




Machine Learning 

Model
Model 

Parameters

Designed by humans

Machine 

Learning

Learned from data“All models are wrong, 

some are useful” 

– George Box



target 

prediction 

𝑓𝜃(𝑥)
input 

data 𝑥

model of problem

• Given an i.i.d. dataset 𝑥1, 𝑦1 , … , 𝑥𝑁 , 𝑦𝑁
• Pick 𝜃 that minimize Loss ℒ 𝜃 =

1

𝑁
σ𝑖 𝐿 𝑓𝜃 𝑥𝑖 , 𝑦𝑖



Image from marple.eeb.uconn.edu

❯ Minimize loss function in 

training set

❯ Use computational 

methods of optimization

while not converged

• Compute (estimate of) derivative 𝑔 ≈ ∇𝜃ℒ 𝜃
• Update 𝜃 ← 𝜃 − 𝑞(𝑔)



graphs from http://antianti.org/?p=175

Underfitting Overfitting
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Prepare “Message”

D

E

=𝑓 E F

=𝑓 D F

𝒉𝑡
𝑛 = 𝑞𝑡 𝒉𝑡−1

𝑛 , ራ

𝑛𝑗:𝑛𝑗՜
𝑘
𝑛

𝑓𝑡 𝒉𝑡−1
𝑛 , 𝑘, 𝒉𝑡−1

𝑛𝑗
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• node selection
• node classification
• graph classification

https://github.com/microsoft/tf-gnn-samples/
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Prepare “Message”

D

E

=𝑓 E F

=𝑓 D F

𝒎 =෍
𝑛𝑗:𝑛𝑗՜

𝑘
𝑛
𝐸𝑘𝒉𝑡−1

𝑛𝑗

Li et al (2015). Gated graph sequence neural networks. 



F

F

Prepare “Message”

D

E

=𝑓 E F

=𝑓 D F

𝜎
1

𝑛𝑢𝑚𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑟𝑠 + 1
𝑊𝑡 𝒉𝑡−1

𝑛 +෍
𝑛𝑗:𝑛𝑗՜𝑛

𝒉𝑡−1
𝑛′

Kipf et al (2016). Semi-supervised classification with graph convolutional networks. 
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If we used a vanilla RNN instead

𝐻𝑡+1 = 𝜎(U𝐻𝑡 +W𝑅𝑡)







def

for range

for

for range

return



def

for range

for

for range
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for

for range
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for range

for

for range
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def

for range

for

for range

return

Memory





Gilmer, Justin, et al. "Neural message passing for quantum chemistry." 2017.





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];



Assert.NotNull(clazz);

Assert . (NotNull …

ExpressionStatement

InvocationExpression

MemberAccessExpression ArgumentList

Next Token

AST Child



(x, y)  =  Foo();

while  (x > 0)

x = x + y;

Last Write

Last Use

Computed From







int int int

int

return

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

if ( [ ]>0)

+= [ ];

~900 nodes/graph  ~8k edges/graph
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Seen Projects: 24 F/OSS C# projects (2060 kLOC): Used for train and test

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

Accuracy (%) BiGRU BiGRU+Dataflow GGNN

50.0 73.7 85.5





bool string string out string

var

while null

if return true

null

return false





Image from: https://stats.stackexchange.com/questions/235032
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BA EC F
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hyperparameters



https://xkcd.com/1838/

https://xkcd.com/1838/


Practical(?) Tips on Debugging Machine Learning Models

See also: https://youtu.be/oMB24_ao05A






