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» Token#xic, word,

* a = |+++;
a=|+ (++j) :
a = (i++) +];

* Longest token possible, left-to-
right

« ExpressionZkix %, phrase,
value

. Statementi&al, sentence, ;

* Reuse begin with function &
class;

expression




Variables, Left & Right Value

« Avariable is a named location in memory
* INnt X =5;

* An |-value is a value that has an address (in memory).

* An r-value refers to any value that can be assigned to an |-value.
* single numbers (such as 5, which evaluates to 5),
« variables (such as x, which evaluates to whatever value was last assigned to it),
« expressions (such as 2 + x, which evaluates to the value of x plus 2).

« Examples
* while (x=1) y++;
* while (x==1) y++;



Uninitialized variablesk {8t T E
- A RSB TTREIR:

// blrcl ide "stdafx.h” // Uncomment if Visual Studio user

-y '*Y‘

Zinclude <iostream

int main()

// define an integer variable named X
int X;
// print the value of x to the screen (dangerous, because x is uninitialized)
std::cout << X;
return 0;
"
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TIBEFSITENMA4?
tinclude <iostreantc

void doIlt{int x)

1
X = 3]
int ¥y = 4;
std::cout =< "dolt: X = " << X << " ¥ = " << ¥ << std:iendl;
I
int maing)
1
int X = 1;
it ¥ = 2;
std::cout =< "'main: X = " << X <<~ ¥ = " << ¥ << std:lendl;
doIt({x):
std::cout =< "main: X = " << X << " ¥ = " << ¥ << std:Iendl;
return @;



class Student{
string id; int

Student(string
cout << age <<
age = age;
cout << age <«
age = 3;

cout << age <<

}
}s

int age(2);

Student stul("dd", age);

cout << age <«

B FRRSE

age;
id, int age):id(id),age(3){
€ , B J ;
« FTENMTA?
‘57 «2.2,3,2
€ Jo.
B J B J
Watch 1
MName Value
[ & &age CocdD00000d36ceffbcl {2}

[ & &fthis->age) (DDD0D0d36ceffcD {3}

endl; g&age 0x0000004a42affsf4 {2}



Source File

Compiler

The Building Process

Source File

Compiler

.

Object File

>

Object File

Linker

>TLibraries

compiler, link and run time errors!

» Executable

08§

Program in Memory




Declarations, definitionsERHF1E X

s I RIS EEHHiFcompile or #EIElink or RIFMGEIEEIR?
#include <iostream>
Lnt add(int X, 1nt y);

Lnt main()

{
using namespace std;
cout << "3 + 4 + 5 =" << add(3, 4, 5) << endl;
return 0;

¥

1nt add(int x, int y, int z)
{

h

return X + y + Z,



QlliZ #include <iostream>
int add(int x, 1int y);

1int main()

{

using namespace std;

cout << "3 + 4 + 5 =" << add(3, 4) << endl;
return @;

¥

int add(int x, int y, int z)
{

return X + Y + Z,
Compiling...
add.cpp
Linking...
add.ck] : error LNE2001: unresclved external symbel "int  cdecl add{int,int)"™ (?addBERYRHHHRZ)
add.exe : fatal errcor LNEK1120: 1 unresclwved externals



Programs with multiple files



A multi-file example

 add.cpp:
//#1include "stdafx.h™ // uncomment if using Visual Studio
int add(int X, int y)
1
return X + Y;
h
* main.cpp:

//#1include "stdafx.h" // uncomment if using Visual Studio
#include <iostream:

int main()
1

using namespace std;

cout << "The sum of 3 and 4 1s: " << add(3, 4) << endl;
return 0;



main.cpp:

//#1include "stdafx.h" // uncomment if using Visual Studio
#include <iostream>

int add(int x, int y); // needed so main.cpp knows that add() is a function declared elsewhere

int main()

{
using namespace std;
cout << "The sum of 3 and 4 is: " << add(3, 4) << endl;
return 0;

}

» Does forward declarationgj & /= BB work?
e Yes



Using standard library header files

#include <iostream=
int main()

{

main.cpp ——#include <iostream:>

using namespace std;
cout << "Hello, world!”
return @;

1 ( C:Dr:pile >¢ {: iostream (header file) )
'

main.o

Runtime
i Library

i standard
C Link

main.exe




Use your own header files

* When you #include a file, the entire content of the included file Is
Inserted at the point of inclusion.

add.cpp rinEMdE "add.h"H main.cpp PH——#include c:iuatream}—l

l add.h i iostream (header file)
< Ccompile ) \ Compile /

' '

add.o main.o

(Standard}

Runtime
L Library

main.exe




PreprocessoriiiiEzs

|

 scans through each code file from top
to bottom, looking for directives.

 Directives are specific instructions
that start with a # symbol and end
with a newline (NOT a semicolon).

Source code
(e.g. my.cpp)

v <

Preprocessed
Source Code

Preprocessor

v

Object Code
(my.obj)

Compiler

I Library

e it IS not smart -- it does not
understand C++ syntax;

 simply manipulates text

v
|

r_.-"

'\HI;‘

Executable Code
(my.exe)

Linker




Conditional compilation

function.cpp: * Function.cpp => function.obj
#include <ilostreams /I 'sth from lostream
void doSomething() void doSomething(){
% fdef PRINT std::cout << “Not printing!”;}
std:-cout =< "Printing!” : : :
tendif * Main.cpp => main.obj
#ifndef PRINT - : :
std::cout << "Not printing!” void doSomething();
ier‘-;‘_- int main(){ doSomething();
At | Return O;
ain.con. Not printing! J
vold doSomething(l); /7 torward declara [L ?

int main{)
r

tdefine PRINT Standard

] Lib
doSomething(); orary

return @; _
} main.exe




Header guards

a kind of conditional compilation



The duplicate definition problem

 an identifier can only have one definition

int main{)
r

-
LS

int x:; // this is a definition for identifier x
int x: // compile error: duplicate definition

return @;



The duplicate definition prn?a?l}gm

 When a header file #includes another | _
header file (which is common).

« How to resolve this issue? return 4;

(ke I

int getSquareSides() {// from math. h

i T

return 4;
J #include "math.h’
int getSquareSides() {// from geometry.h main.cpp:

return 4; o .
) #include "math.

#incluge ~geome

int main() { int main()

return O; {
} return @;

I

int getSquaresides



Header guards
#ifndef SOME_UMIQUE_MAME_HERE
fdefine SOME_UNIQUE_MWAME_HERE
/4 your declarations and definitions here

fendif
 All header files should have header guards
« SOME_UNIQUE_NAME_HERE: typically the

name of the header file with a _H appended
to it



Updating our previous example math.h
with header guards

int getSquareSides() {// from math.h d esurn 4
return 4; 1
J B
AENdl
// nothing from geometry.h <: geometry.h:

tinclude "math_h"
int main() { §

return O; main.cpp:
}

include "mat
include "geo

H

int main{)
-

-
|8

i

return @;



Header guards do not prevent a header from being included once into different code
files

square.h: square.cpp:
#ifndef SQUARE_H o " o st g
#define SOUARE H #include “"square.h” // square.h is inclu
}nt getSquareSides() int getSquarePerimeter(int sidelength)
A
return 4; return sidelength * getSquareSides();
} b. i
int getSquarePerimeter(int sidelength); .
#endif
main.cpp:

#include "square.h” // square.h is also included once here
int main()

std::cout << "a square has " << getSquareSides() << "sides” << std::endl;
std::cout << "a square of length 5 has perimeter length " << getSquarePerimeter(S) << std::endl;

return 9;

}




« Compile!

* but the linker will complain:
E-j multiple definitions for identifier
getSquareSides!

square.h:

insquare.cpp:

£/ It would be okay to #include square.h here if needed

} £/ This program doesn't need to.
in
int getSquareSides() // actual definition for getSquare5ides ard declarc
4o g deLength);
main.cpg return 4;
i £ |8
}”t int getSquarePerimeter(int sidelength)
1
return sidelLength * get5quareSides(); < std::endl;
I



Header file best practices

1. Always include header guards.

2. Do not define variables in header files unless they are
constants. Header files should generally only be used for

declarations.

3. Do not define functions in header files.



add.cpp

C Compile >
'

add.o

X ™ [o] ji

REBEEX

—#include {iDStI’EEm?T

iostream (header file)

rinclude "add.h"— main.cpp
add.h
Compile
main.o
(Standard
Link Runtime
L Library

|

main.exe




Win32 Console Application

« CMD: command shell
« Command line arguments

Bl Ch\Windows\system32\cmd.exe

C:xlzserssjjoaoied cstempdebug

c = sTempsDebug>Command_line_argument.exe I am JJCAD
1th argument is 1

2th argument is am
3th argument is JJCAOD

c = T emp*Debuwg >




Files organization

Solutionl

Projectl

Debug
pl.exe

Main.cpp; add.cpp, add.h;

Projectl.dsp

Project2
Main.cpp

Debug
solutionl.sin

Solution1 (4L 74)
Include
Libl
Lib1.h

Lib2
Data
Datal.txt



How to read data1.txt using p1.exe?

* In command shell SOIU“_O”]-

» c:/solution1/projectl/debug> p1 ..\..\Data\datal.txt Projectl

. In Visual Studio Debug
| Command_line_argument Property Pages plexe

Projectl.dsp

Configuration: |;5.::ti1.re[[]ebug] » | Platform: |Active(Win32)

. Common Properties Debugger to launch: Da.ta.
¢ Cgrinesion Broggties |L::|::a|Winc:|::uws Debugger Datal_tXt
General
DebuEEinE
Intel Perf b Command fTaraetPathi
ntel Performance Librar
VCis Director: Command Arguments .\Data\datal.txt
++ . . S
e reeanes Working Directory $(ProjectDir)

« Current directory for executing your program



Solution Explorer > @ x

Default current directory of VC

* SO I u ti O n : O 1_ I ntrOd UCtion ) Solution '01-introduction’ (3 projects)

. . 4 [71 A_Console_Project
° PrOJeCt: A_ConSOIe_PrOJeCt : ;JCExternalpDerendencies

[_1 Header Files

* Project: Command_line_argument (3 Resource Fes

4 |7 Source Files

4 01-introduction & win32Console.cpp

4 71 Command_line_argument

.||:'|. Cﬂﬂﬂﬂlllﬂ- F"I"El_iE-r_‘t - [zd External Dependencies
- B [[1 Header Files

I:ﬂmmﬁﬂd_lin&_argument [d Resource Files

4 [ Source Files

DE‘hUg ¢ commandLine.cpp

Clean

* Current Project: Command_line_argument Project Only

Calculate Code Metrics

* The current directory of the current project Profile Guided Optimizatir
« The dir where the Command_line_argument.vcxproj is A
* Where is win32Console.cpp? oE e
../ A_Console_Project/ Add

References...

Class Wizard...

S0 B

View Class Diagram

Set as StartUp Project
Debug

Add Solution to Source Contraol...

e



How to include lib1.h in main.cpp?

« Current directory containing our source code

first Solutionl

« different with current directory for executing your . :
program [Drclylii?]t]c-:pp'
. | . * Include

 #include “..\include\lib1.h” .

 Libl

* Libl.h

e Lib2

* Data

e Datal.txt



Seft include & lib path independent with
solutions |

Set it In Property Manager (You have to open a project
first.) If you set it in the Context Menu of a solution or |
project, it will be dependent on specified projections.

Property Manager...t.Cpp.Win32.user » A

ala% e ¢ |id
4 [7] MarchingCube
4 [/ Debug | Win32
Ea_MichEDﬂ.Cpp.WirE." e
Unicode Support =X
= Core Windows Libra 2
4 [ Release | Win32
Microsoft.Cpp.Win3.

m Opt

Add New Project Prope
Add Existing Property S

Mowe Later in Evaluatio

‘Move Earlier in Evaluati
4 Comman Properties

Save Microsoft.Cpp.Wir

General

Unicode Support

View Ot Project Build Debug Team
&3 Solution Explorer Ctrl+Alt-
-Eﬁ Team Explorer Ctrl+Y, C
=] Architecture Explorer Ctrl+Y, C
2 Bookmark Window Ctrl+K, €
1[5} call Hierarchy Ctrl+Alt-
] % Class View Ctrl+5Shif
& Code Definition Window Ctrl+5Shif
. =Y Object Browser Ctrl+Alt-
' & Error List Ctrl+y, E
[l 5 Output Alt+2
H Resource View Ctrl+Shil
B Start Page
3 Toolbox Ctrl+Alt-
Find Results
Other Windows
Toolbars
=l Full Screen Shift+Alt
v 5 MNavigate Backward Ctrl+-
2, Mavigate Forward Ctrl+Shil
Mext Task
Previous Task
=;| Property Manager—j

4
${(VClnstallDir)bin:$ (Winc

= User Macros Inghude Cirectoges S(OPENCY_DIFY\dndud
'!_=| Core Windows Libral #¢ Remove Irtel Perfarmance Libeas F:Mrfﬂ $IVClnstallDhe) atherc Bb:
- 7] MeshParser Rename s Do ibran Diectori EPCY DAV,
: ::3 Test ._='| PrDPEI‘liEE - Lackr Exclude Dhrectones SVCInstallDvrlinclude: S0

Property Pages



Basic formatting

* Name
* Length
* Whitespace & alignment



Debugging your code

Six Stages of Debugging

1. That can’t happen.

. That doesn’t happen on
my machine.

. That shouldn’t happen.

. Why does that happen?

. Oh, I see.

. How did that ever work?

N
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