How source code becomes
executable (the “Play” button)
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Bjarne Stroustrup
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The presentation is by Daniel Maleike as a short introduction  of the Wednesday bugs quashing party.

The image shows Bjarne Stroustrup, designer and original implementor of C++. 
The image is just to show whom to blame :-)
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¥  maleike@muhu:~/src/test m
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class Shape

public:
virtual double Getfres() = O
#ifdef GRAPHICAL _FNVITRONHENT

virtual void Draw() = 02
ferdif

13.! 0_1

All

maleike@muhu:~/src/test HEW

#include “shape h™

class Rectangle : public Shape
1
publics

Rectangleldouble sided, double =ideB):

virtual double Getfrea():
#ifdef GRAPHICAL _FNVIRONHENT
virtual void Draw():
serudif
protected;

double n_Side:
-

t/rectangle, h” 190, 2380 written 19,.0-1

ALl

How source code becomes executable

b maleike@muhu:~/src/test m
#include “rectangle. h”

sinclude <iostream>

int mainfint argc, char®* argu)
stdiicout << "Hello Hoeld.” << stdiiendl:
Rectangle world(152,0, 20,5):

[
|
[
[
[ std*tcout €4 "Youur area is " < world-2Areal) €4 std:iendl:
[
[ return 0

|

[

"Ylarcstestemainacpp” 150, 2390 written 8.2 All

v maleike@muhu:~/src/test W

#ginclude “rectangle.h”

\\\‘ ‘(/// Rectangle::Rectangle(doble sideA, doble sideB)
m_SideA( sideR )
m_SideB( sideB )

ot phn 8 2o

?miﬂe Rectangle::GetArea()
return m_SideA * m_SideB:

#ifdef GRAPHICAL _ENVIRONHENT
void Rectangle::Drau()

o

hello_world

/f later

ferulif

]

- 13,0-1 All
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Minimally object oriented hellow world, including
Several files, “headers” and “source code”
Inheritance
Conditional compilation (#ifdef)
Usage of the STL (std::cout)
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How source code becomes executable
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Linux Journal article “Linkers and Loaders”: http://www.linuxjournal.com/article/6463

Wikipedia articles:
Linker: http://en.wikipedia.org/wiki/Linker
Name mangling: http://en.wikipedia.org/wiki/Name_mangling
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The Preprocessor

Simple text substitution before compile-time

#include <filename>

#define/#undef condition

#ifdef/#ifndef condition, #else, #endif

#define RADTODEG(x) ((x) * 57.29578)

Stringification: #x expands to “<exp. of x>”

- Concatenation: x ## y concatenates
the expansions of x and y


Vorführender
Präsentationsnotizen
Perfect summary of preprocessor in: Kelley, A Book on C
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W

Simple text substitution be

e #include <filename

e #define/#undef con

maleike@muhu:~/src/test Hiﬂ
#inclwde “rectansle h” on

Rectangle::Rectangleldmble zidef, double =ideB)
+ m_Sidedl sidef )
+ m_SideB{ =ideB )

I
* (x
douhle Fectangle::Getfreal)

i
return m_SideA * m_SideB:
I

anl

#ifdef GRAPHICAL _FRWYIRONHENT
wvoid Rectangle::Drawt)

/7 later

b
femdif

13,0-1 All

* 1 SIMILALTINS
# 1 "Scommarn] line>"
# 1 "rectangle,cpp”™
% 1 "rectangle.h” 1
# 1 "shape h™ 1
clazs Shape

publict

virtual double GetArea() = 03

virtual void Drawi) = 02

T
4 2 "rectangle h” 2

claszs Rectangle ; public Shape
publict
Rectanglefdouble sidef, double sideB):

virtual double GetAres():
wirtual woid Drawf )+

protected?

double m_Sidef:
double m_5ideB:
HE
# 2 "rectongle. cpp™ 2
Rectanales:Rectangle(double sideA, double sidel)
: m_SideAl =ided ),
m_SideB( =zideB )
i
¥
double RectangledtGetAreal)
return m_Sidef * m_SideB:

i

void Rectangle::Draw()

{

¥
3,0-1

Rll
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Perfect summary of preprocessor in: Kelley, A Book on C
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moc
« produce meta-objects, needed for signals and slots in Qt

uic
- create code which can create the designed form at run-time
Useful links:

http://doc.trolltech.com/4.5/moc.html
http://doc.trolltech.com/4.5/designer-using-a-ui-file.html
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Two more tools running before actual compilation. moc and uic are only used when developing with the Qt toolkit.
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« Translates one (complete) piece of source code into one
piece of binary code

 Binary code may depend on external code (symbols)

 variables/functions declared but not defined need to be
defined somewhere else before execution

« jumps/function calls to unknown addresses
 from an early C++ compiler: name mangling
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Wikipedia overview w/ some good links: http://en.wikipedia.org/wiki/Name_mangling



w1 oL e, L
¥ 1 "rectangle.h” 1
Y 1 llsim'hll 1

clas=s Shape

public:

virtual double GetAreal) = 01

virtual waid Drawld = 0

lete) piece of source code into one

Ir
¥ 2 "rectangle ™ 2

clazz Rectangle : public Shape

public:
Rectangle(double sidefi, double sideB): 2nd on external code (symbols)
virtual double Getfreal): .
5 declared but not defined need to be
virtual void Draut); re else before execution
protectsd: Is to unknown addresses
double m_Sidef:
double m_SideR: Cnmn“r\v- mAarmaAa manclinh~

}.

r v H l'_-
+ 2 "rectangle.cpp” 2 maleike@muhu:~/src/test w

[maleike@nubu test]d nm ——defined rectangle,o

Rectangle:iRectangleidouble sidef, double sideB) 00000000 | _ZNSShapel2Ew

: m_g;gegi S%jeg L 000000a4 T _7M9Rectang | edlrauFy

[ mooeBl iR ) 00000090 T _ZNIRectangle7hetireaky

1 ooooonds T _ZM3RectangleClEdd
QoOQOO00 T _/W9RectangleC2Edd

double Rectangle::GetAreal) O000a000 Y _ZTIAShape

{ noooooon Yo ITI9Rectangle

return m_Sidefd * m_SideR: QOOQOO00 YW _STShShape

b QOOQOOON Y _ZTS9Rectangle
Qoooooon Yo ZTWSShape

woid Rectangles:Draul ) QoOQOO00 YW _TWARectangle

{
I

4.0-1 All
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Wikipedia overview w/ some good links: http://en.wikipedia.org/wiki/Name_mangling



* 1 oL 10, L
¥ 1 "rectangle.h” 1
# 1 "shape, h" 1
clas=s Shape

public:

virtual double GetAreal) = 01

virtual void Draw() = 02
}:
* 2 "rectangle h" 2
clazz Rectangle : public Shape
public:
Rectangleldouble sidefl, double sideB):

virtual double GetAreal)s
wvirtual woid Drawl):

protected:

double m_SideA:
double m_SideB:
Iz
¥ 2 "rectangle,cpp” 2
Rectangle::Rectangleidouble sided, double sidel)
+ m_SideR( sided ),
m_SideB{ sidel )
1
¥
double Rectangle::GetAreal)

return m_SidefA * m_SideR:

b

woid Rectangle: :Draul )

{
I

All

lete) piece of source code into one

2nd on external code (symbols)

S declared but not defined need to be
re else before execution

Is to unknown addresses

. .
CI\MV\III\V" | aValaaVal mr\nnllnﬂ

v maleike@muhu:~/src/test W

[maleike@muhu test]$ nm -C --defined rectangle,o
00000000 I} Shapes :Shape()

000000a4 T Rectangles:Draw()

00000030 T Rectangle::GetArea()

00000048 T Rectangle::Rectangle{double, double)
00000000 T Rectangle::Rectangle(double, double)
00000000 ¥ typeinfo for Shape

00000000 ¥ typeinfo for Rectangle

00000000 V typeinfo name for Shape

00000000 ¥ typeinfo name for Rectangle

00000000 ¥ vtable for Shape

00000000 ¥ vtable for Rectangle
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Wikipedia overview w/ some good links: http://en.wikipedia.org/wiki/Name_mangling



* 1 oL 10, L
¥ 1 "rectangle.h” 1
# 1 "shape, h" 1
clas=s Shape

public:

virtual double GetAreal) = 01

virtual void Draw() = 02
}:
* 2 "rectangle h" 2
clazz Rectangle : public Shape
public:
Rectangleldouble sidefl, double sideB):

virtual double GetAreal)s
wvirtual woid Drawl):

protected:

double m_SideA:
double m_SideB:
Iz
¥ 2 "rectangle,cpp” 2
Rectangle::Rectangleidouble sided, double sidel)
+ m_SideR( sided ),
m_SideB{ sidel )
1
¥
double Rectangle::GetAreal)

return m_SidefA * m_SideR:

b

woid Rectangle: :Draul )

{
I

All

Tools:
LInux: nm, c++filt
Windows: undname

2nd on external code (symbols)

S declared but not defined need to be
re else before execution

Is to unknown addresses

. .
Cf\mV\III\V" | aValaaVal mnnnllnn

v maleike@muhu:~/src/test W

[maleike@nuhu test]$ nm -C --defined rectangle.o
00000000 I} Shape: :Shape()

000000a4 T Rectangles:Draw()

00000090 T Rectangle::GetAreal)

00000048 T Rectangle::Rectangle{double, double)
00000000 T Rectangle::Rectangle(double, double)
00000000 ¥ typeinfo for Shape

00000000 ¥ typeinfo for Rectangle

00000000 V typeinfo name for Shape

00000000 ¥ typeinfo name for Rectangle
00000000 ¥ vtable for Shape

00000000 ¥ vtable for Rectangle
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Wikipedia overview w/ some good links: http://en.wikipedia.org/wiki/Name_mangling
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« Combines binary modules into executable or library
- relocates code (local addresses)
» resolves symbol dependencies (sooner or later)

- Time of final relocation/symbol resolution
« static linking: compile time (big files, fast execution)
- dynamic linking: run-time (small files, reuse, sharing)
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b maleike@muhu:~/src/test

[maleikeBuubu test]d mm -C ——defined rectangle,o

QOO0 W Shape::Shapel )

o00000ad T Rectangle::Draul )

0O0000a0 T Rectangle: :GetAreal ) . .

00000045 T Rectangle: :Rectangle(dable, double) Jles into executable or library
0000000 T Pectangle::Fectangle{double, double)

OOOOOO00 YW typeinfo for Shape \

00an0a00 Y typeinfo for Rectangle 'Eil Ei(j(jreas;s;ees;)

QROROO0D Y typeinfo name for Shape .

OoOOOO00 YW typeinfo name for Rectangle po

00a00a00 Y wtable for Shape ienCIeS (Sooner or |ater)
QOOROO00 Y wtable for Rectangle T

rectangle0,bol resolution
- static linking: compile tim e? les, fast execution)

v maleike@muhu 4

[maleikeBmuhu test]$ nm -C main.o ,
00000046 t global constructors keyed to main Mmain.o
00000000 t __static_initialization_and_destruction_0{int, int)
IJ Rectangle::GetArea()
IJ Rectangle::Rectangle(double, double)
stds sostream: soperator<{({std:ostreant. (*)(std::ostreant))
stdsiostream: toperator<<{{double)
stdisios_bases:Inits:Init()
std:sios_base::Init::™Init()
stdsicout
std::basic_ostream{char, std::char_traits<{char> >& std::endl<char, std::char_traits{char> >(std::basic_ostream{char, std::char_traits<char> >
std::__ioinit
stdsibasic_ostream{char, std::ichar_traits{char> >& std::operator<< <{std:ichar_traits<char> >{std::basic_ostream{char, std::char_traits<char>
__cxa_atexit
__dso_handle
__gxx_personality_v0
0000005 t __tcf_0
00000072 T main

00000000

cCCoCc oo oDococococooc
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v maleike@muhu:~/src/test

[maleikelmuhu test]$ mm -C —-defined rectangle,n o lib - Fle Browssr QR
QOO0 1 Shape: :Shapel ) s So Aeknats Eek _
000000‘34 T EE—'CtanEI]-E::IlPaU“ 1orward - 3 St {éﬁd IIﬁe CompJdter Search ‘e
0O0000a0 T Rectangle: :GetAreal ) o |0 - 100 5, [veme e F]
oooondds T Rectangle: :Rectangle(double, double) e e e ; ——
OOOOOO00 T Rectangle:;Rectangle{double, double) P HF F I P P Y F
UUDUDUUO ||||| tHPElﬁ'FI:I .FDr-\. Shape s0. lihzpian  lihzaisn.d 1;;3:1r| liban F=3.50 Iihs:‘.‘!I’iI:IF?. I[“;r;!”:: lasrFbwa  libhardow o
Q0000000 Y typeinfo for Rectangle 2 _ _ @ @ _ _ @ @
QOOOONND Y typeinfo name For Shape N e F W & fjﬁ o
QO000000 Y thein-FD name for Rectangle .- :.'Z‘".”".". ”!!T.',:..'",[. I'|Irl:"‘r"lil'.‘:'| I'llrl:"‘r"li":-'l s fbwsso  fbssla  lbssiso
Q000000 U viable For Shape Wemlls Wemi WR Y (v hello_world
QOaao0a0 Y ovtable for Rectangle iy . o @ — i

2B S 5 F & & &

YO eiton notfiteton netficaten s sesor | sas

rectangle .D <150 -lsod -ls0.00.0

. N T @ o = g 2 =T @ T @
¥y » & (R A" " S
bstocia.  lbstunnel. llasvn, l_,_\‘."H-._ pa. lbsvncpp. Ibswvn_ lasvn_ llasun_alff 1)

. . .
® Statl C I I n kl n - CO $0.6.0.0 B clent-1. 1 50.0.00  celta-1s00  delta-lso, 1538
n u o

v maleike@muhu 4
[maleike@muhu test]$ nm -C main.o )
00000046 t global constructors keyed to main Mmain.o

00000000 t __static_initialization_and_destruction_0{int, int)
IJ Rectangle::GetArea()
IJ Rectangle::Rectangle(double, double)
stds sostream: soperator<{({std:ostreant. (*)(std::ostreant))
stdsiostream: toperator<<{{double)
stdisios_bases:Inits:Init()
std:sios_base::Init::™Init()
stdsicout
std::basic_ostream{char, std::char_traits<{char> >& std::endl<char, std::char_traits{char> >(std::basic_ostream{char, std::char_traits<char> >
std::__ioinit
stdsibasic_ostream{char, std::ichar_traits{char> >& std::operator<< <{std:ichar_traits<char> >{std::basic_ostream{char, std::char_traits<char>
__cxa_atexit
__dso_handle
__gxx_personality_v0
0000005 t __tcf_0
00000072 T main

00000000

cCCoCc oo oDococococooc
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make/Visual Studio

- Call generators, preprocessor, compiler, and linker

« Provide all the right include paths and library search paths
« Define some special defines for some source code

« All the calls in the right order

cmake
- Generate project information for make/Visual Studio
A platform independent “make”
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How to read error messages

Basics, but highly important

» start with the first message and ignore the rest
- learn how to find the very first message
« know your development environment
e (with MS VisualStudio, get to know MSDN)

« read and understand the full line

« DO NOT dive into code until you have read the last
character of the message

 This is especially important with template errors

http://mbits/cdash/index.php?project=MITK



http://mbits/cdash/index.php?project=MITK
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Possible error sources

« Compiler (C++ level problems)
 undeclared variables
« unknown types (#include missing)
- type mismatches
* Linker
« missing libraries
« missing symbols (details follow)
- methods declared in header but not implemented
- Implemented but not in project (Cmake)
* Preprocessor

 Tool chain (CMake, Makefile, etc.)
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Kelley, A Book on C

Effective C+
Third Editio
55 Specifid Ways to Improve ;

| Meyers, Effective C++
-yl .
Meyers, More Effective C++

Design Patterns
Elements of Reusable
Object-Orientéd Software

Gamma, Design Patterns
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Bjarne Stroustrup’s C++ Style and Technique FAQ
http://www.research.att.com/~bs/bs _fag2.html

C++ FAQ LITE
http://www.parashift.com/c++-fag-lite/

C/C++ Reference
http://www.cppreference.com/

Google
http://www.qoogle.com



http://www.research.att.com/~bs/bs_faq2.html
http://www.parashift.com/c++-faq-lite/
http://www.cppreference.com/
http://www.google.com/
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