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class Stack { public object Pop() {
private object[] store; return store[--size];

private int size; ;
public Stack()

store = new object[10]; public static void Main() {
size=0; Stack x = new Stack();
) X.Push(17), // boxing
void Push(object item) { 17)Console.Wr|teL|ne(x.Pop()
if (size >= store.Size) { )
object[] tmp = new
objectfsize 21]; >

Array.Copy’(store, tmp, size);
store = tmp;

store[size++] = X;

¥
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class Stack<T> {
private T[] store;

private Iint size;

public Stack()
store = new T[10]; size=0;

void Push(T item) {
if (size >= store.Size) {
T[] tmp = new T[size*2];
Array.Copy<T>(store, tmp,
size);
store = tmp;

store[size++] = x;

b

public T Pop() {
return store[--size];

¥

public static void Main() {
Stack x = new Stack<int>();
X.Push(17);
17)Console.WriteLine(x.Pop() ==

b
¥
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.class Stack {

field private class System.Object[]
store

field private int32 size

.method public void .ctor() {
ldarg.0
call void System.Object::.ctor()
ldarg.0
ldc.i4 10
newarr System.Object

stfld class System.Object[]
Stack::store

ldarg.0

|dc.i4 O

stfld int32 Stack::size
ret

¥

.class Stack<T> {
field private 0[] store

field private int32 size

.method public void .ctor() {
ldarg.0
call void System.Object::.ctor()
ldarg.0
|dc.i4 10
newarr !0
stfld '0[] Stack<!0>::store

ldarg.0

|dc.i4 O

stfld int32 Stack<!0>::size
ret
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.class Stack {

field private class System.Object[]
store

field private int32 size

.method public void .ctor() {
ldarg.0
call void System.Object::.ctor()
ldarg.0
ldc.i4 10
newarr System.Object

stfld class System.Object[]
Stack::store

.class Stack<T> {
field private '0[] store

field private int32 size

.method public void .ctor() {
ldarg.0
call void System.Object::.ctor()
ldarg.0
|dc.i4 10
newarr !0
stfld '0[] Stack<!0>::store

ld~r~ O

ldarg.0
Idc,/ o .
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.method public void Push(class .method public void Push(!0 x) {
System.Object x) {
.maxstack 4 .maxstack 4
Jocals (class System.Object[], int32) Jocals (10[], int32)
ldarg.0 ldarg.0
|dfld class System.Object[] Stack::store |dfld |0[] Stack<!0>::store
ldarg.0 ldarg.0
dup dup
|dfld int32 Stack::size |dfld int32 Stack<!0>::size
dup dup
stloc.1 stloc.1
ldc.i4 1 ldc.i4 1
add add
stfld int32 Stack::size stfld int32 Stack<!0>::size
Idloc.1 Idloc.1
ldarg.1 ldarg.1
stelem.ref stelem.any !0
ret ret
b b

stelem(E B K TF T DA K7D T, Fr=[Tstelem.anyZ BN
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.method public static void Main() {
.entrypoint
.maxstack 3
Jocals (class Stack)
newobj void Stack::.ctor()
stloc.0
ldloc.0
ldc.i4 17
box System.Int32

call instance void Stack::Push(class
System.Object)

ldloc.0

call instance class System.Object
Stack::Pop()

unbox System.Int32

ldind.i4

|dc.i4 17

ceq

call void System.Console::WriteLine(bool)
ret

.method public static void Main() {
.entrypoint
.maxstack 3
Jocals (class Stack<int32>)
newobj void Stack<int32> ::.ctor()
stloc.0
ldloc.0
ldc.i4 17

call instance void Stack<int32>::Push(!0)
ldloc.0
call instance '0 Stack<int32>::Pop()

ldc.i4 17

ceq

call void System.Console::WriteLine(bool)
ret

box/unboxMAE|Z
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o 10::.ctor()
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e polymorphic recursion’a E (TG DIesD: e.q.
class C<T> { void m() { ... new C<C<T>>() ... } }
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[ Dict<int,object> } [ Dict<boo|,string>}
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_'”fx vtable _ — vtable
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int : bool
object string
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class C { virtual void m(int) { ... } }
class D<T> : C{
void p(Object x) { ... (Set<T[]>) x ... }
override void m(int) { ... new List<T> ... }
by
class E<U> : D<Tree<U>> {
// m inherited

voidg(){...yisU[] ... }

hs - N
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= >4 In: EDvtableNdDdictionary

class C { virtual void class E<U> :
m(int) { ... } } D<Tree<U>> {
class D<T> : C{ // m inherited
PO o Ay
override void m(int) +
{ ... new List<T> ... }
by
Class | Slotno. | Type parameter or open type
D 0 T = Tree<U>
D | Set<T[]> = Set<Tree<U>[]>
D 2 List<T> = List<Tree<U>>
E 3 U
E 4 U]
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S := new stack
C := constant

form e 1---10000 do

S.push(c) m times
S.pop() m times

Element type Time (seconds)
Object Poly Mono
object 2.9 2.9 2.9
string 3.5 2.9 3.1
int 8.5 1.8 2.0
double 10.4 2.0 2.0
Point 10.5 4.3 4.3
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—-class C<T> {

Main() {
for --- { new Dict<T[], List<T>>() }
lype Time (seconds)
ENEIRT Runtime Lazy
Specialized look-up Dictionary
List<T> 4.2 288 49
Dict<T[],List<T>> 4.2 447 4.9
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typedef struct cell { if (curr == *|) {
int val; *| = nextCurr;
struct cell* next; >
¥ *list; curr->next = newl;
L: newl = curr;
list partition(list *I, int v) { ) else {
list curr, prev, newl, nextCurr; prev = Ccurr;
curr = *[; >
prev = NULL,; curr = nextCurr;
newl = NULL; )
while (curr '= NULL) { return newl;
nextCurr = curr->next; >
if (curr->val > v) {
if (prev '= NULL) {
prev->next = nextCurr;
b
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e curr == NULL
e prev == NULL
e cUrr->val > v

e prev->val > v
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void partition() {
bool {curr==NULL}, {prev==NULL};
bool {curr->val>v}, {prev->val>v};
{curr==NULL} = unknown();
{curr->val>v} = unknown();
{prev==NULL} = true;
{prev->val>v} = unknown();
skip;
while(*) {
assume(!{curr==NULL});
skip;
if (*) {
assume({curr->val>v});
if (*) {
assume(!{prev==NULL});
skip;
by

L:

b

if (*){
skip;
by
skip;
skip;

} else {
assume(!{curr->val>v});
{prev==NULL} = {curr==NULL};
{prev->val>v} = {curr->val>v};

b

{curr==NULL} = unknown();

{curr->val>v} = unknown();

b

assume({curr==NULL});
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e Our implementation uses Das's points-to
algorithm [12] to obtain flow-insensitive,
context-insensitive may-alias information.
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type List = {data next:List; }

pred roots(pointer x,y:List, set
R:List)
= allpos p of List:
pinR
<=>
x<next*>p | y<next*>p;

proc reverse(data list:List):List
set R:List;

[roots(list,null,R)]

{
data res:List;
pointer temp:List;

res = null;
while [roots(list,res,R)] (list!'=null)
{

temp = list.next;
list.next = res;

res = list;
list = temp;
b
return res;

)

[roots(return,null,R)]
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Example Lines of | Invariants GTA Largest GTA Time Memory

name code (formulas) | operations | States | BDD nodes | (seconds) (MB)
reverse 16 1 1,109 35 142 (.52 2
search 12 1 2563 27 85 0.25 2
zip 33 1 1,753 174 T30 4.58 11
delete 22 0 973 T3 349 1.36 5
insert 33 0 1,005 103 443 2.66 T
rotate 11 0 590 44 213 0.22 1
concat 24 0 1,056 48 TT 0.47 3
bubblesort_simple 43 1 1.477 a73 3,289 2.86 15
bubblesort_boolean 43 2 1,737 357 3,922 3.37 12
bubblesort_full 43 2 2,069 373 3,201 4.13 19
orderedreverse 24 1 1.091 29 100 0.46 3
recreverse 15 2 1.019 42 176 0.34 2
doublylinked T2 1 4,163 230 TOG 0.43 13
leftrotate 30 0 1,489 165 1,550 4.62 T
rightrotate 30 0 1,489 165 1,550 4.68 T
treeinsert 36 1 1,989 137 844 8.27 a1
redblackinsert T T 4,279 207 2,419 35.04 44
threaded o4 4 3,005 20 248 3.38 T

Figure 1: Statistics from PALE experiments.

[>< GTA = Guided Tree Automata}
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