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Why Autotransplantation?

Kate

Start from 
scratch

Check open 
source repositories 

C Call  
Graph?

C  
Indentation?
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AutotransplantationAutomatic Error Fixing

In-Situ Code ReusalManual Code Transplants

Related Work

Clone Detection Code Migration Dependence 
Analysis

Feature Location Code Salvaging Feature 
Extraction

In-Situ Code 
Reuse

Synchronising 
Manual 

Transplants

Automatic 
Replay Copy-

Paste
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AutotransplantationAutomatic Error Fixing

Related Work
Manual Code TransplantsIn-Situ Code Reusal

Running Program

Debugger

Binary 
Organ

Miles et al.: In situ reuse of logically extracted functional components
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Autotransplantation

Manual Code Transplants In-Situ Code ReusalAutomatic Error Fixing

Related Work

Host Donors

Sidiroglou-Douskos et al.: Automatic Error Elimination by Multi-Application Code Transfer
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BBC World Service Interview
WIRED article
Many shares on Social Media
ACM Distinguished Paper Award at ISSTA ‘15

Recognition for
Our Tool MuScalpel
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Human Organ 
Transplantation
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Automated Software 
Transplantation

Host

Donor 

OrganOrgan

ENTRY

V

Organ Test 
Suite

Manual Work:

Organ Entry 

Organ’s Test Suite 

Implantation Point
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μTrans
Host

Donor 

Stage 1: 
Static Analysis

Host 
Beneficiary

Stage 2: 
Genetic 

 Programming

Stage 3: 
Organ 

Implantation

Organ Test 
Suite

Implantation 
Point

Organ  
Entry
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Stage 1 — Static Analysis
                                       Donor 

OEENTRY

Vein
Organ

Matching 
Table

Dependency 
Graph

Host

Implantation 
Point

Stm: x = 10; -> Decl: int x;Donor: int X -> Host: int A, B, C
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Stage 2 — GP
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μSCALPEL

KateC Layout 
Feature? C Call Graphs?

GNU Indent 
C Code Indentation 

26K LoCs 
7 Organ Tests

GNU Cflow 
C Call Graph Generator 

22k LoCs 
13 Organ Tests
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Experimental Methodology 
and Setup

μSCALPEL

Kate

Time Date 
Plugin

slotInsertTime
Date(){…}

Donor 

OE

tree_output() indent_single_
file()

Cflow IndentOrgan Test 
Suite

Kate 
Beneficiary

slotInsertTime 
Date(){…}

Indent 
Organ

Cflow 
Organ

1 x 20

GNU Time

64 bit Ubuntu 14.10 
16 GB RAM 
8 threads

Validation Test 
Suites 

Coverage Information: 
Gcov
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Host

Organ

Donor

RQ1: Do we break the initial 
functionality?

RQ2: Have we really added 
new functionality?

RQ3: How about the 
computational effort?

Research Questions
Regression TestsAcceptance Tests
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Validation
Regression 

Tests

Augmented 
Regression 

Tests

Donor 
Acceptance 

Tests

Acceptance 
Tests

Manual 
Validation

RQ1.1

RQ1.2 RQ2

Host 
Beneficiary
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Donor Host All Passed Organ Test 
Suite Regression Regression++ Acceptance

Cflow Kate 16 18 20 17 18

Indent Kate 18 19 20 18 19

TOTAL 34/40 37/40 40/40 35/40 37/40

All Passed — RQ1.1 RQ1.2 RQ2

RQ1, RQ2

Regression

40/40

RQ1.1

Regression++

35/40

RQ1.2

AcceptanceAll Passed

37/40

RQ2

34/40

All Passed
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RQ3
Execution Time (minutes)

Donor Host Average (min) Std. Dev. (min) Total (hours)

Cflow Kate 101 31 33

Indent Kate 31 6 11

Total 132 18.5 44

Std. Dev. (min) Total (hours)

4418.5

Average (min)

132
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Automated Software 
Transplantation

Host

Donor 

OrganOrgan

ENTRY

V

Organ Test 
Suite

Manual Work:

Organ Entry 

Organ’s Test Suite 

Implantation Point

μTrans
Host

Donor 

Stage 1: 
Static Analysis

Host 
Beneficiary

Stage 2: 
Genetic 

 Programming

Stage 3: 
Organ 

Implantation

Organ Test 
Suite

Implantation 
Point

Organ  
Entry

Validation
Regression 

Tests

Augmented 
Regression 

Tests

Donor 
Acceptance 

Tests

Acceptance 
Tests

Manual 
Validation

RQ1.1

RQ1.2 RQ2

Host 
Beneficiary μSCALPEL

KateC Layout 
Feature? C Call Graphs?

GNU Indent 
C Code Indentation 

26K LoCs 
7 Organ Tests

GNU Cflow 
C Call Graph Generator 

22k LoCs 
13 Organ Tests

Please visit: 
http://crest.cs.ucl.ac.uk/autotransplantation 

— tool, experiments, data sets available

http://crest.cs.ucl.ac.uk/autotransplantation

