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Name:__________________________________________________________________

ID number:______________________________________________________________

This is a closed-book, closed-note exam.  No calculators please.  You have until 2pm. 
Each question is marked with its number of points (one point per expected minute of 
time).

Put your name and SID on each page.  You can tear off the spare pages at the end of the 
booklet and/or use the backs of the pages to work our your answers.  Then neatly copy 

your answers in to the places allocated for them. 

Show your work. Write neatly and be well organized.
Good luck!

problem maximum  score
1 10pts
2 10pts
3 10pts
4 5pts
5 5pts
6 8pts
7 8pts
8 8pts

total 64pts
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1. [10pts]  Consider how to map the circuit shown below to a network of 3-input 
lookup tables (3-LUTs).  A single 3-LUT is illustrated to the right.  

“Allocate” LUTs by filling in the table below, one column per LUT.  Use the 
top part of the table to indicate the input and output connections of each used 
LUT by filling in the table with node names from the circuit diagram. Use the 
bottom half of the table to fill in the LUT contents.  

Connect unused inputs on allocated LUTs to “0”.   Fill unused locations in allocated 
LUTs with “0”.  Try to complete the mapping with as few LUTs as possible.  
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2. [10pts]  Draw out the waveforms at point a, b, c, and d, for the operation of the circuit 
shown below.   Assume that the flip-flop clock-to-q delay is 1ns, that the flip-flop setup 
time is 1ns, and the gate delay is 1ns.   The initial values held by the flip-flops are shown 
a the output of each.
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3. [10pts]  Listed below are the headers from a set of Verilog modules followed by the 
structural description of a module called fib:

!! module mux (IN0, IN1, select, OUT) ;  // standard 32-bit wide multiplexor
��     input [31:0] IN0, IN1;  
��     input select;  
��     output [31:0] OUT;
�� � .
�� � .
�� � .
�� endmodule

�� module register (D, clk, Q);  // positive edge triggered register
��     input [31:0] D;
��     input clk;
��     output [31:0] Q;
�� � .
�� � .
�� � .
�� endmodule

�� module adder (A, B, R);  // unsigned adder
��     input [31:0] A, B;
��     output [31:0]  R;
�� � .
�� � .
�� � .
�� endmodule

�� module fib (reset, clk, Y);  //structural description
��     input reset, clk;   
��     output [31:0] Y;

��     wire  [31:0] A, B, C, D, E, F;

��     assign E = 1;
��     assign F = 0;

��     mux m1 (Y, E, reset, A);
��     mux m2 (B, F, reset, C);
��     register r1 (A, clk, B);
��     register r2 (C, clk, D);
��     adder add (B, D, Y);
�� endmodule
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3.a)   Based on the structural description of fib draw its circuit diagram.  Do not show the 
internals of the submodules:

3.b) In the space below write a behavioral description for just the fib module.  You solution 
should have no instantiations of submodules.  

!! module fib (reset, clk, Y);
��     input reset, clk;   
��     output [31:0] Y;
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4. [5pts] In the space below, draw a K-map to represent the following function and use it to 
write the minimal sum-of-products form:   

 � � � F = abc’d’ + b’c’d + abcd’ + abd + a’bc’d

�� � � F = 

5. [5pts] In the space below draw a K-map to represent the following function and use it to 
write both the minimal sum-of-products form and the minimal product-of-sums form.  
The dash (”-”) in the truth-table represent “don’t cares” in the function.

sum-of-products   F =

product-of-sums   F =
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6.

a) [5pts] For the following function, using DeMorgan’s theorem, derive a NAND only 
expression for the following function.  Show your steps, and put your final result in the 
form of nested NANDs, i.e, F = NAND(..., NAND( ...) ...).  

�� � � � F = (a + b)c + d

b) [3pts] Using Boolean algebra, derive an expression for the following function in sum-of-
products form.  Show your steps.  

!! ! ! ! F = a ⊕ b ⊕ c
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7.

a) [5pts] In class we discussed a parallel-to-serial converter.  Draw the circuit for a 4-bit 
serial-to-parallel converter using only 2-input multiplexors and flip-flops.  The circuit 
has three inputs: the serial input, in; the clock input; and an input enable, iEn.  The output 
is a 4-bit bus, x[3:0]. 

On the rising edge of the clock,  if iEn is asserted, then the bit value at in is stored by the 
converter, otherwise the converter retains its previous value.   Assume that the output is 
always available, and it is up to external circuitry to read it at the proper time.  Also, 
assume that bits enter the converter, least significant bit first.

b) [3pts] Draw the circuit for a 4-to-2 encoder (one-hot code to binary translator).  Inputs are   
x[3:0] and outputs are y[1:0].   Assume that this circuit will always have exactly one 1 at 
its input.
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8. Short Answer. 

a) ![1pt] What is the frequency of a clock signal with a period of 4ns?

b) [1pt] In this circuit, the flip-flop setup time is 1ns, its 
hold time is 1ns, and its clock-to-q delay is 1ns.  With a 
clock period of 4ns, what is the maximum delay through 
the combinational logic block that would permit proper 
circuit operation? 

c) [2pts] Using nothing other than 3-LUTs, draw a circuit that implements a 4-LUT.  Do not 
fill in the contents of the LUTs.

d) [1pt] Write a Boolean expression to represent the function of a 
two-input multiplexor:

e) [2pt] Imagine  you are designing and manufacturing a product and must choose between 
using an FPGA or ASIC (custom IC) for the internal electronics of the product. 

!! Which would give the highest performance? (circle one)     [FPGA, ASIC] 

!!     “          “       “      “   highest NRE cost?                            [FPGA, ASIC]

  !     “          “       “      “   highest unit cost cost?                       [FPGA, ASIC]

  !     “          “       “      “    longest time to market?                    [FPGA, ASIC]

f) [1pt] How many different Boolean functions can be implemented with a 3-LUT?  (leave 
your answer as a decimal number)
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