UCR EE/CS120B, Winter 2002

Introduction to Embedded System Design

Prof. Frank Vahid

Midterm 2

Name: _______________________________   UCR email: _______________________________

1) (20 points) General-purpose processors

a) What does it mean for a processor to be a “32-bit” processor?

b) A processor supports programs with up to 64K instructions, with each instruction stored in a single 32-bit word. The PC should have at least __________ bits and the IR should have ____________ bits.

c) What is the difference between a Harvard and a Princeton architecture?

d) (Show your calculations) A processor has a four-stage instruction pipeline, thus requiring four cycles to execute one instruction. Each cycle is 100 ns. Assume the processor is executing instructions with no branches or data dependencies, and that the pipeline is already filled. The latency for each instruction would be ______________ sec. The instruction throughput would be _____________ instrs/sec.  What is the speedup of this processor compared to an identical 4-stage processor operating in non-pipelined mode? ___________.

e) The 8051 is an ______-bit processor, while a MIPS or ARM is typically a _______-bit processor.

f) The 8051 supports instruction memory up to how many bytes (circle the best answer): 16  256   1K   64K   1M   64M

g) What is a cross-compiler?

h) Describe one advantage and one disadvantage of using an instruction-set simulator for a processor versus executing code on a processor chip.

i) Describe generally what Dhrystone MIPS are and why they are used.

j) Describe two advantages of a general-purpose processor versus a custom single-purpose processor.

2) (20 points) Given the following instruction set (from the ESD book), write an assembly program that counts the number of zero elements in a 128 item array stored from M[128] to M[255]. 

 



3) (20 points) The clk input of the following timer has a frequency of 1000 Hz (1 KHz). Mode is 2 bits. 

a) Ignoring the prescaler, what is the resolution of the timer? _____________ sec (show your work)

b) Ignoring the prescaler, what is the range of this timer? ___________ sec (show your work)

c) Mode can be used to divide the frequency of clk by 2, 4 or 8, or to pass clk through unchanged. (Dividing frequency means slowing the frequency down – so 50MHz divided by 2 is 25MHz). List the four possible timer configurations, and the resolution and range of each.

d) Write a C function SetUpDelay512  that sets the mode register of the above timer to pulse the top signal every 512 milliseconds. Mode=00 means no division, 01 means divide by 2, 10 means divide by 4, and 11 means divide by 8. Assume you can write to the mode register by setting a global variable mode.

4) (15 points) Analog-digital conversion.

a) An input analog audio signal ranges from –1.5V to +2.0V. For a 3-bit digital encoding, show all 8 possible encodings and the corresponding voltage of each. 

b) A toy digitizes and stores 10 seconds of the above audio signal in a non-volatile memory (so it can be played back – lots of fun!). Assuming the toy can only afford a 100 Kilobyte memory, and we use an 8-bit encoding per sample, what is the fastest sampling rate possible if we store every sample in the memory?

5) (25 points) Design a simple 12-bit programmable processor having separate data and program memory, a 16-register register file, and a 256 word data memory M, and supporting the following instructions:

· LOAD direct
R0 = M[direct]

· STORE direct
M[direct] = R0

· MOVE Rn, Rm
Rn = Rm

· ADD Rn, Rm
Rn = Rn + Rm

(a) In the rectangles provided above, divide each 12-bit instruction into its fields. Assign a unique bit sequence for each opcode, and assume up to 16 instructions may be included. Clearly indicate the number of bits per field.

(b) Draw the general structure for the processor, showing the memories, control unit and datapath, and within them showing the PC, IR, controller, register file, and ALU. 

(c) Draw an FSMD describing the behavior of the processor. Include the actions occurring during each state.

(d) Write a simple assembly program that adds M[0] and M[1], storing the results in M[2].

(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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M(direct) = Rn
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MOV direct, Rn
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PC = PC + relative (in two’s complement)


   (only if Rn is 0)
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JZ  Rn, relative
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Assembly instruct.





Rn = immediate
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0011





MOV Rn, #immed.





Rn = Rn – Rm
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SUB Rn, Rm





Rn = Rn + Rm
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ADD Rn, Rm





MOV @Rn, Rm





MOV Rn, direct
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PC = PC + relative (in two’s complement)


   





relative











0111





JMP relative











Rm





Rn = M(Rm)





Rn





1000





MOV Rn, @Rm





Note these two new instructions!





Remember that M is memory, and Rn or Rm refers to one of 16 registers, R0 through R15, in the register file.
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