UCR EE/CS120B, Fall 2002

Introduction to Embedded System Design

Prof. Frank Vahid

Midterm 2

Name: _______________________________   UCR email: _______________________________

1) (35 points) Short answer

a) Draw the internal design of a half-adder. You may use logic gates, multiplexors, flip-flops, and/or decoders in your design.

b) A program that executes the instructions of a target processor but runs on a development processor is known as a/an

 __________________________________________.

c) A compiler that runs on a development processor but generates code for a different, target processor is known as a/an

___________________________________________.

d) A microcontroller is an application-specific processor that excels at which of the following classes of applications (circle all that apply)?

Digital signal processing
Low-performance low-cost processing 

Video processing

Desktop processing

High-performance scientific computation

e) Can an 8-bit microprocessor implement C code that uses 32-bit integer variables? Explain why or why not.

f) A modern 8051 runs at about 40 MHz and requires 4 cycles per instruction. It has a rating of about 40 Dhrystone MIPS. What does this rating mean?

g) Show how to combine two 16-bit counters into a 32-bit counter.

h) A pulse width modulator generates a pulse (a 1) of width 100 ns every 400 ns. What are this PWM’s period and duty cycle?

i) Draw the internal design of a 2x4 decoder with enable.


2) Convert the following FSMD into an FSM plus a datapath, memory and other registers. Draw the implementation model of the controller, but don’t convert the FSM into control logic. 

3) (25 points) Embedded programming of general-purpose processors

a) Write a C function that takes an 8-bit character parameter P, and returns the number of bits that are set to 1 in P. Hint: use masks. You need not use a for loop – you can even implement this function with just one statement.

b) Write 8051 assembly code to count the number of zeros in data memory locations 50 through 75, inclusive, and stores the result in memory location 128. Hint: you might want to start by writing C code and then translating the code to assembly instructions.

c) Write 8051 assembly code to implement a simple handshake. You set P1 to zero, wait for P2 to be nonzero, set P1 to 0xFF, wait for P2 to be zero, and set P1 back to zero. You repeat this forever – so create an infinite loop.

4) (30 points) General-purpose processors. Assume processor YYZ is a 16-bit processor, having a 24-bit PC, a Harvard memory architecture, a 64-register register-file, a 512 word data memory, accumulator based datapath, supporting 128 instructions, and running at a frequency of 100 MHz. Answer the following questions. If you can’t determine the answer from the above information, state “Can not determine” (in this case, you might want to mention why not, just in case you are assuming something reasonable but something we hadn’t considered).

a) What is the maximum size of a program, assuming the memory is big enough?

b) Is there a single memory for both program and data, or are there separate program and data memories?

c) Assuming a fixed width opcode field, how many bits are in each machine instruction’s opcode field?

d) Draw the machine instruction format for a move instruction that moves a memory location (using direct addressing) to the accumulator. Precisely show the number of bits for each instruction field.

e) What is the most likely width of the ALU?

f) How many bits must be used for an operand in an instruction for direct addressing of the data memory?

g) How many bits must be used for a register operand in an instruction?

h) How many instructions are there in the instruction set?

i) How many control signals are there on the ALU?

j) How many states are there in the FSMD describing the processor’s behavior?

k) What is the most likely width of the instruction register?

l) How many pipeline stages does the processor have?

m) What is the clock period?

n) Expanding the data memory to 1024 creates a problem related to direct addressing of the memory. Explain the problem. 

o) What programming languages could be used to program this processor?


























































































































































































































































var PC(16 bits), IR(16 bits), M(64k words x 16 bits), A(16 bits)







































































































































































IR[15]=0





A = A - 1





IR[15]=1





A = A + 1





























IR = M[PC];


PC=PC+1;





PC=0;


A=0;
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