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U k o ń c z y ł  s t u d i a  n a  W y d z i a l e  I n f o r m a t y k i  P o l i t e c h n i k i  
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p o z i o m u ,  s y n t e z a  l o g i c z n a  i  f o r m a l n a  w e r y f i k a c j a . 
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A b s t r a c t  
 
A h e u r is t ic  c o r e  ma p p in g  d e d ic a t e d  t o  mu l t i-p a t h  r o u t in g  a l g o r it h m f o r  
me s h  N e t w o r k  o n  C h ip  d e d ic a t e d  t o  p o p u l a r  s t r e a m-b a s e d  a u d io  d e c o d e r  
a l g o r it h ms  is  p r o p o s e d . T h e  p r o c e s s in g  u n it s  p e r f o r min g  s t a g e s  o f   
a  n u mb e r  o f  d e c o d e r s  a r e  ma p p e d  in t o  2 D  me s h  n o d e s  in  o r d e r  t o  b a l a n c e  
a n d  min imiz e  t h e  b a n d w id t h s  o f  t h e  s t r u c t u r e  l in k s . T h e  e x p e r ime n t a l  
r e s u l t s  c o n f ir min g  t h e  b e n e f it s  o f  t h e  p r o p o s e d  a p p r o a c h  a r e  p r o v id e d . 
 
K e y w o r d s :  N e t w o r k  o n  C h ip ,  mu l t i-p a t h  r o u t in g  a l g o r it h ms ,  c o r e  ma p p in g  
t e c h n iq u e s . 
 W ie l ordze n iow e  de k odow an ie  stru mie n i dź w ię k ow y c h  op arty c h  o arc h ite k tu rę   sie c i w e w n ą trzu k ł adow y c h  

 
S t r e s z c z e n i e  

 
W  a r t y k u l e  p r z e d s t a w io n o  h e u r y s t y c z n y  a l g o r y t m o d w z o r o w y w a n ia  
a p l ik a c j i z d o min o w a n y c h  p r z e z  d a n e  d o  s t r u k t u r y  d w u w y mia r o w e j  s ie c i 
w e w n ą t r z u k ł a d o w e j .  J e d n o s t k i p r z e t w a r z a j ą c e  s ą  o d w z o r o w y w a n e  d o  
s ie c i N o C  w  s p o s ó b  z mn ie j s z a j ą c y  i w y r ó w n u j ą c y  p r z e p u s t o w o ś c i 
ma g is t r a l  w e w n ą t r z u k ł a d o w y c h . D o  w y z n a c z a n ia  t r a s  u ż y t o  
w ie l o ś c ie ż k o w e g o  a l g o r y t mu  r o u t in g u . B a d a n ia  e k s p e r y me n t a l n e  
p o t w ie r d z a j ą  z a s a d n o ś ć  p r o p o n o w a n e g o  p o d e j ś c ia . 
 
S ł o w a  k l u c z o w e :  S ie c i w e w n ą t r z u k ł a d o w e ,  w ie l o ś c ie ż k o w e  a l g o r y t my  
r o u t in g u ,  t e c h n ik i o d w z o r o w y w a n ia  r d z e n i. 
 1 .  In trodu c tion  
 
O n e  o f  t h e  p r o m i s i n g  c a n d i d a t e s  f o r  f u t u r e  g e n e r a t i o n  o f  c h i p s  

i m p l e m e n t i n g  s t r e a m i n g  m u l t i m e d i a  a p p l i c a t i o n s  a r e  M u l t i -
P r o c e s s o r  S y s t e m s  o n  C h i p s  ( M P S o C s )  [ 1 ] .  H o w e v e r ,  n o w a d a y s  
p o p u l a r  M P S o C s  r e a l i z a t i o n s ,  b a s e d  o n  b u s e s  o r  p o i n t -t o -p o i n t  
c o n n e c t i o n s  ( P 2 P )  a r e  r e p o r t e d  t o  s c a l e  b a d l y  w i t h  t h e  g r o w t h  o f  
t h e  n u m b e r  o f  i n t e l l e c t u a l  p r o p e r t y  ( I P )  c o r e s  i n  a  s i n g l e  c h i p  [ 5 ] .  
I t  i s  o n e  o f  t h e  m o t i v a t i o n s  o f  i n t r o d u c i n g  t h e  N e t w o r k -o n -C h i p  
( N o C )  a p p r o a c h ,  w h e r e  t h e  I P  c o r e s  a r e  c o n n e c t e d  e a c h  o t h e r  b y  
m e a n s  o f  a  n e t w o r k  r e s e m b l i n g  t h e  w e l l -k n o w ,  m a c r o s c o p i c  
c o m p u t e r  n e t w o r k s .  I t  h a s  b e e n  d e m o n s t r a t e d  i n  [ 4 ]  t h a t  t h e  N o C  
c o n t e n t i o n  l e v e l  i s  l o w e r  t h a n  i n  t h e  r e a l i z a t i o n s  w i t h  a  b u s  a n d  
o n l y  s l i g h t l y  w o r s e  i n  c o m p a r i s o n  w i t h  t h e  P 2 P  c o n n e c t i o n s .  
H o w e v e r ,  t h e  t a r g e t  c h i p  a r e a  w h i l e  u s i n g  t h e  P 2 P  a p p r o a c h  i s  
m u c h  h i g h e r .   
F o r  o n e  i m p o r t a n t  c l a s s  o f  a l g o r i t h m  t h e  t y p i c a l  N o C -b a s e d  

c h i p  a r c h i t e c t u r e  s y n t h e s i s  i s  o f  w o r s e  p e r f o r m a n c e  [ 3 ] .  
M u l t i m e d i a  s t r e a m i n g  a p p l i c a t i o n s  d o  n o t  a d a p t  t o  t h e  t e m p o r a r y  
d a t a -f l o w  a n d  e v e n  t w o  d a t a -f l o w s  t r a n s m i t t e d  b y  a  s i n g l e  l i n k  
r e s u l t  i n  c o n t e n t i o n .  T h e  t r a n s f e r r e d  s t r e a m s  a r e  f i x e d  f o r  
r e l a t i v e l y  l o n g  t i m e  a n d  t h u s  i t  i s  i m p o s s i b l e  t o  m a k e  u p  f o r  t h e  
d e l a y  c a s e d  b y  t h e  c o n t e n t i o n  i n  t h e  s u b s e q u e n t  s t a g e s  [ 6 ] .   
 

Dr inż. T o m a s z  M Ą K A  
 
W  r o k u  2 0 0 0  u k o ń c z y ł  s t u d i a  n a  W y d z i a l e  
I n f o r m a t y k i  P o l i t e c h n i k i  S z c z e c i ń s k i e j ,  n a t o m i a s t   
w  r o k u  2 0 0 5  o b r o n i ł  p r a c ę  d o k t o r s k ą  n a  t y m  s a m y m  
w y d z i a l e . J e g o  z a i n t e r e s o w a n i a  o b e j m u j ą  z a g a d n i e n i a  
z w i ą z a n e  z e  s p r z ę t o w y m i  r e a l i z a c j a m i  s y s t e m ó w  
c y f r o w e g o  p r z e t w a r z a n i a  s y g n a ł ó w   o r a z  t e c h n i k a m i  
p r z e t w a r z a n i a  s y g n a ł ó w  a k u s t y c z n y c h . 
 
 
 
 
e-m a i l :  t m a k a @ w i . p s . p l  

  

  
 
T h e  c o n t e n t i o n  l e v e l ,  h o w e v e r ,  m a y  b e  d e c r e a s e d  w h i l e  t h e  

a l g o r i t h m  s t a g e s  a r e  m a p p e d  i n t o  t h e  N o C  m e s h  u s i n g  c e r t a i n  
p e r m u t a t i o n s .  T h u s  w e  d e c i d e d  t o  d e v e l o p  a  h e u r i s t i c  t h a t  w o u l d  
g e n e r a t e  a  m a p p i n g  p e r m u t a t i o n  o f  s t a g e s  f o r  a  g i v e n  s e t  o f  a u d i o  
d e c o d e r  a l g o r i t h m s .  T h e  h e u r i s t i c s  i s  m e a n t  t o  g e n e r a t e  t h e  c o r e  
p e r m u t a t i o n s  w h i c h ,  a f t e r  m a p p i n g  i n t o  a  m e s h  s t r u c t u r e ,  w o u l d  
b a l a n c e  t h e  t r a n s f e r s  b e t w e e n  t h e  c o r e s  a n d  d e c r e a s e  t h e  o v e r a l l  
b a n d w i d t h  o f  t h e  l i n k s  i n  t h e  s t r u c t u r e .  
I n  t h i s  p a p e r ,  t h e  p r o p o s e d  a p p r o a c h  i s  a p p l i e d  t o  a n  M P S o C  

r e a l i z i n g  m o r e  t h a n  o n e  s t r e a m i n g  a l g o r i t h m s  a t  o n c e .  S u c h  m u l t i -
a l g o r i t h m  c h i p s  a r e  i n c r e a s i n g l y  p o p u l a r  d u e  t o ,  e . g . ,  t h e  n u m e r o u s  
a u d i o / v i d e o  s t a n d a r d s  e x i s t i n g  i n  m a n y  e n d -u s e r  a p p l i c a t i o n s .  W e  
d e c i d e d  t o  t e s t  o u r  a p p r o a c h  w i t h  a n  N o C -b a s e d  M P S o C  r e a l i z i n g  
t h r e e  a u d i o  d e c o d e r s  ( A A C ,  M P 3  a n d  O G G ) .  
 2 .  Rou tin g  Issu e s 

 
T h e  m o t i v a t i o n  o f  o u r  w o r k  h a s  a r i s e n  w h e n  w e  t r i e d  t o  u t i l i z e  

N o C  r o u t i n g  a l g o r i t h m ,  s o  c a l l e d  t a p e w o r m ,  i n t r o d u c e d  i n  [ 2 ] ,  t o  
v a r i o u s  v i d e o  s t r e a m i n g  c o d e c s  a n d  o b t a i n e d  p r o m i s i n g  r e s u l t s  i n  
t e r m s  o f  m i n i m a l  b a n d w i d t h ,  l i n k s  u t i l i z a t i o n  b a l a n c e  a n d  r o u t i n g  
e f f i c i e n c y  [ 3 ] .  S o ,  w e  d e c i d e d  t o  a p p l y  o u r  m u l t i -r o u t e  a l g o r i t h m s  
f o r  a u d i o  d e c o d e r s  s o  a s  t o  o b t a i n  a  m u l t i -c o r e s  c h i p  m o d e l  t h a t  
r e a l i z e s  a  n u m b e r  o f  p o p u l a r  a u d i o  d e c o d i n g  t a s k s  a t  o n c e .  I n  t h e  
t a p e w o r m  r o u t i n g  a l g o r i t h m  a  p a c k a g e  b o d y  i s  s p l i t  i n t o  s e g m e n t s  
t h a t  a r e  c o m p r i s e d  o f  a  n u m b e r  o f  s m a l l e r  u n i t s  o f  c o n s t a n t  l e n g t h ,  
n a m e d  f l i t s  ( f l o w  c o n t r o l  u n i t s ) .  T h e  a l g o r i t h m  i s  t o  b e  a p p l i e d  
a f t e r  t h e  m a p p i n g  s t a g e ,  i . e . ,  w h e n  a l l  t h e  I P  c o r e s  h a v e  b e e n  
m a p p e d  i n t o  a  N o C  s t r u c t u r e .   
I n  o r d e r  t o  d e t e r m i n e  t h e  a p p r o p r i a t e  c o r e  m a p p i n g ,  i . e . ,  t h e  

m a p p i n g  o f  t h e  n o d e s  f r o m  f l o w  n e t w o r k s  r e a l i z i n g  s u b s e q u e n t  
s t a g e s  o f  t h e  a l g o r i t h m  t h a t  l e a d s  t o  t h e  m i n i m a l  v a l u e  o f  t h e  
t r a n s f e r s  b e t w e e n  c o r e s  w h i l e  u s i n g  t h e  t a p e w o r m  a l g o r i t h m ,  i t  i s  
p o s s i b l e  t o  u s e  a n  e x a c t  a l g o r i t h m .  D u e  t o  t h e  c o m p u t a t i o n a l  
c o m p l e x i t y  O ( n! · n2) ,  i t  c a n  b e  r e a s o n a b l e  a p p l i e d  o n l y  t o  t h e  N o C  
m e s h  o f  t h e  s i z e  u p  t o  3 x 3  c o r e s .  S o  i t  i s  p r a c t i c a l l y  i m p o s s i b l e  t o  
a p p l y  t h i s  a p p r o a c h  t o  a  m o d e l  i m p l e m e n t i n g  m o r e  t h a n  o n e  
d e c o d e r .   
T h e  s i m p l e s t  a p p r o a c h  f o r  m a p p i n g  a  s e t  o f  I P  c o r e s ,  t h e  

d i v i d i n g  a n d  c o n q u e r  m e t h o d ,  w h e n  t h e  c o r e s  a r e  m a p p e d  
i n d e p e n d e n t l y  f o r  e a c h  a l g o r i t h m  a n d  t h e n  p l a c e d  n e x t  t o  e a c h  
o t h e r ,  a s  p r e s e n t e d  i n  F i g .  2 a  d o e s  n o t  l e a d  t o  t h e  p r o m i s i n g  
r e s u l t s ,  a s  i t  i s  p r e s e n t e d  i n  t h e  n e x t  s e c t i o n .   T h i s  i s  c a u s e d  w i t h  
t h e  f a c t  t h a t  i n  t h e  t a p e w o r m  r o u t i n g  i t  i s  i m p o r t a n t  t o  c r e a t e  a s  
m a n y  p a t h s  a s  p o s s i b l e  b e t w e e n  n o d e s  t r a n s f e r r i n g  l a r g e  p o r t i o n  o f  
d a t a  t o  e a c h  o t h e r ,  w h e r e a s  t h e  d i s t a n c e  b e t w e e n  t h e s e  n o d e s  i s  o f  
l o w e r  i m p o r t a n c e .  I n  F i g .  1  w e  p r o p o s e  a  h e u r i s t i c s  t h a t ,  a c c o r d i n g  
t o  o u r  e x p e r i m e n t a l  r e s u l t s ,  l e a d s  t o  q u i t e  p r o m i s i n g  c o r e  
m a p p i n g s  w h i l e  a p p l i e d  t o  t h e  N o C  u t i l i z i n g  t h e  t a p e w o r m  r o u t i n g  
s c h e m e .  W e  s t a r t  o u r  a l g o r i t h m  w i t h  a  g e n e r a t i n g  a  p o p u l a t i o n  o f  
r a n d o m  c o r e  p e r m u t a t i o n s  t o  b e  m a p p e d  i n t o  t h e  m e s h  s t r u c t u r e .   
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The algorithm is iteratively run as long as the maximum number 
of  generations has not been met,  or the resulting transf ers are 
c onstant f or a sp ec if ic  number of  iterations.   
 
 

1. select randomly an item from NoC transfers table between src and dest 
2 . d0 ← calcu late M anh attan distance between src and dest cores 
4 . ( d1,  d2 ,  d3 ,  d4) ← calcu late M anh attan distance 
                        between src and all neig h bors of dest 
5 . if( min( d0 ,  d1 ,  d2 ,  d3 ,  d4) ≠ d0) 
6 .   n m i n  ← neig h bor with  th e lowest distance 
7 .   swap  ( dest,  n m i n ) 
   
F i g . 1 .  P s e u d o -c o d e  o f  m a p p i n g  a l g o r i t h m  
R y s . 1 .  P s e u d o k o d  a l g o r y t m u  o d w z o r o w a n i a  r d z e n i  
 
 
3. E x p e r i m e n t a l  R e s u l t s  
 
I n F ig.  3  three histograms,  f or A A C ,  M P 3  and  O G G  c od ec s,  are 

p resented .  These histograms inf orm about the instanc e of  the 
p rop osed  iterative algorithm w here the minimal value of  the 
band w id th has been obtained .  I n all c ases,  the op timal value has 
been reac hed  in a relatively early stage.  The outstand ing grap h f or 
A A C  means that this algorithm the most suitable f or our tec hniq ue 
d ue to the linear struc ture of  its f low  grap h;  the f low  grap h of  the 
remaining tw o d ec od ers inc lud e a number of  ad d itional branc hes.  
A s a result,  the map p ing of  these tw o algorithms into a regular 
2 D -mesh is more sop histic ated  and  req uires more iterations.  
H ow ever,  in all three benc hmark s the results w ere q uite 
p romising:  in the f irst 5 0  iterations the minimal band w id th has 
been obtained  in 3 3 % ,  4 1 %  and  9 9 %  f or O G G ,  M P 3 ,  A A C ,  
resp ec tively.  
N ext,  w e c ombined  these three aud io d ec od ers in a single 4 x4  

N oC  mesh.  H aving exec uted  the algorithm p rovid ed  in F ig.  1 ,  the 
loc ally minimal result have been obtained  f or the map p ing 
p resented  in F ig 2 b,  w here the c ores of  the A A C ,  M P 3  and  O G G  
d ec od ers,  w ith ind ic es:  0 -5 ,  6 -1 1 ,  and  1 2 -1 5 ,  resp ec tively.  I n 
c omp arison,  w e p rovid ed  an examp le of  the regular c ore struc ture 
in F ig 2 a.  The link  band w id th of  the regular struc ture map p ing is 
eq ual to 5 8 3 3 4  bp s,  w hereas the map p ing generated  w ith the 
p rop osed  tec hniq ue eq uals 4 8 8 3 7  bp s,  w hic h is 1 6  p er c ent low er.  
 
 

  a )  
 

  
 

  b )  
 

  
F i g . 2 .  E x a m p l e  o f  c o r e  m a p p i n g  f o r  t h r e e  d e c o d e r s  ( A A C ,  M P 3 ,  O G G )   

u n s u i t a b l e  ( a )  a n d  s u i t a b l e  f o r  t h e  p r o p o s e d  r o u t i n g  a l g o r i t h m  ( b )  
R y s . 2 .  P r z y k ł a d y  o d w z o r o w a n i a  r d z e n i  d e k o d e r ó w  ( A A C ,  M P 3 ,  O G G )   

o  w i ę k s z e j  ( a )  i   m n i e j s z e j  ( b )  p r z e p u s t o w o ś c i  p r z y  z a s t o s o w a n i u   
a l g o r y t m u  r o u t i n g u  

 
 

  
F i g . 3 .  I n d i c e s  o f  g e n e r a t i o n s  w i t h  m i n i m a l  t r a n s f e r s  f o r  c o n s i d e r e d   

d e c o d e r s  
R y s . 3 .  N u m e r y  g e n e r a c j i ,  w  k t ó r y c h  o s i ą g n i ę t o  m i n i m a l n ą  p r z e p ł y w n o ś ć  

r o z p a t r y w a n y c h  d e k o d e r ó w  
 
 
4 . C o n c l u s i o n  
 
I n this p ap er,  w e have p resented  an ap p roac h f or map p ing 

d ata-d ominated  algorithms,  suc h as aud io d ec od ers,  into a 2 -D  
mesh N oC  arc hitec ture.  W e have d emonstrated  that the multi-
p ath routing sc heme w ith the p rop osed  map p ing heuristic  
algorithm is more suitable f or this k ind  of  algorithms than the 
intuitive regular d istribution of  the p roc essing c ores of  d if f erent 
d ec od ers.   
The p rop osed  heuristic s lead s to minimal results in relatively 

early iteration – in the f irst 1 0 0  iterations w e obtained  the 
minimal solutions in 7 6 %  average c ases f or the c onsid ered  
aud io d ec od ers.  The obtained  results c onf irm the ad vantage of  
the p rop osed  routing and  map p ing tec hniq ues in the N oC  
d omain.  
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