CS252
PREREQUISITE QUIZ
D. A. Patterson

Due Thu. 6/29/06
Name: _____________________________________________

	Question
	Name
	Max Points
	Your Points

	1
	Short Circuit
	16
	

	2
	Murder by Numbers
	15
	

	3
	Branching Out
	24
	

	       4
	Niagara Falls
	35
	

	
	Extra Credit
	5
	

	TOTAL
	
	90
	


Problem 1: “Short Answers” 
A. What are 2 key differences between the IBM 360 and B5000 architectures?

B. What are 2 major arguments in favor of RISC over CISC? 
C. Name 2 striking features of CRAY.

D. How is SMT different from regular multithreading? What are the extra hardware resources required by SMT?

E. Based on Wall’s paper on the Limits of ILP, what are the two most important techniques to improve parallelism?
F. What are the key differences between directory-based and snooping cache coherence protocols?
G. Distinguish between message passing and shared address models of communication.
H. For the vector-mask code sequence below

vmloop: 
LD F0 #0.0
;F0 = 0.0 

LV V0 Ra 

;V0 = A vector 

LV V1 Rb 

;V1 = B vector 

SNESV F0 V1 
;VM(i) = 1 iff V1(i) != F0 

DIVV V0 V0,V1 
;V0(i) = V0(i)/V1(i) iff VM(i) = 1 

SV V0 Ra 

;A(i) = V0(i) iff VM(i) = 1 

CVM 


;Clear VM to 1's 
i. Identify the convoys in the code sequence. How many are there? 

ii. What does chime represent?
Problem 2: “Murder by Numbers” 
A. Assume a disk system with the following components and rated mean time to failure (MTTF): 
· 1 SCSI controller, 500,000-hour MTTF

· 1 power supply, 200,000-hour MTTF

· 1 fan, 200,000-hour MTTF

· 1 SCSI cable, 1,000,000-hour MTTF

· 7 SCSI disks, each rated at 1,000,000-hour MTTF;
i. Compute the MTTF of the system as a whole assuming independent failures. 
ii. If mean time to repair (MTTR) is 50 hours for this system, what is the estimated availability?

Circle the appropriate number of 9s of availability: 
0

0.5

1

1.5

2.5 

3

RAMP’s BEE2 board uses old Virtex II FPGAs with the following specifications:

· 4 banks DDR2-400/cpu, or 4x8x400M = 12,800 MB/sec

· 16 32-bit Microblazes/FPGA. 

· 32 KB direct mapped Icache/Microblaze

· 16 KB direct mapped for Dcache/Microblaze

· Assuming 150 MHz, CPI is 1.5

· Icache miss rate is 0.5% for SPECint2000

· Dcache miss rate is 2.5% for SPECint2000, 40% Loads/stores

· All Microblaze instructions are 32 bits long
i. What is the bandwidth needed per CPU?

ii. What is the bandwidth needed per FPGA?
iii. What percent is this of available DRAM bandwidth?
Circle the appropriate percentage (note: you will receive no credit unless you show your work above): 
<1% 

(2%

(4%

(7%

(10%

> 20%
Problem 3: “Branching Out”

The classic 5­stage pipeline has a 1 clock cycle branch delay provided the branch condition is checked in the second stage and the branch address is calculated in the second stage. 
This one­cycle delay is part of the MIPS architecture. More recent implementations have gone to longer pipelines, such as the 8­stage pipeline of the R4000 presented in Appendix A. R4000 instruction fetch takes 2 stages and data fetch takes 3 stages. The R4000 checks the branch condition and calculates the branch address in the fourth stage (EX). 
a) Suppose the machine is going to use static branch prediction for the 8­stage pipeline implementation. Your choice is to predict taken or not taken. Assuming that you cannot change the pipeline, which would you chose? Why? 
b) For the next part of the problem, we will focus on dynamic branch prediction. 

Here is a segment of code in MIPS assembly language. Assume it is part of a larger loop.
LI R2 #80 

;R2 = 80 ten 

foo: 
LD F2 X(R2) 
;load X(i) 

MULTD F4 F2 F0 
;multiply a*X(i) 

SD F6 Y(R2) 
;store Y(i) 

ADDI R2 R2 ­#8 
;decrement index 

BNEZ R2 foo 
;loop if not done 
For this code, how would a one­bit dynamic branch predictor perform differently from a two­bit dynamic branch predictor? Why? 

c) Explain how out-of-order processors may be able to hide some or all of the misprediction penalty for some branches.

Problem 4: “Niagara Falls”

[35 points]

Niagara chip size is almost 4 cm2. On a 20 cm wafer, yield is 1 chip. Assume no test die and wafer yield is 100%. In 2006: ( = 4

A. Given the overall average CPI per thread for 2.0 GHz T1 (Niagara) for a program is 8. Assume that turning on hyperthreading improves CPI by 20% on Pentium 4, and that the number of instructions executed is the same for this program on Niagara and Pentium 4. What is the CPI per thread of a 4.0 GHz dual core Pentium 4 chip to have the same performance as Niagara?

Circle the estimated CPI per Pentium 4 thread (note: you will receive no credit unless you show your work above):

≤ 1.10

( 1.20

( 1.67

(2.56

(3.05

≥ 4.5

B. How many dies per wafer are possible? Simplify the formula after substituting constants from above. (You can stop simplifying when you are down to number crunching with fractions or decimals.)
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Circle the estimated number of dies (note: you will receive no credit unless you show your work above):

≤ 20

( 25

( 50

(75

(100

≥ 125
C. What is the defect density of this process? You can use dies per wafer approximation from part B. (Show equations you are using and simplify as much as possible.)
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Circle the estimated defect density (note: you will receive no credit unless you show your work above):

≤ 0.5

( 1.5

( 3.2

(4.8

(6.3

≥ 7.5

D. [Extra Credit] 
Suppose Sun offers to sell chips with only 6 working processors. How many of them would you expect to work from the remaining chips on the wafer? Assume ½ of chip is L2 cache, and each core (including caches) is 1/16th of chip and the same number of dies per wafer as part B. Assume the defect density you calculated from part C. (hint: think of yield as a probability)

i. Describe how do you would calculate this probability and list your assumptions. 

ii. Show your formulas and equations and solve them as much as possible. 

� EMBED Equation.3  ���
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