Homework #3 
Computer Organization

Q1.  Draw (by hand, don’t copy and paste) the detailed state transition graph (STG) of the multi-cycle control unit showing very clearly the states and values of the associated control signals.

Q2. State very explicitly the fundamental advantages and disadvantages of using multi-cycle implementation over single-cycle implementation of MIPS architecture.

Q3. The multicycle datapath that we studied had one ALU, which was used to increment the PC as well as for ALU operations (and address calculations), and branch target calculation. The single-cycle datapath had 3 separate adders/ALUs, one for incrementing the PC, one for ALU operations (and address calculation), and one for branch target calculation. Why are a different number of ALUs used in the two different datapaths?

Q4. Refer to the figure below, which shows the datapath for the single cycle implementation. The gating that is shown works fine for the BEQ instruction (BRANCH = 1 and ZERO =1 selects the branch address to be loaded into the PC). Modify this logic so that it will also accommodate the BNE instruction. Make your changes on the figure (you can add extra control lines if you want, just make sure that you tell me what causes them to be asserted).
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Q5. What is microprogramming?
Q6. Solve problem 5.2 from your textbook. The stuck-at-0 faults in the single-cycle datapath.
Q7. Solve problem 5.3 from your textbook. The stuck-at-1 faults in the single-cycle datapath.
Q8. Solve problem 5.29 from your textbook. The stuck-at-0 faults in the multi-cycle datapath.
Q9. Solve problem 5.30 from your textbook. The stuck-at-1 faults in the multi-cycle datapath.

Q10. For a program that has 109 instructions, assume that each instruction takes 500 ps execution time on the multi-cycle datapath.

a) How long does it take to execute this program on this non-pipelined processor?


b) What is the maximum speedup that can be achieved when running this program on 5-stage pipelined processor?
Q11. Identify all data dependencies for:


add $3, $4, $2


sub $4, $2, $1


lw $4, 200($3)


add $7, $4, $6

Q12. For the following code, which registers are read and written at the end of the sixth cycle?

add $2, $3, $1


add $7, $6, $1


add $8, $2, $6


sub $4, $3, $5


add $5, $3, $7

Q13. For the above code, what the forwarding unit will be doing during the fifth cycle?

