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Introduction to Embedded System Design

Prof. Frank Vahid

Midterm 1

Name: _______________________________   UCR email: _______________________________

1) (20 points) Short answer and multiple choice. For problems with numerical answers, no credit will be given without clear and correct justification.

a) Approximately how many transistors are in a 2x1 mux? (circle one)

1   10   100   1,000   10,000   100,000   1,000,000   10,000,000   100,000,000   1,000,000,000

Draw the internal design of a 2x1 mux, and indicate your justification for your answer above using your drawing.

b) What is the purpose of simulating a VHDL design?

c) List a key advantage of a single-purpose processor over a general-purpose processor.

d) A digital camera takes 1 second to capture and image, ½ a second to compress it, and ½ a second to store it. After capturing the image, the camera can begin capturing a second image. What are the latency and throughput of the camera? 

e) Suppose the NRE cost for using an FPGA in an embedded system is $10,000, while the NRE cost for using a semi-custom IC is $50,000. Suppose each FPGA has a unit cost of $22, while each semi-custom IC has a unit cost of $2. Ignoring all other considerations, determine the precise volumes for which an FPGA would be a lower-cost alternative, and for which the semi-custom IC would be a lower-cost alternative.

f) Suppose every day of time-to-market delay translates to a $10,000 loss due to lost market share. Assume you have a choice between using an IC A that is available in 5 days, or IC B that is available in 30 days. IC A costs $10, while IC B costs $2. You plan to produce 20,000 units. Ignoring all other factors, which is the more cost-effective choice?

2) (20 points) Design a 4-bit register with the following functionality:

Inputs: I (4 bits), load, shiftleft, clear

Outputs: O (4 bits)

Description: The register maintains its previous value if all control inputs are 0, or if two or more control inputs are 1. When exactly one control input is one, the obvious action is taken.

Guidelines: You  may use D flip-flops, multiplexors, decoders, comparators, and minimal additional logic gates, in your design.

Hint: build the basic register first, then worry about mapping the control inputs to the mux select inputs.

3) (20 points) Implement the following synchronous FSM as sequential logic. Remember: there’s an implicit rising clock edge and’ed with each transition’s edge. You may use a state register and additional logic gates.


4) (20 points) Design a datapath for the following FSMD, and replace the FSMD with a pure FSM that uses that datapath to carry out the data operations. Draw the implementation model of the final design, including the state register (of an appropriate size), control logic, and all connections to and from your datapath – but do NOT implement the control logic.


5) (20 points) Convert the following C algorithm into an FSMD. Do not implement the FSMD further.

   int i, x;

   x = 0;

   i = 9;

   while (i != 0) {

      x = x + i;

      i = i – 1;

   }
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Inputs: x (bit)


Outputs: a (32 bits)


Variables: t (32 bits)








a = t





t = t * t
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Inputs: x (bit)


Outputs: y (bit)
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(a transition with no condition is always taken)
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