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Pipeline Hazards 

•  Defini'on:	
  Hazard	
  in	
  a	
  pipeline	
  is	
  a	
  situa/on	
  in	
  
which	
  the	
  next	
  instruc/on	
  cannot	
  complete	
  
execu/on	
  one	
  clock	
  cycle	
  a8er	
  comple/on	
  of	
  
the	
  present	
  instruc/on.	
  

•  Three	
  types	
  of	
  hazards:	
  
–  Structural	
  hazard	
  (resource	
  conflict)	
  
– Data	
  hazard	
  
–  Control	
  hazard	
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Ways to Handle Branch 

•  Stall	
  or	
  bubble	
  
•  Delayed	
  branch	
  
•  Branch	
  predic'on:	
  

– Heuris'cs	
  
• Next	
  instruc'on	
  
• Predic'on	
  based	
  on	
  sta's'cs	
  (dynamic)	
  
• Hardware	
  decision	
  (dynamic)	
  

–  Predic'on	
  error:	
  pipeline	
  flush	
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Delayed Branch Example 

•  Stall	
  on	
  branch	
  
	
  	
   	
  add	
  $4,	
  $5,	
  $6	
  
	
  	
   	
  beq	
  $1,	
  $2,	
  skip	
  
	
   	
  next	
  instruc'on	
  
	
   	
  .	
  .	
  .	
  

skip 	
  or	
  $7,	
  $8,	
  $9	
  

•  Delayed	
  branch	
  
	
   	
  beq	
  $1,	
  $2,	
  skip	
  
	
   	
  add	
  $4,	
  $5,	
  $6	
  
	
   	
  next	
  instruc'on	
  
	
   	
  .	
  .	
  .	
  

skip 	
  or	
  $7,	
  $8,	
  $9	
  
	
  Instruction executed irrespective 

 of branch decision 
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Delayed Branch 
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Branch Hazard 
•  Consider	
  heuris'c	
  –	
  branch	
  not	
  taken.	
  
•  Con'nue	
  fetching	
  instruc'ons	
  in	
  sequence	
  
following	
  the	
  branch	
  instruc'ons.	
  

•  If	
  branch	
  is	
  taken	
  (indicated	
  by	
  zero	
  output	
  of	
  
ALU):	
  
–  Control	
  generates	
  branch	
  signal	
  in	
  ID	
  cycle.	
  
–  branch	
  ac'vates	
  PCSource	
  signal	
  in	
  the	
  MEM	
  cycle	
  to	
  
load	
  PC	
  with	
  new	
  branch	
  address.	
  

–  Three	
  instruc/ons	
  in	
  the	
  pipeline	
  must	
  be	
  flushed	
  if	
  
branch	
  is	
  taken	
  –	
  can	
  this	
  penalty	
  be	
  reduced?	
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Branch Not Taken 

Branch fetched  Branch decoded  Branch decision  PC keeps D 
      (br. not taken) 
  A fetched  A decoded  A executed  A continues 

 
    B fetched  B decoded  B executed 

 
      C fetched  C decoded 

 
        D fetched 

        cycle b     cycle b+1    cycle b+2    cycle b+3  cycle b+4 

Branch to Z 
A 
B 
C 
D 
Z 
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Branch Taken 

Branch fetched  Branch decoded  Branch decision  PC gets Z 
      (br. taken) 
  A fetched  A decoded  A executed  Nop 

 
    B fetched  B decoded  Nop 

 
      C fetched  Nop 

 
        Z fetched 

        cycle b     cycle b+1    cycle b+2    cycle b+3  cycle b+4 

Branch to Z 
A 
B 
C 
D 
Z 

Three instructions are 
 flushed if branch is taken 
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