UCR EE/CS120B, Spring 2002

Introduction to Embedded System Design

Prof. Frank Vahid

Midterm 1

Name: _______________________________   UCR email: _______________________________

1) (25 points) Short answer and multiple choice

a) Define Moore’s Law

b) Approximately how many transistors are in a 32-bit ripple-carry adder? (circle one)

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

c) What is a testbench? 

d) What’s the difference between a VHDL entity and a VHDL component?

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

f) Suppose a TV set-top box processes a single video frame using a 6-stage pipeline. Each stage takes 100 ns. Assume the next video frame can enter the pipestage as soon as the current frame passes the first stage. Ignore issues regarding pipeline fills and stalls. What are the latency and throughput of the system? Be sure to show your work and to clearly indicate the units of your answers.

g) Suppose an FPGA costs $20 and has NRE cost of $5000. Suppose a gate-array costs $5 and has an NRE cost of $50,000. Ignoring all other factors, precisely determine the volumes for which each technology is most economical (show your work!).

2) (25 points) Design a 4-bit counter/register with the following functionality:

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

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, adders, and minimal additional logic gates, in your design.

3) (25 points) Consider the following FSMD. 


a) Describe what it does.

b) Implement the FSMD. Begin by splitting the FSMD into an FSM and a structural datapath. Then, implement the FSM as a state register plus logic gates.

4) (25 points) Design a single-purpose processor that outputs the maximum value of 5 given data inputs. You are restricted to use only one comparator.  

Inputs: D0, D1, D2, D3, D4 (all 16-bits), and go (bit)

Output: max (16-bits)

Function: When go becomes 1, compute the maximum of the D’s and write the result to the output max. 

Guidelines: (a) Start with C-like code, (b) convert to an FSMD (simplified if you’d like), and (c) split the FSMD into an FSM and a structural datapath. Remember, you can only use 1 comparator. Do not implement the FSM. (d) Indicate how many cycles latency your processor has.
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Inputs: I (8 bits), x (bit)


Outputs: Q (8 bits)


Variable: v (8 bits)
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