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Agenda

•Motivation, why code reviews are needed?
•Gentle intro into neural networks, machine 
learning on source code

•Toy model
•Entropy
•Next steps / wrap-up
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What is a code review?

•Code review is a software quality assurance (QA) activity in 
which one or several persons check a program mainly by 
viewing and reading parts of its source code. 

•Review is NOT made by the program developer.
•Google published a document with recommendations for 
How to do a code review. PhUSE has a wiki section 
dedicated to Code Review.

•Some companies even implemented code reviews as a 
standard validation procedure for simple SAS programs 
instead of double programming.
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Question to audience

Do you use code reviews at work?



5© 2018 All rights reserved | Confidential | For Syneos Health™ use only

Importance of code reviews

https://insights.stackoverflow.com/survey/2019#work-_-code-review

https://insights.stackoverflow.com/survey/2019
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Importance of code reviews

https://smartbear.com/resources/ebooks/the-state-of-code-review-2019/

https://smartbear.com/resources/ebooks/the-state-of-code-review-2019/
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GitHub pull request review
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Code reviews – back side…

https://twitter.com/iamdevloper/status/397664295875805184?lang=en

https://twitter.com/iamdevloper/status/397664295875805184%3Flang=en
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Neural networks

By en:User:Cburnett - Own workThis W3C-unspecified vector 
image was created with Inkscape., CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=1496812

• How much data do we have?
95242 LoC, phase 2b study.
find . -iname "*.sas" -type f \

| xargs cat \
| sed '/^\s*$/d’ \
| wc -l

• What is source code?
• How to represent source 

code as an input?
• What kind of neural network 

to use?
• How this would help us with 

code reviews?
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Representing SAS source code

proc means data=ads.adsl;  
class trt01pn;
var age;
output out=age_desc

n=
mean= 
min= 
max= / autoname;

run;

112 114 111 99 32 109 101 97 110 115 32 100 97 116 97 61
97 100 115 46 97 100 115 108 59 13 10 32 32 32 32 99
108 97 115 115 32 116 114 116 48 49 112 110 59 13 10 32
32 32 32 118 97 114 32 97 103 101 59 13 10 32 32 32
32 111 117 116 112 117 116 32 111 117 116 61 97 103 101 95
100 101 115 99 13 10 32 32 32 32 32 32 32 32 110 61
13 10 32 32 32 32 32 32 32 32 109 101 97 110 61 13
10 32 32 32 32 32 32 32 32 109 105 110 61 13 10 32
32 32 32 32 32 32 32 109 97 120 61 32 47 32 97 117
116 111 110 97 109 101 59 13 10 114 117 110 59 13 10
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Representing SAS source code on a char level
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Some data preprocessing to consider

•Remove all comments (pl1, star, macro style 
comments)

•No datalines content (we don’t want NLP 
inside NLP)

•Remove procedures with
submit;/endsubmit; blocks.

•SAS Macro…
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Improving the quality, tokenization of the SAS source code

proc means data=ads.adsl;  
class trt01pn;
var age;
output out=age_desc

n=
mean= 
min= 
max= / autoname;

run;
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Improving the quality, tokenization of the SAS source code

proc means data=ads.adsl;  
class trt01pn;
var age;
output out=age_desc

n=
mean= 
min= 
max= / autoname;

run;
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Parse SAS program and create its parse tree
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Tokenizing SAS programs

proc sort data=ae2;                    | PROC SORT DATA = ID ;
by usubjid aestdtc aeendtc;        | BY ID ID ID ;

run;                                   | RUN ;
|

data mess2;                            | DATA ID ;
merge mess ae2;                      | MERGE ID ID ;

by usubjid;                          | BY ID ;
set ads.adlb(                        | SET ID . ID (
where=(paramcd='BACT'              | WHERE = ( ID = <STR>

and visit = 'Screening'))   | OP_AND ID = <STR> ) )
key=keyvar / unique;               | KEY = ID / UNIQUE ;

data = 123;                          | ID = <INT> ;
run;                                   | RUN ;



17© 2018 All rights reserved | Confidential | For Syneos Health™ use only

Vocabulary for tokens
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Is the highlighted text correct?

data mess2;
merge mess ae2;
by usubjid …
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Starting point is a raw SAS program (textfile)
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Tokenize and encode as one-hot vectors
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Form input matrix
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Feed input into FCNN
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Get output (vector of vocab size)
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Use probability distribution to get a prediction for the middle token
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Toy model definition in Keras

# define model
model = Sequential([

Dense(100, activation='relu', input_shape=(context*2, len(vocab))),
Dense(50, activation='relu'),
Flatten(),
Dense(len(vocab), activation='softmax')

])

model.compile(Adam(), loss='categorical_crossentropy’,metrics=['accuracy'])
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Toy model summary

Model: "sequential_1"
_________________________________________________________________
Layer (type)                 Output Shape              Param #   
=================================================================
dense_1 (Dense)              (None, 20, 100)           5800      
_________________________________________________________________

dense_2 (Dense)              (None, 20, 50)            5050      
_________________________________________________________________
flatten_1 (Flatten)          (None, 1000)              0         
_________________________________________________________________
dense_3 (Dense) (None, 57) 57057     
=================================================================
Total params: 67,907
Trainable params: 67,907

Non-trainable params: 0
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Softmax

Output layer is:

Dense(len(vocab), activation='softmax')

What gives us a vector of len(vocab) real numbers from the interval (0, 1). We 
would treat it as a probability distribution for tokens from the vocabulary:

p = model.predict(x) # p.shape = (1, 57)
s = np.sum(p)        # s == 1
print(p)             # [0.0004120028, 0.0011239, …]
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Probability distribution for the token in the middle

seq = encode('data mess2; merge mess ae2; by usubjid; set ads.adlb(')
x = select_input(seq, 4)
p = model.predict(x) # p.shape = (1, 57)

# print 5 highest probable tokens
for times in range(5): 

i = np.argmax(p) # select highest probability element from p
print(code_to_token[], p[0][i])
p[0][i] = 0

# MERGE 0.7913401 
# SET 0.1522897
# FORMAT 0.013148197
# INFORMAT 0.00796120195

# FILE 0.00093120028
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Logarithm: entropy = log(p)

By Richard F. Lyon - made myself, alt version of Logarithm plots.svg with better text, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=13257335
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Entropy heatmap
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Next steps

•RNN/LSTM/GRU and their bidirectional analogs
•Transformer architecture – attention models would help to 
address data/run or do/end blocks.

•Representation for identifiers – AESTDTC is not just an ID.
•Data augmentations – e.g. shuffle options in a procedure.
•Encode variable type information in IDs
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