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[Abstract]

This paper proposes a novel method for accurately measuring the similarity between Python codes.
Existing approaches primarily rely on k-gram based token matching, which lacks sufficient consideration
of code structure and flow. To address these limitations, the proposed method introduces an s-gram
segmentation technique and a weighted comparison scheme, combined with the Longest Common
Subsequence (LCS) algorithm to analyze structural similarity. The approach was evaluated on various
open-source Python projects collected from GitHub. Experimental results demonstrate that the proposed
method effectively reduces similarity scores between codes developed by different authors while
maintaining high similarity scores for codes from the same author, outperforming existing techniques.
These findings suggest that the proposed method can contribute significantly to Python code theft

detection and software quality management.
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Longest Common Subsequence (LCS)
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I. Introduction
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III. Proposed Method
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Fig. 1. Flow chart of Python Similarity Tool
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0 0 RESUME

1 2 NOP

2 4 LOAD_CONST
6 LOAD_CONST

8 IMPORT_NAME
10 STORE_NAME
12 LOAD_CONST
14  LOAD_CONST
16  IMPORT_NAME
18 STORE_NAME
20 LOAD_CONST
22 LOAD_CONST
24  IMPORT_NAME
26  STORE_NAME

Fig. 2. Python Bytecode with Start Line
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0 [RESUME]

1 [NOP]

2 [LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME,
LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME,
LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME]

Fig. 3. s—gram Extraction
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0 [RESUME]
weight: 1

1 [NOP]
weight: 1

2 [LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME,
LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME,
LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME]
weight: 12

Fig. 4. Weight Assignment
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File1 bytecode

1 [RESUME]

2 [NOP]

3 [LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME,
LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME,
LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME]

4 [LOAD_CONST, LOAD_CONST, IMPORT_NAME,
CALL_INTRINSIC_1, POP_TOP]

5 [LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME]
6 [LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME]
7 [LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME]
8 [LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME]
9 [LOAD_CONST, LOAD_CONST, IMPORT_NAME,
IMPORT_FROM, STORE_NAME, IMPORT_FROM,
STORE_NAME, POP_TOP]

10 [LOAD_CONST, LOAD_CONST, IMPORT_NAME,
CALL_INTRINSIC_1, POP_TOP]

11 [PUSH_NULL, LOAD_BUILD_CLASS, LOAD_CONST]

Total weight: 56

Fig. 5. Example of File 1

File2 bytecode

1 [RESUME]

2 [NOP]

3 [LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME,
LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME,
LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME]

4 [LOAD_CONST, LOAD_CONST, IMPORT_NAME,
CALL_INTRINSIC_1, POP_TOP]

5 [LOAD_CONST, LOAD_CONST, IMPORT_NAME,
IMPORT_FROM, STORE_NAME, POP_TOP]

6 [PUSH_NULL, LOAD_BUILD_CLASS, LOAD_CONST]

Total weight: 28

Fig. 6. Example of File 2
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LCS of File1 & File2

1 [RESUME]

2 [NOP]

3 [LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME,
LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME,
LOAD_CONST, LOAD_CONST, IMPORT_NAME, STORE_NAME]

4 [LOAD_CONST, LOAD_CONST, IMPORT_NAME,
CALL_INTRINSIC_1, POP_TOP]

5 [PUSH_NULL, LOAD_BUILD_CLASS, LOAD_CONST]

Total weight: 22

Fig. 7. LCS of File 1 and File 2
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IV. Experiments

1. Experimental Dataset
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Table 1. Algorithm ID for Similarity Measurement

ID Similarity Algorithm
K3G k-gram Similarity (k=3)
SG s-gram Similarity
SGW s-gram + Weight Similarity
SGL s-gram + LCS Similarity
SGWL s-gram + Weight + LCS Similarity
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72402 s-gram YAl
2 1% ool fAE 5
2ol Ukt ol 53] 2
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Table 2. Sample ID from Maze Solver Projects

ID Developer Algorithm Remark
Al Dev A Dijkstra Automatic
A2 Dev A Dijkstra -

A3 Dev A Prims Automatic
A4 Dev A Prims Variant A
A5 Dev A Prims Variant B
B1 Dev B A-star -

B2 Dev B BFS -

B3 Dev B DFS -
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3. Experiment on Resilience
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A1:A2 92.61 8899 | 8638 | 87.35| 8442
2. Experiment on Credibility A1:A3 81.58 | 7226 | 68.71 6495 |  62.54
B2 oA Alde] AR dsly| b)) AlFe Al:A4 81.34 | 7221 67.68 | 6287 | 6022
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T = g A 7Hs e Sl Hst Aol A2:A3 8606 | 8290 | 77.42 | 7424 | 7095
A2:A4 8546 | 8290 | 7875| 7588 | 74.09
Table 3. Experiment Between Different Groups A2:A5 85.48 75.18 66,51 63.47 57 98
K3G SG SGW SGL SGWL A3:A4 99.46 | 9749 | 9600 | 9636 | 9421
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Table 5. MOSS Experiment Within the Different Group
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SlmllIiT:? to SIm,lIiTe g o SGWL
A1:B1 0 0 13.88
A1:B2 0 0 10.30
A1:B3 0 0 10.03
A2:B1 0 0 13.88
A2:B2 0 0 10.00
A2:B3 0 0 9.74
A3:B1 0 0 14.82
A3:B2 0 0 10.20
A3:B3 0 0 9.93
A4:B1 0 0 14.82
A4:B2 0 0 10.20
A4:B3 0 0 9.93
A5:B1 0 0 15.76
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A5:B3 0 0 10.32
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Table 6. MOSS Experiment Within the Similar Group

SlmllliT:t‘ly to SlmllliT:tg to SGWL
A1:A2 72 84 84.42
A1:A3 53 57 62.54
Al1:A4 48 55 60.22
A1:A5 65 51 67.14
A2:A3 66 61 70.95
A2:A4 68 67 74.09
A2:A5 52 35 57.98
A3:A4 91 97 94.21
A3:A5 83 60 82.32
A4:A5 81 55 82.44
B1:B2 61 29 71.11
B1:B3 55 27 71.11
B2:B3 94 91 96.04
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5. Experimental results
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Table 7. Run times of five algorithms over Test 1 ~
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