UCR EE/CS120B, Spring 2002

Introduction to Embedded System Design

Prof. Frank Vahid

Midterm 2

Name: _______________________________   UCR email: _______________________________

1) (35 points) Short answer

a) Approximately how many transistors are in an 8-bit 4x1 multiplexor (8 4x1 muxes)? (circle one)

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

b) Describe the main advantage of a 32-bit processor over an 8-bit processor, and the main advantage of an 8-bit processor over a 32-bit processor.

c) List the main advantage of a Harvard architecture over a Princeton architecture.

d) What is a superscalar processor?

e) 8051 machine instructions are how many bytes? (circle the best answer)

1       2       3       12      24       1K       2K      4K      256K       4 Gigabytes

Varies from 1 to 3       Varies from 12 to 24      Varies from 1K to 2K       Varies from 4K to 256K

f) Processor A has a clock frequency of 100 MHz and a 4-stage pipeline. Processor B has a clock frequency of 200 MHz and a 2-stage pipeline. Explain which processor is faster and why, or if they are equal explain why, or explain why you can’t tell which is faster.

g) What is the main advantage and disadvantage of an EEPROM compared with EPROM and with static RAM.

h) What is a watchdog timer and what is one of its main uses?

i) A pulse width modulator generates a pulse (a 1) of width 10 ns every 50 ns. What is this PWM’s duty cycle?

j) What is the main advantage of using a general-purpose processor over a single-purpose processor? What is the main disadvantage?

k) What is an application-specific instruction-set processor? Draw a figure with a single axis. We want to show how general-purpose, application-specific, and single-purpose processors differ in terms of flexibility (programmability) and in terms of optimization to a specific task. Determine how to label the axis with respect to these two metrics, and show where GPPs, ASIPs and SPPs fall along the axis.

2) (25 points) Estimate the performance difference between a single purpose processor and a general-purpose processor for the following task. The task reverses the bits of a 32-bit register X. (For example, reversing a 4-bit register with initial contents 1011 would result in 1101). For the general-purpose processor, assume you are using an 8051 that requires 12 cycles per instruction and executing at 40MHz. Assume you single purpose processor would also be clocked at 40 MHz.  You need not develop complete implementations – instead, provide enough work to give good confidence that your estimates are reasonable. We are  more concerned with your work than the actual answers, so explain your thought process clearly!

3) (40 points) Design a simple 16-bit programmable processor having separate data and program memory, supporting up to 64 instructions, having a 32-register register file RF, an accumulator A, and a 4K data memory M, a 64K program memory PM, and supporting specifically the following instructions:

· LOAD A, #imm
A = imm

· MOVE Rn, A
Rn = A

· MOVE A, Rn
A = Rn

· SUB A, Rn

A = A - Rn

· JZ A, offset

PC = PC + offset  (if A is 0)

(a) In the rectangles provided above, divide each 16-bit instruction into its fields. Assign a unique bit sequence for each opcode. Clearly indicate the number of bits per field.

(b) Draw an FSMD describing the behavior of the processor. Include variable declarations of important registers and memories, clearly specifying their sizes, and be sure to include the actions occurring during each state.

(c) Convert your FSMD into an FSM and a general structure (controller/datapath), showing the major components in your structure (PC, IR, RF, etc.)

(d) Using the above instruction set, write a simple assembly program that implements the following. Assume R0 is s and R1 is i.

 
s = 300

for (i=10; i>0; i--) {


s = s – i;

}

(e) Using your answers to (a) and (d), show the complete program memory contents, in 0’s and 1’s ONLY, for the first three instructions of your program.
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