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EE109: Introduction to Embedded Systems 

Fall 2020 - Midterm Exam 

10/13/20, 7PM – 8:40PM + 20 min to upload 
[Complete all the information in the box below.] 

 

Name:______________________________ 

Student ID:  ________________________________________ 

Email:  ___________________@usc.edu 

Lecture section (Circle One):  

 

 

 

No Calculators 

Ques. Your score Max score Recommended 
Time 

-  - 0 min. 

1  14 13 min. 

2  6 10 min. 

3  8 12 min. 

4  10 12 min. 

5  6 10 min. 

6  10 18 min. 

7  14 25 min. 

Total  68  

  

Annavaram Redekopp Weber Weber Redekopp Weber Annavaram 

9 a.m. 11 a.m. 12:30 p.m. 2 p.m. 11 a.m. 12:30 p.m. 2 p.m. 
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1. (14 pts.) Short Answer 

Enter your answers directly on Gradescope 

 

1.1. Convert the 8-bit unsigned binary 10011101 value to decimal: ___________________ 

 

1.2. Convert   615 octal to hexadecimal: ______________________ 

 

 

1.3. A company has 384 different products and wants to assign a unique binary code to 

each.  What is the minimum number of bits required for this code? ________________ 

1.4. (True / False) _______: To clear bits 5 and 6 of PORTD register can be accomplished 

with the following statement: PORTD &= (3 << 5). 

1.5. (True / False) _______: A NOR-NOR implementation can naturally result by using the 

sum of minterms expression of a logic function.  

1.6. A closed switch in series with a 10 ohm resistor AND a 5 ohm resistor yields an 

equivalent resistance of ________ ohms. 

1.7. (True / False) _______: The statement if( (PINC & (1 << 4)) == 1) will evaluate 

to true if the input bit in location 4 of Group C is a high voltage. 

1.8. (True / False) _______: Given a logic function f(x,y,z), minterm 5 is equivalent to the 

logical NOT (inverse) of maxterm 5 (i.e. is m5 == M5') 

 

 

1.9. Write code to copy bits 7 through 5 (inclusive) from the PORTC register to the same 

locations (5 through 3) in the PORTB 

register without affecting the other bits in 

PORTC or PORTB. 

  

67 45 23 01
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2.  (6 points) Tree Mux Design 

Given the desired 6-to-1 mux truth table to the right, fill in the boxes with the appropriate select bit and 

data input bit labels to correctly implement the design. [Upload PDF/Image to Gradescope] 
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S2 S1 S0 Y 

0 0 0 I0 
0 0 1 I1 
0 1 0 I2 
0 1 1 I3 
1 0 0 Unused 

1 0 1 I5 
1 1 0 I6 
1 1 1 Unused 

 



4 
 

3.  (8 pts.) Logic Function Synthesis – Upload PDF/Image to Gradescope 

Background: In digital circuit design, the power consumed (P) by a transistor is considered to be 

proportional to the cube of frequency (F3). But this relation holds only in the absence of architectural 

enhancements. In practice, designers often make many architectural changes to lower power 

consumption. When these architectural enhancements are made the power consumption is only 

proportional to the square of the frequency (F2).  

 

Assume we have a one-bit Boolean (A) that 

indicates whether the architecture is enhanced 

(A=1) or not (A=0).  Our goal is to build a digital 

circuit to output an estimate of the power (P) 

based on the value of A and a given 2-bit 

unsigned frequency value (F[1:0]) 

 

1. How many output bits are required to correctly represent P? ______ 

 

2. Fill in the truth table for the power estimator block. 

A F1 F0 ______________________ 

0 0 0  

0 0 1  

0 1 0  

0 1 1  

1 0 0  

1 0 1  

1 1 0  

1 1 1  

 

3. Use a Karnaugh map to write the minimal SOP expression for P0, where P0 is the least.  Show 

your work: 

 

 

 

 

 

 

 

Minimal SOP expression for P0 = _________________________________________ 

 

4. Write the sum of minterms expression (DO NOT simplify or use a K-Map) for P1, where P1 is 

the next significant bit after P0.  

 

P1 = ___________________________________________________________________  

F1 if(A is 0)

   P = F
3

else

   P = F
2

P0 (LSB)

(LSB) F0

A

..
.

(unsigned)

P_
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4. (10 pts.) Logic Simplification – Upload PDF/Image to Gradescope 

Billy Bruin arrived at what he believes is a minimal, SOP equation for a function, F, that he 

desired to implement.  The equation he found was: 

𝐹(𝑤, 𝑥, 𝑦, 𝑧) = �̅� ∙ �̅� ∙ �̅�   +   �̅� ∙ 𝑥 ∙ 𝑧̅   +   𝑥 ∙ �̅� ∙ 𝑧  +   𝑤 ∙ 𝑥 ∙ 𝑦 ∙ 𝑧̅ 
 

To prove or disprove that Billy Bruin’s equation truly is the minimal, SOP implementation, use the 

equation above to fill in the Karnaugh map below and then use it to solve for the minimal SOP 

equation.  

 

 

0 4 12 8

1 5 13 9

3 7 15 11

2 6 14 10

w x

y z 00 01 11 10

00

01

11

10

F =
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5. (6 pts.) DeMorgan's Equivalent – Answer directly on Gradescope (Multiple Choice) 

 

Consider a 5-input AND and a 5-input NOR gate shown below.   

  
5-input AND 5-input NOR 

 

 

For each of the 4 circuits below indicate (circle your answer) whether the circuit is 

a.) equivalent to the 5-input AND,  

b.) equivalent to the 5-input NOR, or  

c.) neither 

 

5.1: 

 

5.2: 

 

a.) AND     /     b.) NOR     /     c.) Neither. a.) AND     /     b.) NOR     /     c.) Neither. 

 

5.3: 

 

5.4: 

 

a.) AND     /     b.) NOR     /     c.) Neither. a.) AND     /     b.) NOR     /     c.) Neither. 
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6. (10 pts.) Boolean Algebra (Upload PDF): Use theorems to simplify the given equation for G 

to its minimal POS representation. You need to use DeMorgan's theorem in the first step and 

one or more application of T9/T9'/T10/T10' in the 2nd, but then are free to use as many other 

steps as necessary. You must show what theorems you are applying at each step (though you 

can apply 2 or 3 theorems per step). Write neatly and circle your final answer.  We strongly 

recommend you (PLEASE!!) plan your work on the scratch paper first to determine your 

approach but your final solution must be on this page (or neatly written on blank paper where 

you can just number your steps).  Singe/multi variable and DeMorgan's theorem are listed below. 

Step 
Theorem(s) or 

Manipulation(s) Used 

𝐺 = [�̅�𝐵(�̅�𝐵 + 𝐷)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ] ∙ [�̅��̅�𝐶𝐷 + (𝐴 + 𝐵 + 𝐶𝐷)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ + 𝐶̅ ]  

𝐺 = [�̅�𝐵(�̅�𝐵 + 𝐷)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ] ∙ [�̅��̅�𝐶𝐷 + ______________________________ + 𝐶̅] 
DeMorgan's applied 1 time 

inside the last term 

𝐺 = [                          ]̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ∙ [_______________________________________________] 
At least 1 use of 

T9/T9'/T10/T10' 

𝐺 = [                          ] ∙ [_______________________________________________] 

DeMorgan's applied to the 

1st term and any 

simplification to 2nd 

 
Complete the simplification 

  

  

  

  

GMinimal POS =  
Arrive at a minimal POS 

equation 

Use only the rows needed 

Single-Variable Theorems 

(T1) X + 0  = X (T1’) X • 1 = X (Identities) 

(T2) X + 1 = 1 (T2’) X • 0 = 0 (Null elements) 

(T3) X + X = X (T3’) X • X = X (Idempotency) 

(T4) (X’)’ = X   (Involution) 

(T5) X + X’ = 1 (T5’) X • X’ = 0 (Complement) 

Two- and Three-Variable Theorems 

(T6) X +Y = Y + X (T6’) X • Y = Y • X (Commutativity) 

(T7) (X+Y)+Z = X+(Y+Z) (T7’) (X•Y) •Z = X• (Y•Z) (Associativity) 

(T8) X•(Y+Z) = X•Y + X•Z (T8’) X+(Y•Z) = (X+Y) • (X+Z) (Distributivity) 

(T9) X + X•Y = X (T9’) X • (X + Y)  = X (Covering) 

(T10) X•Y + X•Y’ = X (T10’) (X+Y) • (X+Y’) = X (Combining) 

(T11) X•Y+X’•Z+Y•Z = X•Y+X’Z (T11’) (X+Y)•(X’+Z)•(Y+Z) = (X+Y)•(X’+Z) (Consensus) 

DeMorgan’s Theorem 

 (X • Y)’ = X’ + Y’  (X +Y)’ = X’ • Y’ (DeMorgan’s) 



8 
 

7.  (14 pts.) State machine Implementation:  

Download the skeleton .c file from Gradescope, complete it, and upload it. 

Implement this (simpler) 

state machine design to 

receive 12 of 14 pts. 

For the additional 2 

points, you will 

implement a more 

complex additional 

feature/change 

described at the bottom 

of the page.  Only 

attempt the additional 

feature if you have time 

to complete it (save the 

simpler version first).   

 

Complete the implementation of Arduino code (in the given skeleton .c file) to match the 

specification given in the above diagram.  The inputs and outputs are as follows: 

Button A (on Group D, bit 5) 

Button B (on Group D, bit 0) 

LED1 (on Group D, bit 1) 

LED2 (on Group D, bit 2) 

 

• The buttons MUST be sampled (and state updated) every 50ms. 

• If a change in state is necessary and the opposite LED should start blinking, you DO NOT 

need to finish the blink sequence of the previous state, but instead just go to the next state 

immediately.  

• For input conditions not shown on the diagram, the state machine should remain in its 

current state. 

• You should NOT add any additional delay statements (_delay_ms()) to the code.  

• You may NOT change the structure of the code provided in the skeleton on .c file, but only 

add your code in the missing areas. 

• You need NOT worry about debouncing.  

• You must start by writing the function flipLED() below which when called with an argument 

(1 or 2) indicating which bit to flip, will cause the output voltage on that bit of PORTD to 

change to its opposite value.  

 

Additional feature:  To earn 2 additional points, change the transition from S2 back to S1 

to only occur if A and B have been released (not pressed) for 2 continuous seconds.  If 

any button is pressed the 2 second time requirement must start back at 0 once both buttons 

are released. 


