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CmpE 3510 Final Exam




(10 points)
 Fill in the numbers requested below
 for a parallel compu
ter with 
“
n
”
 processors containing the indicated interconnection network
 built using current technology
:















Network		Busses/Processor	 
  
Max nodes/
transfer
                  
Approx
.
 range of n which makes sense












Single Bus











Crossbar










Hypercube










2D Mesh


�
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.
(10 points).
 
Set Associative Cache Memory 
A four-way set associative cache is given the memory operatio
ns shown below.  It contains eight
 lines and has one word per block.  A LRU (Least Recently Used) replacement policy is used on this cache.  The cache is initially empty.  Starting from the left,  the first available column of  the cache gets the new entry after the valid bits have been reset.  In the blanks provided in the Cache below, list the original address value only (i.e. 12 in blank, means address and data for memory location 12 is in cache).










Memory Read Operations



Address  Hit (Y/N)?

0	___						Cache Contents



 

4	___		
Addr
	Set 1		Set 2		Set 3		Set 
4
              











8	___		0	_______		________	________	________






1
	___		1	_______		________	________	________






5
	___		2	_______		________	________	________





17	___		3	_______		________	________	________






16
	___
		4
	_______		________	________	________






9	___
		5
	_______		________	________	________








13
	___
		6
	_______		________	________	________
	







11	___
		7
	_______		________	________	________
		


24	___



43	___



4	___					Hit rate for all memory operations is __________




1
	___



9	___




53,115
	___

�
3. (15 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 $6=33334444, $2=7
8885555 and mem(300)=12345678.  All numbers are in hex.



	slt	$3,$2,$6

	bne	$3,$0,foobar

	ori	$2,$2,0x77

foobar:	addi 	$4,$0,-4


	srl	$5,$6,4



	lui	$4,0x21


	addiu	$6,$4,0xACE


	sw	$4
,0x300($0)



















$0 = _____________________





$2 = _____________________





$3 = _____________________





$4 = _____________________





$5 = _____________________





$6 = _____________________





MEM(0x300) = ________________________

�4. (15 points)
 Assume the  MIPS
 
fetch and data memory were each two stages on the pipeline rather than one.  This version of the MIPS would have 7 stages.
  On the real MIPS this is closer to the way it works since these two stages 
with memory 
have long delay times.  The first stag
e has a pipeline register for
 decoded address selec
t lines (
contains 
gates
 
that 
generate select lines for FF muxes
) 
and the secon
d has a pipeline register for the
 data out of the memory
(
contains 
muxes on FF output bits
)
.
  
Discuss the hardware changes that would be required to the existing MIPS model, including the final version of control unit.  VHDL code is not required,  just outline the major changes required.
  Comment on any changes to branch and data haz
a
rds
 
 
that would result from this change.

�5. (20 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	$7,100($0)

	sub	$7,$7,$1

	sw	$6,100($7)

	or	$6,$7,$2

	add	$5,$6,$7

	beq 	$0,$5,loop

\

Part I (7 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 (7 points)If the control unit has hazard detection with automatic stalls 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 or flushes the pipeline ____________ clock cycles so a total of __________ clock cycles is required for execution.



Part III (6 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 improved forwarding unit.



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



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

�6.(10 points) Plot the speedup vs. number of processors
 for an application which has 50% parallel code and 50
% sequential code.  Assume the parallel code can be divided evenly between any number of processors and assume the inter processor communication time is zero.  Include points
 in the plot for 1,2,3,4, and 8
 processors.
  Draw another curve with a dashed line that assumes each processor spen
ds 
an additional 
2
0% of its time transferring data
 to
/from
 other processors
 (i.e. 
2
0% 
overhead to exchange data between processors)
.
  If any number of processors were used what is the ultimate limit to the speedup
 (with and without communication time
?





Max Speedup = __________







Max Speedup with 2
0% communication overhead = ____________________
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.�VHDL Synthesis

7.(20 points) Write a complete viewlogic VHDL syn
thesis module for the cache
 hardware shown 
in the block diagram on page 509
 of the text.  Include a synthesis command file and a simulation command file to test your module.







