VDM++3a— K
class MaxIndex

operations
public max_index: seq of nat * nat ==> nat
max_index(a,n) ==
(dcl i: nat =1,
k: nat = 2;
while k < n do
(Gf ak) > a(i)
then 1 = k;

k := k + 1);
return i)
/* VDM++TILE S| (sequence) DA Ty A& 1 R—X */
pre
n>0and len a =n
post
forall j in set {1,..., n} &

a(J) <= a(RESULT) and
(a@) = a(RESULT) => j >= RESULT);
/* VDM++TIREMERD HHFHE (BE) O
BREEEY (GEBARRRR) (FAERTERL */

/> BMEADH 2 FmELEMERADO L VBEICER
(while L—TISBIREHKIZEHR) */
functions
loop: seq of nat * nat * nat * nat -> nat
loop(a,n,i,k) ==
if kK >n then i
elseif a(k) > a(i) then loop(a,n,k,k+1)
else loop(a,n,i,k+1)
/% L—TOTREZFHENBREROFMESICES */
pre
n >0 and len a = n and
i < k and k <= n+t1 and
forall j in set {1,...,k-1} &

a() <= a(i) and
@) = a@) =>j >= i)
post
forall j in set {1,..., n} &
a(J) <= a(RESULT) and
(a@) = a(RESULT) => j >= RESULT)
measure m;
m: seq of nat * nat * nat * nat -> nat
m(-,n,-,k) == n-k;

public f: seq of nat * nat -> nat

f(a,n) ==
loop(a,n,1,2)
pre
n>0and len a = n
post
forall j in set {1,..., n} &

O<jand j <=n =>
a(j) <= a(RESULT) and
(a(§) = a(RESULT) => j >= RESULT);
/* VDM++TIXBIRBEM ORI (FIBAZRRE) I
ZTOEHEENHIRT Bh%.
BHIEY - BREHFETERRATAE
R—7REBORIEEHL LRBEIZGES */
/* VDM++B{RITREEE Y GIAZRRE) %
TRl $50DHT MEEAL LAWY */

end MaxIndex




Cog Aa—F
Require Import List.

Definition pre (a:list nat) (n:nat) :=

length a = n /\ n>0.
Definition post (a:list nat) (n:nat) (i:nat) :=

forall j:nat, j<n ->

nth jaO<=nthiaO/\ (nth jaO=nthiaO0->j>i).

Definition inv (a:list nat) (n:nat) (i:nat) (k:nat) :=

pre a n /\

i<k /\ k<=n /\

forall j:nat, j<k ->

nth jaO<=nthiaO/\ (nthjaO=nthiaO0O->j>i).

Goal
(forall a:list nat, forall n i k:nat,
(pre an ->invan01) /\
(invani k/A\ksn /A nth kaO>nthiaO->1invank (SKk)/N\
(invani k/ANksn /A nthkaO<=nthiaO->invani (S k) 7\
(invanik/\ k>=n ->post an i)).
intuition. (*B#™)

inversion_clear HO.

trivial. (CB&*)

inversion_clear HO.
intuition. (*B&*)

apply Cog.Arith.Lt_1t_n_Sm_le in H1l.
apply Cog.Arith.Lt_le_It _or_eq in H1l.

intuition. (*HE™)
i<k DBE *)
apply H6 in H5.
intuition. (*B&™)

apply Coq.Arith.Lt.I1t_le_weak.

revert H2.
revert H1.

apply Cog.-Arith_.Lt_le_It_trans.

¢ j=k DBE *)
rewrite H5.
trivial. (CB&*)

(* a[K]IPBRYDFRREZELDOT a[jl=a[k]% 5 & j=k DFT *)

inversion_clear HO.
intuition. (*B&™)

- BEEHD1TE *) apply Cog.Arith_Lt.1t_n_Sm_le in H1.
unfold inv. apply Coq.Arith._Lt.le_It_or_eq in Hl.
intuition. (*B#™) intuition. (*BE#™)

i<k DHAE (FETHEY) )

apply H7 in H6.

intuition. (*B&*)

rewrite H3 in H1l.

apply Cog.Arith.Gt.gt_not_le in H2.
apply H2 in H1.

tauto. (*EHE™)

 J=k DFE *)

- BEEHD 278 %) rewrite H6.

unfold inv. auto. C*B®*)

intuition. (*HE™)

inversion_clear H.
trivial. (CCB#%*)

inversion_clear HO.
trivial. CCB&™*)

inversion_clear H1.




* BEEHD 3 TE *)
unfold inv.
inversion_clear HO.

intuition. (*HE™)

apply Coq.Arith.Lt. It _n_Sm_le in H4.
apply Cog.Arith.Lt_le_It _or_eq in H4.
intuition. (*B&*)

 J<k DiFE *)

apply H5 in H6.

tauto. C*BEE*)

 J=k DIFE *)

rewrite H6.

trivial. (CCB#*)

apply Cog-Arith.Lt_It_n_Sm_le in H4.
apply Coq.Arith.Lt.le_It_or_eq in H4.
intuition. (*B&™)

i<k DFE *)

apply H5 in H7.

tauto. C*BEI™)

 j=k DFE *)

rewrite H7.

auto with *. (*HE>)

- BREIAEHD 4178 %)
inversion_clear HO.
intuition. (*HE™)
assert (eq : n = k).
auto with *. (*HE™)
rewrite eq.

trivial. CCB&*)




CVC3 Aa—F
%%% CVC DECHIFERE (E&EEICHEALLY) DT length (FHRE

pre: (ARRAY INT OF INT, INT) -> BOOLEAN =
LAMBDA (a: ARRAY INT OF INT, n: INT):
n > 0;

post: (ARRAY INT OF INT, INT, INT) -> BOOLEAN =
LAMBDA (a: ARRAY INT OF INT, n: INT, i: INT):
FORALL (j: INT):
0<=j AND j < n =>
a[j] <= a[i] AND
@bl = a[i] => j >= 1);

inv: (ARRAY INT OF INT, INT, INT, INT) -> BOOLEAN =
LAMBDA (@: ARRAY INT OF INT, n: INT, i: INT, k: INT):

pre(a, n) AND

i < k AND k <= n AND

FORALL (J: INT):

0 <=3 AND j < k =>

a[j] <= a[i] AND
(@Ol = ali] => j >= i);

QUERY (FORALL (a: ARRAY INT OF INT, n: INT, i: INT, k: INT):
(pre(a, n) => inv(a, n, 0, 1)) AND
(inv(a, n, i, k) AND k < n AND a[k] > a[i] => inv(a, n, k, k + 1)) AND
(inv(a, n, i, k) AND k < n AND a[k] <= a[i] => inv(a, n, i, k + 1)) AND
(inv(a, n, i, k) AND k >= n => post(a, n, 1)));

%%% COUNTEREXAMPLE;

SPIN Aa—F
#define N 5 /*finite*/

int a[N];
int n = N;
int i, j, k;

init {
J =0;
do
i J >= n -> break
2 J <n & a[j] <5 /*Finite*/ -> a[j] = afj] + 1
o J<n->j3=j3+1
od;

do

:: k >= n -> break

i k<né&&a[k] > a[i] > i1 =k; k=k+ 1
it k<n&& alk] <= a[i] ->k=k+1

od;

: J > n -> break
< n && a[j] == a[i] -> assert(g >= 1); J =3 +1
< n && a[j] '= a[i] -> assert(a[j] <al[iD; jJ =3 +1

}




BLAST Ha—F
#include <assert.h>

int max_index(int a[], int n) {
int i=0, j, k;
if (n<=0) return -1;
for (k=1; k<n; k++) {
if (alkl>ali]) {
i=k;
}
3
for (=0; j<n; j++) {
assert(a[jl<=alil]);
if (ajJJ==a[il) assert(>=i);
3

return i;

}

int max_index_2(int a0, int al) {
int i =0;
if (al>a0) 1 = 1;

int ai = (i==0 ? a0 : al);
assert(al<=ai);
ifT (a0==ai) assert(0>=i);
assert(al<=ai);
if (al==ai) assert(1>=i);

return i;

}

int max_index_3(int a0, int al, int a2) {
int i=0, j, k;
for (k=1; k<3; k++) {
if (get(al,al,a2,k)>get(al,al,a2,i)) {
i=k;

}
}

int ai = get(al,al,a2,

for (J=0; j<3; j++) {

i);

int aj = get(al,al,a2,j);

assert(aj<=ai);

if (aj==ai) assert(>=i);

}

return i;

}

int get(int a0, int al,
switch (i) {
case 0: return ao0;
case 1: return al;
case 2: return a2;
default: assert(0);
3

int a2,

int i)
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SLAM (Static Driver Verifier) fa—F
#include <wdm.h>

#define ERROR {\
PKSPIN_LOCK sl; PKIRQL il;\
KelnitializeSpinLock(&sl);\
KeAcquireSpinLock(&sl,&il);\
KeAcquireSpinLock(&sl,&il);\
}

int max_index(int a[], int n) {

int i=0, j, k;
if (n<=0) return -1;
for (k=1; k<n; k++) {

it (a[k]>a[i]) {

i=k;

}
}
for (J=0; j<n; j++) {

if (a[j]1>a[i]l) ERROR;

ifT (aJ]==a[i] && j<i) ERROR;
}

return i;

}

DRIVER_INITIALIZE DriverEntry;
DRIVER_UNLOAD DriverUnload;

static unsigned int rand() {
static unsigned int s = 12345;
S = 22695477 * s + 1;
return (s / 65536) % 16384;

3

NTSTATUS
DriverEntry
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(IN PDRIVER_OBJECT DriverObject,
IN PUNICODE_STRING RegistryPath)
{

int n, *a, i;

rand(); rand(); rand(Q);
n = rand(Q);

a = ExAllocatePoolWithTag(PagedPool, n*sizeof(int), 0x12345);

for (i=0; i<n; i++) a[i] = randQ);
max_index(a, n);

ExFreePool (a);
return STATUS_SUCCESS;

}

VOID

DriverUnload

(IN PDRIVER_OBJECT DriverObject)
{

}
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