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5. (25 pts) (Previous midterm question) Professor Rubenstein is thinking about opening up a disco. His groovy
lighted floor will produce the patterns shown above while his patrons dance the hustle and do the smurf.

(a) (10 pts) Given a 3-to-8 decoder and as many 2-input OR gates as you want, design a circuit that takes
in as input the binary value of a number between 0 and 7, and generates 4 outputs, A, B, C, and D. The
outputs should equal 1 when the square that corresponds to that output is darkened. (It can be done with 7
OR gates).

(b) (15 pts) Professor Rubenstein also wants his disco to accommodate engineering-savvy individuals who
aren’t disco experts. Considering the 3-bit representation of the square number, when the middle bit
(whose value is 2) is set (i.e., squares 2,3,6,7), people on the dance floor should wave their hands in the
air. And when the low bit (whose value is 1) is set (i.e. squares 1,3,5,7), people on the dance floor should
shake their boody.
Give the boolean functions FT (throw hands in air) and FS (shake your boody) in terms of variables
A, B, C, and D that equal 1 (TRUE) when the floor lights up and 0 (FALSE) otherwise. We don’t care
what the values of the functions are for the 8 sets of inputs that never occur. Simplify your expressions -
people don’t want to think too hard when they dance!

6. (10 pts) Use contraction beginning with a 4-bit adder-subtractor without carry out to design an 4-bit circuit
without carry out that increments its input by 0010 for input S = 0 and decrements its input by 0010 for input
S = 1. Perform the design by designing the distinct 1-bit cells needed and indicating the type of cell use in each
of the four bit positions (and note that the cells should increment and decrement, depending on the value of S).

7. (10 pts) A bitstring is called k-periodic if the ith bit matches the i + kth bit. For instance, 110110110110 is
3-periodic. Using a barrel shifter that takes as input a bitstring B and a shift value S, plus some additional
circuitry, build a circuit that returns a 1 if B is S-periodic, and returns 0 otherwise.
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= m0 + m4 + m5 + m6 + m7
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After simplifying using a Karnaugh map, we find that

A = X + X Y Z
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After simplifying using a Karnaugh map, we find that
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ANSWER:

Find simplified expressions for A, B, C, D.
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= m2 + m4 + m6 + m7

= X Y Z + X Y Z + X Y Z + X Y Z

After simplifying using a Karnaugh map, we find that

C = X Y + X Y Z + X Y Z
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= m3 + m7

= X Y Z + X Y Z

After simplifying using a Karnaugh map, we find that

D = Y Z
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ANSWER:

Write the expressions for FT and FS:

FT = A B C D + A B C D + A B C D + A B C D

in minterm form,

FT = m1 + m2 + m14 + m15.

Next, we find that the eight sets of inputs that never 
occur are:

m0, m3, m5, m6, m7, m9, m11, m13

Now, we can use a Karnaugh map with don’t care 
bits to simplify the expression for FT (see right).

FS = A B + B C

Next, we do the same for FS

FS = A B C D + A B C D + A B C D + A B C D

in minterm form,

FS = m1 + m4 + m12 + m15.

After simplifying using a Karnaugh map, we find that

FT = D + B C
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