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What’s Code Plagiarism in Clinical Programming01

Code reference is 
acceptable!

Project A

Main Side

QC Side

Project B

Main Side

QC Side

√

××

Code Plagiarism: Copy code from other side in the same project and same task

Code Reference
Code Plagiarism



Why Detection

There are two things need to be considered:

02

Ø Where the clinical data come from?

Ø The purpose of the clinical trial?

Subject

More
Patients



Why Detection

Independent double programming in Clinical Trial Analysis

Ø Gold standard for the validation of programs and outputs created around the 
analysis of clinical data.

ü Unbiased QC 

ü Proven evidence “all values are exactly equal“ (Quality is more than Equality)

ü Validation can easily be repeated 

ü 1st and 2nd line programming can be done in parallel 

ü At least one programmer can be less experienced

Ø Applied not only for the validation of SDTM/ADaM but also for TFL.
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How to Detect03

• Read in code
• Pre-process 

Input

• Equality
• L-Distance
• Cosine Similarity
• MinHash & Jaccard

Comparison
• Lines
• Blocks
• Similarity

Output
• Read in code line by line.
• Delete lines without words.
• Set the list of stopwords

• 4 Methods are introduced
• Lines and blocks are compared

• Record similar lines, blocks
and correspondent similarity 



How to Detect03

Approaches

Equality

Levenshtein
Distance

Cosine 
Similarity

MinHash & 
Jaccard

Four approaches are introduced to measure the similarity once the lines are well read in.

Loose

Strict



How to Detect - Equality03

A simple brute force approach to compare two strings is to check if they are identical.

Sample Code:



How to Detect - Token Sort Ratio03

Levenshtein distance is the minimum number of operations, including deletion, 
insertion and substitution, to make the two inputs equal.

For (a), at least three operations need to be done to 
get word ‘shine’ from word ‘rain’ :

operation 1: rain                          sain
operation 2: sain shin
operation 3: shin shine

substitute ‘r’ by ‘s’ 
substitute ‘a’ by ‘h’ 
insert ‘e’

In this case, we say that the Levenshtein distance 
between ‘rain’ and ‘shine’ is 3.



How to Detect - Token Sort Ratio (cont.)03

One easily sees that 𝑙𝑒𝑣 ′𝑎 𝑑𝑜𝑔!,! 𝑎 𝑐𝑎𝑡′ = 3 and  𝑙𝑒𝑣 ′𝐼 ℎ𝑎𝑣𝑒 𝑎 𝑑𝑜𝑔′, ′𝐼 ℎ𝑎𝑣𝑒 𝑎 𝑐𝑎𝑡′ = 3

To measure the similarity, the length of string should be taken into consideration.

We define the token sort ratio of 𝑎 and 𝑏 as 

𝑡𝑠𝑟 𝑎, 𝑏 = 1 −
𝑙𝑒𝑣 𝑎. 𝑠𝑜𝑟𝑡, 𝑏. 𝑠𝑜𝑟𝑡
min 𝑙𝑒𝑛 𝑎 , 𝑙𝑒𝑛 𝑏

∗ 100%

In this way, 𝑡𝑠𝑟 !𝑎 𝑑𝑜𝑔!,! 𝑎 𝑐𝑎𝑡! = 40% and 𝑡𝑠𝑟 ′𝐼 ℎ𝑎𝑣𝑒 𝑎 𝑑𝑜𝑔!,! 𝐼 ℎ𝑎𝑣𝑒 𝑎 𝑐𝑎𝑡! = 75%



How to Detect - Token Sort Ratio (cont.)03

A method in FuzzyWuzzy provides a direct way to calculate. Sample codes:



How to Detect - Cosine Similarity03

Vectorization is widely used in Machine Learning and related fields.
Once transferred to vectors, similarity between strings can be understood as the intersection angle.  
Here are three popular ways to vectorize strings. 

TF

TF-IDF

Word2vec

Term frequency (TF) means how often a word occurs in text.

Similar to TF but words occur in both sides are less weighted 

Based on neutral net and context is considered. 



How to Detect - Cosine Similarity (cont.)03

Take TF as example

Say, we have two strings 𝑎 =! 𝐼 ℎ𝑎𝑣𝑒 𝑎 𝑟𝑒𝑑 𝑑𝑜𝑔! and 𝑏 =! 𝐼 ℎ𝑎𝑣𝑒 𝑎 𝑟𝑒𝑑 𝑐𝑎𝑡 ′.
The union of words in two strings is {‘I’, ‘have’, ‘a’, dog’, ‘cat’, ‘red’}.

Calculate the frequencies of each word in the union occurs in 𝑎 and 𝑏 respectively.

‘I’ ‘have’ ‘a’ ‘dog’ ‘cat’ ‘red’
a 1 1 1 1 0 1

b 1 1 1 0 1 1

The correspondent vectors are 𝑣𝑒𝑐 𝑎 = 1,1,1,1,0,1 and 𝑣𝑒𝑐 𝑏 = (1,1,1,0,1,1)



How to Detect - Cosine Similarity (cont.)03

Sample codes for TF and output:



How to Detect - Cosine Similarity (cont.)03

Sample codes for TF-IDF and output:

Note: the frequency of word ‘the‘ is no 
longer two times as that of ‘bedroom’ 
since it appears in both strings,
and is less weighted.



How to Detect - Cosine Similarity (cont.)03

Sample codes for word2vec (sketch) and output:



How to Detect - Cosine Similarity (cont.)03

After vectorization, two vectors are obtained: 𝐴 = 𝑣𝑒𝑐(𝑎) and 𝐵 = 𝑣𝑒𝑐(𝑏).

Recall that                       And we define this value to be the cosine similarity of two strings. 𝑐𝑜𝑠𝜃 = !"#
! |#|

.

Back to our example where 𝑎 =% 𝐼 ℎ𝑎𝑣𝑒 𝑎 𝑟𝑒𝑑 𝑑𝑜𝑔% and 𝑏 =% 𝐼 ℎ𝑎𝑣𝑒 𝑎 𝑟𝑒𝑑 𝑐𝑎𝑡 ′.

In this case 𝑣𝑒𝑐 𝑎 = 1,1,1,1,0,1 and 𝑣𝑒𝑐 𝑏 = (1,1,1,0,1,1), and easily we get the similarity 𝑐𝑜𝑠𝜃 = &
'
= 80%.

Sklearn package provides direct methods to vectorize strings and to calculate cosine similarity.



How to Detect - Cosine Similarity (cont.)03

Sample code for cosine similarity(sketch):



How to Detect - MinHash & Jaccard03

In this final method, we are going to regard our strings simply as sets.

Jaccard Similarity Coefficient is defined as the size of their intersection divided by 
the size of their union. 

In other words: 𝐽 𝐴, 𝐵 =
|𝐴 ∩ 𝐵|
|𝐴 ∪ 𝐵|

For example, A = {‘I’, ‘have’, ‘a’, ‘dog’}, B = {‘I’, ‘have’, ‘a’, ‘cat’} then 

𝐽 𝐴, 𝐵 =
3
5
= 60%



How to Detect - MinHash & Jaccard (cont.)03

As a bonus, we use MinHash to estimate Jaccard to raise efficiency.

MinHash lets us estimate the Jaccard similarity between sets of arbitrary sizes in 
linear time using a small and fixed memory space. 



Pack Up & Output04

Object Description Related Module(s) in 
Python

Export Every code-pair in the specified folders are 
compared. The result is exported to an excel 
where there is a sheet containing summarized 
information and individual sheets for every pair in 
details. 

OS, Pandas

UI In the User Interface Window, the folder path is 
selected through folder browser and threshold for 
every method is set up. 

Tkinter

Pack Up Pack everything up to obtain an executable file 
for convenience.

Pyinstaller



Pack Up & Output - Demo04

UI:



Pack Up & Output - Demo04

Output:



Pack Up & Output - Demo04

Output:



Pack Up & Output - Demo04



Q & AQ



Thank You!

Contact：

杨济豪 (Jihao Yang): yangjihao@kelun.com
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