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― Unit 2: Basic Concepts – Variables and Data Types ―
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2 Computer Engineering Units

› Unit 0 – Introduction and Course Organization, Motivation (today)

› Unit 1 – Introduction to Programming and C Language

› Unit 2 – Basic Concepts:  Variables and Data Types

› Unit 3 – Control Structures: Conditional Statements

› Unit 4 – Control Structures: Loops

› Unit 5 – Functions and Modular Programming

› Unit 6 – Arrays and Strings

› Unit 7 – Pointers and Structures

› Unit * – Advanced Embedded Concepts

Homework 1

Homework 2
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› Decision making – an introduction

› Logical expressions/predicates in C

› Conditional statements

› if, else if, else

› switch, case, break

› Conditional operator :?

4 General Overview
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› Why do decisions matter?

› Every program consists of

1. observing the world (input),

2. deciding what should happen (logic), and

3. act (output) accordingly;

in repeat.

Bad decisions → unsafe behavior, glitches, wasted energy…

Good decisions → predictable, testable, maintainable firmware!

5 Decision making – an introduction
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› signal → raw sensor data (e.g., button_pin, temp, adc_mV)

› interpreted value (e.g., button_pressed, temp_Celsius)

› predicate/condition → true/false question with a clear name

› “is my tank safe to heat?”

› “is the door to the tank closed?”

› “is the temperature of the tank lower than maximum temperature?”

› how is the relation between those questions?

6 From signals to predicates
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› “is my tank safe to heat?”

› “is the door to the tank closed?”

› “is the temperature of the tank lower than maximum temperature?”

→ “is my tank safe to heat?” = “is the door to the tank closed?” ∧
“is the temperature of the tank lower than maximum temperature?”

7 From signals to predicates

door closed? temperature low enough? safe to heat?

No No No

No Yes No

Yes No No

Yes Yes Yes
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› Traffic intersection

› Pedestrian crossing

› Elevator dispatch

› Coffee machine

› Smart irrigation 

8 Real-world Examples – let’s sketch!
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9 Recap: Operators for Variables
Relational/Logical Operators

Operator Description Example

== relational equals (a == b)

!= relational not equals (a != b)

> greater than (a > b)

< less than (a < b)

>= greater than or equal to (a >= b)

<= less than or equal to (a <= b)

&& logical and (a && b)

|| logical or (a || b)

! not !(a == b)
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› there are no TRUE or FALSE values in C! 

→ anything that evaluates other than 0 is TRUE

› use logical operators to form logical expressions

› use relational operators to combine logical expressions

10 Logical expressions/statements in C

Operator Description Example

== relational equals (a == b)

!= relational not equals (a != b)

> greater than (a > b)

< less than (a < b)

>= greater than or equal to (a >= b)

<= less than or equal to (a <= b)

&& logical and (a && b)

|| logical or (a || b)

! not !(a == b)
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11 Logical expressions/statements in C

(temp_c > 60.0f && fan_on == 0)

(voltage_mv < 3300 || brownout_flag)

(rpm >= 1200 && rpm <= 1800)

(button_pressed && !debounce_active)

(distance_mm < 250 && (mode == MODE_PROXIMITY))

(error_count == 0 || maintenance_due)

(adc_raw > 2048 && adc_raw < 3072)

(pwm_percent >= 90 || overcurrent_detected)

Examples
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› C uses “short circuit logic”

› A && B → if A is false, B is not evaluated!

› A || B→ if A is true, B is not evaluated!

› mind operator precedence

1. !

2. <   <= 

3. ==  !=

4. &&

5. ||

12 Logical expressions/statements in C
Combination of expressions

→ do not rely on precedence only → group expressions with parentheses
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13 Logical expressions/statements in C

// pointer safe short circuit
(ptr != NULL && *ptr > 10)

// combination of expressions
((humidity_pct > 80) && (temp_c < 5.0f)) 

// bit masks and flags
((faults & (1 << FAULT_OVERCURRENT)) && !(faults & (1 << FAULT_OVERVOLT)))
(((gpio_in & (1u << 2)) != 0) && ((gpio_in & (1u << 3)) == 0))

// arithmetic and logic
((speed_ms > 0.1f) && (fabsf(speed_ms - target_ms) <= 0.02f))

More Examples: combination of expressions
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› Avoid side effects in logical expressions

→ mind operators: = is not ==, but this is still legal C:

› De Morgan:

› !(A && B)  (!A || !B)

› !(A || B)  (!A && !B)

14 Logical expressions/statements in C
Combination of expressions; cont’d.

(x = read())((x = read()) >= 0)
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15

› conditional statements enable decision making

→ chose execution paths based on logical expressions/statements

→ evaluated conditions guide program flow!

› three key constructs in C:

› if, else if, else

› switch, case, break

› conditional operator :?

an overview

Conditional statements in C
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› if keyword tests a condition:

› if condition evaluates to TRUE→ execute block

› use else to handle FALSE case

› only one branch is executed

→ the other is skipped completely!

› == 1 can be removed when Boolean

› single-line blocks work without curly braces → try 

to avoid!

if, else if, else

Conditional statements
button 

pressed?

turn off LED

turn on LED

YES

NO

if (button_pressed == 1) {
turn_on(LED);

} else {
turn_off(LED);

}

button_
pressed 
== 1

turn_off(LED)

turn_on(LED)

TRUE

FALSE button_
pressed

if (button_pressed) {
turn_on(LED);

} else {
turn_off(LED);

}

if (button_pressed) 
turn_on(LED);

else
turn_off(LED);



Unit 3: Control Structures – Conditional Statements Computer Engineering, VU (448.012)

17

› else if tests multiple conditions sequentially

› use else to handle default case (always!)

› again: only one branch is executed

→ all the others are skipped completely!

if, else if, else

Conditional statements

if (sensor_value < 0.0f) {
turn_red(LED);

} else if (sensor_value > 5.0f) {
turn_off(LED);

} else {
turn_blue(LED);

}

sensor_
value

turn_red(LED)

turn_off(LED)

> 5.0f

< 0.0f

turn_blue(LED)

else
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sensor_
value

turn_off(LED)

turn_red(LED)

> 5.0f

< 0.0f

turn_blue(LED)

else

18

if, else if, else

Conditional statements

if (sensor_value < 0.0f) {
turn_red(LED);

} else if (sensor_value > 5.0f) {
turn_off(LED);

} else {
turn_blue(LED);

}

if (sensor_value < 0.0f) {
turn_red(LED);

} if (sensor_value > 5.0f) {
turn_off(LED);

} else {
turn_blue(LED);

}

sensor_
value

turn_red(LED)

turn_off(LED)

> 5.0f

< 0.0f

turn_blue(LED)

else

sensor_
value

else

?
sensor_value = 2.1f

sensor_value = -3.8f

sensor_value = 7.4f
?
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› nesting: 

› conditions followed by conditions

› “an if block containing another if block”

› else if ladder: a sequence of 

conditions on only one variable

› Attention: deep nesting can degrade 

code readability!

→ use indentation and curly braces!

Nested conditions

Conditional statements

if (sensor_ok) {
if (button_pressed) {

read_sensor();
if (sensor_value > 0.0f) {

turn_on(LED);
} else {

turn_off(LED);
}

} else {
stop_process();

}
}

if (sensor_ok) { 
if (button_pressed) {
read_sensor();
if (sensor_value > 0.0f) {
turn_on(LED);
} else { turn_off(LED);
} } else { stop_process(); } }

if (sensor_ok) {
if (button_pressed) {

read_sensor();
if (sensor_value > 0.0f) {

turn_on(LED);
} else {

turn_off(LED);
}

} else {
stop_process();

}
}
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› C standard: an else is paired with the nearest preceding if

→ avoids “dangling else”

› always use curly braces {} to clearly define the scope of the if/else blocks!

› only the first true condition executes!

› always use parenthesis () to group expressions; don’t rely on operator 

precedence only!

Rules, good to knows, tips, best practices

Conditional statements
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› what happens if an if/else blocks get too big and hard to read?

→ let’s break it down

switch, case, break

Conditional statements

if (button_id == 1) {
  // button 1 pressed

} else if (button_id == 2) {
  // button 2 pressed

} else if (button_id == 3) {
  // button 3 pressed

} else if (button_id == 4) {
  // button 4 pressed

} else {
  // default case

}

switch (button_id) {
case 1: // button 1 pressed

break;
case 2: // button 2 pressed

break;
case 3: // button 3 pressed

break;
case 4: // button 4 pressed

break;
default: // default case

break;
}
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› switch statements provide multi-way branches 

based on integer values

› execution jumps to the matching case block

› case blocks must be exited with the break keyword

→ otherwise, control “falls through” until the next break!

› default is optional but recommended: catches “else”

› often clearer than many if/else statements

› Attention: switch expression must be an integer value (also, char, enum)

switch, case, break

Conditional statements

switch (expr) {
case 1:

break;
case 2:

break;
case 3:

break;
[...]

default:
break;

}
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› condition ? if_true : if_false

› a compact if/else that returns 

one of two values

› improves readability of simple conditional

value selections

› avoid nesting ternary operators!

ternary operator :?

Conditional statements
[. . .]

uint32_t max = 0;
if(a > b) {
  max = a;
} else {
  max = b;
}

12
13
14
15
16
17
18
19

C main.c ×

[. . .]

uint32_t max = = (a > b) ? a : b;
12
13
14

C main.c ×
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24 Best practices and Common Pitfalls

› Always use {} around if, else if, and else blocks to make pairing explicit

› Comparison vs. assignment: avoid writing if (x = 1) by accident; 

use == for comparison 

› default case: Always include a default in switch to handle 

unexpected values.

› Short-circuit logic: Remember && and || short-circuit 

(e.g., in if (A && B), B isn’t evaluated if A is false).

› Side effects: Avoid modifying variables inside conditions 

(e.g., if (i++ > 0)) → this can make logic hard to follow.

› Simple conditions: If a condition grows complex, break it into well-

named Boolean variables or separate checks for clarity.
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25 What’s missing?

› conditional repeat of functionality → loops

→ will be covered later
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› Try simple if/else

› Try else if chains

› Try switch/case

› Try nested conditions

› Try the ternary operator ?:

26 Practical Examples and Demonstrations
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