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Announcements

•PA2 due at the end of the week (Sunday, Feb 23 @ 23:59)

•WA3 due next Monday night (Monday, Feb 24 @ 23:59)
• On Canvas this time instead of Gradescope
• We should have probably used Canvas from the get-go



Reference Material

•Today’s lecture partially draws inspiration from:
• CS 122 @ CMU (Profs. Iliano Cervesato and Anne Kohlbrenner)
• CS 61C @ UC Berkeley (Prof. Dan Garcia)
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And Various C and Linux Reference Materials

https://www.cs.cmu.edu/~15122/home.shtml
https://cs61c.org/sp25/


Foreword

•We do not expect you to memorize obscure C programming quirks
• Goal of lecture: know what concepts to look up ☺

•We do expect you to:
• Look up reference material as needed (e.g., when you run into problems)
• Go over examples yourself after lecture
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Agenda

•C’s Type System



int a = -2;
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Why Does C Have Types?

•Types tell the compiler what to do with your code
• How to represent identifiers as objects in memory
• Defines an object’s size and supported operations
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identifier

type representationvalue

ISO Standard 9899:201x



ISO Standard 9899:201x

void a; void function(void);

Void Types

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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compiler sees:
“no return value”

compiler sees:
“no arguments”

type type

identifier



Void vs. Unknown Function Arguments
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void function(void); void function();

Caution: never leave your argument list empty

not the same

compiler sees:
“arguments not known”

compilers disables 
argument checking

no warnings or errors

potential bugs

compiler sees:
“expect no arguments”



Basic Types: Agenda

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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• Overview

• Format strings

• Initialization

• Arithmetic

• Type casting



Basic Types
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void func(void) 
{ 

char c = ‘c’; // ASCII codepoint 99 
signed int s = -0x2; 
unsigned int u = 0xc0decafe; 
int64_t i = -683; 
float f = -0.000001; 

}

Compiler represents it as 
an object of the type

Programmer declares the identifier/type

0x100

0x104

0x108

0x10c

ffff_fffe

c0de_cafe

6300_0000

ffff_ffff
_ffff_fd55

0x114

bd37_86b5
0x118

•Types connect objects with representations



ISO Standard 9899:201x

Character Types

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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Platform
Dependent

char
signed char
unsigned char

Meant for text (e.g., ‘a’)

Meant for numbers

int is_binary_digit(char c) 
{ 

return (c == ‘0’ || c == ‘1’); 
return (c >= ‘0’ && c <= ‘1’); 
return (c > ‘/’ && c <= ‘2’); 
return (c >= 48 && c <= 49); 
return (c > 0x2f && c <= 0x32); 

}

ASCII 
(Codepoints 32-63)



Integer Types

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers

12https://en.cppreference.com/w/c/language/arithmetic_types

Platform Dependent
=

“Implementation Defined” 
in C terminology



Aside: Undefined vs. Implementation-Defined Behavior

•C standards leave many decisions to the platform (i.e., compiler)
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Aside: Undefined vs. Implementation-Defined Behavior
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Implementation Defined Behavior
• Each compiler makes its own decision
• Consistent on the same platform

Undefined Behavior
• Unpredictable: may differ across executions
• Compiler may or may not warn you

#include <limits.h> 

int f0(void) 
{ 
    return 1 / 0; // div/mod by zero 
} 

int f1(void) 
{ 

int a; 
return a; // uninitialized object 

} 

int f2(void) 
{ 
    return INT_MAX + 1; // signed overflow 
}

#include <limits.h> 

int f0(void)
{ 
    return UINT_MAX; // conversion exceeds int’s range 
}

ISO Standard 9899:201x



Aside: Avoid Undefined Behavior

• Just say no!
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https://devblogs.microsoft.com/oldnewthing/20140627-00/?p=633

https://blog.llvm.org/2011/05/what-every-c-programmer-should-know.html



Aside: Avoid Implementation-Defined Behavior

•Standard library macros/types typically tell you the compiler’s choice
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#include <limits.h> 
#include <stdint.h>
 
int16_t fixed(void) 
{ 

int16_t a = INT16_MIN; 
int16_t b = INT16_MAX; 
return a + b; 

} 

int native(void) 
{ 

int a = INT_MIN; 
int b = INT_MAX; 
return a + b; 

}

int impl_defined(void) 
{ 

int a = -2147483648; 
int b = 2147483647; 
return a + b; 

}



Aside: Avoid Implementation-Defined Behavior

• If you really can’t use <stdint.h>’s fixed-width types, check sizes!
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sizeof(char) = 1;

sizeof(unsigned int) = 4;

sizeof(long int) = 8;

sizeof("test") = 5; // type is char[5]

sizeof(int[10]) = 40;



Signed Integer Representations

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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ISO Standard 9899:201x

int function(void) 
{ 

int a = -1; 
int b = 1; 
return a + b; // 1 – 1 

}

0xffff_ffff

0x0000_0001

0x0000_0000

Two’s Complement

+

=

0x1000_0001

0x0000_0001

0x0000_0000

Sign-Magnitude

+

=



Unsigned Integer Representations

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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ISO Standard 9899:201x

uint64_t function(void) 
{ 

uint64_t a = ULONG_MAX; 
uint64_t b = 1; 
return a + b; // overflow

}

0xffff_ffff_ffff_ffff

0x0000_0000_0000_0001

0x0000_0000_0000_0000

“Pure Binary Notation”

+

=



C’s Type System

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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ISO Standard 9899:201x

https://en.cppreference.com/w/cpp/language/types



Boolean (bool)
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•C has no built-in “Boolean” type•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers

/* 0 == FALSE */ 
if(0) {}
if(!42) {}
if(6 - 6) {}
if(2 == 9) {}
if(8 < 1) {}
...

/* !0 == TRUE */ 
if(-1) {}
if(42) {}
if(!0) {}
if(3 == 3) {}
if(1 < 8) {}
if(‘a’) {}
...

•C only has values that are “zero” vs “not zero”

addr 0b0000_0001

Recall: 
Memory is byte addressable

Every address has 8 bits0b0000_0001

0b0000_0001

addr + 1

addr + 2



Boolean (bool)
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•<stdbool.h> defines a “Boolean” you can use

#include <stdbool.h> 

void func(void) 
{ 

bool a = true; 
}

&a

&a+1
0b0000_0001

https://github.com/gcc-
mirror/gcc/blob/master/gcc/ginclude/stdbool.h

ISO 9899:2011

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers

<stdbool.h>



Basic Types: Agenda

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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• Overview

• Format strings

• Initialization

• Arithmetic

• Type casting



Printing Objects’ Values
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• Printing objects requires converting representations to encoded text
• Imagine doing this manually…

• Instead, the C standard library provides one highly-configurable function

How to interpret 
the representation

0x20

char c • 8-bit signed number
• 8-bit unsigned number
• 4.4 fixed-point
• Some crazy custom 8-bit float

• Binary
• Hex
• Decimal
• Scientific notation
• Text/codepoints

• ASCII, Unicode, etc.

X

How to 
show the value

0xb2a

short s

0xf4eb931a

int i

...



int printf(const char *format, ...);

25By I, Surachit, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=2449455



Format Strings
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• It’s worth learning the printf() family of functions

Output to a string

Output to a file

Output to the terminal

Let’s take a look at format strings



Format Strings
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#include <stdlib.h> 
#include <stdio.h> 
#include <stdint.h> 

int main(int argc, char *argv[]) 
{ 

char c = 'c';
printf("%c\n\n", c); 

signed int s = -0x2; 
printf("%d\n", s); 
printf("%x\n\n", s); 

unsigned int u = 0xc0decafe; 
printf("%u\n", u); 
printf("%x\n\n", u); 

int64_t i = -683; 
printf("%ld\n", i); 
printf("%lx\n\n", i); 

float f = -0.000001; 
printf("%f\n", f); 

}

• Specific “format specifiers” for every type you’d like to print



Format Specifiers
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• Just look up the specifiers and eventually you’ll learn the basic ones

https://cplusplus.com/reference/cstdio/printf/



Basic Types: Agenda

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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• Overview

• Format strings

• Initialization

• Arithmetic

• Type casting



Undefined Default Value

•C objects have no default value
• Undefined (garbage) until explicitly initialized
• Basically, whatever was leftover in memory

•But… C will let you use uninitialized objects 
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#include <stdlib.h> 
#include <stdio.h> 

#define ARRAY_SIZE 10 

int main(int argc, char *argv[]) 
{ 

long array[ARRAY_SIZE]; 
for(int i = 0; i < ARRAY_SIZE; i++) 

printf("array[%d] = 0x%lx\n", i, array[i]); 
return EXIT_SUCCESS; 

}



Initialization: Different Bases

• Integer constants can be in:
• Base 8:  0123 // octal
• Base 10: 123 // decimal
• Base 16: 0x123 // hexadecimal
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#include <stdlib.h> 
#include <stdio.h> 
int main(int argc, char *argv[]) 
{ 

int array[4] = {123, 0123, 0x123, -0x123}; 
for(int i = 0; i < 4; i++) 
 printf("%d : %x\n", array[i], array[i]); 
return EXIT_SUCCESS; 

}



Initialization: Constant Types

•Constants are positive integers by default (even character literals, e.g., ‘a’)
• If you want anything else, you need to provide a suffix
• Expressions such as “-1” apply the minus operator to the integer value

32https://en.cppreference.com/w/c/language/integer_constant

Bunch of rules 
#include <stdlib.h> 
#include <stdio.h> 

int main(int argc, char *argv[]) 
{ 

int i = 1; 
unsigned int ui = 1u; 
long int l = 1l; 
unsigned long int ul = 1ul; 
long long int ll = 1ll; 
unsigned long long int ull = 1ull; 
return EXIT_SUCCESS; 

}



Basic Types: Agenda

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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• Overview

• Format strings

• Initialization

• Arithmetic

• Type casting



Operations on Basic Types

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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Bitwise arithmetic

Common arithmetic



Arithmetic

•We are operating on N-bit numbers: all arithmetic is modulo 2N

35

1000_0001

uint8_t:  129
 int8_t: -127

0111_1111+ 0000_0000=

uint8_t: 127
 int8_t: 127

uint8_t:  129 + 127 = 256 % 256
 int8_t: -127 + 127 =   0 % 256

1000_0001 0111_1111- 0000_0010= uint8_t:  129 - 127 =   2 % 256
 int8_t: -127 - 127 =-254 % 256

1000_0001 0111_1111/
ffff_ffff

=
uint8_t:  129 / 127 =  1.015748...0000_0001

int8_t: -127 / 127  = -1.0

truncation (integer division)

1000_0001 0111_1111x 1111_1111= uint8_t:  129 * 127 =  16383 % 256
 int8_t: -127 * 127 = -16129 % 256

signed overflow = undefined behavior



Bitwise Operations: Bit Shift

•Sometimes, we want to manipulate bits directly
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0000_0110

uint8_t: 6

0000_0010x 0000_1100=
uint8_t: 2 uint8_t: 12

0000_0110

uint8_t: 6

0000_0010/ 0000_0011=
uint8_t: 2 uint8_t: 3

“shift” all the bits left

“shift” all the bits right

(6 / 2) == (6 >> 1)
(6 / 4) == (6 >> 2)

...

(6 * 2) == (6 << 1)
(6 * 4) == (6 << 2)

...

•Unsigned values only! Shifting a signed type with a negative value:
• << is undefined 
• >> is implementation defined



Bitwise Operations: Bit-Parallel Logic

•We can use Boolean algebra operators bit-by-bit
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1010_0101

1111_0000

&

1010_0000

=
0xa5 & 0xf0 = 0xa0
0xa5 | 0xf0 = 0xf5
0xa5 ^ 0xf0 = 0x55
     ~ 0xf0 = 0x0f

1010_0101

1111_0000

|

1111_0101

=

1010_0101

1111_0000

^

0101_0101

=

1111_0000

~

0000_1111

=

Bitwise

0 & 0 = 0
1 & 0 = 0
0 & 1 = 0
1 & 1 = 1

AND

0 | 0 = 0
1 | 0 = 1
0 | 1 = 1
1 | 1 = 1

OR

0 ^ 0 = 0
1 ^ 0 = 1
0 ^ 1 = 1
1 ^ 1 = 0

XOR

~0 = 1
~1 = 0

NOT

Logical

0xa5 && 0xf0 = 1
0xa5 || 0xf0 = 1

!0xf0 = 0



Bitwise Operations: Bit Masking

•We can get / set specific bits by combining shift/and/or

38

1010_0101 >> 5) & (0xa5 >> 5) & 1 = 10000_0001 =( 0000_0001

0000_0001 << 6) = 0xa5 | (1 << 6) = 0xe51110_01011010_0101 | (

0010_0000

1010_0101 >> 3) & (0xa5 >> 3) & 1 = 00000_0001 =( 0000_0000

0001_0100

0000_0101

0000_0001 << 3) = 0xa5 | (1 << 3) = 0xad1010_11011010_0101 | (

0000_1000



Basic Types: Agenda

•void

•basic types
• char
• signed integers
• unsigned integers

• floating-point

•enumerated types

•derived types
• arrays
• structures
• unions
• functions
• pointers
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• Overview

• Format strings

• Initialization

• Arithmetic

• Type casting



Integer Type Casting

•Convert one type to another

40

0x0000_0003&xuint32_t x = 3;
uint64_t y = (uint64_t)x; 0x0000_0000_0000_0003&y

0x8000_0000&xint32_t x = INT32_MIN;
int64_t y = (int64_t)x; 0xffff_ffff_8000_0000&y



Implicit Casting

•Recall: literals have default type “unsigned int”

•The compiler implicitly casts for you as needed
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uint64_t x = 3; uint64_t y = (uint64_t)3;

uint64_t x = (1lu << 40);

uint64_t x = ((uint64_t)1 << 40);

fix

•This can cause undefined behavior

uint64_t x = (1 << 40); uint64_t x = (uint64_t)(1 << 40);

undefined behavior:
shifting beyond object width



Integer Casting Rules (1/2): Representable

• If the new type can represent the value, the value is preserved
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0x0000_0003&xint32_t x = 3;
uint64_t y = (uint64_t)x; 0x0000_0000_0000_0003&y

0xffff_fffd&xint32_t x = -3;
int64_t y = (int64_t)x; 0xffff_ffff_ffff_fff3&y

0xfd&xuint8_t x = 253;
unt64_t y = (uint64_t)x; 0x0000_0000_0000_00fd&y

0xffff_ffff_ffff_fff3&xint64_t x = -3;
int32_t y = (int32_t)x; 0xffff_fff3&y



Integer Casting Rules (2/2): Not Representable
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Unsigned + Same/Narrower: Truncate

• If the new type canNOT represent the value:

0x7fff_ffff&xint32_t x = INT_MAX;
uint8_t y = (uint8_t)x; 0xff&y

0xfd&xint8_t x = -3_MAX;
uint8_t y = (uint8_t)x; 0xfd&y

Unsigned + Wider: Sign Extend

0xfd&xint8_t x = -3;
uint32_t y = (uint32_t)x; 0xffff_fffd&y

Signed: Implementation Defined

Don’t do this ☺



Next Week

•Derived Types

•Expressions, operations, and constants
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