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1.  We wish to add the instruction addi (add immediate) to the single-cycle datapath. Add any necessary datapaths and control signals to the following single-cycle datapath:
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and show the necessary additions to the following table:

	Instruction
	RegDst
	ALUSrc
	Memto
Reg
	Reg
Write
	Mem
Read
	Mem
Write
	Branch
	ALUOp1
	ALUOp2

	R-format
	1
	0
	0
	1
	0
	0
	0
	1
	0

	lw
	0
	1
	1
	1
	1
	0
	0
	0
	0

	sw
	X
	1
	X
	0
	0
	1
	0
	0
	0

	beq
	X
	0
	X
	0
	0
	0
	1
	0
	1


Now, we wish to add the instruction bne (branch if not equal). Add any necessary datapaths and control signals to the above single-cycle datapath and show the necessary additions to the above table.

2. Show how the jump register (jr) instruction can be implemented simply by making changes to the following finite state machine. (It may help you to remember that $0=0.)
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3. Identify all of the data dependencies in the following code. Which dependencies are data hazards that will be resolved via forwarding?

add
$2, $4, $5

add
$4, $2, $5

sw
$5, 100($2)

add
$3, $2, $4

4.  Using the standard IF-ID-EX-MEM-WB pipeline with no bypassing, for each segment of code, indicate the number of cycles it would take to completely execute:

a. ADD r1, r2, r3

SUB r5, r4, r6

LW r7, $300(0)

b. ADD r3, r2, r4

SUB r5, r3, r7

LW r1, $200(0)

c. LW r5, $100(0)

ADD r4, r5, r7

SUB r5, r1, r6

5. Using the standard IF-ID-EX-MEM-WB pipeline with bypassing, for each segment of code, indicate the number of cycles it would take to completely execute:

d. ADD r1, r2, r3

SUB r5, r4, r6

LW r7, $300(0)

e. ADD r3, r2, r4

SUB r5, r3, r7

LW r1, $200(0)

f. LW r5, $100(0)

ADD r4, r5, r7

SUB r5, r1, r6

6. For each pipeline register in the following figure, label each portion of the pipeline register with the name of the value that is loaded into the register. Determine the length of each field in bits. For example, the IF/ID pipeline register contains two fields, one of which is an instruction field that is 32 bits wide.

 SHAPE  \* MERGEFORMAT 



7. Consider executing the following code on the following pipelined datapath:

 SHAPE  \* MERGEFORMAT 



add
$1, $2, $3

add
$4, $5, $6

add
$7, $8, $9

add
$10, $11, $12

add
$13, $14, $15

At the end of the fifth cycle of execution, which registers are being read and which register will be written? With regard to the above program, explain what the forwarding and the hazard detection units are doing during the fifth cycle. If any comparisons are being made, mention them.

8. The following code contains a “read after write” data hazard that is resolved by forwarding:

add
$2, $3, $4

add
$5, $2, $6

Consider the similar situation in which a memory read occurs after a memory write:

sw
$7, 100($2)

lw
$8, 100($2)

Write a paragraph describing how this situation differs from the one involving registers, and describe how the potential “read after write” problem is resolved.
9.   5-12
10.  5-15
11.  5-19
12. 6-3
13. 6-7
14. 6-9
15. 6-12
16. 6-15
17. 6-23









