Computer Architecture

Fall, 2024
Week 2
2024.09.09
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1. Fill the table below. (Put a X by the item that you think doesn’t affect the below performance factors)
Instruction Count CPI Clock Rate
Program
Compiler
Instruction Set
Organization
Technology
Ans:
Instruction Count | CPI Clock Rate
Program X
Compiler X
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Instruction Set

Organization X

Technology X X

[groupl ]

2. Consider two different implementations of the same ISA. The instructions can be divided into four
classes(A, B, C, D) according to their CPI. Both implementations have the same clock rate.
Implementation 1’s CPIs of each class is A: 1, B: 2, C: 3, D: 4. Implementation 2’s CPIs of each class
isA:2,B:2,C: 2, D: 2. Given a program whose instructions are divided into classes as follows: 40% of
A, 30% of B, 20% of C, 10% of D. Which implementation has better performance?

Ans:
Since both implementations have the same clock rate, better performance means lower instruction
count, so we only need to calculate their average CPI.
Implementation 1’s average CPI = 1*0.4+2*0.3+3%0.2+4*0.1 =2
Implementation 2’s average CPI = 2*0.4+2*0.3+2*0.2+2*0.1 = 2
So both implementations have the same performance.
[group8]

3. Given computer A, B using the same ISA. Computer A: Cycle time = 400ps, CP1 = 1.0. Computer B: Cycle time
= 800ps, CPI = 1.3. Which one is faster, and how much faster than the other one? If the computer A and B use
different ISA, should we need to compare the CPU Time?

Ans:

CPU time, = CPU clock cycles, X Clock cycle time,

CPU time, = Instructions Count X CPI, X Clock cycle time,

CPU time, = I X 1.0 X 400 ps

CPU time, = I X 400 ps

CPU timeg = CPU clock cyclesg X Clock cycle timeg
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CPU timeg = Instructions Count X CPIp X Clock cycle timeg

CPU timeg =1 X 1.3 X 800 ps

CPU timeg =1 X 1040 ps

To calculate the amount faster:

CPU timey _1x1040ps __
CPU time, [ x400ps

A: A'is 2.6 times faster than B
B: Different ISA will take different instruction counts for the same task, so it's inappropriate to compare these

two computers by using different ISA.

[groupll]

4. A program consists of two different sets of instructions. The instruction count of the first part is 1, with
a CPI of 4 and a clock rate of 2 GHz. The instruction count of the second part is 2, with a CPI of 5 and
a clock rate of 1 GHz. If you want to optimize the second part so that the overall program efficiency

doubles, by how many times does the second part need to be optimized?

Ans:
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5. Consider two different programs running on the same processor. Program X consists of 30% floating-
point instructions (CPI = 4) and 70% integer instructions (CPI = 2). Program Y consists of 60%
floating-point instructions and 40% integer instructions. The processor’s clock speed is 3 GHz, and
each program executes 500 million instructions. Calculate the CPU time for both programs and

determine which one is faster, and by how much?

Ans: Program X Average CPI : 0.3*%4+0.7*2=2.6
Program Y Average CPI : 0.6%4+0.4*%2=3.2
CPU time for Program X : (2.6*500*%1076) / (3*1079) = 0.43 (sec) ... faster
CPU time for Program Y : (3.2*500%1076) / (3*1079) = 0.53 (sec)
CPU time Y/CPU time X=0.53/0.43=1.23...by this much

[groupl14]
6. (a) e —GmElas A W EIR(L 7 2 n] fhEeE -

o (B{LITZE A H[FE 50%0FE G R 4 2
o {B{EJ7ZE B 1] 25%0IFECHE Ik 10 %
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(b) MEEIHES{ERLENRT - EREE—(E wafer BiA 20 7T BJYJRK 10 & dies » YJ—{[E wafer costs 10
JT » fHE die AR 4 TTHIMOA » 5[] yield B/ VAR EETE ©
Ans: (a) A.
S(A) =1/ ((1-0.5)+(0.5/4)) = 1.6
S(B) = 1/((1-0.25)+(0.25/10)) = 1.29.
S(A) > S(B). So the Ans is A.

(b) Yield*10%4=20+10 - Yield=%=75%

[group4]
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Ans: 3
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8. (a) Explain Amdahl's law and describe how it guides the process of system performance improvement.

(b) Explain power wall. How else can we improve performance?

Taffected
improvement factor

Ans: (a) Timproved = + Tunaffected

Amdahl's Law EZRFOGEERRT IV AT AIET & - EEHEH - EiRelEE AT S8t P e o Hy i
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AL RS M RE R B RV 7T

(b)
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