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machine learning for compilers
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machine learning for compilers

The idea.



machine learning for compilers

The reality.
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problem statement

1. there aren’t enough benchmarks

avg compiler paper 17

Iris dataset 150 10x
MNIST dataset 60,000 103x%
ImageNet dataset 10,000,000 10°6x




problem statement

1. there aren’t enough benchmarks
2. more benchmarks better models
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contributions

1. a deep learning approach to modeling PL
semantics & usage

2. first solution for general purpose
benchmark synthesis

3. automatic 1.27x speedup

4. improved model designs for
further 4.30x speedup
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/* Copyright (C) 2014, Joe Blogs. */
##define CLAMPING
##define THRESHOLD MAX 1.0f

float myclamp(float in) {
#ifdef CLAMPING

return in > THRESHOLD MAX ? THRESHOLD MAX : in < 0.0f ? 0.0f : in;
#else

return 1in;
#tendif // CLAMPING

}

__kernel void findAllNodesMergedAabb(_ global float* in, _ global float* out,
int num_elems)

{
// Do something really flipping cool

int id = get global id(0);
if (id < num_elems)

{

out[id] = myclamp(in[id]);
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##define CLAMPING
##define THRESHOLD MAX 1.0f

float myclamp(float in) {
#ifdef CLAMPING

return in > THRESHOLD MAX ? THRESHOLD MAX : in < 0.0f ? 0.0f : in;
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Hdefine CLAMPING
##define THRESHOLD MAX 1.0f

float myclamp(float in) {
#ifdef CLAMPING
return in > THRESHOLD MAX ? THRESHOLD MAX : in < 0.0f ? 0.0f : in;
#else
return 1in;
#endif // CLAAMPLING

}

__kernel void findAllNodesMergedAabb(_ global float* in, _ global float* out,
int num_elems)

I ': = - e Eif - - E_ . - o=y 2§ W ws nam milm i *AFP; 5 ‘UU

int id = get_global 1d(6),
if (id < num_elems)

{

out[id] = myclamp(in[id]);



#define CLAMPING
#define THRESHOLD MAX 1.0f

float myclamp(float in) {
#ifdef CLAMPING

return in > THRESHOLD MAX ? THRESHOLD MAX : in < ©0.0f ? 0.06f : in;
Helse

return in;
#endif}

__kernel void findAllNodesMergedAabb( global float* in, _ global float* out,
int num_elems)
{

int id = get global id(09);
if (id < num_elems)

{

out[id] = myclamp(in[id]);
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float myclamp(float in) {
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#dafi; ¢ THRESHOLD MAX i.@f

float myclamp(float in) {
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return in > THRESHOLD MAX ? THRESHOLD MAX : in < 0.06f ? 0.06f : in;

Helse
return in;
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__kernel void findAllNodesMergedAabb( global float* in, _ global float* out,
int num_elems)
{

int id = get global id(09);
if (id < num_elems)

{

out[id] = myclamp(in[id]);



float myclamp(float in) {
return in > 1.0f ? 1.0f : in < 0.0f ? 0.0f : in;
}

kernel void findAllNodesMergedAabb(_ global float* in, _ global float* out,
int num_elems)

{
int id = get global id(09);
if (id < num_elems)

{

out[id] = myclamp(in[id]);



float myclamp(float in) {
return in > 1.0f ? 1.0f : in < 0.0f ? 0.0f : in;
}

kernel void findAllNodesMergedAabb(_ global float* in, _ global float* out,
int num_elems)

{
int id = get global id(09);
if (id < num_elems)

{
out[id] = myclamp(in[id]);

} Poes Lt cowqbite?

Does Lt cONEALA L nstructlons?



float myclamp(float in) {
return in > 1.0f ? 1.0f : in < 0.0f ? 0.0f : in;
}

kernel void findAllNodesMergedAabb(_ global float* in, _ global float* out,
int num_elems)

{
int id = get global id(09);
if (id < num_elems)

{

out[id] = myclamp(in[id]);




float myclamp(float in) {
return in > 1.0f ? 1.0f : in < 0.0f ? 0.0f : in;
}

kernel void findAllNodesMergedAabb(_ global float* in, _ global float* out,
int num_elems)

{
int id = get global id(09);
if (id < num_elems)

{

out[id] = myclamp(in[id]);




float myclamp(float in) {
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kernel void findAllNodesMergedAabb(_ global float* in, _ global float* out,
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float A(float in) {
return in > 1.0f ? 1.0f : in < 0.0f ? 0.0f : in;
}

kernel void B(__global float* in, _ global float* out,
int num_elems)

{
int id = get global id(09);
if (id < num_elems)

{

out[id] = A(in[id]);
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int num_elems)

{
int id = get global id(09);
if (id < num_elems)

{

out[id] = A(in[id]);




float A(float in) {
return in > 1.0f ? 1.0f : in < 0.0f ? 0.0f : in;
}

kernel void B(__global float* in, _ global float* out,
int num_elems)

{
int id = get global id(0);
if (id < num_elems)

{

out[id] = A(in[id]);




float A(float a) {
return a > 1.0f ? 1.0f : a < 0.6f ? ©0.06f : a;

}
__kernel void B(__global float* b, global float* c,
int d)
{
int e = get global id(9);
if (e < d)
{

c[e] = A(b[e]);




float A(float a) {
return a > 1.0f ? 1.0f : a < 0.6f ? ©0.06f : a;

}
__kernel void B(__global float* b, global float* c,
int d)
{
int e = get global id(9);
if (e < d)
{

c[e] = A(b[e]);




float A(float a) {
return a > 1.0f ? 1.0f : a < 0.6f ? ©0.06f : a;
}

kernel void B(__global float* b, _ global float* c, int d) {
int e = get global id(9);
if (e < d) {
\ c[e] = A(b[e]);
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string
int depth

1f ¢ ==
depth
1f ¢ ==
depth
+= C

return

-1
while depth > 0:
char c = predict next character(S)

({).

4=

(}).

kernel synthesis

1

1

kernel void A( global float* a) {’



% CLg

Deep Learning Program Generator.

$ clgen model.json sampler.json

“corpus”: {

“path": “~/kernels”
}s
"model type”: "lstm",
"rnn_size": 2048,
"num_layers": 3,
"max_epochs”: 50 },

"kernels": {
"ar‘gS": [
" global float*",

" global float*",
"const int"

]
}

‘'sampler”: {

"max_kernels": 1000

}
}




$ clgen model.json sampler.json 2>/dev/null




~_kernel void A(_ global float* a,

__global float* b,
~_global float* c,
const int d) {

int e = ge _global_id(@);

float f =

for (int g = 0; g < d; g++) {

c[g] = 0.0f;
}

barrier(1);

a[get global id(0)] = 2 * b[get global id(9)];



__kernel void A(_global float* a,

~_global float* b,
~_global float* c,
const int d) {

int e = get _global id(9);

if (e >=d) {

return;
}
cle]

a[e] + b[e] + 2 * a[e] + b[e] + 4;



__kernel void A(__global float* a, .

G
__global float* b, \f%

~ global float* c, \?Qz
const int d) { %

unsigned int e = get global 1d(0);
floatle f = (floatl6)(0.0);
for (unsigned int g = 0; g < d; g++) {
floatle h = a[g];
f.sO += h.sO;
f.sl += h.sl;
/* snip ... */
f.sE += h.sE;
f.sF += h.sF;
}
bl[e] = f.s0 + f.s1 + f.s2 + f.s3 + f.s4 +
f.s5 + f.s6 + f.s7 + £.s8 + .59 + f.sA +
f.sB + f.sC + f.sD + f.sE + f.sF;
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Generate
Inputs

B Compute

Outputs

Verify:

n [z] else no outputs
@ . else 1nput 1nsensitive
@ — . else non deterministic
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Listing 3: Sample 3 Listing 7: Sample 7

1 __kernel void A{__global intx a, __global intx b, __global intx c. 1 __kernel void A(int a, int b, int c, __global const float+ d. __global
— __global intx d. const uint e) { <~ const floatx e, __global floatx f, float g) {
2 const uint f = get_global_id (0); 2 const int I = gelt_-local_id (0);
3 3 const int i = pgel-group-id {0);
4 if (e — 0 & f — 0) 4
5 *d 0: ) canst int j = 4 % i + h:
6 else il ([ < ¢) { 4 canst int k = 4 x i + h + a;
T inl g = b ] 7 if (4 =i +h+ a< c) {
& nint h = ¢ f] 8 float 1 = 0.0;
9 if (g > 0) { 9 float m 0.0;
alh] = T, 10 float n 0.0;
h—+; 11 const float o d[3 = (4 * 1 + h + a)];
} 12 const float p =d[3 = (14 ¥ 1 + h + a) + 1]
if (f — e — 1) 13 const float g =d[3 = (1 + 1 + h + a) + 2]
*d h; 14 for (int r = 0: r < ¢ rt++4) |
} 15 const float s = d[3 = r]| — o;
} const t =d[3 = r + 1] — p;
onst u=4d[3 = r 4+ 2] - q;
nst v:(d[S*r]—o)*(d[er]—0)+(d[3xr—1]
T . (d[3 = r 4+ 1] — p) 4+ (d[3 * r + 2] — q} = (d[3 % r +
Listing 4: Sample 4 ) + g |
1 __kernel void A{__global floal> a, __global lloatx e[r] Ii (((d[3 * r] — o) = (d[3 * r] — o) — (d[3 =+
«—  conslt int d) { p) * d[" * r 4 1] — p) + (d[3 * S 2 - q) * (d
3 int e = get global id (0): + 2] - q) b g) = qqrf (d[% * r] — o) = |:'d-3 * r|] — 0o
3 [3*r|1]-p)*(d[er}1]~p)—-~|\d_3*r}72]
4 ' e (e < d) { e (d-S*r+2]—qJ—gl),
5 float f = blel; % r] — 0) & w;
6 float g = [ |; #r+ 1 —p) «xw;
7 ale] — f = 3.141592f / (f — 1.0f + e * 1024 — f)gw (0.5 « 1.0f #r = 20— q) * w;
s/ 18.0f + e / 2.0f);
) + h}] = 1:
h} + = 11;
for (c = 0: ¢ < 30; ct4) { bl I n d by 2 =
cle] = 0:

% | http: llhumanorrobotuk

Listing 10: Sample 10

p—

Listing 4: Samplc 4 1 __kernel void A(_-_global ulong #a) {
o int i, i

1 kerpel void A(int.&. glcrbal f'loat* b, global int= c. global intx 3 lslt?ru::t JS() c_8;
. . d, --local '?‘t‘,‘ e, 1nt £) { 4 struct S0x p.7 — &c_8:
2 inl g = gel_local_id {0); " , q < : —
- t 1 L id (0 _\0. 5 struct S0 ¢_.9 = {
, i{g.e_-_f;‘l??'-l (0)] = 03 il [{0x43250F6DL ,2TLY , {0x43250FE6N1L,2TL} , { 0x43250E6D1L, 2TUL Y,
'5 ?1‘,;'““ APE 7 {0x43250E6DL ,2TUL},{0x43250E6DL ,2TUL} ,{0x43250E6DL ,2UL},
o d f l(g_\ N )I{ 8 {0x43250E6DL ,2TUL} ,{0x43250E6DL ,2TCL} },
- tat = ClEe 9 0x4BF90EDCAD2086BDL
8 if (h ! —1) { 10 oo .

/ _ 11 c.8B = c.9;
9 _—global Floatx i = b + p * a; 19 b . 0 | 1);
0 float i = O BalELEEY b
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concluding remarks

problem: insufficient benchmarks

use DL to learn PL semantics and usage
turing tested! ;-)

iImproved model performance and
design
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Synthesizing Benchmarks for
Predictive Modeling

Symhesizirg Benchmarks jor Fredictive Modding @

For the paper, code and data: 2z
Nttp://cnriscummins.cc/cgo’l/

For the TensorFlow neural network:
Nttp://chriscummins.cc/clgen




