CpE5110/CS5700
Homework #7
1)
Under what circumstances is a k-stage pipeline k times faster than a serial machine, why?

2)
A typical RISC machine requires 4 cycles (fetch, compute address, load, and out result away) for LOAD and STORE instructions, and 3 cycles (fetch, execute, put result away) for each of the other instructions.  Consider the following program:






LOAD


R1  X






SUBTRACT

R1  R1 - R2






STORE


X  R1






ADD



R2  R1 + R2


Draw a timing diagram showing the execution time of these four instructions, and calculate the execution time.  Assume the maximum instruction overlap.

3)
Consider a machine that has multiple execution units (like CDC).  Table 1 shows the Timing table in such organization for the following expression: Y=AX2+B.  Fill out the entries (one for CDC6600 and one for CDC 7600) and explain your reasoning.


ISSUE:

Relative time of instruction issue


START:

Start of function


RESULT:

Function complete with result available


UNIT READY:
Unit ready for reuse


FETCH:

Operand fetched from storage and available in x register


STORE:

Result stored in storage

Table-1:
Timing Diagram for Y=AX2+B

	
	
	
	inst.
	
	
	
	unit
	
	

	Word #
	
	
	type
	issue
	start
	result
	ready
	fetch
	store

	N1
	A1=A1+k1
	Fetch x
	Long
	 
	 
	 
	 
	 
	

	
	A2=A2+k2
	Fetch A
	Long
	
	
	 
	 
	 
	

	N2
	x0=x1*x1
	Form x2
	Short
	
	
	
	
	
	

	
	x6=x0*x2
	Form Ax2
	Short
	
	
	
	
	
	

	
	A3=A3+k3
	Fetch B
	Long
	
	
	
	
	
	

	N3
	x7=x6+x3
	Form Y
	Short
	
	
	
	
	
	

	
	A7=A7+k4
	Store Y
	Long
	
	
	
	
	
	


4)
Given the following assembly code.  Exploit the maximum degree of parallelism among the 16 instructions, assuming no resource conflicts and availability of multiple functional units.  For simplicity, no pipelining is assumed, all instructions take one machine cycle to execute, and ignore all other overhead.

a)
Draw the program graph to show the follow relationships among the 16 instruction nodes.

b)
Show scheduling of the program to execute this program in minimum time, assume a three-issue superscalar processor— the processor can issue one memory-access instruction, one add/subtract instruction, and one multiply instruction per cycle.

1)
LOAD

R1, A


9)
MUL

R8, R7, R4
2)
LOAD

R2, B


10)
LOAD
R9, E

3)
MUL

R3, R1, R2

11)
Add

R10, R8, R9
4)
LOAD

R4, D


12)
STORE
Y, R10
5)
MUL

R5, R1, R4

13)
ADD

R11, R6, R10
6)
ADD

R6, R3, R5

14)
STORE
U, R11
7)
STORE

X, R6


15)
SUB

R12, R6, R10
8)
LOAD

R7, C


16)
STORE
V, R12

