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Speedup, Pipelining, and Dynamic Scheduling





(7.5 points) A segment of program code contains 20% pure sequential code that can run only on one ALU,  40% of the code can run in parallel on only up to three ALUs, and 40% of the code can execute in parallel on eight ALUs.  What is the maximum overall speedup that could be obtained on this program on a nine ALU machine?












































2.  (5 points) Using the basic Tomasulo control algorithm without any extensions or extra hardware and only one CDB, what would happen if more than one functional unit finished it’s execution operation on the same clock cycle.


�



Dynamic Execution, Superscalar, and VLIW


3(10 points).Which of the following features can be found on the Power PC and the Pentium Pro Processor, Indicate with  “Y” or “N” in the space provided.





Power		Pentium


PC		Pro





______ 	_______	Speculative Execution





______ 	_______	Out of Order Completion





_______	_______	Register Renaming





_______	_______	Branch Target Buffer





_______	_______	An L2 Cache must be constructed on the motherboard








4(2.5 points).  In a machine with speculative execution, when would a speculative instruction that changed a register value write back to the register file?
































5(2.5 points). Which machine would have a more complex hardware control unit, A 2-way dynamically scheduled superscalar DLX or a 2-way VLIW DLX? Justify your answer














�
Caches & Memory Systems


6(5 points). Why do most current generation processors have a simple direct mapped on-chip cache when a set associative cache would produce a higher hit rate?





























7(5 points). The miss rate of a size 8K two way set associative cache would be about the 





same as a size __________ direct mapped cache.








8(10 points). Compute the average memory access time for reads for this memory system with and without the L2 cache.   A L1 8K direct mapped cache with a hit rate of 90% that operates in one clock cycle on a hit,  a L2 four-way set associative 64K cache with a miss rate of 15% that operates in four clock cycles on a hit (includes L1 miss time), and a main DRAM memory that requires twenty clock cycles (includes L1 and L2 miss times).








Average memory access time without L2 Cache = ________________








Average memory access time with L2 Cache = ___________________











9(10 points). Could any of the miss rate schemes from the text including both the hardware and software schemes be used to reduce the impact of compulsory data cache misses? Justify your answer.


























10(2.5 points). Why is only a very small TLB needed for a high hit rate in a paged memory system?


�
Software Pipelining


11(15 points). Rewrite the loop below using software pipelining.  Include startup and cleanup code.  Enter the loop with the value 24 subtracted from R2.   You can assume the loop is executed more than four times.  Assume the latencies from fig 4.2 of the text.  Construct the fastest loop possible ignoring startup and cleanup times.





SNAFOO:	LD	 F0,0(R2)


		MULTD F1,F0,F3


		ADDD	 F4,F1,F2


		SD	 F4,0(R2)


		SUBI	 R2,R2,#8


		BNEZ     R2,SNAFOO


�
Branch Prediction


12(10 points). Assume a machine with perfect prediction would have a CPI of 1.  If instead, the machine now had a 95% prediction accuracy, a hit rate in the branch target buffer of 85%,  12.5% branch instructions on average,  a 2 cycle penalty for mispredicted branches, and a 1 cycle penalty for branches not in the branch target buffer, what would the new CPI be?














CPI = _________________



























































13(2.5 points).    Why does four states rather than two work better for branch prediction?








�
I/O Systems





14(2.5 points).  In RAID systems why is parity kept on a different disk than the data?




















15(10 points). Compute the average response time for a disk request to read or write a sector, including the queuing time and service time.  A total of 25 exponentially distributed disk I/Os per second are sent from the processor, the typical seek time for a request is 8ms, the controller overhead is 1.5ms, the disk rotates at 5400 RPM, the transfer rate is 3.5MB/sec, and the sector size is 1024 bytes.




















Disk Service time = _____________ms
































Queuing time = _____________ms

















Total time = _______________ms


