Parallel Code. For each step in the program below, indicate whether a register is being written to by entering a “W”, read from by entering an “R” or not involved by leaving it blank.  

I1. LD r3, (r8)

I2. XOR r7, r4, r3

I3. ADD r6, r4, r9

I4. AND r8, r5, r9

I5. ST (r1), r2

I6. NOR r10, r12, r9

I7. OR r6, r5, r2
	
	R1
	R2
	R3
	R4
	R5
	R6
	R7
	R8
	R9
	R10
	R11
	R12

	I1
	
	
	W
	
	
	
	
	R
	
	
	
	

	I2
	
	
	R
	R
	
	
	W
	
	
	
	
	

	I3
	
	
	
	R
	
	W
	
	
	R
	
	
	

	I4
	
	
	
	
	R
	
	
	W
	R
	
	
	

	I5
	R
	R
	
	
	
	
	
	
	
	
	
	

	I6
	
	
	
	
	
	
	
	
	R
	W
	
	R

	I7
	
	R
	
	
	R
	W
	
	
	
	
	
	


Indicate any data dependencies and their type. 

	Register
	Dependency
	Instructions 

Involved
	Restriction

	R3
	RAW
	2, 1
	Same pipeline

	R6
	WAW
	7, 3
	7 must follow 3

	R8
	WAR
	4, 1
	Can be simultaneous

	
	
	
	

	
	
	
	

	
	
	
	


Write the program, splitting it up for processing by as many different execution units as possible. 

	
	Pipeline 1
	Pipeline 2
	Pipeline 3
	Pipeline 4

	Time→
	1
	3
	4
	5

	
	2
	7
	6
	

	
	
	
	
	

	
	
	
	
	


If a 27-second process were broken into 7 stages, (3 requiring 3 seconds, 2 requiring 4 seconds and 2 requiring 5 seconds), then it would take ____7*5______ (number of seconds) for an instruction to move through the pipeline as opposed to the original 27 seconds.  However, one instruction would be issuing from the pipeline every _____5_____ (number of seconds) as opposed to 1 every 27 seconds without pipelining.  This, of course, assumes that there are no _stall/bubble___________________ in the pipeline, delays caused by one stage having to wait for some data it requires.  

If you have code that is 76% parallelizable, then what is the speed up factor if you use four cores (a speed-up factor of four for the parallelizable part)? What if you use eight cores?  What is the limit (if you used an infinite number of cores)?  You do not have to arrive at a numerical answer, simply putting the data supplied into the appropriate formula will do. 
	Four cores:

(1 -.76 + .76/4)^(-1)
Eight cores:

(1 -.76 + .76/8)^(-1)

Limit:

(1 -.76)^(-1)




