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+ In this topic, we will:
— Describe the purpose of the debugger
— Look at how it is used
— Explain some of the benefits
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Outline

» This is the fifth in a sequence of six topics on
— Cassertions
— Code development strategies
— Testing
— Commenting your code
— Using print statements for debugging
— Using the debugger

i St
Purpose of debugging

» Logging can be frustrating,
as you must insert statements throughout your code
» The debugger does all this work for you:
— It prepares a different executable: one that tracks all variables
— We'll try this on a program that works

+ The term debugger tends to scare students
— We will start by showing how it works with correct code



Logging with high-low

» Here is a program that calculates the ged of two integers:
#include <iostream>

// Function declarations

int main(); int ged( int m, int n ) {
int ged( int m, int n ); if (m==0) {
return n;
. } else if (n==0) {
// Function definitions return m;
int main() { }
int m{8%3  *7x11*13  *23};
int n{4*9*s %11  *17%23}; while ('nl=0) {
// The ged should be 4x3x11x23 = 3036 imt r{min 15
=n;
n=r;
std::cout << ged( m, n ) << std::endl; }
return o; return m;
}
} N

Logging with high-low

*  When you debug your program, you are asked:
= Confirm Perspective Switch X

\ This kind of launch is configured to open the Debug perspective when it suspends.

This Debug perspective supports application debugging by providing views for
displaying the debug stack, varizbles and breskpoints.
Switch to this perspective?

[ Remember my decision

=l

— Please do switch
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Logging with high-low

» In Eclipse (or whichever IDE you are using),
you can execute this code in debug mode

-0~ Q-

| Debug GCD.exe i

* Why “bugs”?
— The term was used to describe technical issues since the mid 1800s
— On September 9th, 1947, operators found an actual bug (a moth) in a
computer, and labeled it as “first actual case of bug being found”
— RAdm. Grace Hopper popularized the use of “bugs” and “debugging”
in computer hardware and software development

Logging with high-low

» For C/C++ development, Eclipse offers two primary perspectives:
— C/C++
— Debug




Starting the debugger

ipse IDE - o x
Search Project Run Window Help
~ | [E] 6eD.exe - -
sinclude ciostresms

int main();
5 dne ged( int

st cout << ged( m, 0 ) << sedzsendl; Alllocal variables and parameters,

nt e executed next. . .
.,e, Qb d their types, and their values of the
26 it ped( tnt m, 1ot 0 ) { currently executing function
e

(o
return a;

while (n 1= 8 )
int e wn 3

return m;

it

Logging with high-low

Step Into Step Return

o T R

Step Over
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Relevant controls

S eclipse-workspace - GCD/main.cpp - Eclipse IDE

File Edit Source Refactor Navigate Search Project Run
Stop debugging|

| > B~ Fl~

45 Debug 12

P R
Stepping controls ue <o

it

Step Into

» The Step Into (F5)
— Executes the next statement,
unless there is one or more function calls
— If there is one or more function calls in the next statement,
step into executing the next function call
* Note, it will not step into any function call in the standard library,
only your functions you authored in Eclipse

2.



Step Over

+ The Step Over (F6)
— Executes the next statement
— All function calls are made, but you simply see the result
— Ifthere are no function calls, Step Over is equivalent to Step Into

Stepping through code

» The Resume button continues execution until either:
— The program finishes
— Abreakpoint is reached
...and a few other features

S edlipse-workspace - GCD/main.cpp - Eclipse IDE

File Edit Source Refactor Mavigate Search Project Run

s |[Eeom
w . cliv [ RiE~ Fl -G
45 Debug &3 [y Projectbx.. = O [§ mainepp 52

B %|iv § 1 #include <ios

Step Return

The Step Return (F6)

— Finishes executing the current function and returns to the statement
that contains the call to this function

— Thus button is inactive when in main()

4

Stepping through code

[@ main.cpp 57 = 0 ®=V 32 %B 4E BM =8
2l 3 #Bry et s
5 int main()

4 int ged( int m, int n )3 Name Type Value
s 0 m int 0
65 int main() { @ n int 0

7 int m{8%3 711713 *23);

s int n{4%e*s 11 *17%23);

E /] The ged should be 4x3x11x23 = 3836

he
11 std::cout << ged( m, n ) << std:zendl;

12
13 return ;

14}

15
165 int ged( int m, int n ) {

17 F(m==0) {

18 return n;

19 Telse if (n==8){

20 return m;

2 b
22
23 while (n 1= @) {

2 int rf m¥n };

25 m=n;

25 N
27 }

28
29 return m;

EER
E v
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& maincpp £ = B8 ®-V % %8
2 ~
5 int main();
4 int ged( int m, int n ); Name Type Value
s 9= m int 552552
5= int main() { 0 int °
7 int m{s*3  *7*11713  *23};
5 int n{a*e*s 11 *17%23};
B /1 The ged should be 4x3x11x23 = 3836
10
1 stdricout << ged( m, n ) << std:zend
12
13 return ;
1}
15
165 int ged( int m, int n ) {
17 ifF (me==0) {
18 return n;
19 } else if (n
20 return m;
21 }
2
23 while (n 1= @) {
21 int rf a%n };
25 m=n;
2 N
27 b
28
29 return m;
. }
E v

[€ mainepp 52 = a8
2 A wHe| e g
5 int main();

4 int ged( int m, int n ); Name Type Value

° - m int 552552 |
&% int main() 00 n int 774180

7 int m{8"3  *7eLLTIZ %23}

8 int n{4%0*s AL *17%23};

9 // The ged should be 4x3xl1x23 = 3036

10
1 stdszcout << ged( m, n ) << std:zendl;

12
13 return ;

14}

15
165 int ged( dint m, dnt n ) {

17 if ( B
18 return n;

19 Yelseif (n==0) {

20 return m;

21
22
23 while (n 1= @)

24 int o min )

25 - n;

26 n=rs

27 3

28

29 return m;

30 }

31 v
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Stepping through code

[£] main.cpp 2 = O -V 3 %B &E EM = o]
2 | e mat . SlECH =N
3 int main();

4 int ged( int m, dnt n ); MName Type Value
®=m int 552552 |
6= int main() { W= n int 774180
7 int m{s*3 7711713 *23};
8 int n{4"e*s 11 *17%23};
B /1 The ged should be ax3x11x23 = 3036

i
11 std:icout << ged( m, n ) << std:zendl;

12
13 return 8;

1}

15
165 int ged( int m, dnt n ) {

17 if (m==0
18 return n;

19 Jelsedf (n==0) {

20 return m;

2
22
23 while (n l=2) {

21 int r{ nin };

25 m=n;

25 n=rs
27 b
28
29 return m;

. }

Y v

Stepping through code

[€] mainepp 52 = O =V I %B GE mAM D = a
: 2 wiHe| e s
5 int main();

4 int ged( int m, int n ); Name Type Value

5 @ m int |
6= dnt main() { ©:n it 778180

7 int m{8%3  *7RLLTIZ %23);

s int n{4%0*s  *LL  =17%23};

9 // The ged should be 4x3xl1x23 = 3036

10
1 std:zcout << ged( m, n ) << std:zendl;

12
13 return ;

14}

15
165 int ged( dint m, int n ) {

17 if B
18 return n;

19 Yelseif (n==8) {

20 return m;

21
22
23 while (n 1=8) {

24 int o m¥n }; Nare ¢ m
25 m=n; Details:552552
26 n=rs Default:552552
27 3 Decinal:552552
28 Hex: 0xB6e68
29 return m; Binary:10000110111001161000
30} Octal:02067150
31 v
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Stepping through code

(€] mainepp 52 = B8 v B %8 main.cpp i = B ®-V 3 %B 4'E MM =D =8
2 " 2 ~ LB e
3 int main(); 5 int main();

4 int ged( int m, dint n ); Name Type Value 4 int ged( int m, int n ); Name Type Value
5 00 m int 0 | 5 = m int 0

6% int main() { @ n int 74180 6 int main() { ®:n int 74180
7 int m{83 7713 *23); 7 int m{8*3 7711713 *23);

s int n{ate*s Ll *17723); 8 int n{ases 11 *17%23);

9 /4 The ged should be 4x3x11x23 - 3036 B /] The ged should be 4x3x11x23 = 3036

10 10
1 std:zcout << ged( m, n ) << std:iendl; 1 stdsicout << gad( m, n ) << stdizendl;

12 12
13 return 0; 13 return ;

14} 14y
15 15
169 int ged( dnt m, int n ) { 165 int ged( int m, dntn ) {

17 iF(m=0) 17 iF(m=-0) {

18 return n; 218 return nj
19 Jelseif (n==0) { 15 }else if (n==29) {

20 return m 20 return m;

21 3 21 b
22 22
23 while (nt=8) { 23 while (n 1= 0 ) {

24 int o m¥n }; Name 2 int r{ a%n }; Name : m
25 m=n; Details:ss2552 o5 m=n; Details:o
26 n=r; Default:552552 25 N Default:o
27 } Decinal:552552 27 } Decimal:p
28 Hex:0x86268 25 Hex:0x0
29 return m; Binary:10000116111001101000 29 return m; Binary:0
0} Octal:02067150 s} octalie
31 v ot v

Stepping through code Stepping through code

main.cpp % = B8 ®=V 3 %B GTE EM =0 [g mainepp 2 = 0 o=V X %B & mM =D = 0O
2 3 SNy : 2 wEe| e s
5 int main(); 3 dint main();
4 int ged( int m, dint n ); Name Type Value 4 dnt ged( int m, int n ) Neme Type Value
5 ) - m int o 5 . @ m int 552552
6= int main() { s n int 74180 6= dnt main() { ©:n int 78180
7 int m{8*3 7711713 *23); 7 int m{8%3  *7eLLTI3 f23);
8 int n{4%e*s 11 *17%23); 8 int n{ae*s 11 17423
/] The ged should be 4x3x11x23 = 3836 9 /4 The ged should be 4x3x11x23 = 3036
stdsicout << ged( m, n ) << std std:zcout << ged( m, n ) << std:zendl;
return ; return 0;
ged( dnt m, int n ) { ged( int m, dnt n ) {
iF(m==0) { F(m=o0){
return n; return n;
Telseif (n==2){ Jelseif (n==8) {
return m; return m
¥ ¥
while (n 1= @) { while (n1=8) {
int rf a¥n }; Name : m int o n¥n }; Name
m=n; Details:o m=n; Details:552552
N Default:o n=r; Default:ss2552
} Decimalia 3 Decinal:552552
Hex:xe Hex:0XB6¢68
return m; Binary:@ return m; Binary:10000110111001161000
octal:e Octal:02067150
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Breakpoints Breakpoints

int ged( int m, int n ) {
if(m==0){
return n;
}else if (n==0) {
urn m;

+ At this point, you may have noticed a small weakness
— Suppose you have a very large program

* Do you really want to step through every statement until you get to
the statements where you believe the code may be buggy?

— The solution to this are breakpoints

[22 Problems % Tasks B Console 53 [ Properties o X %| G bl
<terminated> GCD.exe [C/C++ Application] GCD.exe (Terminated Sep 24, 2020, 10:36:46 PM)

774180

it

Starting the debugger

S edlipse-workspace - GCD/main.cpp - Eclipse IDE

File Edit Source Refactor Mavigate Search Project Run

S B =V ¥ %B &E mM ZD = 8 . .
[roms  v][meee |27 - P DI + Following this lesson, you now:

S @ik Bl .
I Name e value — Have been introduced to the debugger
35 Debug 3 [y ProjectBx.. = O [g maincpp 52 @ m it 0 . . .
i |is B 1 sinclude cios LT ° — Understand all it does is display the values of parameters and local

T ——— variables
9 // The gcd should be 4x3x1lx23 = 3036 .
¥ ° e o e e « It allows you to execute one statement at a time
11 stdizcout << ged( m, n ) << std:iendl; . .
o i — Know you can Step Into the execution of functions, or

return &
s Step Over the execution of functions and just see the results
16=int ged( int m, int n ) {
A ORI — Are aware that you can even change the value of parameters and
B jeseifneo) local variables on-the-fly while the debugger is executing
I — Know you can set break points that allow you to execute the

e et - program until the line in question is reached
2 not
27 3}
2
2 returnm
3 } 2
b I po LS
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Colophon

These slides were prepared using the Georgia typeface. Mathematical
equations use Times New Roman, and source code is presented using
Consolas.

The photographs of lilacs in bloom appearing on the title slide and
accenting the top of each other slide were taken at the Royal Botanical
Gardens on May 27, 2018 by Douglas Wilhelm Harder. Please see
https://www.rbg.ca/
for mor

e information.
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