116 a. 1/(0.2+0.8/N)

b. 1/(0.2+8 x 0.005 +0.8/8) =2.94

c. 1/(0.2+3 % 0.005+0.8/8)=3.17

d. 1/(.2+logN x 0.005 +0.8/N)

e. d/dN (1/((1 — P)+1logN x 0.005 + P/N) =0)
B

C3 a 2ns+0.1ns=2.1ns
b. 5 cycles/4 instructions = 1.25
¢. Execution Time = I X CPI x Cycle Time
Speedup = (I x 1 x 7)/(I x 1.25 x 2.1) =2.67
d. Ignoring extra stall cycles, it would be: I x 1 x 7/ x 1 x 0.1 =70

E=:
a)
Iteration Instruction Issue Executes/ Witrite Comments
Mem CDB

1| L.DF2, 0(R1) 1 2 3 | First inst. issue

1| MUL.D F4, F2, FO 2 4 19  Wait for F2(CDB)
Mult rs [3-4] (For F2)
Mult use [5-18]

1| L.D F6, 0(R2) 3 4 5 | Ldbuf use [4]

1| ADD.D F6, F4, F6 4 20 30 Wait for F4(CDB)
Add rs [5-20] (For F4)
Add use [21-29]

1| S.D F6, 0(R2) 5 31 Wait for F6
Stbuf use [6-31]
Int rs [6-8]

1 | DADDIU R1, R1, 6 7 8

#8
1 | DADDIU R2, R2, 7 8 9
#8

1| DSLTU R3, R1, R4 8 9 10

1 | BNEZ R3, foo 9 11 Wait for R3(CDB)

2 | L.D F2, 0(R1) 10 12 13  Wait for BNEZ
Ldbuf use [11-12]




Iteration Instruction Issue Executes/ Wtrite Comments

Mem CDB
2 | MUL.D F4, F2, FO 11 4419 34  Wait for F2
Mult busy[5-18]
Mult rs [12-19]
Mult use [20-33]
2 | L.D F6, 0(R2) 12 13 14 Ldbuf use [13]
2 | ADD.D F6, F4, F6 13 35 45  Wait for F4
Add rs [14-35]
Add use [36-44]
2 | S.D F6, 0(R2) 14 46 Wait for F6
Stbuf use [15-46]
Int rs[15-17]
2 | DADDIU R1, R1, 15 16 17
#8
2 | DADDIU R2, R2, 16 17 18
#8
2 | DSLTU R3, R1, R4 17 18 20 CBDB is busy at cycle=19, due to MULD
in loop 1
2 | BNEZ RS, foo 18 21 Wait for R3(CDB)
3 | L.D F2, 0(R1) 19 22 23  Wait for BNEZ
3 | MUL.D F4, F2, FO 20 23- 34 49  Wait for F2
Mult Busy [19-33]
Mult rs [21-34]
Mult use [35-48]
3 | L.D F6, 0(R2) 21 23 24 | Ld busy [22]
3 | ADD.D F6, F4, F6 22 50 60 Wait for F4
3 | S.D F6, 0(R2) 23 61 Wait for F6
Stbuf use [24-61]
Int rs [24-26]
3 | DADDIU R1, R1, 24 25 26
#8
3 | DADDIU R2, R2, 25 26 27
#8
3 | DSLTU R3, R1, R4 26 27 28
3 | BNEZ RS, foo 27 29 Wait for R3(CDB)




b)

Iteration Instruction Issue Executes/ Wirite Comments
Mem CDB
1| L.DF2, 0(R1) 1 2 3
1| MUL.D F4, F2, FO 1 4 19 Wait for F2
Mult rs [2-4]
Mult use [5-19]
1| L.D F6, 0(R2) 2 3 4
1 | ADD.D F6, F4, F6 2 20 30 | Wait for F4
Add rs [3-20]
Add use [5]
1| S.D F6, 0(R2) 3 31 Wait for F6
Stbuf use [4-31]
Int rs [4-5]
1 | DADDIU R1, R1, 3 4 5
#8
1 | DADDIU R2, R2, 4 5 6
#8
1| DSLTU R3, R1, R4 4 6 7
1 | BNEZ R3, foo 5 8 Wait for R3
INT rs [6-8]
2 (| L.DF2, O(R1) 6 9 10 Wait for BNEZ
2 | MUL.D F4, F2, FO 6 11 26 | Wait for F2
Mult rs[7-11]
Mult use [12-25]
2 [ L.D F6, 0O(R2) 7 10 11  Int busy [8-9]
Int rs [8-10]
2 | ADD.D F6, F4, F6 7 27 37 | Wait for F4
Add rs [8-27]
Add use [28-36]
2 | S.D F6, 0(R2) 8 38 Wait for F6
INT rs [9-12]
2 | DADDIU R1, R1, 8 11 12 | INT busy [9-10]
#8 INT rs [9-11]
2 | DADDIU R2, R2, 9 12 13 INT busy [10-11]
#8 INT rs [10-12]
2 | DSLTU R3, R1, R4 9 13 14 INT busy [10-12]
INT rs [10-13]
2 | BNEZ R3, foo 10 15 Wait for R3
INT rs [11-15]
3 | L.D F2, 0(R1) 11 16 17 Wait for BNEZ

Int rs [12-16]



Iteration Instruction Issue Executes/ Wtrite Comments

Mem CDB
3 | MUL.D F4, F2, FO 11 18 33  Wait for F2
Mult rs[12-18]
Mult use [19-33]
3 | L.D F6, 0(R2) 12 17 18 Int busy [16]
Int rs [13-17]
3 [ ADD.D F6, F4, F6 12 34 44  Wait for F4
Add rs [13-34] (FULL ADD rs)
Add use [35-43]
3 | S.D F6, 0(R2) 13 45 Wait for F6
INT rs [14-19] ( FULL INT rs)
3 | DADDIU R1, R1, 14 18 20 INT busy [16-17]
#8 INT rs [15-18] ( FULL INT rs)
INT use [19]
3 | DADDIU R2, R2, 16 19 21 INT busy [17-18]
#8 INT rs[17-19] (FULL INT rs)
INT use [20]
3 [ DSLTU R3, R1, R4 17 21 22  Wait for R1
INT rs[18-21] (FULL INT rs)
3 | BNEZ RS, foo 18 23

R
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