
ELEC 5200/ELEC 6200 Computer Architecture and Design

Final Exam, Dec 16, 2008




          
Total 25 points
Broun 306, 12:00PM—2:30AM
Instructions: Read all questions before writing your answers and attempt all six (6) questions. Be sure to revise your answers before turning them in. Thank you.
Problem 1:








5 points
The latest SPEC2006 benchmarks consist of 12 integer (CINT2006) and 17 floating point (CFP2006) programs. The reference machine is Sun Ultra Enterprise 2 using a 296MHz UltraSPARC II processor. The following data is obtained for the AMD Opteron X4 model 2356 (Barcelona) processor:

	CINT2006 Programs
	Barcelona
	Reference

time (seconds)

	Description
	Name
	Instruction count×109
	CPI
	

	Interpreted string processing
	perl
	2118
	0.75
	9700

	Block-sorting compression
	bzip2
	2389
	0.85
	9650

	GNU C compiler
	gcc
	1050
	1.72
	8050

	Combinational optimization
	mcf
	336
	10.00
	9120

	Go game (AI)
	go
	1658
	1.09
	10490

	Search gene sequence
	hmmer
	2783
	0.80
	9330

	Chess game (AI)
	sjeng
	2176
	0.96
	12100

	Quantum computer simulation
	libquantum
	1623
	1.61
	20720

	Video compression
	h264avc
	3102
	0.80
	22130

	Discrete event simulation library
	omnitpp
	587
	2.94
	6250

	Games/path finding
	aster
	1082
	1.79
	7020

	XML parsing
	xatancbmk
	1058
	2.70
	6900


Barcelona uses a 2.5GHz clock. Calculate its individual program execution times. Find the SPECratio (Reference time/Barcelona time) for each program and the composite SPECINT2006 rating for the Barcelona processor.
Problem 2:








5 points
Manufactures of two soon to be introduced models, A and B, have provided the run times for two programs. The computers are not yet available but we need to make a purchasing decision based on performance. We run the two programs on a reference machine. All run times are as follows:
	Computing system
	Run time (seconds)

	
	Program 1
	Program 2

	Model A
	5.0
	1.25

	Model B
	2.0
	2.0

	Reference computer
	1000.0
	1000.0


Should we order Model A or Model B? Calculate a single rating number for each model to support your decision.

Problem 3:








5 points

(a) A one-level cache system is designed to speed up memory accesses of a processor. Show that the average memory access time in clock cycles is T1 + m.Tm, where T1 are the access cycles for cache and Tm are that for memory. The miss rate is denoted by m.

 (b) Suppose the CPI of a processor pipeline is 1. Assume no stalls ever occur. The access time for cache is 1 cycle and that for the main memory to cache is 10 cycles. What should be the miss rate of the cache if we want the average data access time not to exceed 1.2 cycles?

(c) Can we reduce the average data access time below 1.2 cycles obtained in (b) by making the cache faster with access time below 1 cycle and increase the processor throughput? If not, what are the possible ways to speed up the throughput? Give at least three ways.

Problem 4:








5 points

To meet the data access time requirement a one-level SRAM cache is found to have a 98% hit rate. However, high cost of SRAM forces us to use a smaller size for which hit rate is 90%. Thus, the access time of one-level cache will exceed the required limit. We add a level-2 DRAM cache to bring the access time to the required value.
(a) Show that the cycle time of the L2 cache DRAM must be below 20% that of the main memory.
(b) Show that the hit rate of L2 cache must not be less than 80%.

(c) If the cycle time of the L2 cache DRAM is 10% that of the main memory cycle time, then what should be the minimum hit rate of the L2 cache?
Problem 5: 








5 points
(a) State the locality principle.

(b) How does the size of data locality influence the design of a cache?
(c) How will you consider the temporal nature of data locality in developing a data swapping strategy for a cache?

(d) What is cache coherency problem? Outline two strategies to maintain consistency (or coherence) of data in a cache system.

Problem 6 (Bonus Question): 





2 points

Derive the following formula for the access time of a K level cache:







K



Access time, t(K)     =
   TM
Σ    ( rK-i  mi )
cycles








i=0

Where
TM 
is the hardware cycle time of the main memory in clock cycles


m
is the miss rate (assumed the same) for all caches (m << 1.0)
r
is the ratio (assumed the same) of cycle times for any two consecutive caches. For example, T1/T2 = r, and TK/TM = r. Clearly, r < 1.0, because caches become progressively faster as we move from the main memory toward processor.

Verify the formula for K = 0 (no cache), 1, 2, 3, and any other value, K = ∞ ?

[Hint: One possible way to derive the formula is to repeatedly use the one level cache formula.][image: image1.png]
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