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Can we “grow” a software component and “graft”
it to existing system automatically?
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Babel Pidgin

Can we “grow” a software component and “graft”
it to existing system automatically?

Reduce the amount of tedious effort required @ O
by human programmer in order to develop and N o

add new functionality into an existing system. T
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Donor Host
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Software

What if we want to transplant a new functionality,
which we could not find it in any existing donors!?
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Host

Software

Grow code for new functionality, rather than to improve
existing non-functional properties of the system.
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The paper
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The paper
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Case law M Harman, Y Jia, WB Langdon - International Symposium on Search ..., 2014 - Springer
. Abstract Adding new functionality to an existing, large, and perhaps poorly-understood
My library system is a challenge, even for the most competent human programmer. We introduce a
‘grow and graft'approach to Genetic Improvement (Gl) that transplants new functionality ...
Cited by 27 Related articles All 12 versions Cite Save
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Automated Software Transplantation

Earl T. Barr, Mark Harman, Yue Jia, Alexandru Marginean, Justyna Petke

Automated Transplantation of Call Graph
and Layout Features into Kate

Alexandru Marginean, Earl 1. Barr, Mark Harman, Yue Jia
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Host

char *vF;
vF = getFile();
initCodec(vF);

getInputFile();

getOutputFile();

Stream *ds = decodeFile(VvF);
encodeStream(ds, out);
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Experimental Corpus

Subjects

Type

Size KLOC Reg. Tests

Empirical Study

Indent

Donor

ldct Ble]gle]g 2.3 -
Mytar Blelgle]} 0.4 -
Cflow Dle]gle]g 25 -
Webserver | Donor 1.7 -
TuxCrypt Donor 2.7 -
Pidgin Host 363 38
Cflow Host 25 21
SoX Host 43 157
Case Studies
VLC Host 422 27
Kate Host 50 238
X264 Donor 03 -
Cflow Dle]gle]g 22 -

20

Aggregate Statistics

(Size)

Minimum

Maximum

Donor
(Average)

Host
(Average)

Alexandru Marginean — Automated Software Transplantation
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Experimental Methodology
and Setup

Postoperative
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Empirical Study

Execution Time (minutes)

Donor Host  Successful Average Total (hours)
16 5 97

16 3 65

) 8 160

15 58 1151

15 29 574

16 3 59

17 3 53

) 5 102

20 44 872

14 31 623

15 12 233

17 3 60

) 7 132

14 89 74

13 34 94

OTA 38/300 334 72
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Empirical Study

Fvacution Time (minutes)

Ble]gle]g H Successfu‘ rage Total (hours)

ldct Piagin 10 5 97
Mytar Pidgin 16 3 65
Web Pidgin 0 8 160
Cflow Pidgin 15 58 1151

Tux Pidgin 15 29 574

16 3 59
14 3 53

0 5 102
20 44 872
14 31 623

|dct SoX 15 12 233
Mytar SoX 14 3 60
Web SoX 0 7 132
Cflow SoX 14 89 74

Tux SOX

ST : Vi 1o o m—
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Empirical Study

Execution Time (minutes)

Ble]ple]s Host  Succes:s Average Total (hours)

16 97
16 3 65
0 8 160
15 28 1151
15 29 o574
16 3 99
17 3 93
0 5 102
20 44 872
14 31 623
15 12 233
17 3 60
0 7 132
14 89 74
13

% 04
OTA 38/300 334 2]
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17 3 53
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Name. KDebug  Show documentation for QAction::se
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Help found at all”

> QtHelpPlugin: : docunentationForDeclaration(KDevelop: :Declaration® dec) const
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C Layout

?
L C Call Graphs"

OO
Run  Navigation Fi Edit Editor de Window @ Debug |/ Code

O Execute Onew | save < QtHelpDocumentation

qthelpdocumentation.h gthelpdocumentation.cpp & qthelpplugi < >  Line: 1 43 gthelpdocumentation.h [
return QStringList(n_info.keys()).join(", ") A 0_0BJECT
op.d b public .
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vk Quidget* QtHelpDocumentation: :documentatiopWidget (QNidget* parent)
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} else { virtual gstring description()
bView(parent)
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CMakeList
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Action Act
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QDir d(dirName)
foreach(const Qstr
gstring fileMlar QA
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KDebug () bool isCheckable () const
if(n_engind void setCheckable ( bool )
Project Selection KDebug See also QAction::setChecked().

else - _
Name kDebug | Show documentation for QAction:

gine.error() << n_engine. registeredDocunentations ()
Help found at all”

op::TDocumentation > QtHelpPlugin: : docunentationForDeclaration(KDevelop: :Declaration® dec) const
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{ QtHelpDocunentation(const

virtual string name() const { return n_nane; }

virtual string description() const

-4 Classes

> © kdevathelp ew->page () etvor anag AccessHanage virtual Quidget* docunentationwidget (QNidgett parent)

ke b e s
tionProvidert provider ()
onst { return m_info; }

Projects

ation.cpp n;
ntation. QtHelp a n nativeLink (nane, this, v atic QtHelpPlugin® s_provider
h private slots:
thelpplugin. cp: void junpedTo( newrl)
n qthelpplugin.h
eLists.bt ) m_name;
String, QUF o
string, QUFl> st_iterator m_current
holds whether
< / Kal tion i or F ple processor, a

CMakelLists.txt qthelpplugin.c

if(tdirNane.isEnpty ()
Qir d(dirNa For

161 %
function:

bool isCheckable () const
void setCheckable ( bool )

also QAc

Show documentation for
n_engine.er
10 QtHelp found at all*

Ksharedptr: elop::IDocumentation > QtHelpPlugin: :documentationForDeclaration (KDevel eclaration* dec) const

@b FindinFiles © Buld o Version Control ) Code Browser ) Problems @] Konsole

30 { 2% \-printf()
tmp/cf1/doc [git:master] $ cflow -Tnl d.c

1 { 83} +-main() <int main (int argc, char **argv) at d.c:85>
1}  +-fprintf()
13  +-atoi()
13 \-printdir() <voi
23 +-getcuwd()
23 +-perror()
23 +-chdir()
+-opendir

rintdjr (int level, char *name) at d.c:42> (R)

Indenting using GNU Indent

howdy.c 8

-y o USCALPEL

printf (

return 0;
} return 0;

CCUTH WN — ®\0~0 U~ WN
9 (M9 (N9 (9 (M9 (9 (9 (A A A A A A A

P T (= (= (= [ (=

Bk
b
18 { 2% ’ ) <void printdir (int level, char *name) at d.c:42> (recu
rsive: see 4)
19 { 23 \-closedir()
tmp/cf1/doc [git:master] $

._.
~
~n
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Indenting using GNU Indent

USCALPEL
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30 { 21 \-printf()
tmp/cf1/doc [git:master] $ cflow -Tnl d.c
1 { 83} +-main() <int main (int argc, char **argv) at d.c:85>

2 { 1}  +-fprintf()
3{ 1} +-atoi()

4 { 1} \-printdir() <voi rintdir (int level, char *name) at d.c:42> (R)
5{ 2% +-getcuwd()
6 { 2} +-perror()
7l 2 +-chdir()
8 { +-opendir
I

10 {

11§

12 §

13 4

14 {

._.
ul
~

16 { 3}
17 { 23
18 { 2}

@dir() <void printdir (int level, char *name) at d.c:42> (recu

rsive: see 4)

19 { 23 \-closedir()
tmp/cf1/doc [git:master] $

CREST



Kate

cflow
USCALPEL

CREST

:UCL Alexandru Marginean — Automated Software Transplantation NN



LUSCALPEL

I CL Alexandru Marginean — Automated Software Transplantation  — —~—~_

CREST



Kate

© New L Open 4@ Previous Document & Next Document
4| vE5 ~/Development/ssBs... | [P |
cc

posix.c

id parse_function_decli
dcl(Ident*, it
knr_dcl (Ident!
typedef();
sion();

t parmdcl(Ide
dirdcl(Iden
skip_struct()
Symbol *get_symbol
maybe_parm_list

call( int
id reference(char*,

int leve
Symbol *caller;
struct obstack text stk;

int parm_level;

typedef int Stackpos[1];

TOKSTK tok
TOKSTK *token_stack;
int tos;
t curs;
t token_stack length
t token_stack increa ;

Line: 1 of 1,159 Col: 1 LINE INS

*UCL

H Save W Save As O Close

() <Symbol *get_symbol (char *name) at example.c:109
ow()
stremp()
install_ident()
globals_only()
xmalloc()
linked_list_create()
linked_list_append()
call() <void call (char *name, int line) at example.c:1128>:
add_reference() <Symbol *add_reference (char *name, int line) at
example.c:1109>:

get_symbol() <Symbol *get_symbol (char *name) at example.c:1093>

lookupCFlow
stremp()
install_ident()
globals_only()
xmalloc()
linked_list_create()
linked_list_append()
data_in_list()
linked_list_append()
cleanup stack() <void cleanup stack () at example.c:156>:

Alexandru Marginean — Automated Software Transplantation

= B 3 = €) 1540 3

Kate

@ @ @ callGraphoriginal.c - Kate

© New L= Open <@ Previous Document & Next Document H Save i/A Save As 9 Close

vES ~/Development/SSBS...

[Z Documents

parser.c UTF-8

USCALPEL

1inc e "Interface
struct symbol {
struct table entry *owner;
Symbol *next;
struct linked list_entry *entry;
enum symtype type;
r *name;
enum symbol flag flag;
struct symbol *alias;
active;
expand_line;
token_type
r *source;
def_line;
struct linked list *ref line;
level;
r *decl;
enum storage storage;
nt arity;
nt recursive;

struct linked list *caller;
struct linked list *callee;

struct yy trans_info { flex_int32 t yy verify; flex_ int32 t yy nxt;};
struct yy buffer_state {FILE *yy input_file;

r *yy ch_buf;

r *yy buf_pos;

yy_size t yy buf size yy_n_chars;

yy_is_our_buffer;
int yy is_interactive;

int yy at_bol;

int yy bs_lineno;

Line: 53 of 3,718 Col: 13 LINE INS

@ @ @ callGraphoriginal.c - Kate
<@ Previous Document &) Next Document

~/Development/ssBs...| | Finclude "In
struct symbol

struct table_ent
Symbol *next;
struct linked list_entry *entry;
enum symtype type;
char *name;
enum symbol flag flag;
struct symbol *alias;
t active;
expand_line;
token_type;

w[: Documents

enum storage storage;
int arity;
recursive;
size t ord;
struct linked list *calle
struct linked list *calle

Y
struct yy trans_info

ex_int32_t yy verify;
ex_int32 t yy nxt;

yy_buffer_state
*yy_input_file;
*yy_ch_buf;
char *yy buf pos;
yy_size_t yy buf size;

Line: 1 0f 4,917 Col: 1 LINE

Wl seve |




Case Study - Kate

Execution Time (minutes)

Dle]gle)¢ Host Successful Average Total (hours)

Cflow Kate

Indent Kate

TOTAL
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Case Study - Kate

Execution Time (minutes)

Donor Hos SUCCQSS]‘U‘ Average Total (hours)
Cflow Kate 16 101
Indent Kate 10 31

34/4 T
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Case Study - Kate

Execution Time (minutes)

Ble]ale]g Host Successful Ave rag e Total (hours)

Cflow Kate 16 101 33
Indent Kate 18 11

31
G0 132 Z

:UCL Alexandru Marginean — Automated Software Transplantation ,{EE\S,T\



Case Study - Kate

Execution Time (minutes)

Donor Host Successful Average Tota‘ ( h Ou I’S)
Cflow Kate 16 101 33|
Indent Kate 18 31 11

34/40 132 44
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Case Study: x264 & VLC

5

o

Donor Host
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Case Study: x264 & VLC

Award winning tool for H.264
encoding [2,3,4]

<

o

Donor Host
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Case Study: x264 & VLC

Award winning tool for H.264 “Most popular desktop video
encoding [2,3,4] player” [1]

R

4

Donor Host

tUCL Alexandru Marginean — Automated Software Transplantation &EE\S/T\



Case Study: x264 & VLC

Award winning tool for H.264 “Most popular desktop video
encoding [2,3,4] player” [1]
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Case Study: x264 & VLC

Award winning tool for H.264 “Most popular desktop video
encoding [2,3,4] player” [1]

4

Donor Host
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Case Study: x264 & VLC

Award winning tool for H.264 “Most popular desktop video
encoding [2,3,4] player” [1]

K

Donor Host Postoperative
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Case Study: x264 & VLC

Automatic Transplantation of H264 Encoder

Regression Manual Acceptance
Tests Tests Tests

USCALPEL 100% 100%

K

Donor Host Postoperative

tUCL Alexandru Marginean — Automated Software Transplantation &EE\S/-T\



Autotransplantation is Human Competitive!

) , . CREST
tUCL Alexandru Marginean — Automated Software Transplantation  — —~—~_



Autotransplantation vs
Human Transplantation
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Human Transplantation
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Autotransplantation vs

Human Transplantation
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Autotransplantation vs

Human Transplantation

LR “ii’s’

4 —_—

26 hours of cheap Upgrade of x264 within
machine time »  VLC: average of 20 days of
. elapsed time [6]
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wolant:ﬁi

@ W de of x264 within
S50 Average of 20 days of
ciapsed time [6]

26 hours of cheap
machine time
CREST
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Best Human Implementation (7))
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Best Human Implementation (7))

I
f/-@\, MSU Sixth MPEG-4 AVC/H.264
W\__é Video Codecs Comparison [4]

OOOOOOOO
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Best Human Implementation (@&

I
r/@\' MSU Sixth MPEG-4 AVC/H.264
\/\__4 Video Codecs Comparison [4]

-
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Best Human Implementation (7))

L7
J/(/@\" MSU Sixth MPEG-4 AVC/H.264
Video Codecs Comparison [4]

~

x264 won with ~24% better encoding
than second place

(»
= ,
GRAPHICS & MEDIA LAB

VIDEO GROUP

Q-
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s 3 VISU Sixth MPEG-4 AVC/H.264
&>

Video Codecs Comparison (4]
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MSU Sixth MPEG-4 AVC/H.264
Video Codecs Comparison (4]
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MSU Sixth MPEG-4 AVC/H.264
Video Codecs Comparison (4]

2.4% tfaster
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A7
O VISU Sixth MPEG-4 AVC/H.264

Video Codecs Comparison (4]

2.4% tfaster

We automatically transplanted
new functionality!
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MSU Sixth MPEG-4 AVC/H.264
Video Codecs Comparison (4]

2.4% tfaster
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Social Media Reactions: “Am |
Obsolete?”



Social Media Reactions: “Am |
Obsolete?”

5th August 2015 10:48

DimPrawn U K
| I am obsolete
Richer than sasguru
Code has been automatically "transplanted"” from one piece of software to another for the first time, with Co ntraCtO r

researchers claiming the breakthrough could radically change how computer programs are created.

The process, demonstrated by researchers at University College London, has been likened to organ transplantation I O ru m [ ; ]

in humans. Known as MuScalpel, it works by isolating the code of a useful feature in a ‘donor' program and
transplanting this "organ” to the right "vein" in software lacking the feature.

DimPrawn - scorchio!

Join Date: Jul 2005

Location: In a state of Bugger, no one is going to hire me now. @
dysphoria

Posts: 30,793

Thanks (Given): 206

Thanks (Received): 516

Licus (Clvan}: 26895 Sth August 2015 10:53
Likes (Received): 2612

BrilloPad
TripleIronDad

1

BrilloPad is a fount of Couple that to a 3D printer and the ruling class will not need the plebs soon.



Social Media Reactions: “Am |
Obsolete?”

5th August 2015 10:48

DimPrawn B U K
=] I am obsolete
Richer than sasguru
Code has been automatically "transplanted"” from one piece of software to another for the first time, with Co nt raCtO r

researchers claiming the breakthrough could radically change how computer programs are created.

The process, demonstrated by researchers at University College London, has been likened to organ transplantation I o ru m [ ; ]

in humans. Known as MuScalpel, it works by isolating the code of a useful feature in a ‘donor' program and
transplanting this "organ” to the right "vein" in software lacking the feature.

DimPrawn - scorchio!

Join Date: Jul 2005

Location: In a state of Bugger, no one is going to hire me now. @
dysphoria

Posts: 30,793

Thanks (Given): 206

Thanks (Received): 516

Likes (Given): 2695 5th August 2015 10:53
Likes (Received): 2612

BrilloPad ¢

TripleIronDad
Couple that to a 3D printer and the ruling class will not need the plebs soon.

BrilloPad is a fount of

{x 2+ Follow

MuScalpel - code transplantation is here. So in

the next 10 years there would be no jobs for
computer programmers...
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Public Recognition

Coding 'transplant' could revolutionise

programming wired.uk/HZhIID

void loop()
{

article, with more than 2000 shares
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Public Recognition

Coding 'transplant' could revolutionise
programming wire

ed.uk/HZhIID

void loop()
{

1T

v B W

{ ontl
L fn [NIILF“—TASK‘ ‘
26 1 fn [NW_PUTASKOT
27

'

*UCL

//MCU Task . -
for(NUM_FN_TASK_CNT = 0; (NP,

TASK Oy
if ((niuis() = INU_P_TASE,

e enm). ()
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article, with more than 2000 shares
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Public Recognition

Coding 'transplant' could revolutionise

programming wired.uk/HZhIID

void Loop() “the BBC’s biggest global
{ brand with sales of the TV show, DVDs,
books, live shows and other merchandise
or (NUM_FN_TASK_G , ,
for worth more than £50m a year” [5] than 2000 shares

if ((miuis() - o

- . il e = |
PR NG
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Public Recognition

Coding 'transplant' could revolutionise
programming wire

ed.uk/HZhIID

void loop()
{

1T

v B W

{ ontl
L fn [NIILF“—TASK‘ ‘
26 1 fn [NW_PUTASKOT
27

'

*UCL

//MCU Task . -
for(NUM_FN_TASK_CNT = 0; (NP,

TASK Oy
if ((niuis() = INU_P_TASE,

e enm). ()
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Public Recognition

Coding 'transplant’ could revolutionise
programming wired.L

Ik/HZhIID

void loop()
{

//MCU Task o

s TASK_m = 0} ((”_‘. . .

for (NUH_FA. ] article, with more than 2000 shares
23 1 (einnis() - MONRSROSS
24 .
25 TASK_ONT] .+ ¢
2 f [Nm_m_
20 1:(fnl““‘—“u&’w‘
27 f e (oY) ’"!

*UCL
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Public Recognition

Coding 'transplant’ could revolutionise

pr’ogr’al‘1‘1r‘1'1ir‘1g /

. yoid loop()
19 o
20

//MCU Task =
2212 for(NUH_FN_TASK_OlT = 0; (MU,

article, with more than 2000 shares

o

23 { if ((.1\113() - ﬂ‘m_ﬂ.t.'

- { o). s

25 PN TASK S = o
£n [NUM_FN_ K

27 1 P m."“,!
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Public Recognition

ACM Distinguished Paper Award at
ISSTA ‘15




Public Recognition

ACM Distinguished Paper Award at = R

Paper

ISSTA ‘15 Ayl

,.‘ .. ’

e/

.\

Featured on:

WORLD
SERVICE

el 1l : ﬁ‘

MusScalpel Is an Algorithmic Code Transplantation Tool

Wi-Fi Aware Connects Smartphones A new system offers an automated way of reusing ("transplanting") existing
code into new projects.

Click talks to Kelly Davis-Felner of the Wi-Fi Alliance about Available now

(B the latest developments of Wi-Fi Aware which will make © 28 minutes
smartnhones mare aware of their surrniindinas by detecting
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Humies 2016

Lompelilion

cash awards for human-
competitive results that were
produced by any form of genetic
and evolutionary computation
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Lompelilion

cash awards for human-
competitive results that were
produced by any form of genetic
and evolutionary computation
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Humies 2016 Gold
Medal

“It has been won for the past five
years by games - except one where
the gold medal was shared but still

with a game” [8]
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Humies 2016 Gold
Medal

“It has been won for the past five
years by games - except one where
the gold medal was shared but still

with a game” [8]
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CREST Transplantation Awards
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CREST Transplantation Awards
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World Leading in Code Transplants! §

REST Research is

< 3

V7 .
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o
Y
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N
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-
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Code Transplants

Using Genetic Improvement and
Code Transplants to Specialise a
C++ Program to a Problem Class

mming
neering

Paper

400 USD Amazon gift card plus
1,000 USD cash prize

£581,560 Grant
28 October 2015 — 27 October 2019

.Humies 2014
ntroduced the .
a of using GP for Most cited
otransplantation paper
t al. 2014 — Petke et al.

People from CREST

A

Earl T. Barr

Mark Harman Yue Jia

William B. Langdon  Justyna Petke

Public Recognition 8

ACM Distinguished Paper Award at
ISSTA ‘15

Featured on:

[&[B]C] .
e Click MOTHERBOARD
D7 4
ﬁ:ﬂ N
et . 1V
|

Wi-Fi Aware Connects Smartphones

Distingt.
Paper
Awa,r,

Microsoft, Visa Europe

anasis’
CREST
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CREST Research is World Leadlng in Code '
Transplants'

umies 2016 Gold
Medal [ [

“it has been won for the past five
years by games - except one where
the gold medal was shared but still

with a game”
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