Computer Design
CPE 432

Homework 3 Solution
Problem 1: Refer to Figure 3.1. Why the IPC of “li” is much smaller than that of “tomcatv”?


Because “li” has many short dependencies and “tomcatv” has large amount of loop-level parallelism.
Problem 2:

a) Derive the equation in Page 157.

For the ith instruction, where 
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The 2 source operands of the ith instruction need to be compared with the i-1 destinations of the rest i-1 instructions.

The number of comparisons is:
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b) How many comparisons are needed to check the dependencies when issuing a group of 12 instructions?

Number of comparisons = (12)2 – 12 = 144 -12 = 132
Problem 3: Refer to Figure 3.2. Why does the IPC decrease with smaller window size?

With smaller window size, fewer instructions will be searched to find parallel instructions that can be issued in one cycle and consequently fewer parallel instructions will be found.
Problem 4: Refer to Figure 3.3. Among “gcc” and “fpppp”, which benchmark has more difficult to predict branches?

“gcc”
Problem 5: Can we exploit more ILP for benchmark “li” by using renaming registers more than 256? Why?


No, because the available ILP does not need registers more than 256.
Problem 6: Refer to Figure 3.6. Why the IPC for benchmark “doduc” does not change when the alias analysis is changed from Perfect to Global/stack perfect?

Because “doduc” does not have heap references.
Problem 7: Consider superscalar, coarse MT, fine MT, and SMT processors.
a) Order these processors in descending overall throughput order.

SMT, Fine MT, Course MT, Superscalar
b) Order these processors in ascending single thread execution time order.
Superscalar, SMT, Fine MT, Course MT
Problem 4.1:

a. P0: read 120

Reads 20

P0.B0: (S, 120, 0020)

b. P0: write 120 ( 80
P0.B0: (M, 120, 0080)

P15.B0: (I, 120, 0020)

c. P15: write 120 ( 80
P15.B0: (I, 120, 0020)

d. P1: read 110

Reads 30

P1.B2: (S, 110, 0030)

P0.B2: (S, 110, 0030)

Mem.110: (0030)
e. P0: write 108 ( 48
P0.B1: (M, 108, 0048)

P15.B1: (I, 108, 0008)

f. P0: write 130 ( 78
P0.B2: (M, 130, 0078)

Mem.110: (0030)
g. P15: write 130 ( 78
P15.B2: (M, 130, 0078)

Problem 4.2:

	
	Implementation 1
	Implementation 2

	P0: read 120
	100
	100

	P0: read 128
	70+10
	130+10

	P0: read 130
	10+100
	10+100

	Total
	290
	350


	
	Implementation 1
	Implementation 2

	P0: read 100
	100
	100

	P0: write 108
	100+10
	100+10

	P0: write 130
	15
	15

	Total
	225
	225


	
	Implementation 1
	Implementation 2

	P1: read 120
	100
	100

	P1: read 128
	0
	0

	P1: read 130
	70+10
	130+10

	Total
	180
	240


	
	Implementation 1
	Implementation 2

	P1: read 100
	100
	100

	P1: write 108
	70+10
	130+10

	P1: write 130
	15
	15

	Total
	195
	255


Problem 4.16:

a. P0: read 100

Reads 00

P0.B0: (S, 100, 0000)

Mem.100: (DS, P0, 0000)

b. P0: read 128
Reads 68

P0.B1: (S, 128, 0068)

P1.B1: (S, 128, 0068)

Mem.128: (DS, P0,P1, 0068)

c. P0: write 128 ( 78
P0.B1: (M, 128, 0078)

P1.B1: (I, 128, 0068)

Mem.128: (DM, P0, 0068)

d. P0: read 120

Reads 20

P0.B0: (S, 120, 0020)

Mem.120: (DS, P0,P15, 0020)

e. P0: read 120
P1: read 120
Reads 20 in both cases

P0.B0: (S, 120, 0020)

P1.B0: (S, 120, 0020)

Mem.120: (DS, P0,P1,P15, 0020)

f. P0: read 120
P1: write 120 ( 80
Reads 20 

P0.B0: (I, 120, 0020)

P1.B0: (M, 120, 0080)

P15.B0: (I, 120, 0020)

Mem.120: (DM, P1, 0020)

g. P0: write 120 ( 80

P1: read 120

Reads 80 

P0.B0: (S, 120, 0080)

P1.B0: (S, 120, 0080)

P15.B0: (I, 120, 0020)

Mem.120: (DS, P0,P1, 0080)

h. P0: write 120 ( 80

P1: write 120 ( 90
Reads 80 

P0.B0: (I, 120, 0080)

P1.B0: (M, 120, 0090)

P15.B0: (I, 120, 0020)

Mem.120: (DM, P1, 0080)

Problem 4.17:

a. P0: write 100 ( 80
No requests and no invalidate.

b. P0: write 108 ( 88
P15 receives invalidate.

c. P0: write 118 ( 90
P1 receives invalidate.

d. P1: write 128 ( 98
No requests and no invalidate.
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