CprE 381 Homework #3


Reading Assignment: Chapters 4 and 5



P1. (50 points) Draw a complete multi-cycle data path for the machine you are designing in lab using the following details. Design a control machine to generate all control signals.

Instruction Format

	J Format
	OPCODE
	ADDRESS

	
	15:12
	11:0

	I/LW/SW/BEQ/BNE Format
	OPCODE
	IMM/OFFSET
	RT
	RS

	
	15:12
	11:8
	7:4
	3:0

	R Format
	OPCODE
	RD or SHIFT
	RT
	RS

	
	15:12
	11:8
	7:4
	3:0


OPCODES

	Opcode
	Instruction Operation

	0000
	add

	0001
	and

	0010
	or

	0011
	slt

	0100
	lw

	0101
	sw

	0110
	beq

	0111
	bne

	1000
	addi

	1001
	andi

	1010
	ori

	1011
	slti

	1100
	sub

	1101
	shift

	1110
	jr

	1111
	jal


P2. (10 points) Amdahl’s law is sometimes given in another form that yields the speedup. Speedup is the measure of how a computer performs after some enhancement relative to how it performed previously. Thus, if some feature yields a speedup ratio of 2, performance with the enhancement is twice what it was before the enhancement. Hence, we can write 

Speedup = Performance after improvement/Performance before improvement

= Execution time before improvement/Execution time after improvement

(a) Suppose we enhance a computer to make all floating-point instructions run five times faster. Let’s look at how speedup behaves when we incorporate the faster floating-point hardware. If the execution time of some benchmark before the floating-point enhancement is 10 seconds, what will the speedup be if half of the 10 seconds is spent executing floating-point instructions?

(b) We are looking for a benchmark to show off the new floating-point unit described in Exercise , and we want the overall benchmark to show a speedup of 3. One benchmark we are considering runs for 100 seconds with the old floating-point hardware. How much of the initial execution time would floating-point instructions have to account for to show an overall speedup of 3 on this benchmark?

Speedup Performance after improvement 

P3. (10 points) Do we need combinational logic, sequential logic, or a combination of the two to implement the following: multiplexor, comparator,, incrementer/decrementer, barrel shifter, multiplier with shift and adders, register, memory, ALU, CLA-adder, latch, finite  state machine.

P4. (10 points) MIPS chooses to simplify the structure of its instruction. How would you implement a swap instruction represented as swap $rs, $rt. You can assume that you have some register that you can use as temporary register. Present both hardware and software solutions.

P5. (10 points) We wish to add lui instruction that loads the 16 bit immediate value in the upper part of the register with lower part of register set to zero. How would you implement this instruction on single cycle and multi-cycle implementation on MIPS data path. You may present your result by attaching changes on one of the figures in the book or describe what you need to add.
P6. (10 points) Suppose our register file in multi-cycle implementation has only one read port. Redraw the data path in Problem 1 and write register transfer level descriptions of our instructions in Problem 1 again.
