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Pip e lin e  S im u la to r  E x e r c is e  # 2  
S im p le S c a la r  E x e r c is e  # 3  

 
D u e  T h u r s d a y , O c to b e r  7 , 2 0 0 3 , 4 :3 0  p .m . 

 
 
Th is  e x e r c is e  is  m e a n t to  e x te n d  y o u r  h o w  p ip e lin e s  fu n c tio n  fr o m  th e  p r e v io u s  e x e r c is e  
a n d  to  fu r th e r  fa m ilia r iz e  y o u  w ith  th e  S im p le S c a la r  3 .0  to o ls e t.  In  th is  p h a s e , y o u  w ill 
a d d  bim o d a l br a n c h  p r e d ic tio n , s in g le -le v e l c a c h e s  a n d  d a ta  f o r w a r d in g  to  y o u r  
p ip e lin e .  Y o u r  s im u la to r  w ill a p p r o p r ia te ly  h a n d le  b r a n c h  m is p r e d ic tio n s  a n d  c a c h e  
m is s e s .  Th e r e  a r e  2  p a r ts : a  p r o g r a m m in g  a s s ig n m e n t a n d  a  fe w  w r itte n  e x e r c is e s . 
 
As s u m p tio n s  
 
F o r  th e  p u r p o s e s  o f  th is  e x e rc is e , w e  a r e  a s s u m in g  th e  f o llo w in g : 
 
• S in g le  le v e l c a c h e s  

• In s tru c tio n  c a c h e  
• P r o b e d  b y  th e  f e tc h  u n it 
• M is s  la te n c y :  d e te r m in e d  b y  th e  c a c h e  a c c e s s  f u n c tio n  

• D a ta  c a c h e  
• P r o b e d  b y  th e  M E M  s ta g e  if e x e c u tin g  a  lo a d  o r  s to r e  
• M is s  la te n c y : d e te r m in e d  b y  th e  c a c h e  a c c e s s  f u n c tio n  
• In fin ite  w r ite  b u ff e r , s o  n o  s ta lls  n e c e s s a r y  f o r  w r ite s  to  m e m o r y  
 

• B im o d a l b ra n c h  p r e d ic to r 
• B r a n c h  p re d ic to r  w ill b e  p r o b e d  o n  a  b r a n c h  in  th e  d e c o d e  s ta g e  a n d  p r o v id e  IF  

w ith  a  P C to  fe tc h  
• W h e n  th e  b r a n c h  r e a c h e s  th e  E X , d e te rm in e  w h e th e r  th e  p r e d ic tio n  w a s  c o rr e c t, if 

it’ s  in c o r re c t, s q u a s h  th e  w r o n g ly  f e tc h e d  in s tr u c tio n s , f e tc h  th e  c o rr e c t 
in s tr u c tio n s  

 
• D a ta  fo r w a r d in g : 

• If  th e re  is  a  d a ta  h a z a r d , b u t th e  r e s u lt is  a v a ila b le  in  th e  E X /M E M  la tc h  o r  th e  
M E M /W B  la tc h , n o  s ta llin g  s h o u ld  o c c u r  

 
• S p lit- p h a s e  r e g is te r  a c c e s s  ( w r ite s  o c c u r  in  f irs t h a lf  o f c lo c k  c y c le , r e a d s  in  s e c o n d  

h a lf )  
 
Q u e s t io n s  to  t h in k  a n d  a n s w e r  b e f o r e  c o d in g  ( v e r y  im p o r ta n t )  
 
( 1 ) W h e n  c o u ld  a  d a ta  h a z a r d  h a p p e n  w ith  d a ta  f o rw a rd in g ?   
( 2 ) W h a t in s tr u c tio n  c o u ld  c a u s e  th e  d a ta  h a z a r d ?   
( 3 ) W h a t d o e s  th e  p ip e lin e  n e e d  to  d o  if th e r e  is  a  d a ta  h a z a r d ?  
( 4 ) W h a t d o e s  th e  p ip e lin e  n e e d  to  d o  if th e r e  is  a n  I- c a c h e  m is s ?   
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( 5 ) W h a t k in d  o f  in s tru c tio n  c o u ld  c a u s e  D - c a c h e  m is s ?  
( 6 ) W h a t d o e s  th e  p ip e lin e  n e e d  to  d o  if th e r e  is  a  D - c a c h e  m is s ?  
( 7 )  H o w  to  d e te c t a  b r a n c h  in s tr u c tio n ?  
( 8 ) H o w  to  d o  th e  b ra n c h  p r e d ic tio n  w ith  b im o d a l b ra n c h  p re d ic to r ?  
( 9 ) H o w  to  d e c id e  th e  b r a n c h  is  re a lly  a  ta k e n  o r  n o t- ta k e n ?  
( 1 0 ) H o w  to  c h e c k  if th e  b ra n c h  p r e d ic tio n  ( ta k e n /n o n - ta k e n ) is  c o r r e c t o r  w r o n g ?  
( 1 1 ) W h a t d o e s  th e  p ip e lin e  n e e d s  to  d o  if  th e  b r a n c h  p r e d ic tio n  is  w ro n g ?  A n d  h o w  to  

d o  it?  
 
D if fic u lt p o in t s  
 
( 1 ) W h a t d o e s  th e  p ip e lin e  n e e d  to  d o  f o r a  c a c h e -m is s ?  
( 2 ) H o w  to  d e c id e  b ra n c h  p r e d ic tio n  c o r r e c t o r w ro n g ?  
 
 
S im u la t o r  S k e le t o n  C o d e  
 
0 . D o w n lo a d  th e  c o d e  d is tr ib u tio n  assign3.tar.gz fr o m : 

~cs654/fall2003/assign3 
 

Y o u  M U S T  u s e  th e  c o d e  d is trib u te d  h e r e  a s  y o u r  b a s e lin e  f o r  s ta r tin g  th e  a s s ig n m e n t.  
P le a s e  r e n a m e  th e  s o lu tio n  file  to  sim-pipe2.c, s o  a s  n o t to  in te rf e re  w ith  th e  
g r a d in g  o f  p ip e lin e  a s s ig n m e n t p a r t 1 .  ( T h is  m e a n s  y o u ’ ll n e e d  to  e d it th e  M a k e file  
a g a in , a d d  th e  m a k e  ru le  f o r s im - p ip e 2 .c , r e fe r  to  th e  la s t a s s ig n m e n t fo r  s im - p ip e .c ). 
 
N O T E : b e c a u s e  w e ’ r e  u s in g  b p r e d  a n d  c a c h e  m o d u le s  th e  m a tc h in g  lin e s  in  y o u r  
M a k e f ile  s h o u ld  lo o k  lik e  th is : 
 
sim-pipe2$(EEXT):   sysprobe$(EEXT) sim-pipe2$(OEXT) 
bpred.$(OEXT) cache.$(OEXT) $(OBJS) libexo/libexo.$(LEXT) 
        $(CC) -o sim-pipe2$(EEXT) $(CFLAGS) sim-
pipe2.$(OEXT) bpred.$(OEXT) cache.$(OEXT) $(OBJS) 
libexo/libexo.$(LEXT) $(MLIBS) 
 

1 . In c lu d e  sim-pipe.h, bpred.h a n d  cache.h to  y o u r  s im u la to r ( s im - p ip e 2 .c ) .  
T h is  w ill g iv e  y o u  a c c e s s  to  th e  f u n c tio n s  in  th e  b ra n c h  p re d ic tio n  a n d  c a c h e  m o d u le s .  
T h e  c o n te n ts  o f sim-pipe.h a r e  a n  a s s o r tm e n t o f  s tu f f  n e e d e d  in  o rd e r  to  d o  
b r a n c h  p r e d ic tio n  a n d  f ig u re  o u t c a c h e  m is s  la te n c y . 

 
2 . Y o u ’ ll h a v e  to  r e g is te r o p tio n s  (s im _ r e g _ o p tio n s )  a n d  c h e c k  th e m  

( s im _ c h e c k _ o p tio n s ) .  F o r h in ts  o n  h o w  to  d o  th is , lo o k  to  sim-bpred.c a n d  sim-
cache.c 

 
h o w  to  d o  th e  c a c h e  a c c e s s  a n d  h o w  t o  d e te c t a  c a c h e  m is s ?  
 
W e  u s e  L 1  I- c a c h e  a s  a n  e x a m p le : If w e  w a n t to  r e a d  a n  in s tr u c tio n  a t a d d r e s s  g iv e n  b y  
f e tc h _ p c  fr o m  th e  L 1  I- c a c h e , a n d  w e  w a n t to  k n o w  if th is  is  a  c a c h e  m is s  o r n o t, w e  c a n  
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u s e  th e  f o llo w in g  c o d e  s e g m e n t. T h e  f u n c tio n  c a c h e _ a c c e s s ( )  is  d e fin e d  in  c a c h e .h /c , in  
th is  e x a m p le , v a ria b le  c a c h e _ la t is  d e fin e d  a s  a  lo c a l v a r ia b le  in itia liz e d  to  b e  - 1 , th e  
r e tu r n  v a lu e  o f  fu n c tio n  c a c h e _ a c c e s s ()  is  a  p o s itiv e  n u m b e r  if  c a c h e  m is s  h a p p e n s . In  
th is  e x a m p le , c a c h e _ m is s  is  a  lo c a l v a ria b le  in itia liz e d  to  b e  F A L S E . Y o u  c a n  d e fin e  y o u r  
o w n  v a r ia b le s . 
 
c a c h e _ la t =  c a c h e _ a c c e s s ( c a c h e _ il1 , R e a d , f e tc h _ p c , 
                                       N U L L , s iz e o f ( m d _ in s t_ t), s im _ c y c le , 
                                       N U L L , N U L L ) ; // c a c h e _ a c c e s s  d e f in e d  in  c a c h e .h /c  
 
if ( c a c h e _ la t ! =  1 )  

c a c h e _ m is s  =  T R U E ; 
e ls e   
 c a c h e _ m is s  =  F A L S E ; 
 
 
In  th e  s im -p ip e 2 .c  y o u  g e t, it d e c la re s  L 1 , L 2  I- c a c h e  a n d  D - c a c h e , b u t f o r th is  
a s s ig n m e n t, w e  o n ly  n e e d  c o n s id e r L 1  c a c h e . It a ls o  d e c la r e s  th e  T L B  s tru c t, w e  d o  n o t 
n e e d  to  c o n s id e r  T L B  in  th is  a s s ig n m e n t.  
 
H o w  t o  r u n  t h e  s im u la t o r  w ith  c a c h e  a n d  b r a n c h  p r e d ic t o r  
In  o rd e r  to  r u n  th e  s im u la to r  w ith  c a c h e  a n d  b r a n c h  p r e d ic to r, w e  n e e d  to  c o n f ig u r e  th e  
b r a n c h  p r e d ic to r a n d  c a c h e . T h e  f u n c tio n  o p t_ r e g _ s tr in g ( … )  o r o p t_ r e g _ in t(… )  is  u s e d  
f o r c o n f ig u r in g  th e  c a c h e  ( L 1 /2  I- c a c h e , L 1 /2  D - c a c h e , a n d  L 1 /2  I/D - c a c h e  la te n c y ) . O r 
y o u  c a n  u s e  o p t_ r e g _ n o te (… )  to  c o n f ig u re  a ll th e  c a c h e  p a r a m e te r s . T h e  f u n c tio n s  w ill 
r e a d  th e  c o n fig u ra tio n  f r o m  th e  c o m m a n d  p a ra m e te r . F o r c a c h e , w e  n e e d  to  s p e c if y  th e  
n a m e  o f  th e  c a c h e , th e  s e ts  n u m b e r o f  th e  c a c h e , th e  b lo c k  s iz e s  o f th e  c a c h e , th e  
a s s o c ia tiv ity , a n d  th e  r e p la c e m e n t p o lic y . T h e  s a m e  is  fo r  b ra n c h  p r e d ic to r c o n f ig u ra tio n . 
 
F o r  e x a m p le , if  w e  w a n t r u n  th e  s im u la to r  w ith  b im o d a l b ra n c h  p r e d ic to r a n d  L 1  d a ta  
c a c h e  w ith  s iz e  4 0 9 6 s e ts ,b lo c k  s iz e  3 2 b y te s ,d ir e c t a s s o c ia te d , L R U  r e p la c e m e n t p o lic y . 
 
s im - p ip e 2  – v  – b p r e d :b im o d  - c a c h e :d l1  d l1 :4 0 9 6 :3 2 :1 :l … .. 
 

 
W o r k  t o  d o  
1 . Im p le m e n t d a ta  fo r w a r d in g /b y p a s s in g  a c c o rd in g  to  th e  a s s u m p tio n s  g iv e n  a b o v e  
2 . A d d  in s tr u c tio n  c a c h e , d a ta  c a c h e , a n d  b r a n c h  p re d ic to r  to  th e  p ip e lin e  a c c o r d in g  to  

th e  a s s u m p tio n s  g iv e n  a b o v e  
3 . Y o u r  s im u la to r  s h o u ld  d o  th e  f o llo w in g :  
 

• D e te c t d a ta  a n d  c o n tro l h a z a rd s  
• S ta ll a s  a p p r o p ria te , f o r w a r d  d a ta  a s  a p p r o p r ia te  
• D e te c t in s tr u c tio n  c a c h e  m is s e s  a n d  d a ta  c a c h e  m is s e s  a n d  a p p r o p r ia te ly  s ta ll 

w h e n  a  m is s  o c c u rs  f o r th e  la te n c y  r e q u ire d  to  g e t th e  in s tru c tio n  f ro m  m e m o r y  
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• P r e d ic t b ra n c h e s  in  th e  d e c o d e  s ta g e . U s e  th e  p r e d ic tio n  to  te ll f e tc h  th e  n e x t P C 
to  fe tc h  

• Co u n t th e  n u m b e r o f  b r a n c h e s  e x e c u te d  
• Ca lc u la te  th e  c o r r e c t p r e d ic tio n  ra te  ( n u m b e r  o f  c o rr e c t p r e d ic tio n s  /to ta l n u m b e r 

o f  b ra n c h e s ) 
 
S a m p le  O u t p u t  

 S a m p le  o u tp u t is  c a n  b e  f o u n d  in  
~cs654/fall2003/assign3/assign3.sample_results.tar.gz 

 
T h e  W r itt e n  As s ig n m e n t  
 
1 . L e t u s  c o n s id e r  a  s in g le -is s u e , in - o rd e r  s y s te m  lik e  th e  D L X  p ip e lin e  in  Ch a p te r 3 , 

e x c e p t o u r  p ip e lin e  o n ly  h a s  f o u r  s ta g e s : IF , ID , E X , a n d  W B .  L o a d s  c o m p u te  th e ir 
e ff e c tiv e  a d d r e s s  a n d  a c c e s s  th e  d a ta  c a c h e  in  th e  E X  s ta g e .  L e t’ s  a s s u m e  th a t a ll 
o p e ra tio n s  ta k e  1  c y c le  to  e x e c u te , e x c e p t fo r  lo a d s .  W ith o u t a  c a c h e , lo a d s  ta k e  1 0  
c y c le s  (in c lu d in g  th e  c y c le  s p e n t in  E X  to  c o m p u te  th e  e f fe c tiv e  a d d re s s ) .  L o a d s  
r e p r e s e n t 2 0 %  o f th e  d y n a m ic  in s tru c tio n  m ix .  

 
a .)  ( 5 )  W h a t is  th e  m a x im u m  s p e e d u p  th a t w e  c a n  a tta in  b y  m in im iz in g  th e  lo a d  

la te n c y ?   A s s u m e  th a t, n o  m a tte r  w h a t im p r o v e m e n ts  a r e  m a d e , a  lo a d  c a n n o t ta k e  
le s s  th a n  1  c y c le  to  e x e c u te  ( i.e ., it c o m p le te s  a t th e  e n d  o f  th e  E X  s ta g e ) .  A s s u m e  
th a t th e r e  is  n o  im p a c t o n  th e  c lo c k  c y c le  tim e . 
 

b .) ( 1 0 )  S u p p o s e  th a t 1 5 %  o f th e  d y n a m ic  in s tru c tio n  m ix  c o n s is ts  o f  a r ith m e tic  
o p e ra tio n s  th a t d ire c tly  u s e  th e  lo a d e d  v a lu e s , a n d  th a t th e  c o m p ile r c a n  c o n v e rt 
th e s e  s e q u e n c e s  in to  a r ith m e tic  o p e r a tio n s  w ith  a  m e m o r y  o p e ra n d .  T h e s e  
a rith m e tic - m e m o r y  o p e r a tio n s  a re  a b le  to  c o m p u te  th e  e f f e c tiv e  a d d r e s s , a c c e s s  
th e  d a ta  c a c h e , a n d  p e r fo r m  th e  a rith m e tic  o p e r a tio n  in  th e  E X  s ta g e .   S in c e  2 0 %  
o f  th e  in s tr u c tio n  m ix  is  lo a d s , th is  m e a n s  th a t w e  c a n  c o n v e r t 7 5 %  o f th e  lo a d s .  
F u r th e r  s u p p o s e  th a t th is  s y s te m  n o w  h a s  a  c a c h e  w ith  a  9 5 %  h it r a te  ( i.e ., 9 5 %  o f  
lo a d s  c o m p le te  a t th e  e n d  o f  th e  E X  s ta g e , w h ile  5 %  s till ta k e  1 0  c y c le s ) .  T h e  
r a tio  o f h its  to  m is s e s  is  th e  s a m e  fo r  a r ith m e tic - m e m o r y  o p e r a tio n s  a n d  fo r  
r e m a in in g  lo a d  o p e r a tio n s .  T h e  h it r a te  is  th e  s a m e  fo r  th e  b a s e  s y s te m  a n d  fo r  
th e  n e w  s y s te m  th a t u s e s  a rith m e tic -m e m o r y  o p e r a tio n s .  F in a lly , a s s u m e  th a t 
a rith m e tic - m e m o r y  o p e r a tio n s  c o m p le te  a t th e  e n d  o f th e  E X  s ta g e . 
U n f o r tu n a te ly , a c c o m m o d a tin g  th e  a r ith m e tic - m e m o r y  o p e ra tio n s  in c r e a s e s  th e  
c y c le  tim e  b y  1 0 % . 
 
Is  th is  c h a n g e  w o r th w h ile ?   W h ic h  s y s te m  is  f a s te r  a n d  b y  h o w  m u c h ?  
 

2 . Co n s id e r th e  fo llo w in g  c o d e  s e q u e n c e : 
lw  R 1  

�
 0 ( R 2 )  

a d d  R 4  
�

 R 1  +  R 3  
a d d  R 1  

�
 R 1  +  R 4  

 
a .)  ( 5 )  Id e n tif y  a ll d e p e n d e n c e s , u s in g  a  5 -s ta g e  p ip e lin e  a s  d e s c r ib e d  b e lo w . 
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b .) ( 5 )  U s in g  a  p ip e lin e  d ia g ra m  (f o r m a t o f y o u r  c h o ic e ) , s h o w  th is  c o d e  s e q u e n c e  

p r o g re s s in g  th ro u g h  a  f iv e - s ta g e  p ip e lin e  ( IF , ID , E X , M E M , W B ) w ith  n o  
b y p a s s in g  b u t w ith  s p lit-p h a s e  re g is te r  a c c e s s  (i.e ., a  re g is te r c a n  b e  w ritte n  in  th e  
f ir s t h a lf o f  th e  c y c le , a n d  th e  re s u lt c a n  th e n  b e  r e a d  in  th e  s e c o n d  h a lf o f  th e  
c y c le ) .  L o a d s  c o m p le te  a t th e  e n d  o f th e  M E M  p h a s e ; a d d s  ta k e  o n ly  o n e  c y c le  to  
c o m p le te .  R e g is te r s  a r e  r e a d  in  th e  ID  s ta g e . 
 

 
 

H o m e w o r k  S u b m is s io n  
 
F o r  t h e  p r o g r a m m in g  p a r t:  
( N O T E : W e  w ill b e  c o m p ilin g  y o u r  s im u la to r s  a n d  r u n n in g  o u r  te s t c a s e s  o n  th e m , s o  
m a k e  s u r e  th a t y o u r  s im p le s im 3 .0  d ir e c to r y  h a s  g r o u p  r x  p e rm is s io n s  s e t) 
 
In  a n  e m a il to  c s 6 5 4 @ c s .v irg in ia .e d u ,in c lu d e  th e  f o llo w in g  in fo r m a tio n : 
 
1 ) G r o u p  m e m b e r n a m e s  a n d  e m a il id s  ( n o  e m a il a lia s e s  p le a s e ). 
2 ) R E A D M E :  T h is  s h o u ld  d e ta il h o w  to  c o m p ile  y o u r s im u la to r  a n d  th e  n a m e s  o f  f ile s  

y o u  h a v e  m o d ifie d  a n d  a n  o v e r v ie w  o f th e  d e s ig n  c h o ic e s  th a t y o u  m a d e  a n d  a n y  
a s s u m p tio n s  th a t y o u  m a d e . 

3 ) P o in te r  to  th e  lo c a tio n  o f  th e  f ile s  y o u  h a v e  m o d if ie d  to  w rite  y o u r  s im u la to r.  Id e a lly  
th is  is  s o m e th in g  lik e  /home/userid/cs654/assign02  

 
F o r  t h e  w r itt e n  p a r t:  
 
F o llo w  th e  g u id e lin e s  f o r  la b e lin g  y o u r a s s ig n m e n t d e s c r ib e d  in  th e  B O C m e m o  a n d  
s u b m it y o u r  h o m e w o rk  to  th e  b ro w n  fo ld e r in  th e  f r o n t o f  O ls s o n  H a ll (b y  th e  w o o d e n  
m a ilb o x e s ) .  P le a s e  s ta p le  y o u r  a s s ig n m e n t if it is  m o r e  th a n  o n e  p a g e . 
 
G r a d in g  C r it e r ia :  
 
T h is  a s s ig n m e n t w ill b e  g r a d e d  o n  th e  f o llo w in g  c r ite ria : 
• R E A D M E  f ile  is  in c lu d e d  a n d  d e s c rib e s  file s  in c lu d e d  a n d  c o m p ila tio n  in s tr u c tio n s  
• Co d e  c o m p ile s  w ith o u t e r r o r in  o u r d is tr ib u tio n  o f S im p le S c a la r  
• E a c h  p ip e lin e  s ta g e  c o r r e c tly  m o d e ls  its  b e h a v io r  
• D a ta  a n d  c o n tr o l h a z a rd s  a r e  c o rr e c tly  id e n tif ie d  
• S ta lls  fo r  th e  c o r re c t n u m b e r  o f c y c le s  o n  d a ta  a n d  c o n tr o l h a z a rd s  
• F u n c tio n a l c o r r e c tn e s s  ( y o u r  c o d e  r u n s  a n d  c o m p le te s  s u c c e s s f u lly  o n  th e  te s ts  in  

b in .b ig )  
• S im u la to r  r u n s  c o r re c tly  o n  o u r  s m a lle r  te s t c a s e s  


