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ECE2020 Final Exam Summer 2013 GTL 
July 31, 2013            Name: ______________________ 
 
Show your work for any possible partial credit. 100 possible points, 12 exam pages plus a figure. 
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1) (6 Points) Three incomplete circuits are shown below. Complete each circuit by adding the needed 
switching network so the output is pulled high or low for all combinations of inputs (i.e., no floats or 
shorts). Complete each circuit (pull down, pull up, or both) and write the expression if one is not given. 
Assume both inputs and complements are available. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Out1 = __________________          Out2 = ______________________           Out3 = D  ( A  + B + C  ) E 
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2) (5 points) Implement the following expression using only NOR gates and inverters. Then determine the 
number of switches required. Use proper mixed logic notation. Do not modify the expression. Do not 
assume compliments of inputs are available. 

 

Out = (( A ∙ B + C) D + E) F       

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Number of switches____________________________ 
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3) (5 points) Using only the devices below, implement a two-to-one mux on the diagram below. (The 
block diagram of a 2 to 1 mux is show above just as an FYI only). 
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4) (5 points) Using a two-to-one mux, implement a transparent latch using basic gates (NAND, NOR, 
AND, OR, NOT, pass). Enable here is an active high write enable. (The block diagram of a transparent 
latch is show above just as an FYI only). 

Try to minimize transistors. 
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5) (8 points) Consider the register implementation below. 

 

Assume the following signals are applied to the register above. Draw the signal at point A (output of the 
first latch), the signal at point OUT (output of second latch). Assume A and OUT start at logic unknown 
values.  
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6) a)(5 points) Complete the truth table below to the left for a "full adder" as shown below on the right. 

X   Y  Cin   Sum  Carryout 

 

 

 

 

 

 

b) (10 Points) Using four of the full adder blocks shown above to the right, show how four of them would 
be used to implement a four bit adder that would be able to add/subtract two four bit numbers. Your 
inputs are X3, X2, X1, X0, Y3, Y2, Y1, Y0, add/sub, and your outputs include S3, S2, S1, S0. You may 
use any additional logic gate types you want. Draw your hardware diagram below:

cin 

sum 

cout y 
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7) ( 10 points total) State  machine problem straight from the practice problems: 
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8) (6 points) SIMM Memory System: 

Using  SIMMs that  are 8 million addresses by 8 bit words: 

Part A Suppose that these SIMMS are used to build a 16  million address memory system with 8 bit 
words. Using however many of these SIMMs you need, draw this memory system. In the drawing you 
make below, add as many SIMM chips as you need and then be sure you label the memory system inputs, 
Addr, R/W, and Mem Sel, and the system's outputs D0, D1, D2, etc. Also label bus widths, and inputs and 
outputs of any required decoders. Put a star on the chip(s) containing the memory location addressed 
by an address containing a one followed all zeros (all of the address bits are input as a zero except 
the most significant bit which is a one).                                           
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9) Using the attached single cycle datapath we have discussed extensively in class (see last page of exam 
for part of  it), implement the microcode for the following instructions (see instruction examples also on 
last page): 
 
a) (5 points)              addi $3, $2, 25 
 
# X Y Z rw

e 
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-w 

msel description 

1                  

 
b) (5 points)              sw $1, ($2) 
 
# X Y Z rw
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c) (5 points) Thinking about the "putting it all together" system block diagram: Which bit fields in the part 
(a) microcode you wrote above would be stored in a Read Only Memory controller?  For those fields not 
stored in the Read Only memory controller where would they come from?  
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10) ( 5 points) Instruction Format. For the third instruction type we discussed, the Immediate Instruction 
Format, show the actual 32 bits for the instruction: 

addi $10, $8, 4 

assuming the opcode for addi is 001000. 

 
 

_  _  _  _    _  _  _  _    _  _  _  _    _  _  _  _    _  _  _  _    _  _  _  _    _  _  _  _    _  _  _  _     
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9) Assembly language programming 

Consider the following MIPS program fragment. The attached last exam page lists the instruction set and 
explains them with examples. 

 
Assume memory holds the following starting at address 300: 

 
Part a) (5 points) How many words of data are read in by the program fragment? 
 
Total number of data words read: 
 
Part b) (5 points) How many times is the add instruction at address 1024 executed? 
Number of times: 
 
Part c) (5 points) What are the values in the following registers at the end of the program fragment? 
$1 =  
$2 =  
$3 =  
$4 =  
$5 =  
Part d) (5 points) What does this program fragment do? 
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You may tear this off from the exam and you do not need to turn in this page. 

 


