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Course Announcement!

• Grading scheme change: no more quizzes, in its place the practice bank on 
Online Judge


• Due date adjustments 
before, all assignments and labs are due on Friday 
now, you are given two more days (Sundays)
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Overview
• Focus: Basic C/C++ Syntax


• Architecture: Linux/Unix OS


• Core Ideas:


1. C/C++ Memory Management


2. Pointer / Reference


3. Tutorial: How to use LLDB (or GDB)



Data Types
• Primary √


• Integers, Characters, Boolean √


• Floating point √


• Void 

• Derived


• Function, Array√, Pointer, Reference


• User Defined


• Struct, Class, Enumerate, Typedef
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C/C++ Memory 
Management

P1 
Memory

Sum
mary

Memory Management, Scope



C/C++ Memory Management

• What’s in your computer’s memory, when you are running a programme?


• Programming code (we don’t care about this)


• Data


• Automatic management: primary data types, array


• Manual management: most User Defined types, pointer
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C/C++ Memory Management

• Memory: addresses and values

P1 
Memory

Address Values

0x0000: a 0

0x0004: b 1

0x0008: c 2

0x000c: d[0] 3451451

0x0010: d[1] 0214124124

0x0014: d[2] 41242142

0x0018: d[3] 31314231

0x001c: d[4] 03213123

int a=0; // 4bit 

int b=1; // 4bit 

int c=2; // 4bit 

int d[5]; // 20bit 

// d uninitialised, value 

// could be anything
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C/C++ Memory Management

• Memory: addresses and values

P1 
Memory

Address Values

0x0000: a 0

0x0004: b 1

0x0008: c 2

0x000c: d[0] 3451451

0x0010: d[1] 0214124124

0x0014: d[2] 41242142

0x0018: d[3] 31314231

0x001c: d[4] 03213123

• Automatic management


• Memory space is created 
when you enter the scope 
and declare the variables


• Memory space is recycled 
when you exit the scope
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Scope
• Every variable has scope


• Within the scope, it can be accessed


• Outside the scope, it cannot be 
accessed


• Global VS Local


• Global: can be accessed within the 
scope of this file


• Local: can be accessed within its 
declaring function/subroutine

P1 
Memory
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Scope: if
1. declaration 

create global variable a


2. enter main function


3. declaration 
create local variable b


4. enter subroutine for if


5. declaration 
create local variable tmp


6. ...


7. exit subroutine 
recycle tmp


8. ...


9. exit main function 
recycle b

Dem
o
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1. int a=6; 

2. int main() { 

3.     int b=5; 

4.     if (a > b) { 

5.         int tmp=a; 

6.         a=b; b=a; 

7.     } 

8.     return 0; 

9. }

prog.cpp

Scope: global

Scope: global/main

Scope: global/main

Scope: global/main/if

Scope: global/main/if

Scope: global/main/if

Scope: global/main

Scope: global

Scope: global/main/if



Scope: for
1. declaration 

create global variable a


2. enter main function


3. declaration 
create local variable b


4. enter subroutine for if 
create local variable i


5. declaration 
create local variable tmp


6. ...


7. exit subroutine 
recycle tmp, i


8. ...


9. exit main function 
recycle b

Dem
o
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1. int a=6; 

2. int main() { 

3.     int b=5; 

4.     for (int i=1; i<10;i++) { 

5.         int tmp=a; 

6.         a=b; b=a; 

7.     } 

8.     return 0; 

9. }

prog.cpp

Scope: global

Scope: global/main

Scope: global/main

Scope: global/main/if

Scope: global/main/if

Scope: global/main/if

Scope: global

Scope: global/main

Scope: global/main/if



Practice Question 1

• What is the scope of i on line 3?


• What is the output?


• 0 1 0 1
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1. for (int i=0; i<2; i++) 

2.     for (int i=0; i<2; i++) 

3.         cout << i << ' ';



Practice Question 2

• What is the scope of i on line 3?


• What values are read in?


• 0 1

Prac
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1. for (int i=0; i<2; i++) 

2.     for (i=0; i<2; i++) 

3.         cout << i << ' ';



C/C++ Pointer

P2 
Pointer
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C/C++ Pointer
• Pointer


• A variable used to store other 
variables’ Address


1. ...


2. declare i as int pointer


3. i’s value is now j’s address


4. accessing the int value at address i
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1. int a=10; 

2. int* b; 

3. b = &a; 

4. cout << *b << endl;  // 10

Address Values

0x0004: a 10

0x0008: b 0x0004



C/C++ Pointer Usage
• Declaration


 DataType * varName; 

• Usage


• Address-of operator &  
returns address of variable


• Dereference operator *  
returns value under that address


• NULL: not pointing to anywhere 
also equal to 0
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1. int a=10; 

2. int* b; 

3. b = &a; 

4. cout << *b << endl;  // 10

Address Values

0x0004: a 10

0x0008: b 0x0004



C/C++ Arrays are Pointers

• C/C++ Arrays are special cases of 
Pointers


• When arrays are declared, memory 
is automatically allocated (created)


• When exiting the declaring scope, 
memory is automatically 
deallocated (recycled)

Conc
ep

t

P2 
Pointer

1. int a[10]; 

2. (a == &a[0]) 
// this is always true 

3. (a + 1 == a[1]) 
// this is always true



C++ Manual 
Memory Management

• C++ ONLY, for C this is less pleasant


• new

• allocate new memory space, and return 
the address


• syntax: new DataType


• delete

• deallocate memory space given address


• syntax: delete varName;
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1. int* b = new int; // b == 0x0004 

2. *b = 10; 

3. cout << *b << endl; 

4. delete b; 

5. cout << b << endl;  // output 0x0004 
// address is still there, but 
inaccessible

Address Values

0x0000: *b 0x0004

0x0004 
Manually managed 10



C++ Manual 
Memory Management

• C++ ONLY, for C this is less pleasant


• new

• allocate new memory space, and return 
the address


• syntax: new DataType


• delete

• deallocate memory space given address


• syntax: delete varName;
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1. int* b = new int; // b == 0x0004 

2. *b = 10; 

3. cout << *b << endl; 

4. delete b; 

5. cout << b << endl;  // output 0x0004 
// address is still there, but 
inaccessible

Address Values

0x0000: *b 0x0004

-recycled- -recycled-



C++ Manual 
Memory Management

• What is the output here?


• 10 
0x1004 
0x1004 
0 
0x0 
1

Exa
mple
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1. #include <iostream> 

2. using namespace std; 

3. int main() { 

4.     int *i; 

5.     i = new int;  // Assume 0x1004 

6.     *i = 10; 

7.     cout << i << endl; 

8.     cout << (i == NULL) << endl; 

9.     delete i; 

10.    cout << i << endl; 

11.    cout << (i == NULL) << endl; 

12.    i = NULL; 

13.    cout << i << endl; 

14.    cout << (i == NULL) << endl; 

15.    return 0; 

16.}



C++ Manual 
Memory Management

• What is the output here?


• 10 
0x1004 
0x1004 
0 
0x0 
1

Exa
mple
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1. #include <iostream> 

2. using namespace std; 

3. int main() { 

4.     int *i; 

5.     i = new int;  // Assume 0x1004 

6.     *i = 10; 

7.     cout << i << endl; 

8.     cout << (i == NULL) << endl; 

9.     delete i; 

10.    cout << i << endl; 

11.    cout << (i == NULL) << endl; 

12.    i = NULL; 

13.    cout << i << endl; 

14.    cout << (i == NULL) << endl; 

15.    return 0; 

16.}



C++ Void Pointers

• Universal pointer


• Declaration


 void * varName; 

• Usage


• Can store any address value


• When calling must specify type
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1. int a=10; 

2. void* b; 

3. b = &a; // this works 

4. cout << *b << endl;  
// this doesn’t works 

5. cout << *(int*)b << endl; 
// this works

Address Values

0x0004: a 10

0x0008: b 0x0004



Reference

• When a variable is declared as reference, it becomes a permanent alternative 
name for an existing variable


• Syntax:                 DataType& varName=otherVar;

• MUST be initialised, then you can use varName and otherVar 
interchangeably, permanently (limited only by scope)
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Summary
• Scope, Memory Management


• Pointer


• Declaration, Usage, NULL


• Arrays are pointers


• Void pointers


• Good reference if interested: http://www.cplusplus.com/doc/tutorial/pointers/


• Reference


• No new practices today, will see more of Pointers and References in Lecture 4: Functions

Futu
re

http://www.cplusplus.com/doc/tutorial/pointers/


LLDB/GDB

P3 
Debug
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How to debug your code in command line



What is GDB?

• GNU Project debugger


• Commonly used to debug C-based programming language code/executives


• Equivalent software: LLDB (works almost the same but slightly more modern)


• Install with APT (on macOS, LLDB comes with Xcode natively)


• For now I am showing you LLDB, but GDB is almost identical
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Compile Your C++ Code with 
Debug Option On

• Common compile options for gcc/g++/clang


• -o: output executive filename (default: a.out)


• -g: enable debugger support (for LLDB and GDB)


• -Wall: turns on most warnings


• -Wconversion: turns on warnings for implicit conversions


• -Wextra: even more warnings
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1. Already included in my Vimrc configuration file!

It’s always a good idea to look at 
the warning messages !



Compile Your C++ Code with 
Debug Option On

• Normal compile:


• $ g++ sol.cpp -o sol 

• Now with debug


• $ g++ sol.cpp -o sol -g 

• Now with debug and more warning messages!


• $ g++ sol.cpp -o sol -g -Wall -Wextra -Wconversion
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1. Already included in my Vimrc configuration file!



Use LLDB to debug your code

• Executable: sol


• Start your debugger (F6 is using my vimrc)


• $ lldb sol 

• This is what you use to debug the code
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1. #include <iostream> 

2. using namespace std; 

3. int main(){ 

4.     int n; 

5.     int a, b; 

6.     cin >> n; 

7.     for (int i=0;i<n;i++) { 

8.         cin >> a; 

9.         cin >> b; 

10.        cout << a + b << endl; 

11.    } 

12.    return 0; 

13.}

Lab 0 
A plus b



Use LLDB to debug your code

• To run the code, type 'r' or 'run' then press 
enter
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1. #include <iostream> 

2. using namespace std; 

3. int main(){ 

4.     int n; 

5.     int a, b; 

6.     cin >> n; 

7.     for (int i=0;i<n;i++) { 

8.         cin >> a; 

9.         cin >> b; 

10.        cout << a + b << endl; 

11.    } 

12.    return 0; 

13.}

Lab 0 
A plus b



Use LLDB to debug your code
• Add breakpoint 
b lineNumber


• When ever it reaches this line of code, the programme with pause
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1. #include <iostream> 

2. using namespace std; 

3. int main(){ 

4.     int n; 

5.     int a, b; 

6.     cin >> n; 

7.     for (int i=0;i<n;i++) { 

8.         cin >> a; 

9.         cin >> b; 

10.        cout << a + b << endl; 

11.    } 

12.    return 0; 

13.}

Lab 0 
A plus b



Use LLDB to debug your code

• Prob variable values using  
p varName
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1. #include <iostream> 

2. using namespace std; 

3. int main(){ 

4.     int n; 

5.     int a, b; 

6.     cin >> n; 

7.     for (int i=0;i<n;i++) { 

8.         cin >> a; 

9.         cin >> b; 

10.        cout << a + b << endl; 

11.    } 

12.    return 0; 

13.}

Lab 0 
A plus b



Use LLDB to debug your code

• Do step execution (one line at a time)  
step
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1. #include <iostream> 

2. using namespace std; 

3. int main(){ 

4.     int n; 

5.     int a, b; 

6.     cin >> n; 

7.     for (int i=0;i<n;i++) { 

8.         cin >> a; 

9.         cin >> b; 

10.        cout << a + b << endl; 

11.    } 

12.    return 0; 

13.}

Lab 0 
A plus b



Use LLDB to debug your code

• Do step execution (one line at a time)  
step
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1. #include <iostream> 

2. using namespace std; 

3. int main(){ 

4.     int n; 

5.     int a, b; 

6.     cin >> n; 

7.     for (int i=0;i<n;i++) { 

8.         cin >> a; 

9.         cin >> b; 

10.        cout << a + b << endl; 

11.    } 

12.    return 0; 

13.}

Lab 0 
A plus b



Use LLDB to debug your code

• Resume running until exit or breakpoint 
continue
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1. #include <iostream> 

2. using namespace std; 

3. int main(){ 

4.     int n; 

5.     int a, b; 

6.     cin >> n; 

7.     for (int i=0;i<n;i++) { 

8.         cin >> a; 

9.         cin >> b; 

10.        cout << a + b << endl; 

11.    } 

12.    return 0; 

13.}

Lab 0 
A plus b



Use LLDB to debug your code

• Resume running until exit or breakpoint 
continue
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1. #include <iostream> 

2. using namespace std; 

3. int main(){ 

4.     int n; 

5.     int a, b; 

6.     cin >> n; 

7.     for (int i=0;i<n;i++) { 

8.         cin >> a; 

9.         cin >> b; 

10.        cout << a + b << endl; 

11.    } 

12.    return 0; 

13.}

Lab 0 
A plus b



Additional LLDB commands

• br l or (breakpoint list) 
List all breakpoints


• br del 10 or (breakpoint delete 1) 
Delete a breakpoint


• disp varName or (display varName) 
Display value of varName every time you stop


• More: https://lldb.llvm.org/use/map.html
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https://lldb.llvm.org/use/map.html

