Score:__________   Name:_________________________________________________





CmpE 3510 Test 1





(10  points) The ALUs in supercomputers are pipelined.  The length of vectors or arrays of numbers to add (i.e. value of n in the pipeline equations) has an important effect on the performance of supercomputers.  In a Cray, there is both a scalar (.i.e. non-pipelined) add unit with a combinatorial gate delay of three clock periods and a vector (i.e. pipelined)  add unit with a 7 stage pipeline.  The clock period is 5.5ns.  Which adder faster for a given value of n (i.e. vector length)?  In the blanks below  fill in the exact value of n that should be used  by the compiler to select the fastest adder.  Justify your answer.








For N < _________ use the scalar ALU for peak performance.








For N > _________ use the vector ALU for peak  performance.


�
(15 points).  A direct mapping cache with WTWA (i.e. Write Through Write Allocate) is used to reduce the average memory access time on a computer.  This cache holds 256 entries, 16 bit data, and ties into a twenty bit address bus with no byte or word select bits.  Determine the contents of the cache and memory below after the memory requests shown are sent to the cache.  Keep track of hits and misses so you can compute the cache miss rate when you are done.  All values are in hex.








Cache before			Cache after





Block	Tag	Data		Block	Tag	Data





1	20	FFFF		1	______	____________





2	500	CABE		2	______	____________





3	500	0ACE		3	______	____________





4	40	CABE		4	______	____________





5	5	0		5	______	____________











Memory before		Memory after





Address	Data		Address	Data





20004	BABA			20004		_____________





50003	0ACE			50003		_____________





40002	1234			40002		_____________





40004	CABE			40004		_____________











Memory requests





Address	Type	Data	Hit(y/n)


20004		Read		____


40002		Write	0000	


50003		Write	0CAB	


50003		Read		____


20004		Read		____


40004		Read		____


40002		Read		____








Cache miss rate (include reads only) = ______________%


�
3. (15 points)   Write a complete Viewlogic VHDL synthesis module for the hardware shown below.  The adder is for unsigned numbers. Do not gate signals with the clock!


�
4. (10 points) The following sequence of MIPS instructions is executed.  Indicate the resulting register values in the spaces provided below.  Prior to execution of this sequence $2=A3334444, $6=78885555 and mem(200)=12345678.  All numbers are in hex.





	slt	$3,$2,$6


	bne	$3,$0,foobar


	ori	$2,$2,0x77


foobar:	addi 	$4,$0,8


	sll	$5,$6,8


	lui	$4,0x32


	ori	$6,$4,0xACE


	sw	$4,0x200($0)





























$0 = _____________________








$2 = _____________________








$3 = _____________________








$4 = _____________________








$5 = _____________________








$6 = _____________________








MEM(0x200) = ________________________


�
5. (20 points) Modify the hardware on the MIPS lab1 model so that the register file can write and read the same register in one clock cycle by using forwarding.  First describe the hardware changes needed then show the changes required to the VHDL modules. 


�
6. (30 points) The program below is executed on the 5 stage pipelined MIPS described in chapter 6.  Answer the following questions about this program. 


loop:	lw	$2,100($0)


	sw	$2,200($0)


	lw	$7,100($2)


	add	$0,$0,$0


	add	$6,$6,$7


	sw	$5,100($6)


	beq 	$6,$0,loop


Part I (10 points)  If the control unit does not have any hazard detection, forwarding or branch flushing, rewrite the code sequence by adding the minimum number of NOP instructions to eliminate all potential data and branch hazards.  Assume other non NOP instructions follow the branch in the original code sequence above.



























































Part II (10 points)If the control unit has hazard detection with automatic stalls whenever needed and automatic branch flushing without any forwarding unit,  determine the number of clock cycles required to complete the first loop execution (i.e. start at loop, branch back to loop, and start the lw instruction on the next clock) of the original code sequence.  Include the time required to fill and flush the pipeline.





If there were no hazards or branch flushing the program would require    ___________ clock cycles for execution.





But the program stalls and/or flushes the pipeline ____________ clock cycles so a total of __________ clock cycles is required for execution.





Part III (10 points)  If the control unit is improved by adding the forwarding unit as outlined in the text,  determine the number of clock cycles required to complete the first loop execution of the original code sequence.  Include the time required to fill and flush the pipeline.  Use the load/store improved forwarding unit and assume (like the book) that the register file can write and read the same register in one clock cycle.





If there were no hazards or branch flushing the program would require    ___________ clock cycles for execution.





But the program stalls and/or flushes the pipeline ____________ clock cycles so a total of __________ clock cycles is required for execution.


