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LEARNING GOALS

Use the C preprocessor and build system to implement
product lines

Understand the benefits and drawbacks of the preprocessor

Use the implementation technique in a disciplined way and
apply other mitigation strategies for preprocessor-related

problems




class Conf {
public static boolean COLORED = true;
public static boolean WEIGHTED = false;

2 }

LIMITATIONS®

class Graph { class Node {
Vector nv = new Vector(); Vector ev = new Vector(); intid=0;

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
if (ConfWEIGHTED) e.weight = new Weight();
return e;
}
Edge add(Node n, Node m, Weight w)
if (!IConfWEIGHTED) throw RuntimeException();
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return g;
}
void print() {
for(inti=0; i< ev.size(); i++) {
((Edge)ev.get(i)).print();
}
}
}

Color color = new Color();
void print() {
if (Conf.COLORED) Color.setDisplayColor(color);
System.out.print(id);
}
}

class Color {
static void setDisplayColor(Colorc) { ... }

}

class Edge {
Node a, b;
Color color = new Color();
Weight weight = new Weight();
Edge(Node a, Node b){a=_a;b=_b;}
void print() {
if (Conf. COLORED) Color.setDisplayColor(color);
a.print(); b.print();
if (ConfWEIGHTED) weight.print();
}
}

class Weight { void print() { ... } }
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BUILD
SYSTEMS




BUILD SYSTEMS

Make
Ant
Gradle

Bazil...




VARIANTS WITH
BUILD SYSTEMS

Base

Weights

)

ild.xml

L I Edge.java’

build.xml

;rc G Edge.java -

r )
e I Graph.java

class Edge {
Node a, b;
Edge(Node a,Node b){a=_a;b=_b;}
void print() {
a.print(); b.print();
}
}

class Edge {
Node a, b;
Weight weight;
Edge(Node a, Node b){a= _a;b=_b;}
void print() {
a.print(); b.print();
weight.print();
}
} q




05=5(shell uname)
FOI4R:=5(shell pwd)
DISTRIB=Poi-0.1.0

ifeqg ($(0S8),Linux)
CCFLAGS=—00

else

CCFLAGS=—02

endif

distrib:
install PoidR.rb $(DISTRIB)/python
g++ —o $@ 5 (CCFLAGS) -I$(POI4R) poi.o

ifdef DE

distrib: createDBDir
endif

createDBDir:

mkdir —-p Poi/dbl
ifneg (5 (08),Linux)

install libgcj.5.dylib $(DISTRIB)/gci
endif




PREPROCESSOR




PREPROCESSORS

C, C++, Fortran, Erlang
C#, Visual Basic, D, PL/SQL, Adobe Flex

XVCL, M4, ...

Pure::Variants, Gears

Model annotations




EXAMPLE

static int __rep_queue_filedone(dbenv, rep, rfp)
DB _ENV *dbenv;
REP *rep;
__rep_fileinfo_args *rfp; {

#ifndef HAVE_QUEUE
COMPQUIET(rep, NULL);
COMPQUIET(rfp, NULL);
return (__db_no_queue_am(dbenv));

#else
db_pgno t first, last;
u_int32_t flags;
Int empty, ret, t_ret;
#ifdef DIAGNOSTIC
DB_MSGBUF mb;
#endif
// over 100 lines of additional code

}
#endif




JAVA?

No native preprocessor

Conditional compilation through if statements?

class Example {
public static final boolean DEBUG = false;

void main() {
System.out.printin(“immer?);
If (DEBUG)
System.out.printin(“debug info”);
}

}

External Tools: CPP, Antenna, Munge, XVCL, Gears,
pure::variants




MUNGE

Developed for Swing in Java 1.2

class Example {
void main() {
System.out.printin(“immer”);

*If[ DEBUG]*/
System.out.printin("debug info”);
*end[DEBUG]*/

}

}

java Munge —-DDEBUG —-DFEATURE?Z filel.java file2.java ... targetdir

http://weblogs.java.net/blog/tball/archive/2006/09/munge _swings_se.html




ANTENNA

Collection of Ant tasks for Java ME

=
protected 3tring parseHTMLRedirect (3tring url, Input3tream 1=3)
= throws IOException, Exception {
ffifdef DSMALLMEM
[ £ f#else
if (m redirect) {
[ Fi#ifdef DLOGGING
Fifdendif
System.cut.println("Error Z2nd redirect url: T4+ ourll;
throw new IC0Exception("Error url " + m redirectUcl +
" to Z2nd redirect url: "4+ url):
H
m_redirect = true;
m redirectUrl = url;
com.substanceofoeode .. rssreader . businessentities.RssltunesFeed[] feeds =
L& HTMLLinkParser. parseFeeds (new EncodingUtil{is),
url, null, null, true
Ff#ifdef DLOGGIHNG
Ffendif
1
if ((feeds == null) || (feeds.length == 0]] {

http://antenna.sourceforge.ne




GRAPH WITH MUNGE

class Graph {

Vector nv = new Vector(); Vector ev = new Vector();

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
I*If[WEIGHT]*/
e.weight = new Weight();
*end[WEIGHT]*/
return e;

}

*If[WEIGHT]*/

Edge add(Node n, Node m, Weight w)
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return e;

}

[*end[WEIGHT]*/

void print() {
for(inti=0; i< ev.size(); i++) {

((Edge)ev.get(i)).print();
}
}
}

class Edge {
Node a, b;
I*If[COLOR]*/
Color color = new Color();
[*end[COLOR]*/
I*If[WEIGHT]*/
Weight weight;
[*end[WEIGHT]*/
Edge(Node a,Node b){a=_a;b=_b;}
void print() {
I*if[COLOR]*/
Color.setDisplayColor(color);
[*end[COLOR]*/
a.print(); b.print();
[*If[WEIGHT]*/
weight.print();
[*end[WEIGHT]*/
}
}

[If[WEIGHT]*/
class Weight { void print() { ... } }
[*end[WEIGHT]*/

[*IffCOLOR]*/
class Color {
static void setDisplayColor(Color c){ ... }

}
[*end[COLOR]*/

16

class Node {
intid =0;
[XIffCOLOR]*/




Domain Engineering
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XVCL

<x-frame name="Notepad"> <x-frame name="Toolbar">
import java.awt.*; <set-multivar="ToolbarBtns" value="New,Open,Save"/>
class Notepad extends JPanel { private Component createToolbar() {
Notepad() { JToolBar toolbar = new JToolBar();
super(); JButton button;
<while using-items-in="ToolbarBtns">
} <select option="ToolbarBtns">

public static void main(String[] args) {
JFrame frame = new JFrame();
frame.setTitle("<value-of expr="?@TITLE?"/>"); </ontion>
frame.setBackground( / foption

<otherwise>
_ :”9 I)ll -
Color.<valu.e of expr="?@BGCOLOR?/>); button = new JButton(new Imagelcon(
frame.show();

} "<value-of expr="?@Gif@ ToolbarBtns?"/> "));

<option value="-">
toolbar.add(Box.createHorizontalStrut(5));

<adapt x-frame="Editor.XVCL"/> toolbar.add(button);

<adapt x-frame="Menubar.XVCL"/> </otherwise>

<adapt x-frame="Toolbar.XVCL"/> </select>

. </while>
} toolbar.add(Box.createHorizontalGlue());
</x-frame> return toolbar;

}

</x-frame>




XVCL

oo o @ OpenFile
FileLoader




TAG AND PRUNE

*@feature:RECV_MIN @*//*@file_feature!@*/
(--)

void cfdp_receiver_handle_PDU(cfdp_receiver® const me, struct cfdp_buffer* PDU_buffer,
CFDP_PDU_type_t PDU_type) {

/*@feature:RECV_INACTIVITY@*/
/* Restart inactivity timer */
cfdp_timer_start(&(me->timer_inactivity), me->config.timeout_inactivity);

/* Handle PDU and dispatch it depending on its type */
switch (PDU_type)

[* @feature:RECV_MIN_ACK@*/
case CFDP_PDU_ACK_FINISHED:
{
cfdp_receiver_handle_PDU_eof no_error(me,PDU_buffer);
}
break;
case CFDP_PDU_EOF_NO_ERROR:
{
cfdp_receiver_handle_PDU_eof no_error(me,PDU_buffer);
}
break;
i ) Patrick Heymans, Quentin Boucher, Andreas Classen, Arnaud Bourdoux, Laurent
} Demonceau: A code tagging approach to software product line development - A
} application to satellite communication libraries. STTT 14(5): 553-566 (2012)




DISCUSSION




ADVANTAGES




40 Open-Source C Projects
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OBJECTIONS / CRITICISM

Designed in the 70t and hardly evolved since

“#ifdef considered harmful”
“H#ifdef hell”

“maintenance becomes a ‘hit or miss’ process”

“Iis difficult to determine if the code being
viewed is actually compiled into the system”

“incomprehensible source texts”

“programming errors are easy CPP makes maintenance difficult

to make and difficult to detect”
“source code rapidly

“preprocessor diagnostics are poor” becomes a maze




CPP CRITICISM

PR T Programming Programming
in-The-Sma in-The-Large in-The-Many
£ el e ff %
Algorithm Data Architecture Manufacture Variation Evolution
\f LU \ s T \
I CPP samples I
#ifdef SBUF
- - #include “stdio k™ Iwo variants <gcode=
#define BSIZ 4096 77 ' dendif #ifdef 0 #ifdef BOB
importing resources <code= <pode>
#define max(ab)\| @constant value form an interface #ifdefl goc gifndef DIR #endif #endif
kY Oale -
((a)<(b)?(b):(a)) :;:iia #define DIR “/usr/local™ keen the code of :
. | #define REF 0 #ifndef H_STDIO #endif gl | SCP e code of an | @ cooperative
an “inline #define GREEN 1| #define H STDIO an optiona old revision to version.

function define Bl LUE?2 - ‘; !”::: i dependence| parameter |documentachange | This make

#:n d:rfﬁ € . on the ::jfdt‘frpilgllj . Betier than putting |  possible to
- erivation elng - : into comments | support parallel

an enumeration type :

L “standard” trick to avoid tool felifvax m;i%i‘:::?n /* .. */ which can’t | activities in the

multiple definitions #define LBUF ; be nested. same file.

#endif

f . Y J

Software Product

Favre, Jean-Marie. "Understanding-in-the-large."
Program Comprehension, 1997. IWPC'97.
Proceedings., Fifth Iternational Workshop on. IEEE,
1997.

Software Process




GRANULARITY AND

READABILITY

class Stack {
void push (Object o
#ifdef SYNC
, Transaction txn
#endif
) A
if (o==null
#ifdef SYNC
| | txn==null
#endif
) return;
#ifdef SYNC
Lock 1l=txn.lock (o) ;
#endif
elementData[size++] = 0o;
#ifdef SYNC
l.unlock () ;
#endif
fireStackChanged () ;

b




GRANULARITY AND
READABILITY

[FIffWEIGHT]*/W/*end[WEIGHT]*/Edge add(Node n, Node m /*iffWEIGHT]*/, int w/*end[WEIGHT]*/) {
return new /*iffWEIGHT]*/W/*end[WEIGHT]*/Edge (n, m /*IffWEIGHT]*/, w/*end[WEIGHT]*/);
}

Edge set(/4fWEIGHT]*int w/4f[COLOR]*/, /*end[COLOR]*/ *end[WEIGHT]* /4fflCOLOR]*int c/*end[COLOR]* ) {

}




PREPROCESSOR IN
FEMTO OS

femtoos_app.c

femtoos_core.c

femtoos_port.c femtoos_shared.c

e T |
wold privTaskInit (Tuintlo %

|

rivTrace (traceTaskInit | uiTask.
‘TtaskControlBlock * tLaskTCE = privwv.
#if (defRelUseTaskInit == cfgTrue)

if [((uiInitControl & defInitLockM:
i

#if (cfgUseSynchronization !'= cof.
if [(uiTaskMNumber < deflurberOf
{

privileanzlot3tack | (TaskExt

#if | (deflUseMutexes == cfgT
privEeleaselyvncElockingT
Hendif
i
‘=ndif

‘efglseFile3ystem

o —




SCATTERING

ApplicationSession

StandardSession

e Example: Session expiration in
the Apache Tomcat Server

Sessioninterceptor

StandardManager

StandardSessionManager




int put_eol(fd)
FILE *xfd;
{

int n = 1 if (
#itndef F 4itdef USE_CRNL

W = CUrW: (
F#else #tifdef MKSESSION_NL
for (w = 'mksession_nl &&
W = W #Hendif
#endif (putc(’\r’, fc) < 0))
if (n = #Fendif
retui (putc(’\n’, fd) < 0))

return FAIL;
return 0K;

}




TRACEABILITY

Graph
; "fﬂ h R .
class Graph { class Node { s g
Vector nv = new Vector(); Vector ev = new Vector(); int id = 0; weighted | Colored

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);

Color color = new Color(); w—__|
void print() {
Color.setDisplayColor(color); «

e.weight = new Weight(); *
return e;

} —

Edge add(Node n, Node m, Weight w)
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return e;

}

void print() {
for(int i = 0; i < ev.size(); i++) {

((Edge)ev.get(i)).print();

}

}

SYSEn.out.print(id);
}

}

class Color {

class Edge {

Node a, b;
Color color = new Color();
Weight weight;= new Weight();
Edge(Node _a, Node _b) {a=_a;
void print() {

Color.setDisplayColor(color);

a.print(); b.print();

weight.print();
}

}

—————

/

static void setDisplayColor(Color c) { ... } <

}

class Weight { void print() { ... } } 4
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File Edit Source Refactor Mavigate Search Project Colors Run Window  Help
[wi-m &0 ha ] Yol 8 e e - 5 | @ colorediDe o
m B¥ stack.java 2 B Lack.java | = 0| 1 astview 52 =08

Stack =
s o @B
E-H (default package)
m Lock. java

mport jawva.io.PrintStream; - =

public class Stack { b X| fir - '::>|
public Stack(int maxSize, |, BincStresu logginglarget) {

elementData = new Object [maxSize];

[3] statisticObject

= JRE System Library = variable binding: log

private int size = 0;

FeatureCommander

private Object[] elementData;

<
private PrintStream loglarget; i —
_Show | | see the file structure and open
files by clicking on a node }
ublic boolean pushiObject o) /—/ & X & x
P P 3 { Explorer getanoverview of the - - seethe feature
_ Features @ File Structure feature structure of the U . structure for the
if (lock == mull) { 2 cumentuiewport : i whole document
v ] sched.c @ | rpervEse
SIS, -
254 e S e CONFIG_XENO_OPT_PIPELINE_HEAD
517 sched_class->sched migrate(thread, sched);: . > CONFIG_XENO_OPT_SCHED_CLASSES
S [ ; 518 Vg
Problems | PreviewView Q Feature Interactions &3 | 519! + WARNING: the scheduling class may have just changed as & B oM RO STALS
- - - 520 + result of calling the per-class migration hook. 4 Debug
- Al interactions (1) . 1l */ y CONFIG_XENO_OPT_DEBUG
see the fe l} .
: — 2| xnsched_set_resched (thread->sched) ;
nkeractions by Feature (2) rl foreachnode atoneglance |3 thread->sched = sched; CONFIG_XENO_OPT_DEBUG_NUC
4 | | j All derivatives (32 — e o4 NENO.OF Y DERUC ML,
<o [ | 525 if ( | test_state (thread, ) BLOCK_BITS)) {
5 7 — 526] xnsched_requeue (thread) ; 3
J 7 Stack,java - Stack J | 15M +F 31M |@ 527 xnthread_set_state (chread, XNREADY): u oM JENG O T CEBVG FEGE.
528 } ! gn RS
529) } | showsalwaysthe | CONFIG_XENO_OPT_DEBUG_TIMERS
530) | inner feature color | CONFIG_XENO_OPT_DEBUG_SYNC...
::; #ifdef CONFIG_XENO_OPT_SCALABLE_SCHE  of the sidebars CONFIG_XENO_OPT_DEBUG_WATC...
533§} 1| #ifndef CONFIG_XENO_OPT_DEBUG_QUEUES CONSICUEMO-O0T SHIRQ
534 #define CONFIG_XENO_OPT_DEBUG_QUEUES 0 click a feature occurence
535 #endif to navigate to its start
536} Shy—
M| s37 wvoid initmlq(struct xnsched mlq *q, int loprio, int hiprio) L T > Machine
1| sse| { Interfaces
539 int prio; Drivers
sdo|N: L =
541 g->elems = 0; Q
542] = loprio; |
. 543] | CONFIG_XENO_OPT_NUCLEUS | = 3 /2 0% ¥ & x
http://fosd.net/cide o e
t(sq->lomap, 0, sizeof(q->lomap)); %
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. . 50| XENO_ASSERT (QUEUES,
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555 3
556] I
557) void addmlq(struct xnsched_mlq *q, |
sse| struct xnpholder *h, int idx, int 1ifo)
559) { save and load color
60| STIUCT Xnqueue *gueue = fg->queue[idx]: assignments with two clicks —
561/ int hi = idx / BITS_PER LONG; T
s62) int lo = idx § BITS_PER_LONG: ColorAssignments
563] |
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FEATUREMAPPER

£ Navigator | ] MappingView &2 = ~use-

e X | & ||j onl T & || g = ||/org.featuremapper.example.taosd.cms/solution/cms-use-case.umldi
org.featuremapper.example.taosd.cms/mapping/

w (E) Feature CrisisManagementSystem
v £8 Group 1

» (E) Feature LongDistanceCall

» (E) Feature InternalResource

w (E) Feature Mission

v £F Group 1
(£) Feature Pumping
(E) Feature RemoveObstacle
(F) Feature Rescue
(F) Feature Observe
(E) Feature Transport
(E) Feature Investigate
(£) Feature NurseTheWounded
(E) Feature SortTheWounded
v (£) Feature Repair
v £F Group 0
(F) Feature ElectricLine
(F) Feature Telecommunic

» (E) Feature ITOption

» (E) Feature ExternalServicesUsed

» (E) Feature Area

(F) Feature HumanVictims
(F) Feature Witness
» (F) Feature CrisisTypes

Execute Repair
Mission

xecute Repair Electri
Line Mission

Electrician
[ =
i [ Solution Space View I/Ifl Associated Elements View &2
Current Expression e
Feature | Element
v And . w (Feature ElectricLine AND Feature Repair)
Feature Repal_r . {Feature ElectricLine AND Feature Repair) /" <Generalization> Execute Repair Mission
Feature ElectricLine {(Feature ElectricLine AND Feature Repair) ,% <Actor> Electrician
(Feature ElectricLine AND Feature Repair) > <Use Case> Execute Repair Electric Line Mission
Assigned Feature Expression - 4 (Feature ElectricLine AND Feature Repair) # <Association> A_electrician_execute Repair Electric Line Mission
¥ Feature Repair
Feature Repair > =Use Case> Execute Repair Mission

Feature Repair A <Generalization> Execute Mission




ERROR PRONE?

How many configurations?

Bugs?
int a = 1;
int b = 1;
#ifdef A
int ¢ = a;
#else
char c = a;
(a) | #enaif
if (c) |
c += ay;
#ifdef B
c /= b;

#endif

(b)

int a = 1;

#ifdef A
int ¢ = a;
#fendif
if (c) |
c += a;
#ifdef A && B
c /= a;
#endif
}
int a = 1; int a = 1;
int b = 1; int b = 0;
#ifdef A #ifdef A
int ¢ = a; int ¢ = a;
#else #else
char d = a; char ¢ = a;
#endif (c) | #endif
if (c) { if (c) |
c += a; c += a;
#ifdef B #ifdef B
c /= b; c /= Db;
#endif #endif

}




P ived f fint ti
erceive reqlgirécsy ofinteraction  NEVELOPER
e 3% 30% PERCEPTION?

17%
3%

rarely  occasionally sometimes often very often

Difficulty to introduce

41%
26% 26%
7% 0%
much easier easier neither harder much
harder

Difficulty to detzecs

20% 22%
1% 5%

much easier easier neither harder much
harder [Medeiros, ECOOP’15]




void function (Q{ /7 EILE- 0S1.c Survey Results
. void function (O{
#ifdef 051 be panceion O Strongly h oo
/* Code 1 here.. */ 3 prefer (a)
#endif
Pref 21%
. // FILE: 0S2.c refer (2) [N
void function (O{ |
/* Code 2 here.. */ It does not
bondif } /* Code 2 here.. */ e I 10%
} (b Prefer (b) [N 35%
(a)
St |
In (b), only 0S1.c or 0S2.c is compiled depending on F“;E;%E} 25%
the platform. It is controlled at makefile level.

Medeiros, F., Késtner, C., Ribeiro, M., Nadi, S., & Gheyi, R. The
Love/Hate Relationship with the C Preprocessor: An Interview Study.
In Proc. 29th European Conference on Object-Oriented Programming
(ECOOP 2015), 12, 40.




1. #ifdef USE_NTLM_AUTH 1. #ifdef USE_NTLM_AUTH 1. boolean failed = TRUE;

2. if (priv->sso_available) { 2. if (priv->sso_available) { 2. #ifdef USE_NTLM_AUTH

3. conn-»state = SSO_FAILED; 3. conn-»state = SSO_FAILED; 3. if (priv->sso_available) {

4. } else { 4. } else { 4. conn->state = SSO_FAILED;

5. #endif 5. conn->state = NTLM_FAILED; || 3. failed = FALSE;

6. conn-»>state = NTLM_FAILED; 6. } 6. }

7. #ifdef USE_NTLM_AUTH 7. #else 7. #endif

B. } 8. conn-»state = NTLM_FAILED; 8. if (failed){

9. #endif 9. #endif 9. conn->state = NTLM_FAILED;
(a) (b) 10.} ()

Figure 7 (a) Undisciplined annotation. (b) Alternative that clones code. (c) Alternative that
generates compiler warnings.

Medeiros, F., Kastner, C., Ribeiro, M., Nadi, S., & Gheyi, R. The
Love/Hate Relationship with the C Preprocessor: An Interview Study.
In Proc. 29th European Conference on Object-Oriented Programming
(ECOOP 2015), 12, 40.




LEXICAL VS
SYNTACTIC PREPR.

Feature CPP example ASTEC example
& Include files #include "header.h" Bimport "header.h";
& Conditional compilation #if defined(X) && ¥ > 3 Bif (BEdefined(¥X) && ¥ > 3) int =;
int z;
$endif
& Macros tdefine Mix) ((x)+2) Bmacro int M({int x) = =x+2;
#define RETURM (x) return x; Bmacro RETURN (x) { return x; }
tdefine u32 unsigned int @type 132 = unsigned int;
& Dynamic scoping #tdefine Z({) ptr->x->y->z Gmacro char *Z([T *ptr]) = ptr->x->yv->z;
& Reference arguments #define Mix, ¥v) x = 2%*(y); Bmacro M({int &%, int v) { x = 2%v; }
& First-class types #define SIZE(T) \\ Emacro SIZE (Btype T) =
(sizeof(T] + sizeof(int})] gizeof (T) + sizeof(int});
& First-class statements #define FOR_EACH (x, list) A\ @macro FOR_EACH(x, List *list, @stmt 8) {
for (x=(list); x; X = =X-=next) for (x=(list); =x; =X = X->next) 5;
. }
FOR ErcH{it, list) { ... 1} . FOR BACH{it, list, | 1l:
& First-class names tdefine offsetof (T, field) A\ Amacro offsetof (Btype T, @name field) =

(size t)(E({T*)0)->fiald)

{size t) (&(({T*)0)->%(field))

& Declaration “decorators”

tdefine NONNULL{args...)] “\

Rdecorator NOMNULL (args...) =

attribute { (nonnull (args) )} attribute { (nonnull (args) )}
& Declaration macros #define DECLARE LIST(name) \\ Emodule DECLARE LIST(@name name) {
List name = { .head = NULL }; List $({name) = { .head = NULL };

DECLARE LIST(hello)

b
@import DECLARE LIST($hello);

& Stringization and con-
catenation

#define DECLARE_STRING (name,
char *namef#_str = #s5;

g)

LR

@module DECLARE STEING (Ename name,
Bexpr s}
char * S(name ## 5_str) = @stringize(s);
}:

Bill McCloskey and Eric Brewer. 2005. ASTEC: A new approach to refactoring C. In
Proceedings of the 10th European Software Engineering Conference/lnternational
Symposium on Foundations of Software Engineering (ESEC/FSE-13). ACM, New York, NY,

USA, 21-30.
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private Object[] elementData;
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¥ And ) w (Feature ElectricLine AND Feature Repair)

Feature REP‘“_r . (Feature ElectricLine AND Feature Repair) / <Generalization> Execute Repair Mission
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w Feature Repair
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