




Code
Synthesis









Detecting Bugs with ML

Practical Tips for Machine Learning

Continuous [Code] Semantics?









int int int

int

return

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

if ( [ ]>0)

+= [ ];

int int int

int

return

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

if (arr[i]>0)

sum += arr[i];
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Li et al (2015). Gated Graph Sequence Neural Networks. 

https://github.com/Microsoft/gated-graph-neural-network-samples

𝑦𝑖= MLP(𝒉𝑇
𝑛)Node Classification:

𝒚 = softmax(f({𝒉𝑇
𝑛}))Node Selection:

Graph Classification : 𝑦 = g({𝒉𝑇
𝑛})

𝒉𝑇
𝑛
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int int int

int

return

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

if ( [ ]>0)

+= [ ];

~900 nodes/graph  ~8k edges/graph



Implementation

• Sparse TensorFlow implementation

• 16 edge types (forward + backward)

Stats

• 65 graphs/s during training

• 272 graphs/s during testing

https://github.com/Microsoft/gated-graph-neural-network-samples





3.8 type-correct alternative variables per slot (median 3,  σ= 2.6)

Accuracy (%) Syntax Only Avg BiRNN GGNN

Seen Projects 49.6 73.5 82.6



Accuracy (%) Syntax Only Avg BiRNN GGNN

Seen Projects 49.6 73.5 82.6

Unseen Projects 36.2 59.7 76.0

3.8 type-correct alternative variables per slot (median 3,  σ= 2.6)



bool string string out string

var

while null

if return true

null

return false



bool string string out string

var

while null

if return true

null

return false











https://github.com/dotnet/roslyn/pull/23437



https://github.com/dotnet/roslyn/pull/23437



Learning to 
Name Source 
Code





???

???

(???);
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𝑐
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𝑡 𝑡5
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𝑡

𝑡1
𝑎 𝑡2

𝑎 𝑡3
𝑎 𝑡4

𝑎 𝑡5
𝑎 𝑡6

𝑎

Context RNN

Type Name RNN

ParName RNN
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𝑟1
𝑐 𝑟1

𝑡𝑟1
𝑎

LSTM ℎ1
𝑑

𝑜1
1 𝑜1

2 𝑜1
𝑉

Attention

Linear

ℎ𝑐

ℎ𝑡

ℎ𝑎

ℎ0
𝑑Linear

𝑡1
𝑐 𝑡1

𝑡𝑡1
𝑎

Copy Attention

LSTM

𝑜1







Metrics

Low-Resource 
Environments

ConfidentialityTrain/Use Costs

Fuse all sources 
of information

Train-Use & 
Feedback Loop





https://youtu.be/oMB24_ao05A



Learning Semantic Continuous 
Representations of Symbolic 

Expressions

(a-b)*(b+c)+(b-b)

a*b+a*c-b*(b+c)

a*c+b*(a-b-c)

ICML 2017. Joint work with Charles Sutton, Pushmeet Kohli, Pankajan Chanthirasegaran



Semantic Continuous Representations 

Syntax-driven but
small changes in 
syntax can lead in 
large changes in 

semantics

SemVecs



Sequence RNNs

Cho, Kyunghyun, et al. "Learning phrase representations using RNN encoder-decoder for statistical machine 
translation.", 2014
“Inferring Algorithmic Patterns with Stack-Augmented Recurrent Nets” by Armand Joulin and Tomas Mikolov, 
2015

StackRNN

GRU

a * b( + )c



Recursive Neural Networks (TreeNN)

Socher et al. 2011, 2013



TreeNNs

TreeNN

Child 1 Child 2

Parent



Zaremba et al. 2014

Learning to Discover Efficient Math Identities



EqNet Architecture Overview



SemVecs in EqNet

Symbolic 
Expression Parse 
Tree

Unit 
Hypersphere





Subexpression Forcing

Same Equivalence Class, 
Different Representations

* *

a+ba+b a*a-b*b (a-b)*(a+b)

Parents are of same 

Equivalence Class 



Subexpression Forcing

Same Equivalence Class, 
Different Representations

* *

a+ba+b a*a-b*b (a-b)*(a+b)

Parents are of same 

Equivalence Class 



noise



Training Objective



Training Objective

scheduled introduction



Datasets





Test Datasets

E
q
 C

la
ss 1

E
q
 C

la
ss 4

E
q
 C

la
ss 3

E
q
 C

la
ss 2

E
q
 C

la
ss 6

E
q
 C

la
ss 7

E
q
 C

la
ss 8

E
q
 C

la
ss 5



Test Datasets

E
q
 C

la
ss 1

E
q
 C

la
ss 4

E
q
 C

la
ss 3

E
q
 C

la
ss 2

E
q
 C

la
ss 6

E
q
 C

la
ss 7

E
q
 C

la
ss 8

E
q
 C

la
ss 5

UnseenEqClass Testset

20%



Test Datasets

E
q
 C

la
ss 1

E
q
 C

la
ss 4

E
q
 C

la
ss 3

E
q
 C

la
ss 2

E
q
 C

la
ss 6

E
q
 C

la
ss 7

E
q
 C

la
ss 8

E
q
 C

la
ss 5

UnseenEqClass Testset

20%

20%

SeenEqClass Testset



Evaluation Metric

query point

k-nearest 
neighbors



Evaluation

SeenEqClass Testset UnseenEqClass Testset



Operator Types Num of Variables

EqNet Performance vs Dataset Characteristics



Evaluation of 
Compositionality

SeenEqClass Testset UnseenEqClass Testset



Visualizing 
Polynomials 
and their 
Negatives
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Visualizing 
Polynomials 
and their 
Negatives



http://groups.inf.ed.ac.uk/cup/semvec/

t-SNE Visualization
SimpPoly8



http://groups.inf.ed.ac.uk/cup/semvec/

t-SNE Visualization
Bool10-UnseenTest



http://groups.inf.ed.ac.uk/cup/semvec/

t-SNE Visualization
Bool10-UnseenTest






