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1. there aren’t enough benchmarks

problem statement

avg compiler paper 17
Iris dataset 150 10×
MNIST dataset 60,000 103×
ImageNet dataset 10,000,000 106×



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

problem statement



from this to this

what we need



mine code from web

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

2. first solution for general purpose 
benchmark synthesis

3. automatic 1.27× speedup

4. improved model designs for                  
further 4.30× speedup

contributions
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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 in; 
#endif // 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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Is this real, valid OpenCL? Can we minimise non-functional variance?
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2048 node, 3 layer LSTM

96
 c

ha
r

y = f(x)
next char char array

character level language model
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string S = ‘__kernel void A(__global float* a) {’ 
int depth = 1 
while depth > 0: 
  char c = predict_next_character(S) 
  if c == ‘{’: 
    depth += 1 
  if c == ‘}’: 
    depth -= 1 
  S += c 

return S

kernel synthesis



$ clgen model.json sampler.json

{ 
  “corpus": { 
    “path": “~/kernels” 
  }, 
  "model_type": "lstm", 
  "rnn_size":   2048, 
  "num_layers": 3, 
  "max_epochs": 50 
}

{ 
  "kernels": { 
    "args": [ 
      "__global float*", 
      "__global float*", 
      "const int" 
    ] 
  }, 
  "sampler": { 
    "max_kernels": 1000 
  } 
}

Deep Learning Program Generator.





__kernel void A(__global float* a, 
                __global float* b, 
                __global float* c, 
                const int d) { 
  int e = get_global_id(0); 
  float f = 0.0; 
  for (int g = 0; g < d; g++) { 
    c[g] = 0.0f; 
  } 
  barrier(1); 

  a[get_global_id(0)] = 2 * b[get_global_id(0)]; 
}



__kernel void A(__global float* a, 
                __global float* b, 
                __global float* c, 
                const int d) { 
  int e = get_global_id(0); 
  if (e >= d) { 
    return; 
  } 
  c[e] = a[e] + b[e] + 2 * a[e] + b[e] + 4; 
}



__kernel void A(__global float* a, 
                __global float* b, 
                __global float* c, 
                const int d) { 
  unsigned int e = get_global_id(0); 
  float16 f = (float16)(0.0); 
  for (unsigned int g = 0; g < d; g++) { 
    float16 h = a[g]; 
    f.s0 += h.s0; 
    f.s1 += h.s1; 
   /* snip ... */ 
    f.sE += h.sE; 
    f.sF += h.sF; 
  } 
  b[e] = f.s0 + f.s1 + f.s2 + f.s3 + f.s4 + 
     f.s5 + f.s6 + f.s7 + f.s8 + f.s9 + f.sA +  
     f.sB + f.sC + f.sD + f.sE + f.sF; 
}
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generate random inputs 
run, measure performance
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2000 benchmarks  
per machine 
per day
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results



52%
blind test
http://humanorrobot.uk
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problem: insufficient benchmarks

use DL to learn PL semantics and usage

turing tested!  ;-)

improved model performance and 
design

concluding remarks
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Synthesizing Benchmarks for 
Predictive Modeling

Deep Learning Program Generator. http://chriscummins.cc/clgen

http://chriscummins.cc/cgo17
For the paper, code and data:
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