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1. Amdahl’s Law and Speedup


(15 points) A hardware enhancement to a computer system runs 10 times faster when it is used.  The speedup that resulted was when using the enhancement was 5.5.  What percentage of the original program code was able to use the enhancement?





�
2. Benchmarks, MFLOPS, and MIPS


(15points) A Decstation 3100 runs the 18,000 line FORTRAN SPICE circuit simulation benchmark in 89.43 seconds. Using the operation count information provided below, compute the native MFLOPS and the *normalized MFLOPS ratings (see conversion table below).  Using the native MFLOPS rating, assuming that on average an additional 0.7 integer and branch instructions (i.e. non floating point instructions) are also executed for addressing arrays and control structures to support each floating point operation, compute a MIPS rating for this benchmark.





Flt. Point Op			Times Executed in Spice Benchmark


ADDD				25,999,440


SUBD 				18,266,439


MULD				33,880,810


DIVD				15,682,333


COMPARED			9,745,930


NEG				2,617,846


ABSD				2,195,930


CONVERTD			1,581,450


Total				109,970,178











FP Ops					*Normalized FP Ops


add,subtract,compare,multiply,convert	1


divide,square root				4


exp,sin,log					8











native MFLOPS   ______________











normalized MFLOPS _____________














MIPS   _____________________














�
3. DLX Pipelining and Stalls


(30 points) Compute the execution time of the following DLX instruction sequence.  Assume the DLX FP pipeline latency is as shown in figs 3.43 and 3.44 without forwarding or bypassing hardware but assuming a register read and a write in the same clock cycle “forwards” through the register file, as shown in fig. 3.10.  Assume that the branch is handled by flushing, branches are resolved in the ID stage as in fig 3.23, and all memory references are cache hits.











FOOBAR:	LD		F8, 0(R2)


		LD		F4, 0(R3)


		MULTD	F8,F8,F4


		ADDD		F2,F8,F2


		ADDI		R2,R2,#8


		ADDI		R3,R3,#8


		SUB		R5,R4,R2


		BNZ		R5,FOOBAR














Part A: 


The second iteration of the loop would start in ________ clock cycles since ______ stalls would occur.














Part B:


Assuming the initial value of R4 is R2 + 800,  the total execution time of the loop is __________


clock cycles.





��
4. Loop Unrolling and Scheduling


(20points) Unroll the following DLX instruction loop twice.  Assume the pipeline latency is as shown in fig 4.2 and one branch delay slot.  Then in the second part of this problem, schedule the unrolled loop instructions to minimize hazards.  You can use additional registers and you can assume the index counter is a multiple of 2.  Use the same timing assumptions and optimization techniques used in the examples in the text in section 4.1.  More advanced software pipelining optimization techniques from the end of chapter 4 are not required to work this problem.  Use additional FP registers as needed in sequential order starting with F4.  For full credit, the scheduled solution should have the minimum number of stalls.


Loop:	LD		F0,0(R1)


	SUBD		F0,F2


	MULTD 	F0,F3


	SD		F0,0(R1)


	SUBI		R1,#8


	BNEZ		R1,Loop





Part A: Place Twice Unrolled Loop Code Below:





















































Part B: Place Twice Unrolled and Scheduled Loop Code Below:




















�
5. Dynamic Scheduling with Scoreboard and Tomasulo Control


(20points) The following questions refer to the DLX Scoreboard and Tomasulo examples presented in the text and shown in more detail in the lecture notes.





Part A: 


In clock cycle 17 of the scoreboard example from the lecture notes, what happens to the add instruction that is different than the other instructions in the example?  Explain in detail why it is different and what it is called.















































Part B: 


Woul
