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int[] mergeSort (int[] input, int n) {

if ( n == 1 ) return input;

return merge(  mergeSort (input[0:n/2-1], n/2), 

mergeSort (input[n/2:n-1], n-n/2), n);

}

int[] merge (int[] a, int b[], int n) {

int j=0; int k=0;

for (int i = 0; i < n; i++)

if ( a[j] < b[k] ) 

result[i] = a[j++];  

else  

result[i] = b[k++];

return result;

}

13
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int[] mergeSort (int[] input, int n) {

if ( n == 1 ) return input;

return merge( mergeSort (input[0:n/2-1], n/2), 

mergeSort (input[n/2:n-1], n-n/2), n);

}

int[] merge (int[] a, int b[], int n) {

int j=0; int k=0;

for (int i = 0; i < n; i++)

if ( j<n/2 && ( !(k<n-n/2) || a[j]<b[k]) ) 

result[i] = a[j++];  

else  

result[i] = b[k++];

return result;

}
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int[] mergeSort (int[] input, int n) {

if ( n == 1 ) return input;

return merge( mergeSort (input[0:n/2-1], n/2), 

mergeSort (input[n/2:n-1], n-n/2), n);

}

int[] merge (int[] a, int b[], int n) {

int j=0; int k=0;

for (int i = 0; i < n; i++)

if ( j<n/2 && ( !(k<n-n/2) || a[j]<b[k]) ) 

result[i] = a[j++];  

else  

result[i] = b[k++];

return result;

}

hole
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int[] mergeSort (int[] input, int n) {

if ( n == 1 ) 

return input;

return merge(  

mergeSort (input[0:n/2-1], n), 

mergeSort (input[n/2:n-1], n-n/2)

, n);

}

int[] merge (int[] a, int b[], int n) {

int j=0; int k=0;

for (int i = 0; i < n; i++)

if ( j<n/2 && ( !(k<n-n/2) || a[j]<b[k]) ) 

result[i] = a[j++];  

else  

result[i] = b[k++];

return result;

}

hole

int[] sort (int[] input, int n) {

for (int i=0; i<n; ++i)

for (int j=i+1; j<n; ++j)

if (input[j] < input[i]) 

swap(input, j, i);

return input;

} …
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int[] sort (int[] input, int n) {

for (int i=0; i<n; ++i)

for (int j=i+1; j<n; ++j)

if (input[j] < input[i]) 

swap(input, j, i);

return input;

}
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int[] mergeSort (int[] input, int n) {

if ( n == 1 ) return input;

return merge( mergeSort (input[0:n/2-1], n/2), 

mergeSort (input[n/2:n-1], n-n/2), n);

}

int[] merge (int[] a, int b[], int n) {

int j=0; int k=0;

for (int i = 0; i < n; i++)

if ( expr(<,&&,||,!,-,[])(a, b, j, k, n, n/2 ) ) 

result[i] = a[j++];  

else  

result[i] = b[k++];

return result;

}

19

hole
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int[] mergeSort (int[] input, int n) {

if ( n == 1 ) return input;

return merge( mergeSort (input[0:n/2-1], n/2), 

mergeSort (input[n/2:n-1], n-n/2), n);

}

int[] merge (int[] a, int b[], int n) {

int j=0; int k=0;

for (int i = 0; i < n; i++)

if ( expr(<,&&,||,!,-,[])(a, b, j, k, n, n/2 ) ) 

result[i] = a[j++];  

else  

result[i] = b[k++];

return result;

}

20
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int[] mergeSort (int[] input, int n) {

if ( n == 1 ) return input;

return merge(  mergeSort (input[0:n/2-1], n), 

mergeSort (input[n/2:n-1], n-n/2), n);

}

int[] merge (int[] a, int b[], int n) {

int j=0; int k=0;

for (int i = 0; i < n; i++)

if ( j<n/2 && ( !(k<n-n/2) || a[j]<b[k]) ) 

result[i] = a[j++];  

else  

result[i] = b[k++];

return result;

}





2424



2525

int foo (int x) 
{

return x + x;
} 

int bar (int x) implements foo
{

return x << ??;
} 

int bar (int x) implements foo
{

return x << 1;
} 
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int[16] trans(int[16] M) {

int[16] T = 0;

for (int i = 0; i < 4; i++)

for (int j = 0; j < 4; j++)

T[4 * i + j] = M[4 * j + i];

return T;

}

27
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x1 x2

return
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int[16] trans_sse(int[16] M) implements trans {

int[16] S = 0, T = 0;

repeat (??) S[??::4] = shufps(M[??::4], M[??::4], ??);

repeat (??) T[??::4] = shufps(S[??::4], S[??::4], ??);

return T;

}

int[16] trans_sse(int[16] M) implements trans { // synthesized code

S[4::4]   = shufps(M[6::4],   M[2::4],  11001000b);

S[0::4]   = shufps(M[11::4],  M[6::4],  10010110b);

S[12::4]  = shufps(M[0::4],   M[2::4],  10001101b);

S[8::4]   = shufps(M[8::4],   M[12::4], 11010111b);

T[4::4]   = shufps(S[11::4],  S[1::4],  10111100b);

T[12::4]  = shufps(S[3::4],   S[8::4],  11000011b);

T[8::4]   = shufps(S[4::4],   S[9::4],  11100010b);

T[0::4]   = shufps(S[12::4],  S[0::4],  10110100b);

}
29

: Over the 

summer, I spent about 1/2 a day manually 

figuring it out.  Synthesis time: 30 minutes.
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A[ ??*i+??*j+?? ]

??*x*x + ??*x + ??
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inline int expr(int a, int b){  // generator
switch(??) {

case 0: return a;
case 1: return b;
case 2: return expr(a,b) + expr(a,b);
case 3: return expr(a,b) - expr(a,b);       

}  
}
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int spec (int x) {

return 2*x*x*x*x + 3*x*x*x + 7*x*x + 10;

}

int p (int x) implements spec {

return (x+1)*(x+2)*poly(3,x);

}

inline int poly(int n, int x) {

if (n==0) return ??; 

else return x * poly(n-1, x) + ??;

}
Here, SKETCH performs polynomial division.  Result of division is what 

poly(3,x) is synthesized into.
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bit[W] isolSk(bit[W] x) {
return ~(x+??) & (x+??);

}

bit[W] isolSk(bit[W] x, int c1, c2) {
return ~(x+c1) & (x+c2);

}
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void remove(list l, node n){
if (cond(l,n)) { assign(l, n); } 
if (cond(l,n)) { assign(l, n); } 
if (cond(l,n)) { assign(l, n); } 

if (cond(l,n)) { assign(l, n); }
}

int N = 6;
void test(int p){

nodes[N] nodes;
list l;
initialize(l, nodes);   //… add N nodes to list
remove(l, nodes[p]);
checkList(nodes, l, p);

}
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void remove(list l, node n)

{

if(n.prev != l.head)

n.next.prev = n.prev;

if(n.prev != n.next)

n.prev.next = n.next;

}
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void remove(list l, node n)

{

if(n.prev != null)

n.next.prev = n.prev;

if(l.head == n)

l.head = n.next;

l.tail = l.tail;

if(l.head!=n.next)

n.prev.next = n.next;

}
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void remove(list l, node n)

{

if(n.prev == null)

l.head = n.next;

if(n.next == null)

l.tail = n.prev;

if(n.next != l.head)

n.prev.next = n.next;

if(n.next != null)

n.next.prev = n.prev;

}
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Correlation between number of iterations and number of 

bits of unknowns
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Correlation between number of iterations and number of 

bits of unknowns

y = 0.0644x + 9.7299

R
2
 = 0.9457

0

100

200

300

400

500

600

0 2000 4000 6000 8000 10000

bits of unknowns

It
e
ra

ti
o

n
s

46

log of search space size (bits of controls)



47

AE



48



50



51

class Queue { 

QueueEntry prevHead = 

new QueueEntry(null); 

QueueEntry tail = prevHead; 

void Enqueue(Object newobject) {

Node tmp = null;

newEntry = new QueueEntry(newobject);

reorder{

tmp.next = newEntry ;

tmp = AtomicSwap(tail , newEntry );

}

}

}

Object AtomicSwap(ref Object loc, Object entry) 

atomic {

Object old = loc;

loc = entry;

return old;

}

class Queue { 

QueueEntry prevHead = 

new QueueEntry(null); 

QueueEntry tail = prevHead; 

void Enqueue(Object newobject) {

Node tmp = null;

newEntry = new QueueEntry(newobject);

tmp = AtomicSwap(tail , newEntry );

tmp.next = newEntry ;

}

}

prevHead tail newEntrytmp newEntrytailprevHead newEntry
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