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(CS1 = code sequence 1; CS2 = code sequence 2)
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5. (a) flow dependence from instruction 1 to instruction 2 through R24

flow dependence from instruction 3 to instruction 4 through R19

instruction 5 is anti-dependent on instruction 1 through R12

instruction 5 is anti-dependent on instruction 2 through R12

instructions 2 and 4 are output dependent through R25

(b)
cycle IF ID EX MEM WB

51 XOR
52 DADD XOR
53 DSUB DADD XOR
54 AND DSUB DADD XOR
55 OR AND DSUB DADD XOR
56 OR AND DSUB DADD
57 OR AND DSUB
58 OR AND
59 OR

(no bubbles are inserted because of the forwarding logic in the pipelined MIPS64 implementation). Thus:

instruction 1 will be in the WB stage during cycle 55

instruction 2 will be in the WB stage during cycle 56

instruction 3 will be in the WB stage during cycle 57

instruction 4 will be in the WB stage during cycle 58

instruction 5 will be in the WB stage during cycle 59
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r is an 8-bit random wvalue
s is the one’s complement of r
t = 11111111pin
u is the one’s complement of s, which is r
v=r-r=20
w=t*(0 + 1) =t = 111111114y
So, the output produced by the $display statement will be:
10 255
20 255
30 255
40 255
50 255
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10 3 3 12 0 51
20 30 18 56 2 58
30 33 45 4 5 1

7 55

40 60 60 48




