
4.51	
  

	
  
This	
  is	
  a	
  hard	
  problem,	
  because	
  there	
  are	
  many	
  possible	
  combinations	
  of	
  special	
  
cases	
   that	
   can	
   occur	
   simultaneously.	
   The	
   figure	
   above	
   illustrates	
   this	
   problem.	
  
We	
  can	
  see	
  that	
   there	
  are	
  now	
  three	
  variants	
  of	
  generate/use	
  cases,	
  where	
  the	
  
instruction	
  in	
  the	
  execute,	
  memory,	
  or	
  write-­‐back	
  stage	
  is	
  generating	
  a	
  value	
  to	
  
be	
   used	
   by	
   the	
   instruction	
   in	
   the	
   decode	
   stage.	
   The	
   second	
   and	
   third	
  
generate/use	
  cases	
  can	
  occur	
  in	
  combination	
  with	
  a	
  mispredicted	
  branch.	
  In	
  this	
  
case,	
  we	
  want	
  to	
  handle	
  the	
  misprediction,	
  injecting	
  bubbles	
  into	
  the	
  decode	
  and	
  
execute	
  stages.	
  
For	
   cases	
   where	
   a	
   misprediction	
   does	
   not	
   occur,	
   each	
   of	
   the	
   generate/use	
  
conditions	
  can	
  occur	
  in	
  combination	
  with	
  the	
  first	
  ret	
  pattern	
  (where	
  ret	
  uses	
  the	
  
value	
  of	
  %esp).	
   In	
   this	
   case,	
  we	
  want	
   to	
  handle	
   the	
  data	
  hazard	
  by	
  stalling	
   the	
  
fetch	
  and	
  decode	
  stages	
  and	
  injecting	
  a	
  bubble	
  into	
  the	
  execute	
  stage.	
  

	
  



	
  

	
  

	
  
	
  

4.54	
  

This	
   problem	
   requires	
   changing	
   the	
   logic	
   for	
   predicting	
   the	
   PC	
   value	
   and	
   the	
  
misprediction	
   condition.	
   It	
   requires	
   distinguishing	
   between	
   conditional	
   and	
  
uncondiational	
  branches.	
  

	
  



	
  

	
  

	
  

	
  

4.57	
  

A.	
  Here’s	
  the	
  formula	
  for	
  a	
  load/use	
  hazard:	
  

	
  

	
  



B.	
  The	
  relative	
  HCL	
  code	
  for	
  the	
  control	
  logic	
  is	
  shown	
  below:	
  

	
  

	
  

	
  

	
  

	
  
	
  


