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Homework
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• Read the syllabus.
• Introductory survey on Gradescope (due on Friday)
• Set up infrastructure before lab 1
• Assignment 1 will be released tomorrow



[K. Bala, A. Bracy, E. Sirer, Z. Susag, H. Weatherspoon, and K. Laeufer]

Two’s Complement Addition and 
Overflow

CS 3410: Computer System Organization and Programming



Non-negatives
unchanged:
• +0 = 0000
• +1 = 0001
• +2 = 0010
• +3 = 0011
• +4 = 0100
• +5 = 0101
• +6 = 0110
• +7 = 0111
• +8 = 1000

Two’s Complement

12

How do you 
express this 
magnitude 

in the 
negative?

 

(8 no longer expressible in 4 bits when moving to signed)
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PollEV Question #1:
What is the value (expressed in decimal) of the 2s 
complement number   
11010 

A. 26
B. 6
C. -6
D. -10
E. -26

PollEv.com/cs3410

https://pollev.com/cs3410


PollEV Question #2:
Suppose I want to express the 2s complement number   
1010 in 5 bits instead of 4 bits. What number should I 
use?

A. 01010
B. 11010
C. 10101
D. 10100
E. Sorry, it is not possible.
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Adding Binary Numbers

15

Remember 
elementary 

school!    2410           
+ 1710
———
   4110

+1

  110002 
+  100012

——————
   1010012

+1



  
+ 0100012

——————
   

Adding Negative Binary Numbers
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Remember 
elementary 

school!- 2410           
+ 1710
———

- 710



  
+ 0100012

——————
   

Adding Negative Binary Numbers
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Remember 
elementary 

school!- 2410           
+ 1710
———

- 710

0110002 



  1010002 
+ 0100012

——————
   

Adding Negative Binary Numbers
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Remember 
elementary 

school!- 2410           
+ 1710
———

- 710

~0110002 + 1 =



  1010002 
+ 0100012

——————
   1110012

Adding Negative Binary Numbers
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Remember 
elementary 

school!- 2410           
+ 1710
———

- 710

~0110002 + 1 =



  1010002 
+ 0100012

——————
   1110012

Adding Negative Binary Numbers
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Remember 
elementary 

school!- 2410           
+ 1710
———

- 710

~0110002 + 1 =

~1110012 + 1 = 1112 = 710 



Two’s Complement Addition
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-1 = 1111 = 15
-2 = 1110 = 14
-3 = 1101 = 13
-4 = 1100 = 12
-5 = 1011 = 11
-6 = 1010 = 10
-7 = 1001 = 9
-8 = 1000 = 8
+7 = 0111 = 7
+6 = 0110 = 6
+5 = 0101 = 5
+4 = 0100 = 4
+3 = 0011 = 3
+2 = 0010 = 2
+1 = 0001 = 1
  0 = 0000 = 0

Which of the following has problems 
(assuming a four-bit number)?

a) 7 + 1                  
b) -7 + -3                    
c) -7 + -1
d) Only A & B have problems
e) They all have problems. 

PollEv.com/cs3410

https://pollev.com/cs3410


Overflow

When can overflow occur?
•adding a negative and a positive?

• Overflow cannot occur 
•adding two positives?

• Overflow can occur
•adding two negatives?

• Overflow can occur
•

22
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[K. Bala, A. Bracy, E. Sirer, Z. Susag, H. Weatherspoon, D. Garcia, and K. Laeufer]

Programming in C
CS 3410: Computer System Organization and Programming



Goals for today
• Minimal C basics 

• Minimal C program highlighting C basics
• How to print!

• Print numbers
• Print negative numbers
• Overflow

• More C basics
• Prototypes, Headers, Libraries
• Compiling and Linking
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Why C?
"C is a horrible, horrible programming language." 

                                   - David Gries (Cornell)
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Why C?
"C is a horrible, horrible programming language." 

                                   - David Gries (Cornell)
<expletives deleted>         - Michael Clarkson (Cornell)
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Why C?
"C is a horrible, horrible programming language." 

                                   - David Gries (Cornell)
<expletives deleted>         - Michael Clarkson (Cornell)
"C had a good run."           – Andrew Myers (Cornell)
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Why C?
"C is a horrible, horrible programming language." 

                                   - David Gries (Cornell)
<expletives deleted>         - Michael Clarkson (Cornell)
"C had a good run."           – Andrew Myers (Cornell)

"C is quirky, flawed, and an enormous success." 
- Dennis Ritchie (creator of C)
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Why C?
• co-evolved with the Unix operating system
• forces you to manage memory on your own
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Disclaimers
• Our lectures only teach key concepts.
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Disclaimers
• Our lectures only teach key concepts.
• Most books written about C are wrong.
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One of the good C book.



Disclaimers
• Our lectures only teach key concepts.
• Most books written about C are wrong.
• C is useful for learning low-level 

programming

33

One of the good C book.



Disclaimers
• Our lectures only teach key concepts.
• Most books written about C are wrong.
• C is useful for learning low-level 

programming
• Do not start any new project in C; use 

Rust or Go.

34

One of the good C book.



Hello CS3410 in C
1

2

3

4

5

6

7

35

#include <stdio.h>                  // Import library using #include

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

    printf("Hello CS3410!\n");      // Print

    return 0;                       // main returns an integer

}



Hello CS3410 in C
1

2

3

4

5

6

7
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#include <stdio.h>                  // Import library using #include

int main() {                        // Main Function

    printf("Hello CS3410!\n");      // Print

    return 0;                       // main returns an integer

}



How can we run our program?
Compile
 $ gcc hello.c
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How can we run our program?
Compile
 $ gcc hello.c

Execute
 $ ./a.out
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How can we run our program?
Compile
 $ gcc hello.c

Execute
 $ ./a.out

  Hello CS3410!
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How can we run our program with the class infrastructure?

Compile
 $ rv gcc hello.c

Execute
 $ rv qemu ./a.out

  Hello CS3410!
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How can we run our program with the class infrastructure?

Compile
 $ rv gcc hello.c

Execute
 $ rv qemu ./a.out

  Hello CS3410!

41

See the Lab 1 
instructions on the 

CS3410 website!



C vs. Java — Philosophies
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C Java

Type of Language Procedural Object Oriented

Programming Unit Function Class

Compilation gcc hello.c javac Hello.java

Execution ./a.out java Hello

Storage Manual 
(More on this next lecture!) Automatic



C vs. Java — Syntax

43

C Java

Libraries #include <stdio.h> import java.io.File

Comments /* block comment */ or // line comment

Variables int x = 5;

Operators

Arithmetic, Assignment: +, -, *, /, %, =, +=, -=, …
            Comparison: ==, !=, <=, >=, <, >
  Increment, Decrement: ++, --
               Bitwise: <<, >>, ~, &, |, ^

Constants #define or const final

Naming Conventions snake_case camelCase
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Functions

int main(int argc, char* argv[]) {  
    printf("Hello World!\n");      
    return 0;                   
}
void foo() { printf(“foo\n”); }  



Functions
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int main(int argc, char* argv[]) {  
    printf("Hello World!\n");      
    return 0;                   
}
void foo() { printf(“foo\n”); }  

return type



Functions

46

int main(int argc, char* argv[]) {  
    printf("Hello World!\n");      
    return 0;                   
}
void foo() { printf(“foo\n”); }  

return type
name / identifier



Functions
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int main(int argc, char* argv[]) {  
    printf("Hello World!\n");      
    return 0;                   
}
void foo() { printf(“foo\n”); }  

return type
name / identifier

arguments



Control Flow
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while (expression) {

statements;

}



Control Flow
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while (expression) {

statements;

}

for (init-statement; condition; inc-expression) {

statements;

}



Control Flow

50

while (expression) {

statements;

}

if (condition) {

statements;

} else if (condition) {

statements;

} else { 

statements; 

}

for (init-statement; condition; inc-expression) {

statements;

}



Control Flow and Curly Braces
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if ((err = SSLHashSHA1.update(&hashCtx, &signedParams)) != 0) { 
  goto fail;
}



Control Flow and Curly Braces
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if ((err = SSLHashSHA1.update(&hashCtx, &signedParams)) != 0) 
  goto fail;



Control Flow and Curly Braces
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if ((err = SSLHashSHA1.update(&hashCtx, &signedParams)) != 0) 
  goto fail;
  goto fail;



Control Flow and Curly Braces
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if ((err = SSLHashSHA1.update(&hashCtx, &signedParams)) != 0) { 
  goto fail;
  goto fail;
}



Control Flow and Curly Braces
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if ((err = SSLHashSHA1.update(&hashCtx, &signedParams)) != 0) { 
  goto fail;
}
goto fail;



Control Flow and Curly Braces
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if ((err = SSLHashSHA1.update(&hashCtx, &signedParams)) != 0) { 
  goto fail;
}
goto fail; Gets executed unconditionally



Control Flow and Curly Braces
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if ((err = SSLHashSHA1.update(&hashCtx, &signedParams)) != 0) { 
  goto fail;
}
goto fail; Gets executed unconditionally

Security Vulnerability in Apple’s 
SSL/TLS Implementation: 
CVE-2014-1266

Always use curly 
braces!



What is argv?
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#include <stdio.h>            

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

   

    return 0;                       

}

a string



What is argv?
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#include <stdio.h>            

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

   

    return 0;                       

}

an array of strings



What is argv?
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#include <stdio.h>            

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

   

    return 0;                       

}

an array of strings

Similar to String[] in Java



What is argv?
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#include <stdio.h>            

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

   

    return 0;                       

}

an array of strings

Similar to String[] in Java
However, no argv.length.



What is argv?
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#include <stdio.h>            

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

   

    return 0;                       

}

an array of strings

Similar to String[] in Java
However, no argv.length.
Length is passed separately.
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#include <stdio.h>            

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

printf(“%s\n”, argv[0]);

   

    return 0;                       

}

What is argv?
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#include <stdio.h>            

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

printf(“%s\n”, argv[0]);

   

    return 0;                       

}

What is argv?
Compile
 $ rv gcc argv1.c

Execute
 $ rv qemu ./a.out
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#include <stdio.h>            

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

printf(“%s\n”, argv[0]);

   

    return 0;                       

}

What is argv?
Compile
 $ rv gcc argv1.c

Execute
 $ rv qemu ./a.out

  ./a.out
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#include <stdio.h>            

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

printf(“%s\n”, argv[1]);

   

    return 0;                       

}

What is argv?
Compile
 $ rv gcc argv2.c

Execute
 $ rv qemu ./a.out
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#include <stdio.h>            

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

printf(“%s\n”, argv[1]);

   

    return 0;                       

}

What is argv?
Compile
 $ rv gcc argv2.c

Execute
 $ rv qemu ./a.out

  

Job 1, './a.out' terminated by signal 
SIGSEGV (Address boundary error)
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#include <stdio.h>            

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

printf(“%s\n”, argv[1]);

   

    return 0;                       

}

What is argv?
Compile
 $ rv gcc argv2.c

Execute
 $ rv qemu ./a.out CS3410

   CS3410
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#include <stdio.h>            

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

printf(“%s\n”, argv[1]);

   

    return 0;                       

}

What is argv?
Compile
 $ rv gcc argv2.c

Execute
 $ rv qemu ./a.out

  

Job 1, './a.out' terminated by signal 
SIGSEGV (Address boundary error)
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#include <stdio.h>            

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

printf(“%s\n”, argv[1]);

   

    return 0;                       

}

What is argv?
Compile
 $ rv gcc -fsanitize=address argv2.c

Execute
 $ rv qemu ./a.out

  

SEGV on unknown address 0x000000000000
/home/kevin/d/cs3410/lec2/argv2.c:4 in main
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#include <stdio.h>            

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

printf(“%s\n”, argv[1]);

   

    return 0;                       

}

What is argv?
Can you write a 
program that prints all 
arguments?
You will need to use 
argv and argc!
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#include <stdio.h>            

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

  for (         ;         ;       ) {

printf(“%s\n”, argv[  ]);

  } 

    return 0;                       

}

What is argv?
Can you write a 
program that prints all 
arguments?
You will need to use 
argv and argc!
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#include <stdio.h>            

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

  for (int i = 0;         ;       ) {

printf(“%s\n”, argv[  ]);

  } 

    return 0;                       

}

What is argv?
Can you write a 
program that prints all 
arguments?
You will need to use 
argv and argc!
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#include <stdio.h>            

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

  for (int i = 0;         ; i += 1) {

printf(“%s\n”, argv[  ]);

  } 

    return 0;                       

}

What is argv?
Can you write a 
program that prints all 
arguments?
You will need to use 
argv and argc!
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#include <stdio.h>            

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

  for (int i = 0; i < argc; i += 1) {

printf(“%s\n”, argv[  ]);

  } 

    return 0;                       

}

What is argv?
Can you write a 
program that prints all 
arguments?
You will need to use 
argv and argc!
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#include <stdio.h>            

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

  for (int i = 0; i < argc; i += 1) {

printf(“%s\n”, argv[i]);

  } 

    return 0;                       

}

What is argv?
Can you write a 
program that prints all 
arguments?
You will need to use 
argv and argc!
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#include <stdio.h>            

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

  for (int i = 0; i < argc; i += 1) {

printf(“%s\n”, argv[i]);

  } 

    return 0;                       

}

What is argv?
Compile
 $ rv gcc -fsanitize=address argv3.c

Execute
 $ rv qemu ./a.out

  ./a.out
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#include <stdio.h>            

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

  for (int i = 0; i < argc; i += 1) {

printf(“%s\n”, argv[i]);

  } 

    return 0;                       

}

What is argv?
Compile
 $ rv gcc -fsanitize=address argv3.c

Execute
 $ rv qemu ./a.out 1 2
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#include <stdio.h>            

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

  for (int i = 0; i < argc; i += 1) {

printf(“%s\n”, argv[i]);

  } 

    return 0;                       

}

What is argv?
Compile
 $ rv gcc -fsanitize=address argv3.c

Execute
 $ rv qemu ./a.out 1 2

  ./a.out
  1
  2



Variable Initialization
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#include <stdio.h>                  // Import library using #include

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

    int x;                          // Define x

    printf("%d\n", x);              // Print x

    return 0;                       // main returns an integer

}
PollEv.com/cs3410

What gets printed?

A: Nothing: The compiler catches the uninitialized access and errors
B: Nothing: When running the code, an error occurs
C: 0
D: A random number that changes depending on how you run the code
E: It is impossible to predict; anything could happen.

https://pollev.com/cs3410


Variable Initialization
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#include <stdio.h>                  // Import library using #include

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

    int x;                          // Define x

    printf("%d\n", x);              // Print x

    return 0;                       // main returns an integer

}

Accessing uninitialized variables triggers undefined behavior.
• C compiler is allowed to assume that your program is correct
• If you are using C incorrectly, all bets are off.



Variable Initialization
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#include <stdio.h>                  // Import library using #include

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

    int x;                          // Define x

    printf("%d\n", x);              // Print x

    return 0;                       // main returns an integer

}

Compile
 $ rv gcc -Wall -Wextra -Wpedantic -Wshadow -Wformat=2 -std=c23 -fsanitize=address,undefined uninit.c



Variable Initialization
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#include <stdio.h>                  // Import library using #include

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

    int x;                          // Define x

    printf("%d\n", x);              // Print x

    return 0;                       // main returns an integer

}

Compile
 $ rv gcc -Wall -Wextra -Wpedantic -Wshadow -Wformat=2 -std=c23 -fsanitize=address,undefined uninit.c

uninit.c:5:5: warning: 'x' is used uninitialized [-Wuninitialized]
    5 |     printf("%d\n", x);              // Print x
      |     ^~~~~~~~~~~~~~~~~
uninit.c:4:9: note: 'x' was declared here
    4 |     int x;                          // Define x



C Types
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Type Description Example Library

int Signed integers 1, -2, 0xFF C

unsigned int Unsigned integers 1, 9, 15 C

float Floating point decimal 0.0, 3.14 C

double Higher precision floating point 3.1415926 C

char Character 'a' C

long Longer integer 1234567898765 C

long long Even longer integer 1234...6061 C

int32_t 32-bit signed integer -61 stdint.h

uint32_t 32-bit unsigned integer 61 stdint.h

bool boolean value true, false C23



C Types: How big are they, really?
● Note: the number of bytes in an int depends on the computer.
● The C standard guarantees the following:

sizeof(int) <= sizeof(long) <= sizeof(long long)
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C Types: How big are they, really?
● Note: the number of bytes in an int depends on the computer.
● The C standard guarantees the following:

sizeof(int) <= sizeof(long) <= sizeof(long long)

86

What does sizeof 
do?



C Types: How big are they, really?
● Note: the number of bytes in an int depends on the computer.
● The C standard guarantees the following:

sizeof(int) <= sizeof(long) <= sizeof(long long)

87

What does sizeof 
do?



C Types: How big are they, really?
● Note: the number of bytes in an int depends on the computer.
● The C standard guarantees the following:

sizeof(int) <= sizeof(long) <= sizeof(long long)

88

What does sizeof 
do?



C Types: How big are they, really?
● Note: the number of bytes in an int depends on the computer.
● The C standard guarantees the following:

sizeof(int) <= sizeof(long) <= sizeof(long long)

89

What does sizeof 
do?



C Types: How big are they, really?
● Note: the number of bytes in an int depends on the computer.
● The C standard guarantees the following:

sizeof(int) <= sizeof(long) <= sizeof(long long)

● We recommend that you use the intN_t and uintN_t types!

90



Adding your own Types: typedef and struct
● typedef allows you to define new names for existing types:

○ typedef uint8_t BYTE;

● struct allows you to define a structured group of variables

91

typedef enum cardsuit{DIAMONDS, SPADES, HEARTS, CLUBS} suit_t;

typedef struct cardstruct {

int rank;

suit_t suit;

} card_t;

card_t card;

card.rank = 1;

card.suit = SPADES;



printf
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#include <stdio.h>

int main() {
int n = 3410;
printf("Decimal: %d\n", n);
printf("Binary: %b\n", n);
printf("Hexadecimal: %x\n", n);

return 0;
}



printf
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#include <stdio.h>

int main() {
int n = 3410;
printf("Decimal: %d\n", n);
printf("Binary: %b\n", n);
printf("Hexadecimal: %x\n", n);

return 0;
}

Needed to use printf



printf
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#include <stdio.h>

int main() {
int n = 3410;
printf("Decimal: %d\n", n);
printf("Binary: %b\n", n);
printf("Hexadecimal: %x\n", n);

return 0;
}

Needed to use printf

Format specifiers



printf
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#include <stdio.h>

int main() {
long int n = 3410;
printf("Decimal: %ld\n", n);
printf("Binary: %lb\n", n);
printf("Hexadecimal: %lx\n", n);

return 0;
}

Needed to use printf

Format specifiers



printf
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#include <stdio.h>

int main() {
long int n = 3410;
printf("Decimal: %ld\n", n);
printf("Binary: %lb\n", n);
printf("Hexadecimal: %lx\n", n);

return 0;
}

Needed to use printf

Format specifiers

l is a length modifier



printf
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#include <stdio.h>

int main() {
long int n = 3410;
printf("Decimal: %ld\n", n);
printf("Binary: %lb\n", n);
printf("Hexadecimal: %lx\n", n);

return 0;
}

Needed to use printf

Format specifiers

l is a length modifier

d, b, and x are
conversion specifiers



printf
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#include <stdio.h>
#include <stdint.h>
int main() {

int16_t n = 3410;
printf("Decimal: %w16d\n", n);
printf("Binary: %w16b\n", n);
printf("Hexadecimal: %w16x\n", n);

return 0;
}

Needed to use printf

Format specifiers

l is a length modifier



printf
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#include <stdio.h>
#include <stdint.h>
int main() {

int16_t n = 3410;
printf("Decimal: %w16d\n", n);
printf("Binary: %w16b\n", n);
printf("Hexadecimal: %w16x\n", n);

return 0;
}

Needed to use printf

Format specifiers

l is a length modifier 
for long int

w16 is a length 
modifier for int16_t
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See the C23 
standard for more 

information!



Function Declarations, Headers, Libraries

101

Compile
 $ rv gcc lib1.c

#include <stdio.h>

void greet(const char* name) {

    printf("Hello, %s!\n", name);

}

int main() {

 greet("3410");

}



#include <stdio.h>

void greet(const char* name) {

    printf("Hello, %s!\n", name);

}

int main() {

 greet("3410");

}

102

Compile
 $ rv gcc lib1.c

Execute
 $ rv qemu ./a.out

   Hello, 3410!

Function Declarations, Headers, Libraries



#include <stdio.h>

int main() {

 greet("3410");

}

void greet(const char* name) {

    printf("Hello, %s!\n", name);

}

103

Compile
 $ rv gcc lib2.c

Function Declarations, Headers, Libraries



#include <stdio.h>

int main() {

 greet("3410");

}

void greet(const char* name) {

    printf("Hello, %s!\n", name);

}

104

Compile
 $ rv gcc lib2.c

lib2.c:3:2: error: implicit declaration of 
function ‘greet’ 
    3 |  greet("3410");
       |  ^~~~~

Function Declarations, Headers, Libraries



#include <stdio.h>

int main() {

 greet("3410");

}

void greet(const char* name) {

    printf("Hello, %s!\n", name);

}

105

Compile
 $ rv gcc lib2.c

lib2.c:3:2: error: implicit declaration of 
function ‘greet’ 
    3 |  greet("3410");
       |  ^~~~~

I refuse to look at 
your program more 

than once!

gcc

Function Declarations, Headers, Libraries



#include <stdio.h>

void greet(const char* name);

int main() {

 greet("3410");

}

void greet(const char* name) {

    printf("Hello, %s!\n", name);

}
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Compile
 $ rv gcc lib3.c

Function Declarations, Headers, Libraries



#include <stdio.h>

void greet(const char* name);

int main() {

 greet("3410");

}

void greet(const char* name) {

    printf("Hello, %s!\n", name);

}

107

Compile
 $ rv gcc lib3.c

Execute
 $ rv qemu ./a.out

   Hello, 3410!

Function Declarations, Headers, Libraries



#include <stdio.h>

void greet(const char* name);

int main() {

 greet("3410");

}

void greet(const char* name) {

    printf("Hello, %s!\n", name);

}
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Compile
 $ rv gcc lib3.c

Execute
 $ rv qemu ./a.out

   Hello, 3410!
Exact name does not matter!

Function Declarations, Headers, Libraries



#include <stdio.h>

void greet(const char* name);

int main() {

 greet("3410");

}

void greet(const char* name) {

    printf("Hello, %s!\n", name);

}
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Exact name does not matter!

Function declaration.

Function definition.
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Header file: greet.h

void greet(const char* name);
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#include <stdio.h>
#include "greet.h"

int main() {
 greet("3410");
}

void greet(const char* name) {
    printf("Hello, %s!\n", name);
}
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Separating files: greet.c

#include <stdio.h>
#include "greet.h"

void greet(const char* name) {
    printf("Hello, %s!\n", name);
}
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Separating files: main.c

#include <stdio.h>
#include "greet.h"

int main() {
 greet("3410");
}
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Compile and link

Compile .c files together

Compile 
 $ rv gcc main.c greet.c

Execute 
 $ rv qemu ./a.out
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Compile and link

Or,
Compile .c files separately, then link them together

Compile [on 3410 infrastructure]
 $ rv gcc –c main.c -o main.o

 $ rv gcc –c greet.c -o greet.o

 $ rv gcc main.o greet.o

Execute [on 3410 infrastructure]
 $ rv qemu main
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https://www.cs.cornell.edu/courses/cs3410/2025fa/
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