicate

» inductive & predicate
CH&H0f Cliel =2[ X 93 EO

» Ol A|

/[*@ inductive reachable{L}(list *root, list *node) {
case reachable_root {L}:
\forall listx root; reachable(root, root);
case reachable_next {L}:
\forall list* root, *node;

\valid(root) ==> reachable(root—>next, node) ==

reachable(root, node);
} x/

//@ predicate finite_list{L}(list *I) = reachable(l, \null);
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inductive & predicate
» Ol A (A=)

/*@ predicate connected_list{L}(list *root) =
\forall list *node;
reachable(root, node) ==
node == \null ||
(\valid(node—>next) && reachable(root, node—>next)); */

//@ predicate linked_list{L}(list *I) = finite_list(l) && connected_list(l);
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[*@ requires \valid(root) && linked_list(root);
ensures \valid(\result) && reachable(root, \result);
ensures \forall list *node; \valid(node) ==> reachable(root, node) ==
node—>element <= \result—>element;
assigns \nothing; */
list *find_max(list *root) {

/[*@ requires len >= 1 && \valid_range(arr, 0, len — 1);
ensures 0 <= \result < len;
ensures \forall int i; 0 <=i < len ==> arrli] <= arr[\result];
assigns \nothing; */
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list xptr = root;
loop variant???
[*@ loop invariant \valid(root) && \valid(ptr);
loop invariant reachable(\at(root, Pre), root);
loop invariant reachable(\at(root, Pre), ptr);
loop invariant \forall list *node;
\valid(node) ==
reachable(\at(root, Pre), node) && !reachable(root—>next, node) ==
node—>element <= ptr—>element; */

while(root /*@ loop variant len — i;
root = re loop invariant 0 <= i <= len;
if( root— loop invariant 0 <= idx < i;
} loop invariant \forall int n; 0 <= n < i ==> arr[n] <= arr[idx]; */

return ptr;
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logic

» logic
=0 w2l 20t dretst=E =2| g 3o
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» Of K

[*@ axiomatic Length {
logic integer length{L}(list *root);
axiom length_nil{L} : length(\null) == 0;
axiom length_cons(L} : \forall list *l;
\valid(l) ==> length(l) == length(lI->next) + 1;
} */

/*@ predicate finite_list{L}(list *I) =

reachable(l, \null) &&
\forall list *node; reachable(l, node) ==> length(node) >= 0; */
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list xptr = root;

/*@ loop variant length(root);
loop invariant \valid(root) && \valid(ptr);
loop invariant reachable(\at(root, Pre), ptr);
loop invariant reachable(\at(root, Pre), root);
loop invariant \forall list *node;
\valid(node) ==
reachable(\at(root, Pre), node) && !reachable(root—>next, node) ==
node—>element <= ptr—>element; */
while(root—>next) {
root = root—>next;
if( root—>element > ptr—>element ) ptr = root;

}

return ptr;
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