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l i b r a r y  i e e e  ;
u se  i e e e  . s t d . l o g i c . l  1 6 4  . a l l  ;

e n t i t y  a c c u m u l a t o r . r e g p  i s  
p o rt  ( e l k  : in  s t d . l o g i c  ;

c l r  : in  s t d . l o g i c  ;
d  : in  s t d . l o g i c . v e c t o r  ( 2 3  downto 0 ) ;  
q : o u t  s t d . l o g i c . v e c t o r  ( 2 3  downto 0 ) ) ;  

end e n t i t y  a c c u m u l a t o r . r e g p ;

a r c h i t e c t u r e  b e h a v i o r a l  o f  a c c u m u l a t o r . r e g p  i s  
b eg in

—  when r e g i s t e r  i s  c l e a r e d  the o u t p u t  is  z e r o  
b e h a v i o r  : p r o c e s s  ( e l k )  is

b eg in
i f  r i s i n g . e d g e  ( e l k  ) th en  

i f  T o _ X 0 1 ( c l r ) =  ’ 1 ’ th en  
q < =  ( o t h e r s  = >  ’O ’ ) ; 

e l s e
q < =  d  ; 

end i f ; 
end i f ; 

end p r o c e s s  b e h a v i o r ;

end a r c h i t e c t u r e  b e h a v i o r a l ;

A .2.14.9 H igh Channel R egister

This VHDL code shows a simple register behavior.

l i b r a r y  i e e e  ;
u se i e e e  . s t d . l o g i c . l  1 6 4  . a l l  , 

w o r k ,  t l n s . t y p e s  . a l l  , 
w o r k  . t l n s . i n s t r  . a l l  , 
w o r k  . a l u . t y p e s . a l l  , 
w o r k  . n u m e r i c . b i t  . a l l  ;

e n t i t y  c h a n n e l h i g h . r e g  i s  
p ort ( e l k  : in  s t d . l o g i c  ;

d : in  s t d . l o g i c . v e c t o r ( 2 3  downto 0 ) ;  
q : o u t  s t d . l o g i c . v e c t o r  ( 2 3  downto 0 ) ) ;  

end e n t i t y  c h a n n e l h i g h . r e g  ;
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a r c h i t e c t u r e  b e h a v i o r a l  o f  c h a n n e l h i g h . r e g  i s  
b e g i n

—  r e a d s  the i n p u t  to o u t p u t  in the nex t  c l o c k  edge 
b e h a v i o r  : p r o c e s s  ( e l k )  i s

b e g i n
i f  r i s i n g . e d g e  ( e l k  ) t h e n  

q < =  d ; 
e n d  i f ; 

e n d  p r o c e s s  b e h a v i o r ;

e n d  a r c h i t e c t u r e  b e h a v i o r a l ;

A .2.14.10 Channel M ultiplexer

This multiplexer specifies the data which MAC unit places onto the destination bus 

of CPU.

l i b r a r y  i e e e  ;
u se  i e e e . s t d . l o g i c . l  1 6 4  . a l l  ;

use  w o r k . t l n s . t y p e s  . a l l  , 
w o r k ,  n u m e r i c . b i t  . a l l  ;

e n t i t y  m u x l o w h i g h  i s
p o r t  ( iO : in  s t d . l o g i c . v e c t o r  ( 2 3  downto 0 )

i l  : in  s t d . l o g i c . v e c t o r  ( 2 3  downto 0 )
y  : o u t  s t d . l o g i c . v e c t o r  ( 2 3  downto 0 )
s e l  : in  s t d . l o g i c ) ;

end m u x l o w h i g h  ;

a r c h i t e c t u r e  b e h a v i o r a l  o f  m u x l o w h i g h  i s  
b e g i n

—  s e l e c t s  i n p u t s  based on s e l  s i g n a l  
-—  and d i s a b l e s  o u t p u t  when MAC u n i t  i s  not  in use  
w i t h  s e l  s e l e c t

y  < =  iO w h e n  ’O ’ , 
i 1 w h e n  ’ 1 ’ ,
d i s a b l e d . t l n s . w o r d  w h e n  o t h e r s ;  

e n d  a r c h i t e c t u r e  b e h a v i o r a l ;
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A .2.15 The Controller

The VHDL code for this unit, realizes a complicated state machine. This file is well 

documented to be self explanatory.

l i b r a r y  i e e e  ;

u s e  i e e e  . s t d . l o g i c . l  1 6 4  . a l l  ,
i e e e  . s t d . l o g i c . u n s i g n e d .  a l l  ;

u s e  w o r k  . t i n s . t y p e s  . a l l  , 
w o r k ,  t l n s . i n s t r  . a l l  , 
w o r k ,  a l u . t y p e s  . a l l  , 
w o r k  . n u m e r i c . b i t  . a l l  ;

e n t i t y  c o n t r o l l e r  i s
p o r t  ( e l k  : i n  s t d . l o g i c  ;

r e s e t  : i n  s t d . l o g i c ; 
h a l t  : o u t  s t d . l o g i c ;  
i r . m e m . e n a b l e  : o u t  s t d . l o g i c  ; 
i f e t c h  : o u t  s t d . l o g i c  ; 
a l u . f u n c t i o n  : o u t  a l u . f u n c  ;
a l u . z e r o  , a l u . n e g a t i v e  , a l u . o v e r f l o w  : i n  b i t  ;
r e g . s l . a d d r  , r e g _ s 2 . a d d r  , r e g . d e s t . a d d r  : o u t  t l n s . r e g . a d d r ;
r e g . w r i t e  : o u t  s t d . l o g i c ;
a . e n a b l e  : o u t  s t d . l o g i c  ;
a . o u t . e n  : o u t  s t d . l o g i c  ;
b . e n a b l e  : o u t  s t d . l o g i c  ; 
b . o u t . e n  : o u t  s t d . l o g i c  ; 
p c . e n a b l e  : o u t  s t d . l o g i c  ; 
p c . o u t . e n  : o u t  s t d . l o g i c  ; 
m a r . e n a b l e  : o u t  s t d . l o g i c  ;
i r . i m m e d l _ s i z e . 1 8 ,  i r _ i m m e d 2 . s i z e . 1 8  : o u t  b i t ;
i r . i m m e d l . u n s i g n e d  , i r _ i m m e d 2 _ u n s i g n e d  : o u t  b i t  ;
i r . i m m e d l . e n  , i r _ i m m e d 2 _ e n  : o u t  b i t  ;
c u r r e n t . i n s t r u c t i o n  : i n  t i n s . w o r d ;
c o n s t 2  : o u t  t l n s . b u s . w o r d ;
m e m . w r i t e . e n  : o u t  s t d . l o g i c  ;
m e m . e n a b l e  : o u t  s t d . l o g i c  ;
m a c . c l r  : o u t  s t d . l o g i c  ;
a l u . c l r  : o u t  s t d . l o g i c ;
b t c . r e s e t  : o u t  s t d . l o g i c ;
b t c . r e a d y  : i n  s t d . l o g i c ;
b t c . a c t i v a t e  : o u t  s t d . l o g i c ;
i n . r e g . e n a b l e  : o u t  s t d . l o g i c  ;
i n . r e g _ o u t . e n  : o u t  s t d . l o g i c  ;
o u t . r e g . e n a b l e  : o u t  s t d . l o g i c  ;
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c t r l .m e m .a  : ou t  t l n s _ b u s _ w o r d ; 
c t r l . i r .m e m .a  : ou t  t l n s . b u s . w o r d ;  
m a _ m u x _ s e l  : o u t b i t  ; 
i r _ m a _ m u x _ s e l  : o u t  b i t  ; 
c t r i . d i r e c t  : o u t  b i t  ; 
m a c . c h . m u x . s e l  : ou t s t d _ l o g i c  ; 
m a c . c o e f n u m  : o u t  s t d _ l o g i c ;  
m a c . e v e n s y m  : o u t  s t d . l o g i c  ; 
s l . b u s . c o n t e n t  : i n  t l n s . b u s . w o r d ; 
s 2 _ b u s _ c o n t e n t  : i n  t l n s . b u s . w o r d  ) ;

e n d  e n t i t y  c o n t r o l l e r  ;

a r c h i t e c t u r e  b e h a v i o r  o f  c o n t r o l l e r  i s

t y p e  s t a t e . t y p e  i s  ( S I , S l . a , S 2 , S 2 _ a , S 3 , S 4 , S 4 _ a , S 4 _ b , S 5 , S 6 , S 7 , S 7 _ a ,
S 8 , S 8 . a  , S 9 , S 9 _ a  , S 9 . b  , S 9 . c , S l l , S l l . a , S 1 2 , S 1 2 _ a , 
S 1 2 _ b , S 1 3 , S 1 3 _ a , S 1 4 , S 1 4 _ a , S 1 4 _ b , S 1 5 , S 1 5 _ a , S 1 5 . b

S 1 6 , S 1 7 , S 1 7 . a , S 1 8 , S 1 8 _ a , S 1 9 , S 1 9 . a , S 2 0 , S 2 0 . a , S21

S 2 2  , S 2 3  , S 2 4  , S 2 5 )  ; 
s i g n a l  s t a t e  : s t a t e . t y p e  ;

b e g i n

s e q u e n c e r  : p r o c e s s ( c l k  , r e s e t  ) i s

a l i a s  I R . o p c o d e  : t l n s . o p c o d e  i s  c u r r e n t . i n s t r u c t i o n  ( 2 3  downto 1 8 ) ;  
a l i a s  I R . s p . f u n c  : t l n s . s p . f u n c  i s  c u r r e n t . i n s t r u c t i o n  ( 5  downto 0 ) ;  
a l i a s  I R . r s l  : t l n s . r e g . a d d r  i s  c u r r e n t . i n s t r u c t i o n  ( 1 7  downto 1 4 ) ;  
a l i a s  I R . r s 2  : t l n s . r e g . a d d r  i s  c u r r e n t . i n s t r u c t i o n  ( 1 3  downto 1 0 ) ;  
a l i a s  I R . I t y p e . r d  : t l n s . r e g . a d d r  i s  c u r r e n t . i n s t r u c t i o n  ( 1 3  downto  

1 0 ) ;
a l i a s  I R . R t y p e . r d  : t l n s . r e g . a d d r  i s  c u r r e n t . i n s t r u c t i o n  ( 9  downto 6 )

a l i a s  I R . f i l t e r . o r d e r  : u n s i g n e d ( 6  downto 0 )  i s
c u r r e n t . i n s t r u c t i o n  ( 6  downto 0 ) ;  

a l i a s  I R . f i l t e r . c o e f . s y m  : b i t  i s  c u r r e n t . i n s t r u c t i o n  ( 7 )  ; 
a l i a s  I R . f i l t e r - b a n d s . s y m  : u n s i g n e d  (1 downto 0 )  i s

c u r r e n t . i n s t r u c t i o n  ( 9  downto 8)

v a r i a b l e  r e s u l t . o f . s e t . i s . l  , b r a n c h . t a k e n  : b o o l e a n  
v a r i a b l e  f i l t e r . t a p  : u n s i g n e d ( 6  downto 0 ) ;  
v a r i a b l e  f i l t e r . o r d e r  : u n s i g n e d ( 6  downto 0 ) ;  
v a r i a b l e  f i l t e r . c o e f . s y m  : b i t  ;
v a r i a b l e  f i l t e r . b a n d s . s y m  : u n s i g n e d ( l  downto 0 ) ;  
v a r i a b l e  f i r s t . h a l f  : b i t ;
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v a r i a b l e  c o e f _ a d d r e s s  : u n s i g n e d ( 2 3  d o w n t o  0 ) ;  
v a r i a b l e  c o e f . e n d . a d d r e s s  : u n s i g n e d  ( 2 3  d o w n t o  0 )  ; 
v a r i a b l e  t o p . c o e f . a d d r e s s  : u n s i g n e d  ( 6  d o w n t o  0 ) ;  
v a r i a b l e  c o e f . n u m b e r  : s t d - l o g i c  ;
v a r i a b l e  f i l t _ d a t a _ a d d r e s s  : s t d . l o g i c . v e c t o r  ( 2 3  d o w n t o  0 ) ;  
v a r i a b l e  f i l t . c o e f . a d d r e s s  : s t d . l o g i c . v e c t o r  ( 2 3  d o w n t o  0 ) ;  
v a r i a b l e  f i l t . d a t a . s t a r t  : s t d . l o g i c . v e c t o r  ( 2 3  d o w n t o  0 ) ;  
v a r i a b l e  f i l t . d a t a . e n d  : s t d . l o g i c . v e c t o r  ( 2 3  d o w n t o  0 ) ;

—  f e t c h e s  the i n s t r u c t i o n  
p r o c e d u r e  b u s . i n s t r u c t i o n . f e t c h . l  i s  
b e g i n

—  a d d r e s s  is  d e t e r m i n e d  by PC  
i r . m a . m u x . s e l  < =  ’ 1 ’ ;

—  i n i t i a l i z a t i o n  
b . o u t . e n  < =  ’0 ’ ; 
m e m . w r i t e . e n  < =  ’O ’ ; 
m e m . e n a b l e  < =  ’0 ’ ; 
r e g . w r i t e  < =  ’0 ’ ;
i f  e t  c  h < =  ’ 1 ’ ;

—  the  i n s t r u c t i o n  memory is enab l ed  
i r . m e m . e n a b l e  < =  ’ 1 ’ ;

e n d  p r o c e d u r e  b u s . i n s t r u c t i o n . f e t c h . l  ;

p r o c e d u r e  b u s . i n s t r u c t i o n . f e t c h . 2  i s  
b e g i n

—  d i s a b l e s  the i n s t r u c t i o n  memory 
i r . m e m . e n a b l e  < =  ’0 ’ ;

e n d  p r o c e d u r e  b u s _ i n s t r u c t i o n _ f e t c h . 2  ;

—  decodes  the i n s t r u c t i o n
p r o c e d u r e  i n s t r u c t i o n . d e c o d e . l ( r s l , r s 2  : t l n s . r e g . a d d r  ;

o p c o d e  : t l n s . o p c o d e  ) i s
b e g i n

r e g . s l . a d d r  < =  r s l  ;

—  f o r  2DLNS/Binary c o n v e r s i o n  r l f  must  be r ead  to r e g i s t e r  B 
i f  o p c o d e  =  o p . t b c  t h e n

r e g . s 2 . a d d r  < =  t o . u n s i g n e d  ( u n i t y . r e g  , 4  ) ; 
e l s e

r e g . s 2 . a d d r  < =  r s 2  ; 
e n d  i f ;

—  f i l t e r  s p e c i f i c a t i o n s  are r ead to v a r i a b l e s  
i f  o p c o d e  =  o p . f i l t  t h e n

f i l t e r . o r d e r  : =  I R . f i l t e r  . o r d e r  ; 
f i l t e r . c o e f . s y m  : =  I R . f i l t e r . c o e f . s y m  ;
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f i l t e r . b a n d s . s y m  : =  I R . f i l t e r . b a n d s . s y m  ; 
end i f ;

—  r e g i s t e r  f i l e  o u t p u t  r e g i s t e r s  are enab l ed  
a _ e n a b l e  < =  ’ 1 ’ ;
b . e n a b l e  < =  ’ 1 ’ ;

—  PC is i n c r e m e n t e d  
p c . o u t . e n  < =  ’ 1 ’ ; 
c o n s t 2  < =  X” 0 0 0 _ 0 0 1 ” ; 
a l u _ f u n c t i o n  < =  a l u _ a d d u  ;

—  the new va l ue  is w r i t t e n  to PC  
p c . e n a b l e  < =  ’ 1 ’ ;

end p ro ced u re  i n s t r u c t i o n . d e c o d e . l  ;

—  d i s a b l e s  A,  B r e g i s t e r s  and PC  
p ro ced u re  i n s t r u c t i o n _ d e c o d e _ 2  i s  
b e g in

a . e n a b l e  < =  ’0 ’ ;
b . e n a b l e  < =  ’0 ’ ; 
p c . o u t . e n  < =  ’0 ’ ;
c o n s t 2  < =  d i s a b l e d - t l n s - w o r d  ; 
p c . e n a b l e  < =  ’0 ’ ; 

end p ro ced u re  i n s t r u c t i o n _ d e c o d e _ 2  ;

—  r e a d s  the r e g i s t e r s  which c o n t a i n  a d d r e s s e s  f o r  f i l t e r i n g  
p ro ced u re  d o . E X . f i l t . s t a r t . l  i s
b e g in

a . o u t . e n  < =  ’ 1 ’ ;
b . o u t . e n  < =  ’ 1 ’ ;

end p ro ced u re  d o . E X . f i l t . s t a r t . l ;

—  p r e p a r e s  a d d r e s s e s  f o r  f i l t e r i n g  
p ro ced u re  d o . E X . f i l t . s t a r t . 2  is  
b e g in

—  d i s a b l e s  r e g i s t e r s
a . o u t . e n  < =  ’0 ’ ;
b . o u t . e n  < =  ’0 ’ ;

—  w r i t e s  a d d r e s s e s  i n t o  v a r i a b l e s
f i l t . d a t a . a d d r e s s  : =  ” 0 0 0 0 0000000000” & s l . b u s . c o n t e n t  (23 downto

14);
f i l t . c o e f . a d d r e s s  : =  ” 0 0 0 0 0000000000” & s l . b u s . c o n t e n t  (9 downto 0)

f i l t . d a t a . s t a r t  : =  ” 000000 0 0 0 0 0 0 0 0 ” & s 2 _ b u s _ c o n t e n t (9 downto 0 );  
f i l t . d a t a . e n d  : =  ” 000000 0 0 0 0 0 0 0 0 ” & s 2 _ b u s . c o n t e n t  ( 2 3  downto 14);

—  e n a b l e s  both memories
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i r _ m e m _ e n a b l e  < =  ’ 1 ’ ;
m e m . e n a b l e  < =  ’ 1 ’ ;

—  memory a d d r e s s e s  are d e t e r m i n e d  by the c o n t r o l l e r  
m a . m u x . s e l  < =  ’0 ’ ;
i r _ m a _ m u x _ s e l  < =  ’0 ’ ;

—  d e t e r m i n e s  the c o e f f i c i e n t s  ’ a d d r e s s  range  
c o e f . a d d r e s s  : =  u n s i g n e d  ( t o _ b i t v e c t o r  ( f i l t  . c o e f . a d d r e s s  ) )  ; 
t o p _ c o e f _ a d d r e s s  : =  f i l t e r . o r d e r  s r l  1 ; 
c o e f _ e n d _ a d d r e s s  : =  c o e f . a d d r e s s  +  t o p _ c o e f _ a d d r e s s  ;

f i l t e r _ t a p  : =  B ” 0 0 0 0 0 0 0 ” ; 
f i r s t - h a l f  : =  ’ 1 ’ ;

—  s p e c i f i e s  the c o e f f i c i e n t  s ymmet ry  s i g n a l  f o r  the MAC u n i t  
i f  f i l t e r _ b a n d s _ s y m  =  ” 0 1 ” t h e n

c o e f _ n u m b e r  : =  ’ 1 ’ ; 
e l s e

c o e f _ n u m b e r  : =  ’0 ’ ; 
e n d  i f ;
m a c . c o e f n u m  < =  c o e f . n u m b e r  ;

—  a d d r e s s e s  memories  
c t r l _ m e m _ a  < =  f i l t _ d a t a _ a d d r e s s  ;
c t r l _ i r _ m e m _ a  < =  t o . x O l ( b i t . v e c t o r ( c o e f . a d d r e s s ) ) ;  

e n d  p r o c e d u r e  d o _ E X _ f i l t  _ s t a r t _ 2  ;

—  p e r f o r m s  MAC o p e r a t i o n s  
p r o c e d u r e  d o _ E X _ f i l t _ m a c  i s  
b e g i n

—  d i r e c t s  co e f f i c i e n t s  to the da t a  bus 
i r _ i m m e d 2 _ e n  < =  ’ 1 ’ ;
c t r l _ d i r e c t  < =  ’ 1 ’ ;

—  one MAC o p e r a t i o n  is pe r f o r me d  
m a c _ c l r  < =  ’0 ’ ;
a l u _ c l r  < =  ’ 1 ’ ;

f i l t e r _ t a p  : =  f i l t e r . t a p  +  1 ;

—  t o g g l e s  c o e f f i c i e n t  s ymmet ry  s i g n a l  
c o e f - n u m b e r  : =  n o t  c o e f _ n u m b e r  ; 
m a c . c o e f n u m  < =  c o e f . n u m b e r  ;

—  s p e c i f i e s  the n e x t  co e f f i c i e n t  a d d r e s s  
i f  f i l t e r . c o e f . s y m  =  ’0 ’ t h e n

c o e f . a d d r e s s  c o e f . a d d r e s s  +  1; 
e l s e
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i f  c o e f . a d d r e s s  <  c o e f _ e n d _ a d d r e s s  t h e n  
i f  f i r s t - h a l f  =  ’ 1 ’ t h e n

c o e f . a d d r e s s  : =  c o e f . a d d r e s s  +  1; 
e l s e

c o e f . a d d r e s s  : =  c o e f . a d d r e s s  — 1;  
end i f ; 

e l s e
c o e f . a d d r e s s  : =  c o e f . a d d r e s s  -  1;  
f i r s t - h a l f  : =  ’ O ’ ; 

e n d  i f ; 
e n d  i f ;

—  d e t e r m i n e s  the nex t  da t a  a d d r e s s  
f i l t . d a t a . a d d r e s s  : =  f i l t . d a t a . a d d r e s s  — 1 ;
i f  f i l t . d a t a . a d d r e s s  =  f i l t . d a t a . s t a r t  — 1 t h e n  

f i l t . d a t a . a d d r e s s  : =  f i l t . d a t a . e n d  ; 
e n d  i f ;

—  a d d r e s s e s  memories  
c t r l . m e m . a  < =  f i l t . d a t a . a d d r e s s ;
c t r l . i r . m e m . a  < =  t o . x O l  ( b i t . v e c t o r  ( c o e f . a d d r e s s  ) )  ; 

e n d  p r o c e d u r e  d o _ E X _ f i l t . m a c  ;

—  p e r f o r m s  the l a s t  i t e r a t i o n  of  MAC o p e r a t i o n  
p r o c e d u r e  d o . E X _ f i l t . l a s t  i s
b e g i n

—  o u t p u t  m u l t i p l e x e r  is  s e t  and d e s t i n a t i o n  r e g i s t e r  i s  w r i t t e n  
m a c . c h . m u x . s e l  < =  ’0 ’ ;
r e g . d e s t . a d d r  < =  t o . u n s i g n e d  ( o u t p u t . r e g . l  , 4 )  ; 
r e g . w r i t e  < =  ’ 1 ’ ;

—  memories  are d i s a b l e d  
i r . m e m . e n a b l e  < =  ’0 ’ ; 
m e m . e n a b l e  < =  ’0 ’ ;
c t r l . m e m . a  < =  d i s a b l e d . t l n s . w o r d  ; 
c t r l . i r  . m e m . a  < =  d i s a b l e d . t l n s . w o r d  ; 

e n d  p r o c e d u r e  d o _ E X . f i l t . l a s t  ;

—  a l l  c o n t r o l  s i g n a l s  are r e s e t  to t h e i r  d e f a u l t s  
p r o c e d u r e  d o . E X . f i l t . o u t  i s
b e g i n

m a c . c o e f n u m  < =  ’O ’ ; 
i r _ i m m e d 2 _ e n  < =  ’0 ’ ; 
c t r l . d i r e c t  < =  ’ O ’ ; 
r e g . w r i t e  < =  ’0 ’ ; 
m a c . c h . m u x . s e l  < =  ’0 ’ ; 
m a c . c l r  < =  ’ 1 ’ ; 
a 1 u _ c 1 r < =  ’ 0  ’ ; 
i r . m a . m u x . s e l  < =  ’ 1 ’ ;
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m a . m u x . s e l  < =  ’ 1 ’ ; 
end p ro ced u re  d o _ E X _ f i l t _ o u t  ;

—  p e r f o r m s  a s u b t r a c t i o n  f o r  uns i gned  r e l a t i o n a l  i n s t r u c t i o n s  
p ro ced u re  d o . E X . s e t . u n s i g n e d . l  ( i m m e d  : b o o l e a n  ) i s
b e g in

a . o u t . e n  < =  ’ 1 ’ ; 
i f  i m m e d  th e n

i r _ i m m e d 2 _ s i z e _ 1 8  < =  ’0 ’ ; 
i r _ i m m e d 2 _ u n s i g n e d  < =  ’ 1 ’ ; 
i r _ i m m e d 2 _ e n  < =  ’ 1 ’ ; 

e l s e
b . o u t . e n  < =  ’ 1 ’ ; 

end i f ;
a l u . f u n c t i o n  < =  a l u . s u b u  ; 

end p ro ced u re  d o . E X . s e t . u n s i g n e d . l  ;

—  s e t s  the r e s u l t  based on s t a t u s  f l a g s  
p ro ced u re  d o . E X _ s e t _ u n s i g n e d _ 2  ( Rd  : t l n s . r e g . a d d r  ;

i m m e d  : b o o l e a n  ) i s
b e g in

a . o u t . e n  < =  ’0 ’ ; 
i f  i m m e d  th e n

i r . i m m e d 2 . e n  < =  ’0 ’ ; 
e l s e

b . o u t . e n  < =  ’0 ’ ; 
end i f ;

i f  i m m e d  th e n
c a s e  I R _ o p c o d e  i s  

when o p . s e q u i  = >
r e s u l t _ o f . s e t _ i s _ l  : =  a l u _ z e r o  =  ’ 1 ’ ; 

when o p . s n e u i  = >
r e s u 1t _ o f _ s e t - i s - 1  : =  a l u _ z e r o  / =  ’ 1 ’ ;

when o p _ s 11 u  i = >
r e s u l t _ o f - s e t _ i s - l  : =  a l u . o v e r f l o w  =  ’ 1 ’ ; 

when o p . s g t u i  = >
r e s u l t - o f _ s e t _ i s - l  : =  a l u . o v e r f l o w  / =  ’ 1 ’ and a l u . z e r o  f — 

’ 1
when o p  _ s 1 e u  i = >

r e s u l t _ o f _ s e t - i s - l  : =  a l u - o v e r f l o w  =  ’ 1 ’ or a l u . z e r o  =  ’ 1 
when o p . s g e u i  = >

r e s u l t - o f . s e t - i s - l  : =  a l u . o v e r f l o w  / =  ’ 1 ’ ; 
when o t h e r s  =>  

n u l l ; 
end c a s e ; 

e l s e
c a s e  I R . s p . f u n c  i s  

w hen s p . f u n c . s e q u  = >
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r e s u l t - o f _ s e t _ i s - l  
w h e n  s p . f u n c . s n e u  = >  

r e s u l t  _ o f _ s e t  _ i s _1 
w h e n  s p . f u n c - s l t u  = >  

r e s u l t _ o f _ s e t _ i s _ l  
w h e n  s p _ f u n c _ s g t u  = >  

r e s u l t - o f _ s e t - i s . l  
’1

w h e n  s p . f u n c . s l e u  = >  
r e s u l t  _ o f _ s e t  _ i s  _1 

w h e n  s p _ f u n c _ s g e u  = >  
r e s u l t . o f . s e t . i s . l  

w h e n  o t h e r s  = >  
n u l l ; 

e n d  c a s e ; 
e n d  i f ;

—  d o - s e t - r e s u l t ; 
i f  r e s u l t . o f . s e t . i s . l  th en  

c o n s t 2  < =  X ” 0 0 0 . 0 0 1 ” ; 
e l s e

c o n s t 2  < =  X ” 0 0 0 - 0 0 0 ” ; 
e n d  i f ;
a l u - f u n c t i o n  < =  a l u . p a s s _ s 2  ; 
r e g - d e s t _ a d d r  < =  l t d ; 
r e g . w r i t e  < =  ’ 1 ’ ; 

e n d  p r o c e d u r e  d o _ E X _ s e t _ u n s i g n e d _ 2  ;

a l u . z e r o  =  ’ 1 ’ ; 

a l u - z e r o  / =  ’ 1 ’ ; 

a l u - o v e r f l o w  =  ’ 1 ’ ;

a l u - o v e r f l o w  / =  ’ 1 ’ and a l u _ z e r o  / =

a l u - o v e r f l o w  =  ’ 1 ’ or a l u _ z e r o  =  ’ 1 ’ ; 

a l u - o v e r f l o w  / =

—  r e s e t s  s i g n a l s
p r o c e d u r e  d o _ E X _ s e t _ u n s i g n e d _ 3  i s
b e g i n

c o n s t 2  < =  d i s a b l e d - t l n s - w o r d  ; 
r e g . w r i t e  < =  ’0 ’ ; 

e n d  p r o c e d u r e  d o _ E X _ s e t _ u n s i g n e d _ 3  ;

—  p e r f o r m s  a s u b t r a c t i o n  f o r  s i g n e d  r e l a t i o n a l  i n s t r u c t i o n s
p ro ced u re  d o _ E X _ s e t _ s i g n e d _ l  ( i m m e d  : b o o l e a n  ) i s
b e g in

a _ o u t _ e n  < =  ’ 1 ’ ; 
i f  i m m e d  th en

i r _ i m m e d 2 . s i z e . 1 8  < =  ’0 ’ ; 
i r . i m m e d 2 . u n s i g n e d  < =  ’0 ’ ; 
i r . i m m e d 2 _ e n  < =  ’ 1 ’ ; 

e l s e
b . o u t . e n  < =  ’ 1 ’ ;

end i f ;
a l u . f u n c t i o n  < =  a l u . s u b  ; 

end p ro ced u re  d o . E X . s e t . s i g n e d . l  ;
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—  s e t s  the r e s u l t  based on s t a t u s  f l a g s  
p ro ced u re  d o _ E X _ s e t _ s i g n e d _ 2  ( Rd  : t l n s _ r e g _ a d d r  ;

i m m e d  : b o o l e a n  ) i s
b e g in

a . o u t . e n  < =  ’0 ’ ; 
i f  i m m e d  th e n

i r _ i m m e d 2 _ e n  < =  ’O ’ ; 
e l s e

b . o u t . e n  < =  ’0 ’ ; 
end i f ;

i f  i m m e d  th en
c a s e  I R . o p c o d e  i s  

when o p _ s e q  i = >
r e s u l t . o f . s e t . i s . l  : =  a l u . z e r o  =  ’ 1 ’ ; 

when o p . s n e i  —>
r e s u l t . o f . s e t . i s . l  : =  a l u . z e r o  / =  ’ 1 ’ ; 

when o p  _ s 11 i = >
r e s u l t . o f . s e t . i s . l  : =  a l u . n e g a t i v e  =  ’ 1 ’ ; 

when o p . s g t i  —>
r e s u l t . o f . s e t . i s . l  : =  a l u . n e g a t i v e  / =  ’ 1 ’ and a l u . z e r o  / =

’ i
when o p _ s 1 e  i = >

r e s u l t . o f . s e t . i s . l  : =  a l u . n e g a t i v e  =  ’ 1 ’ or a l u . z e r o  =  ’ 1 ’ : 
w hen o p . s g e i  = >

r e s u l t . o f . s e t . i s . l  : =  a l u . n e g a t i v e  / =  ’ 1 ’ ; 
w hen o t h e r s  =>  

n u l l ; 
end c a s e ; 

e l s e
c a s e  I R . s p . f u n c  i s  

when s p . f u n c . s e q  = >
r e s u l t . o f . s e t . i s . l  : =  a l u . z e r o  =  ’ 1 ’ ; 

when s p . f u n c . s n e  = >
r e s u l t . o f . s e t . i s . l  : =  a l u . z e r o  / =  ’ 1 ’ ; 

when s p . f u n c . s l t  = >
r e s u l t . o f . s e t . i s . l  : =  a l u . n e g a t i v e  =  ’ 1 ’ ; 

when s p . f u n c . s g t  = >
r e s u l t . o f . s e t . i s . l  : =  a l u . n e g a t i v e  / =  ’ 1 ’ and a l u . z e r o  / =

’ 1
w hen s p . f u n c . s l e  = >

r e s u l t . o f . s e t . i s . l  : =  a l u . n e g a t i v e  =  ’ 1 ’ or a l u . z e r o  =  ’ 1 ’ ; 
w hen s p . f u n c . s g e  = >

r e s u l t . o f . s e t . i s . l  : =  a l u . n e g a t i v e  / =  ’ 1 ’ ; 
when o t h e r s  => 

n u l l ; 
end c a s e ; 

end  i f :
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—  d o . s  e t - r e s u l t ;
i f  r e s u  11 _ o f _ s e t _ i s _1 t h e n  

c o n s t 2  < =  X ” 0 0 0 _ 0 0 1 ” ; 
e l s e

c o n s t 2  < =  X ” 0 0 0 . 0 0 0 ” ; 
end i f ;
a l u - f u n c t i o n  < =  a l u _ p a s s . s 2  ; 
r e g _ d e s t _ a d d r  < =  Rd  ; 
r e g - w r i t e  < =  ’ 1 ’ ; 

end p ro ced u re  d o _ E X _ s e t - s i g n e d _ 2  ;

—  r e s e t s  s i g n a l s
p ro ced u re  d o _ E X _ s e t - s i g n e d _ 3  is  
b e g in

c o n s t 2  < =  d i s a b l e d . t l n s . w o r d  ; 
r e g . w r i t e  < =  ’0 ’ ;

end p ro ced u re  d o _ E X _ s e t . s i g n e d _ 3  ;

—  p e r f o r m s  MAC o p e r a t i o n
p ro ced u re  d o _ E X _ m a c _ l  ( Rd  : t l n s _ r e g _ a d d r  ) i s  
b e g in

—  r e a d s  operands  f rom r e g i s t e r s  
a . o u t . e n  < =  ’ 1 ’ ;
b _ o u t _ e n  < =  ’ 1 ’ ;

—  a c t i v a t e s  the MAC u n i t  
m a c - d r  < =  ’0 ’ ;
a  1 u  _ c 1 r < =  ’ 1 ’ ;

—  en a b l e s  d e s t i n a t i o n  r e g i s t e r  
r e g _ d e s t _ a d d r  < =  Rd  ; 
r e g . w r i t e  < =  ’ 1 ’ ;

end p ro ced u re  d o - E X _ m a c . l ;

—  c l e a r s  a l l  s i g n a l s  to t h e i r  d e f a u l t s  
p ro ced u re  d o _ E X _ m a c _ 2  i s
b e g in

a . o u t . e n  < =  ’0 ’ ;
b . o u t . e n  < =  ’0 ’ ; 
r e g . w r i t e  < =  ’0 ’ ; 
m a c . c l r  < =  ’ 1 ’ ;
a  1 u  _ c 1 r < =  ’O ’ ; 

end p ro ced u re  d o . E X . m a c . 2 ;

—  p e r f o r m s  b i n a r y  /  2DLNS c o n v e r s i o n  
p ro ced u re  d o . E X . b t c o n v e r t . l  i s  
b e g in

—  r eads  b i na r y  data  f rom r e g i s t e r
a . o u t . e n  < =  ’ 1 ’ ;
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—  a c t i v a t e s  c o n v e r t e r  
a l u _ c l r  < =  ’ 1 ’ ; 
b t c . r e s e t  < =  ’0 ’ ; 
b t c - a c t i v a t e  < =  ’ 1 ’ ;

end p ro ced u re  d o . E X . b t c o n v e r t . l  ;

—  p r e p a r e s  d e s t i n a t i o n  r e g i s t e r
p ro ced u re  d o _ E X _ b t c o n v e r t _ 2  ( Rd  : t l n s _ r e g _ a d d r  ) i s  
b e g in

a . o u t . e n  < =  ’0 ’ ; 
r e g . d e s t . a d d r  < =  R d  ; 
r e g . w r i t e  < =  ’ 1 ’ ; 
b t c . a c t i v a t e  < =  ’O ’ ; 

end p ro ced u re  d o _ E X _ b t c o n v e r t . 2  ;

—  d i s a b l e s  r e g i s t e r  f i l e  
p ro ced u re  d o _ E X . b t c o n v e r t _ 3  i s  
b e g in

r e g . w r i t e  < =  ’O ’ ; 
end p ro ced u re  d o _ E X _ b t c o n v e r t _ 3  ;

—  r e s e t s  c o n t r o l  s i g n a l s  
p ro ced u re  d o _ E X _ b t c o n v e r t _ 4  is  
b e g in

b t c . r e s e t  < =  ’ 1 ’ ; 
a 1 u  _ c 1 r < =  ’ 0  ’ ;

end p ro ced u re  d o _ E X _ b t c o n v e r t _ 4  ;

—  r e a d s  e x t e r n a l  data  i n t o  r e g i s t e r  f i l e  
p ro ced u re  d o . E X . i n p u t . l  ( Rd  : t l n s . r e g . a d d r  ) i s  
b eg in

—  i np u t  r e g i s t e r  is  enab l ed  to r e c e i v e  da t a  
i n . r e g . e n a b l e  < =  ’ 1 ’ ;

—  data  i s  d i r e c t e d  t hrough the ALU to r e g i s t e r  f i l e  
i n . r e g . o u t . e n  < =  ’ 1 ’ ;
a l u . f u n c t i o n  < =  a l u . p a s s . s l  ; 
r e g . d e s t . a d d r  < =  R d  ; 
r e g . w r i t e  < =  ’ 1 ’ ; 

end p ro ced u re  d o . E X . i n p u t . l  ;

—  r e s e t s  c o n t r o l  s i g n a l s  
pro ced u re  d o . E X . i n p u t . 2  is  
b e g in

i n . r e g . e n a b l e  < =  ’0 ’ ; 
i n . r e g . o u t . e n  < =  ’0 ’ ; 
r e g . w r i t e  < =  ’0 ’ ; 

end p ro ced u re  d o _ E X _ i n p u t _ 2  ;
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—  r e a d s  a r e g i s t e r  c o n t e n t  to the o u t p u t  r e g i s t e r  
p r o c e d u r e  d o _ E X _ o u t p u t _ l  i s
b e g i n

b _ o u t _ e n  < =  ’ 1 ’ ; 
o u t . r e g . e n a b l e  < =  ’ 1 ’ ;

e n d  p r o c e d u r e  d o . E X . o u t p u t . l  ;

—  c o n t r o l  s i g n a l s  are r e s e t  
p r o c e d u r e  d o . E X . o u t p u t . 2  i s  
b e g i n

b . o u t . e n  < =  ’0 ’ ; 
o u t . r e g . e n a b l e  < =  ’0 ’ ; 

e n d  p r o c e d u r e  d o . E X . o u t p u t . 2  ;

—  e x e c u t e s  a r i t h m e t i c  and l o g i c  o p e r a t i o n s  on r e g i s t e r  c o n t e n t s  
p r o c e d u r e  d o - E X . a r i t h . l o g i c . l  ( Rd  : t l n s . r e g . a d d r  ) i s
b e g i n

—  r e a d s  operands  f r om r e g i s t e r s
a . o u t . e n  < =  ’ 1 ’ ;
b . o u t . e n  < =  ’ 1 ’ ;

—  s p e c i f i e s  ALU f u n c t i o n  
c a s e  I R . s p . f u n c  i s

w h e n  s p . f u n c . a d d  = >
a l u . f u n c t i o n  < =  a l u . a d d  ; 

w h e n  s p . f u n c . a d d u  = >
a l u . f u n c t i o n  < =  a l u . a d d u  ; 

w h e n  s p . f u n c . s u b  = >
a l u . f u n c t i o n  < =  a l u . s u b  ; 

w h e n  s p . f u n c . s u b u  = >
a l u . f u n c t i o n  < =  a l u . s u b u  ; 

w h e n  s p . f u n c . a n d  = >
a l u . f u n c t i o n  < =  a l u . a n d  ; 

w h e n  s p . f u n c . o r  = >
a l u . f u n c t i o n  < =  a l u . o r  ; 

w h e n  s p . f u n c . x o r  = >
a l u . f u n c t i o n  < =  a l u . x o r  ; 

w h e n  s p . f u n c . s l l  = >
a l u . f u n c t i o n  < =  a l u . s l l  ; 

w h e n  s p . f u n c . s r l  = >
a l u . f u n c t i o n  < =  a l u . s r l  ; 

w h e n  s p . f u n c . s r a  = >
a l u . f u n c t i o n  < =  a l u . s r a  ; 

w h e n  o t h e r s  = >  
n u l l ; 

e n d  c a s e ;

—  d e t e r m i n e s  d e s t i n a t i o n  r e g i s t e r
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r e g . d e s t . a d d r  < =  Rd  ; 
r e g . w r i t e  < =  ’ 1 ’ ; 

end p ro ced u re  d o . E X . a r i t h . l o g i c . l  ;

—  r e s e t s  c o n t r o l  s i g n a l s  
p ro ced u re  d o _ E X . a r i t h _ l o g i c _ 2  is  
b e g in

a . o u t . e n  < =  ’0 ’ ;
b . o u t . e n  < =  ’0 ’ ; 
r e g . w r i t e  < =  ’0 ’ ;

end p ro ced u re  d o _ E X _ a r i t h _ l o g i c _ 2  ;

—  e x e c u t e s  a r i t h m e t i c  and l o g i c  o p e r a t i o n s  on an i mme d i a t e  va l ue  
p ro ced u re  d o . E X . a r i t h . l o g i c . i m m e d . l  ( Rd  : t l n s . r e g . a d d r  ) is  
b e g in

—  r e a d s  one operand f rom r e g i s t e r  
a . o u t . e n  < =  ’ 1 ’ ;

—  j u s t  f o r  a d d i t i o n  and s u b t r a c t i o n  , e x t e n s i o n  i s  s i g n e d  
i f  I R . o p c o d e  =  o p . a d d i  o r  I R . o p c o d e  =  o p . s u b i  
t h e n

i r _ i m m e d 2 . u n s i g n e d  < =  ’0 ’ ;
e l s e

i r _ i m m e d 2 . u n s i g n e d  < =  ’ 1 ’ ; 
end i f ;

—  e x t e n d s  10—b i t  i mme d i a t e  va l ue  
i r _ i m m e d 2 . s i z e . l 8 < =  ’0 ’ ; 
i r _ i m m e d 2 _ e n  < =  ’ 1 ’ ;

—  s p e c i f i e s  ALU f u n c t i o n  
c a s e  I R . o p c o d e  is

w hen o p . a d d i  = >
a l u . f u n c t i o n  < =  a l u . a d d  ; 

w hen o p . s u b i  = >
a l u . f u n c t i o n  < =  a l u . s u b  ; 

when o p . a d d u i  = >
a l u . f u n c t i o n  < =  a l u . a d d u  ; 

when o p . s u b u i  = >
a l u . f u n c t i o n  < =  a l u . s u b u  ; 

when o p . a n d i  = >
a l u . f u n c t i o n  < =  a l u . a n d  ; 

when o p . o r i  = >
a l u . f u n c t i o n  < =  a l u . o r  ; 

w hen o p . x o r i  = >
a l u . f u n c t i o n  < =  a l u . x o r  ; 

w hen o  p _ s 11 i = >
a l u . f u n c t i o n  < =  a l u . s l l  ; 

w hen o p .  s r 1 i = >
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a l u - f u n c t i o n  < =  a l u . s r l  ; 
w h e n  o p . s r a i  = >

a l u - f u n c t i o n  < =  a l u . s r a  ; 
w h e n  o t h e r s  = >  

n u l l ; 
e n d  c a s e ;

—  d e t e r m i n e s  d e s t i n a t i o n  r e g i s t e r  
r e g . d e s t . a d d r  < =  Rd ;
r e g . w r i t e  < =  ’ 1 ’ ;

e n d  p r o c e d u r e  d o . E X . a r i t h . l o g i c . i m m e d . l  ;

—  r e s e t s  c o n t r o l  s i g n a l s  
p r o c e d u r e  d o _ E X _ a r i t h _ l o g i c . i m m e d . 2  i s  
b e g i n

a . o u t . e n  < =  ’0 ’ ; 
i r . i m m e d 2 . e n  < =  ’0 ’ ; 
r e g . w r i t e  < =  ’0 ’ ; 

e n d  p r o c e d u r e  d o _ E X _ a r i t h _ l o g i c _ i m m e d _ 2  ;

—  w r i t e s  the PC c o n t e n t  to r l 5
p r o c e d u r e  d o . E X . l i n k . l  ( Rd  : t l n s . r e g . a d d r  ) i s  
b e g i n

p c . o u t . e n  < =  ’ 1 ’ ; 
a l u - f u n c t i o n  < =  a l u . p a s s . s l  ; 
r e g . d e s t . a d d r  < =  Rd ; 
r e g . w r i t e  < =  ’ 1 ’ ; 

e n d  p r o c e d u r e  d o . E X . l i n k . l  ;

—  c l e a r s  s i g n a l s  to t h e i r  d e f a u l t s  
p r o c e d u r e  d o _ E X _ l i n k _ 2  i s
b e g i n

p c . o u t . e n  < =  ’0 ’ ; 
r e g . w r i t e  < =  ’0 ’ ; 

e n d  p r o c e d u r e  d o _ E X . l i n k _ 2  ;

—  l o a d s  a 10—b i t  i mme d i a t e  va l ue  to a r e g i s t e r  
p r o c e d u r e  d o . E X . l h i . l  ( Rd  : t l n s . r e g . a d d r  ) i s  
b e g i n

—  the  i mme d i a t e  va l ue  i s  uns i gned  e x t e n d e d  
i r . i m m e d l _ s i z e _ 1 8  < =  ’0 ’ ;
i r . i m m e d l . u n s i g n e d  < =  ’ 1 ’ ; 
i r . i m m e d l . e n  < =  ’ 1 ’ ;

—  i t  i s  s h i f t e d  to l e f t  by I f  b i t s  
c o n s t 2  < = X ” 0 0 0 _ 0 0 E ” ; 
a l u - f u n c t i o n  < =  a l u . s l l  ;

—  s h i f t e d  va l ue  is w r i t t e n  to d e s t i n a t i o n  r e g i s t e r
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r e g . d e s t . a d d r  < =  Rd ; 
r e g . w r i t e  < =  ’ 1 ’ ;

end p ro ce d u r e  d o . E X . l h i . l  ;

—  d i s a b l e s  c o n t r o l  s i g n a l s  
p r o c e d u re  d o . E X . l h i . 2  i s  
b e g i n

i r . i m m e d l . e n  < =  ’0 ’ ;
c o n s t 2  < =  d i s a b l e d . t l n s . w o r d  ; 
r e g . w r i t e  < =  ’0 ’ ; 

end p ro ce d u re  d o . E X _ l h i _ 2  ;

—  r e a d s  a r e g i s t e r  c o n t e n t  to the ALU 
p ro c e d u re  d o . E X . b r a n c h . l  i s
b e g i n

a . o u t . e n  < =  ’ 1 ’ ;
a l u - f u n c t i o n  < =  a l u . p a s s . s l  ; 

end p ro c e d u re  d o . E X . b r a n c h . l  ;

—  branch is t aken based on z e r o  f l a g  
p ro ce d u re  d o _ E X _ b r a n c h _ 2  i s
b eg in

a . o u t . e n  < =  ’0 ’ ;
i f  I R . o p c o d e  =  o p . b e q z  th en

b r a n c h . t a k e n  : =  a l u . z e r o  =  ’ 1 ’ ; 
e l s e

b r a n c h . t a k e n  : =  a l u . z e r o  / =  ’ 1 ’ ; 
end i f ;

end p ro ce d u re  d o . E X . b r a n c h . 2  ;

—  s p e c i f i e s  memory a d d r e s s  f o r  l oad and s t o r e  i n s t r u c t i o n s  
p ro ce d u re  d o . E X . l o a d . s t o r e . l  i s
b e g i n

—  r e a d s  the c o n t e n t  of  s o u r c e  r e g i s t e r  
a . o u t . e n  < =  ’ 1 ’ ;

—  the  i mme d i a t e  va l ue  is  s i gn  e x t e n d e d  
i r _ i m m e d 2 _ s i z e _ 1 8  < =  ’O ’ ; 
i r _ i m m e d 2 _ u n s i g n e d  < =  ’0 ’ ; 
i r _ i m m e d 2 _ e n  < — ’ 1 ’ ;

—  the r e g i s t e r  c o n t e n t  and e x t e n d e d  va l ue  are added  
a l u . f u n c t i o n  < =  a l u . a d d  ;

—  memory a d d r e s s  r e g i s t e r  r e c e i v e s  the a d d r e s s  
m a r . e n a b l e  < =  ’ 1 ’ ;
m a . m u x . s e l  < =  ’ 1 ’ ; 

end p ro ce d u r e  d o . E X . l o a d . s t o r e . l  ;
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—  c o n t r o l  s i g n a l s  are r e s e t  
p r o c e d u r e  d o _ E X . l o a d _ s t o r e _ 2  i s  
b e g i n

a . o u t . e n  < =  ’0 ’ ;
i r _ i m m e d 2 _ e n  < =  ’0 ’ ; 
m a r . e n a b l e  < =  ’0 ’ ; 

e n d  p r o c e d u r e  d o . E X . l o a d - s t o r e . 2  ;

—  s p e c i f i e s  a new a d d r e s s  f o r  PC  
p r o c e d u r e  d o _ M E M _ ju m p _ l  i s
b e g i n

—  r eads  the PC c o n t e n t  
p c _ o u t _ e n  < =  ’ 1 ’ ;

—  the 18— b i t  i mme d i a t e  va l ue  i s  s i gn  e x t e n d e d  
i r _ i m m e d 2 _ s i z e _ 1 8  < =  ’ 1 ’ ; 
i r _ i m m e d 2 _ u n s i g n e d  < =  ’O ’ ;
i r _ i m m e d 2 _ e n  < =  ’ 1 ’ ;

—  the  PC c o n t e n t  and i mmedi a t e  va l ue  are added  
a l u . f u n c t i o n  < =  a l u . a d d  ;

—  the new a d d r e s s  i s  w r i t t e n  to PC  
p c . e n a b l e  < =  ’ 1 ’ ;

e n d  p r o c e d u r e  d o _ M E M _ j u m p _ l ;

—  c o n t r o l  s i g n a l s  are r e s e t  to t h e i r  d e f a u l t s  
p r o c e d u r e  do_M EM _ju mp_ 2  i s
b e g i n

p c . o u t . e n  < =  ’0 ’ ;
i r _ i m m e d 2 _ e n  < =  ’0 ’ ; 
p c . e n a b l e  < =  ’0 ’ ; 

e n d  p r o c e d u r e  d o . M E M . j u m p . 2  ;

—  the new a d d r e s s  f o r  PC is a r e g i s t e r  c o n t e n t  
p r o c e d u r e  d o . M E M . j u m p . r e g . l  i s
b e g i n

a . o u t . e n  < =  ’ 1 ’ ; 
a l u - f u n c t i o n  < =  a l u . p a s s . s l  ; 
p c . e n a b l e  < =  ’ 1 ’ ; 

e n d  p r o c e d u r e  d o . M E M . j u m p . r e g . l ;

—  r e s e t s  s i g n a l s  
p r o c e d u r e  d o . M E M . j u m p . r e g . 2  i s  
b e g i n

a . o u t . e n  < =  ’0 ’ ; 
p c . e n a b l e  < =  ’0 ’ ; 

e n d  p r o c e d u r e  d o . M E M . j u m p . r e g - 2  ;
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—  s p e c i f i e s  a new a d d r e s s  f o r  PC 
p r o c e d u r e  d o _ M E M _ b r a n c h _ l  i s  
b e g i n

—  r e a d s  the PC c o n t e n t  
p c . o u t . e n  < =  ’ 1 ’ ;

—  the 10—b i t  i mme d i a t e  va l ue  i s  s i gn  e x t e n d e d  
i r _ i m m e d 2 _ s i z e _ 1 8  < =  ’0 ’ ;
i r _ i m m e d 2 _ u n s i g n e d  < =  ’0 ’ ; 
i r _ i m m e d 2 _ e n  < =  ’1 ’ ;

—  the PC c o n t e n t  and i mmed i a t e  va l ue  are added  
a l u - f u n c t i o n  < =  a l u . a d d  ;

—  the  new a d d r e s s  i s  w r i t t e n  to PC  
p c . e n a b l e  < =  ’ 1 ’ ;

e n d  p r o c e d u r e  d o . M E M . b r a n c h . l ;

—  c o n t r o l  s i g n a l s  are r e s e t  to t h e i r  d e f a u l t s  
p r o c e d u r e  d o . M E M . b r a n c h . 2  i s
b e g i n

p c . o u t . e n  < =  ’O ’ ; 
i r _ i m m e d 2 . e n  < =  ’0 ’ ; 
p c . e n a b l e  < =  ’0 ’ ;

e n d  p r o c e d u r e  d o _ M E M _ b r a n c h _ 2 ;

—  l oads  a r e g i s t e r  wi th  a da t a  which is r ead  f r om memory  
p r o c e d u r e  d o . M E M . l o a d . l  i s
b e g i n

i f e t c h  < =  ’0 ’ ; 
m e m . w r i t e . e n  < =  ’0 ’ ;

—  memory is  enab l ed  
m e m . e n a b l e  < =  ’ 1 ’ ;

—  the  ALU d i r e c t s  the read dat a  to the d e s t i n a t i o n  bus 
a l u . f u n c t i o n  < =  a l u . p a s s . s l  ;

e n d  p r o c e d u r e  d o . M E M . l o a d . l ;

—  d e s t i n a t i o n  r e g i s t e r  is  w r i t t e n
p r o c e d u r e  d o . M E M . l o a d . 2 ( Rd  : t l n s . r e g . a d d r  ) i s  
b e g i n

m e m . e n a b l e  < =  ’0 ’ ;
r e g . d e s t . a d d r  < =  Rd  ; 
r e g . w r i t e  < =  ’ 1 ’ ; 

e n d  p r o c e d u r e  d o . M E M . l o a d . 2 ;

—  s t o r e s  a r e g i s t e r  c o n t e n t  i n t o  the da t a  memory  
p r o c e d u r e  d o . M E M . s t o r e . l  i s
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b e g i n
—  r eads  c o n t e n t  of  B r e g i s t e r  
b _ o u t _ e n  < =  ’ 1 ’ ;

—  the ALU d i r e c t s  data  to the d e s t i n a t i o n  bus 
a l u . f u n c t i o n  < =  a l u . p a s s . s 2  ;

i f e t c h  < =  ’0 ’ ;

—  memory i s  enab l ed  to be w r i t t e n  
m e m . w r i t e . e n  < =  ’1 ’ ; 
m e m . e n a b l e  < =  ’ 1 ’ ;

end p ro cedu re  d o . M E M . s t o r e . 1;

b e g i n  —  s e q u e n c e r  
i f  r e s e t  =  ’1 ’ th en

—  i n i t i a l i z e  a l l  c o n t r o l  s i g n a l s

h a l t  < =  ’0 ’ ; 
i r  . m e m . e n a b l e  < =  ’0 ’ ; 
i f e t c h  < =  ’ 0 ’ ; 
a l u . f u n c t i o n  < =  a l u . a d d  ; 
r e g . s l . a d d r  < = B ” 0 0 0 0 ” ; 
r e g _ s 2 _ a d d r  < = B ” 0 0 0 0 ” ; 
r e g . d e s t . a d d r  < =  B ” 0 0 0 0 ” ; 
r e g . w r i t e  < =  ’0 ’ ;
a . e n a b l e  < =  ’0 ’ ;
a . o u t . e n  < =  ’0 ’ ;
b . e n a b l e  < =  ’0 ’ ;
b . o u t . e n  < =  ’0 ’ ; 
p c . e n a b l e  < =  ’0 ’ ; 
p c . o u t . e n  < =  ’0 ’ ; 
m a r . e n a b l e  < =  ’0 ’ ; 
i r . i m m e d l _ s i z e _ 1 8  < =  ’0 ’ ; 
i r . i m m e d 2 _ s i z e _ 1 8  < =  ’0 ’ ; 
i r . i m m e d l . u n s i g n e d  < =  ’0 ’ ; 
i r _ i m m e d 2 _ u n s i g n e d  < =  ’0 ’ ; 
i r . i m m e d l . e n  < =  ’0 ’ ; 
i r _ i m m e d 2 _ e n  < =  ’0 ’ ;
c o n s t 2  < =  d i s a b l e d . t l n s . w o r d  ; 
m e m . w r i t e . e n  < =  ’0 ’ ; 
m e m . e n a b l e  < =  ’0 ’ ; 
m a c . c l r  < =  ’ 1 ’ ; 
a l u . c l r  < =  ’ O ’ ; 
b t c . r e s e t  < =  ’ 1 ’ ; 
b t c . a c t i v a t e  < =  ’ O ’ ;
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i n . r e g . e n a b l e  < =  ’ O ’ ;
i n . r e g . o u t . e n  < =  ’ O ’ ;
o u t . r e g . e n a b l e  < =  ’O ’ ;
m a . m u x . s e l  < =  ’ 1 ’ ;
i r _ m a . m u x . s e l  < =  ’ 1 ’ ;
c t r l . m e m . a  < =  d i s a b l e d . t l n s . w o r d  ;
c t r l . i r . m e m . a  < =  d i s a b l e d . t l n s . w o r d  ;
c t r l . d i r e c t  < =  ’ O ’ ;
m a c . c h . m u x . s e l  < =  ’O ’ ;
m a c . c o e f n u m  < =  ’ O ’ ;
m a c . e v e n s y m  < =  ’ O ’ ;
s t a t e  < =  s i  ;

e l s i f  r i s i n g . e d g e  ( e l k  ) t h e n

c o n t r o l  loop

c a s e  s t a t e  i s

f e t c h  nex t  i n s t r u c t i o n  (IF)

w h e n  s i  = >  b u s . i n s t r u c t i o n . f e t c h . l  ;
s t a t e  < =  s l . a  ;

w h e n  s l . a  = >  b u s  . i n s t r u c t  i o n  . f e t c h  . 2  ; 
s t a t e  < =  s2  ;

—  i n s t r u c t i o n  decode , s o u r c e  r e g i s t e r  r ead  and PC i nc r e me n t  ( 
ID)

w h e n  s 2  = >  i n s t r u c t i o n  . d e c o d e  . 1  ( I R . r s l  , I R . r s 2  , I R . o p c o d e )  

s t a t e  < =  s 2 _ a  ; 

w h e n  s 2 _ a  = >  i n s t r u c t i o n . d e c o d e . 2  ;
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c a s e  I R . o p c o d e  i s
w h e n  o p  . s p e c i a l  = >

c a s e  I R . s p . f u n c  i s

w h e n  s p . f u n c . n o p  = >  
n u l l  ;
s t a t e  < =  s i  ;

w h e n  s p . f u n c . m u l t  = >
d o . E X . m a c . l  ( I R . R t y p e . r d ) ; 
s t a t e  < =  s 3  ;

w h e n  s p . f u n c . h a l t  = >  
s t a t e  < =  s 2 4  ;

w h e n  s p . f u n c . a d d  | s p . f u n c . a d d u
[ s p . f u n c . s u b  | s p . f u n c . s u b u  
| s p . f u n c . s l l  | s p . f u n c . s r l  
| s p . f u n c . s r a  | s p . f u n c . a n d  
| s p . f u n c . o r  | s p . f u n c . x o r  = >  
d o . E X . a r i t h . l o g i c . l  ( 

I R . R t y p e . r d ) ; 
s t a t e  < =  s 6  ;

w h e n  s p . f u n c . s e q u  | s p . f u n c . s n e u
| s p . f u n c . s l t u  | s p . f u n c . s g t u  
| s p . f u n c . s l e u  | s p . f u n c . s g e u

= >
d o . E X . s e t . u n s i g n e d . l  (im m ed  = >  

f a l s e ) ; 
s t a t e  < =  s 7  ;

w h e n  s p . f u n c . s e q  | s p . f u n c . s n e
| s p . f u n c . s l t  | s p . f u n c . s g t  
| s p . f u n c . s l e  | s p . f u n c . s g e  = >  
d o . E X . s e t . s i g n e d . l  ( i m m e d  = >  

f a l s e  ) ; 
s t a t e  < =  s 8  ;

w h e n  o t h e r s  = >  
n u l l ;
s t a t e  < =  s i  ;

e n d  c a s e ;

w h e n  o p . b t c  = >
d o . E X . b t c o n v e r t . l  ; 
s t a t e  < =  s 4  ;
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w h e n  o p _ t b c  = >
d o _ E X _ m a c _ l  ( I R _ I t y p e _ r  d ) ; 
s t a t e  < =  s5  ;

w h e n  o p . f i l t  = >
—  the t ype  o f  s ymmet r y  is  s p e c i f i e d  
i f  f i l t e r _ b a n d s _ s y m  =  ” 0 1 ” t h e n  

m a c - e v e n s y m  < =  ’ 1 ’ ;
e l s i f  f i l t e r - b a n d s - s y m  =  ” 1 0 ” t h e n  

m a c . e v e n s y m  < =  ’0 ’ ; 
e n d  i f ;

d o . E X . f i l t . s t a r t . l  ; 
s t a t e  < =  s 9  ;

w h e n  o p _ j  = >
s t a t e  < =  s l l  ;

w h e n  o p . j a l  = >
d o _ E X _ l i n k _ l (  t o . u n s i g n e d  ( l i n k . r e g  , 4 ) ) ;  
s t a t e  < =  s i 2 ;

w h e n  o p  _ j r = >
s t a t e  < =  s l 3  ;

w h e n  o p . j a l r  = >
d o . E X . l i n k . l  ( t o . u n s i g n e d  ( l i n k . r e g  , 4 ) ) ;  
s t a t e  < =  s l 4  ;

w h e n  o p . b e q z  | o p . b n e z  = >  
d o . E X . b r a n c h . l  ; 
s t a t e  < =  s i 5 ;

w h e n  o p . a d d i  | o p . s u b i  | o p . a d d u i  | o p . s u b u i
| o p . s l l i  | o p . s r l i  | o p . s r a i
| o p . a n d i  | o p . o r i  | o p . x o r i  = >  
d o . E X . a r i t h . l o g i c . i m m e d . l  ( I R . I t y p e . r d )  ; 
s t a t e  < =  s l 6  ;

w h e n  o p . l h i  = >
s t a t e  < =  s l 7  ;

w h e n  o p . s e q u i  | o p . s n e u i  | o p . s l t u i
| o p . s g t u i  | o p . s l e u i  | o p . s g e u i  = >  
d o . E X . s e t . u n s i g n e d . l  ( im m e d  = >  t r u e ) ;  
s t a t e  < =  s l 8  ;

w h e n  o p . s e q i  | o p . s n e i  | o p . s l t i
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| o p . s g t i  | o p _ s l e i  | o p _ s g e i  = >  
d o - E X _ s e t _ s i g n e c L l  ( i m m e d  = >  t r u e ) ;  
s t a t e  < =  s i 9 ;

when o p - l w  = >
d o - E X _ l o a d _ s t o r e _ l  ; 
s t a t e  < =  s 2 0  ;

when o p - s w  = >
d o _ E X _ l o a d _ s t o r e _ l  ; 
s t a t e  < =  s 2 1  ;

when o p . i n p t  = >
d o _ E X . i n p u t . I  ( I R _ I t y p e _ r d )  ; 
s t a t e  < =  s 2 2  ;

when o p - o u p t  = >
d o _ E X _ o u t p u t _ l  ; 
s t a t e  < =  s 2 3  ;

when o t h e r s  =>  
n u l l ;
s t a t e  < =  s i  ;

end c a s e ;

—  e x e c u t e  i n s t r u c t i o n  , (EX, MEM, WB)

w h e n  s 3 = >  d o _ E X _ m a c _ 2  ; 
s t a t e  < =  s 1

w h e n  s 4  = >  d o _ E X - b t c o n v e r t _ 2  ( I R _ I t y p e _ r d  ) ;
s t a t e  < =  s 4 _ a ;

w h e n  s 4 _ a  —>  —  remai ns  here  whi l e  c o n v e r s i o n  i s  in p r o c e s s
i f  b t c . r e a d y  =  ’0 ’ t h e n  

s t a t e  < =  s 4 _ a ; 
e l s e

d o _ E X _ b t c o n v e r t - 3  ; 
s t a t e  < =  s 4 _ b ; 

e n d  i f ;

w h e n  s 4 _ b  = >  d o _ E X . b t c o n v e r t _ 4
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w h e n  s5

w h e n  s6

w h e n  s 7

w h e n  s 7 _ a

w h e n  s8

w h e n  s 8 . a

w h e n  s 9

w h e n  s 9 _ a

w h e n  s 9 _ b

w h e n  s 9 _ c

s t a t e  < =  s i ;

= >  d o _ E X _ m a c _ 2  ; 
s t a t e  < =  s i  ;

= >  d o _ E X _ a r i t h _ l o g i c _ 2  ; 
s t a t e  < =  s i  ;

= >  d o . E X . s e t _ u n s i g n e d - 2  ( I R . R t y p e . r d  , f a l s e ) ;  
s t a t e  < =  s 7 _ a  ;

= >  d o _ E X _ s e t _ u n s i g n e d _ 3  ; 
s t a t e  < =  s 1 ;

= >  d o _ E X _ s e t _ s i g n e d _ 2  ( I R . R t y p e . r d  , f a l s e ) ;  
s t a t e  < =  s 8 . a  ;

= >  d o - E X _ s e t - s i g n e d - 3  ; 
s t a t e  < =  s i  ;

= >  d o _ E X _ f i l t _ s t a r t _ 2  ; 
s t a t e  < =  s 9 _ a  ;

= >  d o . E X . f i l t . m a c  ;
—  MAC o p e r a t i o n  c o n t i n u e s  f o r  a l l  

c o e f f i c i e n t s  
i f  f i l t e r . t a p  <  f i l t e r . o r d e r  th en  

s t a t e  < =  s 9 . a  ; 
e l s e

d o _ E X . f i l t . l a s t  ; 
s t a t e  < =  s 9 . b  ; 

end i f ;

= >  —  checks  i f  f i l t e r s  are s ymme t r i c  
i f  f i l t e r . b a n d s . s y m  =  ” 0 0 ” or  

f i l t e r . b a n d s . s y m  =  ” 11” th en  
d o . E x . f i l t . o u t  ; 
s t a t e  < =  s i  ; 

e l s e
—  s e t s  s i g n a l s  to w r i t e  the  dual  f i l t e r  

o u t p u t
m a c . c h . m u x . s e l  < =  ’ 1 ’ ;
r e g . d e s t . a d d r  < =  t o . u n s i g n e d  ( o u t p u t _ r e g _ 2  ,

4 )  ;
s t a t e  < =  s 9 . c  ; 

end i f ;

= >  d o _ E x . f i l t . o u t  ; 
s t a t e  < =  s i  ;
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w h e n

w h e n

w h e n

w h e n

w h e n

when

when

w h e n

w h e n

w h e n

when

w h e n

w h e n

when

s l l  = >  d o _ M E M _ j u m p _ l ;
s t a t e  < =  s l l _ a  ;

s l l - a  = >  d o _ M E M _ j u m p _ 2 ;
s t a t e  < =  s i  ;

s l 2  = >  d o _ E X _ l i n k _ 2  ;
s t a t e  < =  s l 2 _ a  ;

s l 2 _ a  = >  d o _ M E M _ j u m p _ l ;
s t a t e  < =  s l 2 _ b  ;

s l 2 _ b  = >  d o _ M E M _ j u m p _ 2 ;
s t a t e  < =  s i  ;

s l 3  = >  d o - M E M _ j u m p _ r e g _ l ;
s t a t e  < =  s l 3 . a  ;

s l 3 _ a  = >  d o _ M E M _ j u m p _ r e g _ 2 ; 
s t a t e  < =  s i  ;

s l 4  = >  d o _ E X _ l i n k . 2  ;
s t a t e  < =  s l 4 _ a  ;

s l 4 _ a  = >  d o _ M E M _ j u m p _ r e g _ l ;
s t a t e  < =  s l 4 _ b  ;

s l 4 _ b  = >  d o _ M E M _ j u m p _ r e g - 2 ; 
s t a t e  < =  s i  ;

s l 5  = >  d o _ E X - b r a n c h - 2  ;
—  d e t e r m i n e s  the n e x t  s t a t e  in a branch  

i n s t r u c t i o n  
i f  b r a n c h . t a k e n  th en  

s t a t e  < =  s l 5 _ a  ; 
e l s e

s t a t e  < =  s i  ; 
end i f ;

s l 5 _ a  = >  d o _ M E M _ b r a n c h _ l ;
s t a t e  < =  s l 5 _ b  ;

s l 5 _ b  = >  d o _ M E M _ b r a n c h _ 2 ;
s t a t e  < =  s i  ;

s l 6  = >  d o _ E X _ a r i t h - l o g i c _ i m m e d _ 2  ; 
s t a t e  < =  s i  ;
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w h e n  s l 7

w h e n  s l 7 _ a

w h e n  s l 8
t r u e ) ;

w h e n  s l 8 _ a  

w h e n  s 19

w h e n  s l 9 _ a  

w h e n  s 2 0

w h e n  s 2 0 _ a  

w h e n  s 21

w h e n  s 2 2

w h e n  s 2 3

w h e n  s 2 4

w h e n  s 2 5

w h e n  o t h e r s  

e n d  c a s e ; 

e n d  i f ;

—>  d o _ E X _ l h i _ l  ( I R _ I t y p e _ r d ) ; 
s t a t e  < =  s l 7 _ a  ;

= >  d o _ E X _ l h i _ 2  ; 
s t a t e  < =  s 1 ;

= >  d o _ E X _ s e t _ u n s i g n e d _ 2  ( I R _ I t y p e _ r d  , im m ed  = >

s t a t e  < =  s l 8 . a  ;

= >  d o _ E X _ s e t _ u n s i g n e d _ 3  ; 
s t a t e  < =  s i  ;

= >  d o _ E X _ s e t _ s i g n e d _ 2  ( I R _ I t y p e _ r d  , im m ed  = >  t r u e )

s t a t e  < =  s l 9 _ a  ;

= >  d o _ E X _ s e t _ s i g n e d _ 3  ; 
s t a t e  < =  s i  ;

= >  d o _ E X _ l o a d _ s t o r e _ 2  ; 
d o _ M E M  J o a d - 1 ; 
s t a t e  < =  s 2 0 _ a  ;

= >  d o _ M E M _ l o a d _ 2  ( I R . I t y p e . r d ) ; 
s t a t e  < =  s i  ;

= >  d o _ E X _ l o a d _ s t o r e _ 2  ; 
d o _ M E M _ s t o r e _ l ; 
s t a t e  < =  s i  ;

= >  d o . E X  J n p u t . 2  ; 
s t a t e  < =  s i  ;

= >  d o _ E X _ o u t p u t - 2  ; 
s t a t e  < =  s i  ;

=> n u l l ;
s t a t e  < =  s i  ;

= >  h a l t  < — ’ 1 ’ ; 
s t a t e  < =  s 2 5  ;

=> n u l l ;
s t a t e  < =  s i  ;
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end p r o c e s s  s e q u e n c e r ; 

end a r c h i t e c t u r e  b e h a v i o r  ;

A .3 TLN S C P U  Test

This section contains the VHDL files of CPU test bench module and its components. 

These files also include some structures which are added to the CPU test bench for 

filter bank application.

A .3.1 The TLNS C PU  Test Bench

This code is the top module of test bench model. The test bench includes instances 

of the TLNS CPU, the instruction and data memories, the clock generator, and the 

input data reader.

l i b r a r y  i e e e  ;
use  i e e e  . s t d . l o g i c . l  1 6 4  . a l l  , 

i e e e . s t c L l o g i c - t e x t i o . a l l ;

l i b r a r y  w o r k ;  
use  w o r k . t l n s - t y p e s  . a l l  , 

w o r k . n u m e r i c _ b i t  . a l l  ;

use s t d  . t e x t i o  . a l l  ;

e n t i t y  t l n s . t e s t  i s

end e n t i t y  t l n s . t e s t ;

a r c h i t e c t u r e  b e n c h  o f  t l n s . t e s t  i s

—  The I nput  Data Reader  
component  i n p u t  . g e n  i s

p o r t  ( e l k  : in  s t d . l o g i c  ;
d a t a . i n  : o u t  e x t e r n a l . d a t a ; 
o u t . e n  : in  s t d . l o g i c  ) ;  

end component  i n p u t . g e n ;
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—  The Clock G e n e r a t o r  
c o m p o n e n t  c l o c k . g e n  i s

g e n e r i c  ( T c l k  : d e l a y . l e n g t h  : =  20  n s  ) ;
p o r t  ( e l k  : o u t  s t d . l o g i c  ;

r e s e t  : o u t  s t d . l o g i c  ) ;  
e n d  c o m p o n e n t  c l o c k . g e n  ;

—  The I n s t r u c t i o n  Memory 
c o m p o n e n t  m em o ry  i s

g e n e r i c  ( m e m . s i z e  : p o s i t i v e  : =  1 0 2 4 ;
T a c . f i r s t  : d e l a y . l e n g t h  : =  70  n s ;
T p d . c l k . o u t  : d e l a y . l e n g t h  : =  2 n s  ) ;

p o r t  ( e l k  : i n  s t d . l o g i c  ;
a  : i n  t l n s . b u s . w o r d ; 
d : o u t  t l n s . b u s . w o r d ;  
i r . m e m . e n a b l e  : i n  s t d . l o g i c  ) ; 

e n d  c o m p o n e n t  m em o ry ;

—  The Data Memory  
c o m p o n e n t  d a t a . m e m o r y  i s

g e n e r i c  ( d a t a . m e m o r y . s i z e  : p o s i t i v e  : =  1 0 2 4 )  ; 
p o r t  ( e l k  : i n  s t d . l o g i c  ;

m e m .a  : i n  m e m . b u s . a d d r ; 
m e m . d . i n  : i n  t l n s . b u s . w o r d ; 
m e m .d .o u t  : o u t  t l n s . b u s . w o r d ;  
m e m . w r i t e . e n  : i n  s t d . l o g i c  ; 
m e m . e n a b l e  : i n  s t d . l o g i c  ) ; 

e n d  c o m p o n e n t  d a t a . m e m o r y ;

—  The TLNS CPU 
c o m p o n e n t  t i n s  i s

p o r t  ( e l k  : i n  s t d . l o g i c ;
r e s e t  : i n  s t d . l o g i c ; 
h a l t  : o u t  s t d . l o g i c  ; 
i n p u t . d a t a  : i n  e x t e r n a l . d a t a ; 
o u t p u t . d a t a  : o u t  t l n s . b u s . w o r d ;  
a  : o u t  t l n s . b u s . w o r d ; 
d : i n  t l n s . b u s . w o r d ;  
i f e t c h  : o u t  s t d . l o g i c  ; 
i r . m e m . e n a b l e  : o u t  s t d . l o g i c  ; 
m e m .a  : o u t  m e m . b u s . a d d r ; 
m e m .d .o u t  : i n  t l n s . b u s . w o r d ;  
m e m . d . i n  : o u t  t l n s . b u s . w o r d ;  
m e m . w r i t e . e n  : o u t  s t d . l o g i c  ; 
o u t p u t . e n a b l e  : o u t  s t d . l o g i c  ; 
m e m . e n a b l e  : o u t  s t d . l o g i c  ) ; 

e n d  c o m p o n e n t  t i n s  ;
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s i g n a l  e l k  : s t d . l o g i c ;  
s i g n a l  r e s e t  : s t d . l o g i c  ; 
s i g n a l  a  : t l n s . b u s . w o r d ;  
s i g n a l  d : t l n s . b u s . w o r d ;  
s i g n a l  h a l t  : s t d . l o g i c  ;
s i g n a l  i r . m e m . e n a b l e ,  i f e t c h  : s t d . l o g i c ;
s i g n a l  m e m .a  : m e m . b u s . a d d r ;
s i g n a l  m e m .d . in  : t l n s . b u s . w o r d ;
s i g n a l  m e m .d .o u t  : t l n s . b u s . w o r d ;
s i g n a l  m e m . e n a b l e ,  m e m . w r i t e . e n  : s t d . l o g i c ;
s i g n a l  d a t a . i n  : e x t e r n a l . d a t a ;
s i g n a l  d a t a . o u t  : t l n s . b u s . w o r d ;
s i g n a l  o u t . e n  : s t d . l o g i c  ;
s i g n a l  s y n c  : s t d . l o g i c  ;

b e g i n

—  The component  i n s t a n t i a t i o n s

i n p u t  : c o m p o n e n t  i n p u t - g e n
p o r t  m a p  ( e l k  = >  e l k  , d a t a . i n  = >  d a t a . i n  , o u t . e n  = >  s y n c  ) ;

e g  : c o m p o n e n t  c l o c k . g e n
p o r t  m a p  ( e l k  = >  e l k  , r e s e t  = >  r e s e t  ) ;

mem : c o m p o n e n t  m em ory  
p o r t  m a p  ( e l k  = >  e l k  ,

a  = >  a , d = >  d ,
i r . m e m . e n a b l e  = >  i r . m e m . e n a b l e  ) ;

d a ta .m e m  : c o m p o n e n t  d a t a .m e m o r y  
p o r t  m a p  ( e l k  = >  e lk  ,

m e m .a  = >  mem _a ,  
m e m . d . i n  = >  m e m . d . i n  , 
m e m .d .o u t  = >  m e m .d .o u t  , 
m e m . w r i t e . e n  = >  m e m . w r i t e . e n  , 
m e m . e n a b l e  = >  m e m . e n a b l e  ) ;

p r o c  : c o m p o n e n t  t i n s  
p o r t  m a p  ( e l k  = >  e l k  ,

r e s e t  = >  r e s e t  , 
h a l t  = >  h a l t  , 
i n p u t . d a t a  = >  d a t a . i n  , 
o u t p u t . d a t a  = >  d a t a . o u t , 
a  = >  a , 
d  = >  d ,
i f e t c h  = >  i f e t c h  , 
i r . m e m . e n a b l e  = >  i r . m e m . e n a b l e  , 
m e m .a  = >  m em _a,

209

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A. HARDWARE DESCRIPTION CODES

m e m _ d - i n  = >  m e m .d . in  , 
m e m .d .o u t  = >  m em _ d _ o u t , 
m e m _ w r i t e . e n  = >  m e m _ w r i t e _ e n  , 
o u t p u t _ e n a b l e  = >  o u t . e n  , 
m e m . e n a b l e  = >  m e m .e n a b le  ) ;

—  t h i s  p r o c e s s  w r i t e s  the o u t p u t  i n t o  a f i l e  
w r i t e . o u t p u t  : p r o c e s s (  e l k )

f i l e  o u t p u t . f i l e  : t e x t  open w r i t e . m o d e  i s  ” f i l t e r  . o u t p u t  ” ; 
v a r i a b l e  l i n e . o u t  : l i n e  ;

b eg in
i f  r i s i n g . e d g e  ( e l k  ) th en  

—  w r i t e s  the o u t p u t  when o u t p u t  i s  enab l ed  
i f  o u t . e n  =  ’ 1 ’ th en

w r i t e  ( l i n e . o u t  , d a t a . o u t  (3 downto 0 ) ) ;  
w r i t e  ( l i n e . o u t  , s t r i n g  ’ ( ” „ ” ) )  ; 
w r i t e  ( l i n e . o u t  , d a t a . o u t  (23 downto 4 ) ) ;  
w r i t e l i n e  ( o u t p u t . f i l e  , l i n e . o u t ) ;

—  when a da t a  i s w r i t t e n  to o u t p u t ,  the n e x t  i n p u t  dat a  is read  
i f  d a t a . o u t  (3 downto 0) =  ” 000 0” th en  

s y n c  < =  ’ 1 ’ ; 
e l s e

s y n c  < =  ’ O ’ ; 
end i f ; 

e l s e
s y n c  < =  ’ O ’ ; 

end i f ;

end i f ;

end p r o c e s s  w r i t e . o u t p u t ;

end a r c h i t e c t u r e  b e n c h ;

A .3.2 The Test Bench Clock Generator

The VHDL code for this module, generates clock and reset signals for the CPU.

l i b r a r y  i e e e  ;
use i e e e  . s t d . l o g i c . l  1 6 4  . a l l  ;

e n t i t y  c l o c k . g e n  i s
g e n e r i c  ( T c l k  : d e l a y . l e n g t h  ) ;
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port  ( e l k  : o u t  s t d . l o g i c ;
r e s e t  : o u t  s t d . l o g i c  ) ; 

end e n t i t y  c l o c k . g e n  ;

a r c h i t e c t u r e  b e h a v i o r  o f  c l o c k . g e n  i s  
b eg in

—  s e t s  r e s e t  p o r t  of  the CPU 
r e s e t . d r i v e r  :

r e s e t  < =  ’1 ’ , ’0 ’ a f t e r  3 . 5  * T c l k ;

—  g e n e r a t e s  the c l o c k  s i g n a l  
c l o c k . d r i v e r  : p r o c e s s  i s  
b eg in

e l k  < =  ’O ’ ; 
w a i t  f o r  T c l k ; 
lo o p

e l k  < — ’ 1 ’ , ’ 0 ’ a f t e r  T c l k  /  2;  
w a i t  fo r  T c l k  ; 

end l o o p ; 
end p r o c e s s  c l o c k . d r i v e r ;

end a r c h i t e c t u r e  b e h a v i o r  ;

A .3.3 The Test Bench Instruction M emory

This file shows the instruction memory for the TLNS CPU which is preloaded with 

filterbank program. The coefficients of all filters are also stored in this memory.

l i b r a r y  i e e e  ;
use i e e e  . s t d . l o g i c . l  1 6 4  . a l l  ;

l i b r a r y  w o r k ;  
use w o rk  . t l n s . t y p e s  . a l l  , 

w o r k . n u m e r i c . b i t  . a l l  ;

e n t i t y  m em o ry  i s
g e n e r i c  ( m e m . s i z e  : p o s i t i v e  : =  1 0 2 4 ;

T a c . f i r s t  : d e l a y . l e n g t h ; 
T p d . c l k . o u t  : d e l a y . l e n g t h ) ;  

port  ( e l k  : in  s t d . l o g i c  ;
a  : in  t l n s . b u s . w o r d ; 
d : o u t  t l n s . b u s . w o r d ; 
i r . m e m . e n a b l e  : in  s t d . l o g i c ) ;
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end e n t i t y  m em o ry ;

a r c h i t e c t u r e  p r e l o a d e d  o f  m em ory  i s  
b eg in

m e m - b e h a v i o r  : p r o c e s s  i s

c o n s t a n t  h i g h . a d d r e s s  : n a t u r a l  : =  m e m . s i z e  — 1;

t y p e  m e m o r y . a r r a y  i s  array ( n a t u r a l  ran ge <>  ) o f  t i n s . w o r d ;

v a r i a b l e  mem : m e m o r y . a r r a y  (0  to  h i g h . a d d r e s s )
:= ( o t h e r s  => X ” 0 0 0 0 0 0 ” ) ;

v a r i a b l e  b y t e . a d d r e s s  , w o r d . a d d r e s s  : n a t u r a l ; 
v a r i a b l e  w r i t e . a c c e s s  : b o o l e a n ;

—  The TLNS program and f i l t e r  c o e f f i c i e n t s  are l o a d e d  i n t o  memory 
p ro cedu re  l o a d  i s

c o n s t a n t  p r o g r a m  : m e m o r y .a r r a y
: =  ( X ” 8 C 3 8 0 1 ” , — 0 Iw r l f  , M[1]

—  W r i t t i n g  a d d r e s s e s  to
r e g i s t e r s

X ” 2 0 1 4 0 4 ” , — 1 addi r O, r 5 , d s t a r t
X ” 2 4 2 9 F F ” , — 2 addi r O, r l O , dend
X ” 3 C 1 1 F F ” , — 3 Ihi r O, r 4 , dend
X ” 0 1 1 4 E 5 ” , — 4 or r4 , r 5 ,  r3
X ” 2 0 0 4 4 E ” , — 5 addi r O, r l  , d a t a - a d d r e s s
X ” 2 0 0 8 4 0 ” , —  6 nex t  addi r O, r 2 , c o e f - a d d r e s s
X ” 5 0 6 0 0 E ” , —  7 s l l i r l , r 8 , E
X ” 0 2 0 8 A 5 ” , — 8 or r 8 , r 2 , r2

— E n t e r i n g  Data
X ” 4 0 1 8 0 0 ” , — 9 i n p t rO, r 6 , 0

— C o n v e r t i n g  Data
X ” 1 9 9 C 0 0 ” , — a btc r 6 , r l

— S t o r i n g  Data
X ” A C 5C 00” , —  b sw M [ r l ] ,  r l

— F i l t e r s  0 , 7
X ” 5 4 8D C B ” , — c f i l t e r r 2 , r 3 , c o e f  sym,  even

75
— Wr i t i ng  o u t p u t

X ” 2 0 2 4 0 0 ” , —d addi rO, r 9 , b a n d - t a g
X ” 5 3 3 0 0 4 ” , —  e s l l i r l 2  , r l 2  , 4
X ” 0 2 7 3 2 5 ” , —f or r 9 , r l 2 , r l 2
X ” 4 4 3 0 0 0 ” , — 10 oupt rO, r l 2  , 0
X ” 2 0 2 C 0 7 ” , 1f addi rO, r l l  , d u a l - b a n d - t a g
X ” 5 3 7 4 0 4 ” , — 12 s l l i r l S , r l 3 , 4
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X ” 0 2 F 7 6 5 ” , — 13 or r l l  , r l 3 , r l S
X ” 4 4 3 4 0 0 ” , —  14 oupt rO, r l 3 , 0

— Next  s e t  of  C o e f f i c i e n t s
X ” 2 0 8 8 2 6 ” , — 15 addi r 2 , r 2 , n e x t - c o e f - a d d r e s s

— F i l t e r s  1 , 6
X ” 5 4 8 D C B ” , — 16 f i l t e r  r 2 , r 3 , c o e f  sym,  even,

75
— Wr i t i ng  o u t p u t

X ” 2 0 2 4 0 1 ” , — 17 addi rO, r 9 , b a n d - t a g
X ” 5 3 3 0 0 4 ” , — 18 s l l i r l 2 , r l 2 , 4
X ” 0 2 7 3 2 5 ” , — 19 or r 9 , r l 2 , r l 2
X ” 4 4 3 0 0 0 ” , —  l a oupt r O, r l 2 ,  0
X ” 2 0 2 C 0 6 ” , — l b addi rO, r l l ,  d u a l - b a n d - t a g
X ” 5 3 7 4 0 4 ” , —  1 c s l l i r l S  , r l 3 , 4
X ” 0 2 F 7 6 5 ” , —  Id or r l l , r l S , r l 3
X ” 4 4 3 4 0 0 ” , — 1 e oupt rO, r l S , 0

— Next  s e t  of  C o e f f i c i e n t s
X ” 2 0 8 8 2 6 ” , —If addi r 2 , r 2 , n e x t . c o e f - a d d r e s s

— F i l t e r s  2 , 5
X ” 5 4 8D C B ” , — 20 f i l t e r  r 2 , r 3 , c o e f  sym,  even,

75
— Wr i t i ng  o u t p u t

X ” 2 0 2 4 0 2 ” , — 21 addi rO, r 9 , b a nd - t a g
X ” 5 3 3 0 0 4 ” , —  22 s l l i r l 2 , r l 2 , 4
X ” 0 2 7 3 2 5 ” , —  23 or r9 , r l 2 , r l 2
X ” 4 4 3 0 0 0 ” , — 2 4 oupt rO, r l 2 , 0
X ” 2 0 2 C 0 5 ” , — 25 addi rO, r l l ,  d u a l - b a n d - t a g
X ” 5 3 7 4 0 4 ” , — 26 s l l i r l 3 ,  r l 3 ,  4
X ” 0 2 F 7 6 5 ” , — 27 or r l l ,  r l S , r l 3
X ” 4 4 3 4 0 0 ” , — 28 oupt rO, r l 3 , 0

— Next  s e t  o f  C o e f f i c i e n t s
X ” 2 0 8 8 2 6 ” , — 29 addi r 2 , r 2 , n e x t - c o e f - a d d r e s s

— F i l t e r s  3,4
X ” 548D C B ” , — 2a f i l t e r  r 2 , r 3 , c o e f  sym,  even,

75
— Wr i t i ng  o u t p u t

X ” 2 0 2 4 0 3 ” , — 2b addi r O, r 9 , b a n d - t a g
X ” 5 3 3 0 0 4 ” , — 2c s l l i r l 2 , r l 2 , 4
X ” 0 2 7 3 2 5 ” , — 2d or r 9 , r l 2 , r l 2
X ” 4 4 3 0 0 0 ” , — 2e oupt r O, r l 2 , 0
X ” 2 0 2 C 0 4 ” , —2f addi rO, r l l ,  d u a l - b a n d - t a g
X ” 5 3 7 4 0 4 ” , —  30 s l l i r l S ,  r l 3 , 4
X ” 0 2 F 7 6 5 ” , —  31 or r l l , r l 3 , r l 3
X ” 4 4 3 4 0 0 ” , — 32 oupt rO, r l 3 , 0

— Next Dat a  a d d r e s s
X ” 2 0 4 4 0 1 ” , — 33 addi r l  , r l  , 1
X ” 0 0 6 9 A B ” , — 3 4 s g t r l , r l O , r6
X ” 1 1 8 0 0 1 ” , — 35 beqz r 6 , con t
X ” 2 1 4 4 0 0 ” , — 36 addi r 5 , r l , 0
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X ” OBFFCE” 
X ” 0 0 0 0 0 0 ” 
X ” 0 0 0 0 0 0 ” 
X ” 0 0 0 0 0 0 ” 
X ” 0 0 0 0 0 0 ” 
X ” 0 0 0 0 0 0 ” 
X ” 0 0 0 0 0 0 ” 
X ” 0 0 0 0 0 0 ” 
X ” 0 0 0 0 0 0 ”

—  37  
— 38
—  39 
— 3a 
— 3b 
— 3c 
— 3d 
— 3e
—Sf

cont 3
nul l
nul l
nul l
nul l
nul l
nul l
nul l
nul l

ne x t

B ” 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 1 1 0 0 0 1 1 1 0 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 0 0 1 1 1 1 0 1 0 0 0 1 1 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 0 0 1 1 1 1 0 0 1 0 1 1 0 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 1 1 1 1 1 1 0 0 0 1 0 0 0 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 1 1 1 0 1 1 0 0 1 0 1 0 1 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 1 1 0 0 1 1 0 0 1 1 0 1 0 ” 
B ” 0 0 0 0 0 1 1 0 1 1 0 0 1 0 1 1 1 0 0 1 1 1 1 0 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 1 0 1 1 1 1 0 0 0 1 1 1 0 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 0 1 1 1 1 0 1 1 1 1 1 0 1 ” 
B ” 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 ” 
B ” 0 0 0 0 1 1 1 0 1 0 1 1 1 1 1 1 0 1 1 1 1 0 0 0 ” 
B ” 0 0 0 0 1 1 1 0 1 1 0 1 0 1 0 1 0 1 1 1 1 0 1 1 ” 
B ” 0 0 0 0 1 1 1 0 1 1 1 1 1 1 0 1 0 1 1 1 1 0 0 1 ” 
B ” 0 0 0 0 1 1 1 1 0 0 0 0 0 1 0 1 1 0 1 0 1 0 0 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 0 1 1 1 0 1 1 0 0 1 0 1 1 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 0 0 1 0 1 1 0 1 1 1 0 0 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 0 1 1 1 1 1 0 0 1 1 0 1 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 0 1 0 1 1 1 0 1 0 0 1 0 1 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 0 1 1 1 1 1 0 1 1 0 1 0 1 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 1 0 1 1 1 1 1 1 1 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 0 0 1 0 1 1 0 1 1 1 0 0 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 1 1 1 0 0 0 1 ” 
B ” 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 ” 
B ” 0 0 0 0 0 1 1 1 0 0 0 0 1 0 0 1 1 0 1 0 1 1 0 1 ” 
B ” 0 0 0 0 0 1 1 1 0 0 1 1 1 1 0 1 1 0 1 0 0 0 0 0 ” 
B ” 0 0 0 0 0 1 1 1 0 1 0 0 0 1 1 1 1 0 0 1 0 0 0 0 ” 
B ” 0 0 0 0 0 1 1 1 0 1 0 1 1 0 0 1 1 0 1 1 1 1 1 1 ” 
B ” 0 0 0 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0 1 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 1 1 1 1 1 0 1 1 0 1 0 1 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 1 1 1 1 1 1 1 0 1 1 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1 1 1 0 1 0 1 0 1 1 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 0 1 0 0 1 1 0 1 1 1 0 0 1 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 0 1 1 1 1 1 1 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 1 0 1 1 1 1 0 1 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 1 1 1 0 1 1 0 1 0 1 1 0 1 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 0 0 1 0 1 1 1 0 1 0 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 0 1 0 0 1 1 1 0 1 0 1 1 0 ” 
B ” 0 0 0 0 1 1 1 0 1 0 0 0 1 0 0 1 0 1 1 1 1 1 0 1 ” 
B ” 0 0 0 0 1 1 1 0 1 0 1 0 0 1 1 1 1 0 0 0 0 1 1 0 ”

-40-  0,7

- 1,6
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B ” 0 0 0 0 1 1 1 0 1 1 0 0 0 1 0 1 1 0 0 1 1 1 1 0 ” 
B ” 0 0 0 0 1 1 1 0 1 1 0 0 0 1 1 1 0 1 1 0 1 1 0 1 ” 
B ” 0 0 0 0 1 1 1 0 1 0 1 1 0 1 1 1 1 0 0 1 1 1 1 1 ” 
B ” 0 0 0 0 1 1 1 0 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0 1 ” 
B ” 0 0 0 0 0 1 1 0 1 0 0 1 0 1 1 1 0 1 1 1 1 1 1 0 ” 
B ” 0 0 0 0 0 1 1 0 1 1 1 0 0 1 1 1 1 0 1 1 0 1 1 1 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 0 1 1 0 ” 
B ” 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 ” 
B ” 0 0 0 0 1 1 1 0 1 1 0 0 0 0 0 1 0 1 1 1 1 0 1 0 ” 
B ” 0 0 0 0 1 1 1 0 1 1 1 0 1 1 1 1 1 0 0 0 1 1 1 1 ” 
B ” 0 0 0 0 1 1 1 0 1 1 0 0 0 0 0 1 1 0 0 0 1 1 1 0 ” 
B ” 0 0 0 0 0 1 1 0 1 1 1 0 0 1 1 1 1 0 1 0 1 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 0 0 1 0 1 0 1 1 0 1 0 0 0 1 1 ” 
B ” 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 1 1 0 1 0 0 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 1 0 0 1 1 0 1 1 0 1 0 0 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 1 0 0 1 1 0 1 1 0 1 0 0 1 0 1 ” 
B ” 0 0 0 0 0 1 1 1 0 0 1 1 1 0 1 1 1 0 0 1 0 1 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 0 0 0 1 0 1 1 1 0 0 1 0 1 1 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 0 0 1 1 0 1 1 0 0 1 1 0 1 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 1 1 0 0 1 1 0 1 1 ” 
B ” 0 0 0 0 1 1 1 1 0 0 0 1 1 1 1 1 1 0 1 1 0 1 0 1 ” 
B ” 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 ” 
B ” 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 1 1 0 0 1 1 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 1 0 1 1 1 1 1 1 1 0 0 1 0 1 1 ” 
B ” 0 0 0 0 0 1 1 1 0 0 1 0 1 0 1 1 1 0 1 0 0 0 0 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 1 1 0 0 1 1 0 0 1 0 1 1 0 ” 
B ” 0 0 0 0 1 1 1 1 0 1 0 1 1 0 1 1 1 1 0 1 0 0 0 0 ” 
B ” 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 1 0 1 0 1 1 1 0 ” 
B ” 0 0 0 0 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 0 0 1 0 ” 
B ” 0 0 0 0 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 0 0 1 1 ” 
B ” 0 0 0 0 1 1 1 1 1 0 0 1 1 1 1 1 1 0 1 0 0 1 0 1 ” 
B ” 0 0 0 0 1 1 1 1 0 1 1 1 0 1 0 1 1 1 0 1 0 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 1 1 0 0 1 0 1 1 0 1 0 0 0 1 1 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 0 1 1 0 1 1 1 0 1 1 1 1 0 ” 
B ” 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 1 1 1 1 ” 
B ” 0 0 0 0 0 1 1 1 1 0 1 0 1 0 0 1 1 1 0 1 1 1 1 0 ” 
B ” 0 0 0 0 1 1 1 0 0 1 0 1 1 0 0 1 0 1 1 0 1 0 0 1 ” 
B ” 0 0 0 0 0 1 1 0 1 0 0 0 1 1 0 1 1 0 0 1 1 1 1 1 ” 
B ” 0 0 0 0 0 1 1 0 1 1 0 0 0 1 1 1 1 0 0 1 1 1 1 0 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 1 0 1 1 1 0 1 1 1 0 0 1 1 ” 
B ” 0 0 0 0 1 1 1 0 1 0 0 1 1 1 1 1 0 1 1 1 1 0 1 1 ” 
B ” 0 0 0 0 1 1 1 0 1 1 1 1 1 1 0 1 1 0 1 1 0 0 0 1 ” 
B ” 0 0 0 0 1 1 1 0 1 1 0 1 1 0 1 1 1 0 0 1 0 1 0 1 ” 
B ” 0 0 0 0 1 1 1 0 1 0 0 1 1 1 0 1 0 1 1 0 1 1 0 1 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 0 0 0 1 1 1 0 0 0 1 0 1 0 ” 
B ” 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 ” 
B ” 0 0 0 0 1 1 1 0 1 0 1 1 1 0 1 1 1 0 0 1 1 0 1 1 ” 
B ” 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 1 1 0 0 1 0 1 1 1 ” 
B ” 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 1 1 0 1 1 ”
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B ” 0 0 0 0 0 1 1 1 0 1 0 0 0 0 1 1 1 1 0 0 1 1 0 1 ” 
B ” 0 0 0 0 0 1 1 0 1 1 1 1 1 0 1 1 1 0 1 0 1 0 0 1 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 1 1 0 0 1 1 0 1 1 ” 
B ” 0 0 0 0 1 1 1 1 0 1 0 0 1 1 1 1 1 0 1 0 0 0 1 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 1 1 0 0 1 1 0 1 0 1 1 1 0 ” 
B ” 0 0 0 0 0 1 1 0 1 1 1 1 0 1 0 1 1 0 1 1 0 0 1 1 ” 
B ” 0 0 0 0 0 1 1 1 0 0 1 1 1 1 0 1 1 1 0 0 0 1 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 1 0 0 1 1 1 1 1 0 1 0 0 1 1 1 ” 
B ” 0 0 0 0 0 1 1 0 1 1 1 0 0 1 0 1 1 0 1 0 1 1 1 1 ” 
B ” 0 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 1 0 1 0 0 0 1 0 ” 
B ” 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 ” 
B ” 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 1 1 0 0 1 1 0 1 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 ” 
B ” 0 0 0 0 1 1 1 1 0 1 1 0 1 0 0 1 1 0 1 0 1 1 0 1 ” 
B ” 0 0 0 0 1 1 1 1 0 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1 ” 
B ” 0 0 0 0 1 1 1 1 0 1 0 0 1 1 0 1 1 0 0 0 0 0 0 0 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 0 1 0 1 1 1 1 0 0 1 1 0 1 ” 
B ” 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 0 1 1 1 1 1 0 ” 
B ” 0 0 0 0 1 1 1 1 0 1 1 0 1 1 1 1 0 1 1 0 1 0 1 1 ” 
B ” 0 0 0 0 1 1 1 1 1 0 1 0 1 0 1 1 1 1 0 0 0 0 1 1 ” 
B ” 0 0 0 0 1 1 1 1 1 0 1 0 0 0 0 1 1 1 0 0 1 0 0 0 ” 
B ” 0 0 0 0 1 1 1 1 0 1 1 0 0 0 0 1 1 0 1 1 0 0 1 1 ” 
B ” 0 0 0 0 0 1 1 1 1 0 0 1 1 0 0 1 1 1 0 1 0 0 0 1 ” 
B ” 0 0 0 0 0 1 1 1 1 0 1 0 1 0 0 1 1 1 0 1 1 1 1 0 ” 
B ” 0 0 0 0 0 1 1 0 1 0 0 1 1 0 1 1 0 1 1 1 0 0 0 1 ” 
B ” 0 0 0 0 1 1 1 0 0 1 1 0 1 0 1 1 1 0 0 0 0 0 1 1 ” 
B ” 0 0 0 0 1 1 1 0 1 1 0 0 0 1 0 1 1 0 0 1 1 1 1 0 ” 
B ” 0 0 0 0 1 1 1 0 1 0 0 0 0 1 0 1 0 1 1 0 1 1 1 1 ” 
B ” 0 0 0 0 0 1 1 0 1 1 0 1 1 0 1 1 1 0 0 1 0 0 0 1 ” 
B ” 0 0 0 0 0 1 1 0 1 1 0 0 0 1 1 1 1 0 0 1 0 0 1 0 ” 
B ” 0 0 0 0 1 1 1 0 1 1 1 1 0 1 0 1 1 0 1 1 1 0 1 0 ” 
B ” 0 0 0 0 1 1 1 0 1 1 0 1 1 1 1 1 0 1 1 0 1 1 0 1 ” 
B ” 0 0 0 0 0 1 1 0 0 1 1 1 0 1 0 1 0 1 1 1 1 1 1 1 ” 
B ” 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 ” 
B ” 0 0 0 0 1 1 1 0 1 0 0 0 0 0 0 1 0 1 1 1 0 1 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 0 0 0 1 0 1 1 1 0 1 1 0 1 1 1 ” 
B ” 0 0 0 0 0 1 1 0 1 1 1 1 0 1 0 1 1 0 0 1 1 1 1 1 ” 
B ” 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 0 1 0 1 1 1 1 0 1 1 1 1 0 1 ” 
B ” 0 0 0 0 0 1 1 0 1 1 1 1 1 1 0 1 1 0 1 0 0 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 1 0 0 1 1 0 1 1 0 1 0 0 0 1 0 ” 
B ” 0 0 0 0 0 1 1 1 0 0 0 0 1 0 1 1 1 0 1 0 0 0 0 1 ” 
B ” 0 0 0 0 1 1 1 1 0 1 0 0 1 0 0 1 0 1 1 1 1 0 1 0 ” 
B ” 0 0 0 0 1 1 1 1 0 0 1 1 1 0 0 1 1 0 0 1 1 1 0 1 ” 
B ” 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 1 1 0 1 0 0 0 0 0 ” 
B ” 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 1 1 0 1 0 0 0 1 0 ” 
B ” 0 0 0 0 1 1 1 0 1 1 0 1 0 1 1 1 1 0 0 1 1 0 1 0 ” 
B ” 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 ”

-3,4
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B ” 0 0 0 0 0 1 1 0 1 1 1 0 0 1 1 1 1 0 0 1 0 0 1 1 ” , 
B ” 0 0 0 0 1 1 1 1 0 1 0 0 0 0 1 1 1 0 0 1 1 0 0 1 ” , 
B ” 0 0 0 0 1 1 1 1 0 1 0 0 1 0 1 1 1 1 0 0 0 1 1 0 ” , 
B ” 0 0 0 0 0 1 1 1 1 0 1 0 1 0 1 1 1 1 1 0 0 1 0 1 ” , 
B ” 0 0 0 0 0 1 1 1 1 0 0 0 1 1 0 1 1 0 1 0 1 1 1 1 ” , 
B ” 0 0 0 0 1 1 1 1 0 1 0 0 0 0 0 1 1 0 1 0 0 1 0 1 ” , 
B ” 0 0 0 0 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 0 0 1 0 ” , 
B ” 0 0 0 0 1 1 1 1 0 1 0 1 1 0 1 1 1 1 0 0 0 0 1 1 ,, , 
B ” 0 0 0 0 0 1 1 1 1 0 0 1 0 1 0 1 1 1 0 1 0 1 1 0 ” , 
B ” 0 0 0 0 0 1 1 1 1 0 0 1 1 0 0 1 1 0 1 1 1 0 1 1 ” , 
B ” 0 0 0 0 1 1 1 1 1 0 0 1 0 1 1 1 1 0 1 1 0 0 0 1 ” ,
B ” 0 0 0 0 1 1 1 1 1 0 1 1 0 1 0 1 1 1 0 1 1 1 1 0 ” , 
B ” 0 0 0 0 0 1 1 1 0 1 1 0 0 0 0 1 1 0 1 0 0 0 1 0 ” ,
B ” 0 0 0 0 0 1 1 1 1 0 1 0 1 0 0 1 1 1 0 1 1 1 1 0 ”

) ;
b e g i n

mem( program ’ ra n g e)  := program;
end l o a d ;

beg in
load  ;

—  i n i t i a l i z e  o u t p u t
d < =  d i s a b l e d - t l n s - w o r d  ;

—  p r o c e s s  memory read
lo o p

—  w a i t  f o r  a command,  v a l i d  on l e a d i n g  edge o f  elk  
w a i t  on e lk  u n t i l  r i s i n g . e d g e  ( elk ) ;
—  decode a d d r e s s  and p e r f o r m command i f  s e l e c t e d  
w o r d-a d d ress  := t o . i n t e g e r ( u n s i g n e d ( t o . b i t v e c t o r ( a ) ) ) ;  
i f  w o r d .a d d r e s s  < =  h i g h . a d d r e s s  th e n

i f ( i r . m e m . e n a b le  =  ’1 ’) th en
d < =  T o . X 0 1 (  b i t  . v e c t o r  (m em ( w o r d - a d d r e s s  ) )  ) ;  

end i f ; 
end i f ;

end l o o p ; 
end p r o c e s s  mem_behavior;

end a r c h i t e c t u r e  p r e l o a d e d ;

A .3.4 The Test Bench Data M emory

The VHDL code for the data memory includes memory addresses which have been 

loaded with 2DLNS value of 1. Since the order of all filters in filterbank application
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is 75, the last 75 locations of memory before the incoming input data, is filled with 

1. Therefore, it is guaranteed that for the first 75 iteration of MAC operations, no 

overflow occurs, although they are not valid values and should be ignored.

l i b r a r y  i e e e  ; 
l i b r a r y  w o r k ;

use i e e e  . s t d . l o g i c . l  1 6 4  . a l l  , 
w o rk  . t l n s . t y p e s . a l l  , 
w o r k  . n u m e r i c  . b i t  . a l l  ;

e n t i t y  d a t a .m e m o r y  i s
g e n e r i c  ( d a t a _ m e m o r y _ s i z e  : p o s i t i v e  : =  1 0 2 4 )  ; 
p o rt  ( e l k  : in  s t d . l o g i c ;

m e m .a  : in  m e m . b u s . a d d r ; 
m e m _ d _ i n  : in  t l n s . b u s . w o r d ;  
m e m .d .o u t  : o u t  t l n s . b u s . w o r d ;  
m e m . w r i t e . e n  : in  s t d . l o g i c  ; 
m e m . e n a b l e  : in  s t d . l o g i c ) ;  

end e n t i t y  d a t a . m e m o r y ;

a r c h i t e c t u r e  b e h a v i o r  o f  d a t a .m e m o r y  i s  
b eg in

d a t a . m e m o r y . b e h a v i o r  : p r o c e s s  i s

c o n s t a n t  h i g h . a d d r e s s  : n a t u r a l  : =  d a t a . m e m o r y . s i z e  — 1;

t y p e  d a t a . m e m o r y . a r r a y  i s  arra y  ( n a t u r a l  ran ge < >  ) o f  
t l n s . b u s . w o r d  ;

v a r i a b l e  r o w . a d d r e s s  : n a t u r a l ;  
v a r i a b l e  w r i t e . a c c e s s  : b o o l e a n ;
v a r i a b l e  d a t a .m e m o r y  : d a t a . m e m o r y . a r r a y ( 0  t o  h i g h . a d d r e s s )  

:= ( o t h e r s  => X ” 0 0 0 0 0 0 ” ) ;

—  The f i l t e r b a n k  i n p u t  da t a  are l o a d ed  i n t o  memory  
p ro cedu re  l o a d  i s

c o n s t a n t  d a t a  : d a t a . m e m o r y . a r r a y
: =  ( B ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” , —  0

B ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” , —  1
B ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” , —  2
B ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” , —  3
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  4
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B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 5
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 6
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 7
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 8
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 9
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — a
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — b
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — c
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — d
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — e
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — f
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 10
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 11
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 12
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 13
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 14
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 15
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 16
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 17
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 18
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 19
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 1 a
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — l b
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 1 c
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — Id
B”0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 1 e
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — I f
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 20
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 21
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 22
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 23
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 24
B”0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 25
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 26
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 27
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 28
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 29
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 2a
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 2b
B”0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 2c
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 2d
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 2e
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 2f
B”0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 30
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 31
B”0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 32
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 33
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 34
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , — 35
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B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  36
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  37
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  38
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  39
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  3a
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  3b
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  Sc
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  3d
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  3e
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  3 f
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  40
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  41
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  42
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  43
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  44
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  45
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  46
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  45
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  48
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  49
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  4a
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  4b
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” , —  4c
B ” 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 ” —  4d

) ;
b e g i n

d a t a . m e m o r y  ( d a t a ’ ra n g e)  : =  d a t a ;  
end l o a d ;

b eg in
l o a d  ;

—  i n i t i a l i z e  o u t p u t  
m e m .d .o u t  < =  d i s a b l e d . t l n s . w o r d  ;

—  p r o c e s s  memory c y c l e s  
l o o p

—  w a i t  f o r  a Iw or sw i n s t r u c t i o n  , v a l i d  on l e a d i n g  edge of  elk  
w a i t  on e l k  u n t i l  r i s i n g . e d g e  ( e l k  ) ;

—  decode  a d d r e s s  and p e r f o r m command i f  s e l e c t e d  
r o w . a d d r e s s  : =  t o . i n t e g e r  ( u n s i g n e d  ( t o . b i t v e c t o r  ( m e m . a ) ) )  ; 
w r i t e . a c c e s s  : =  m e m . w r i t e . e n  — ’ 1 ’ ; 
i f  r o w . a d d r e s s  < =  h i g h . a d d r e s s  th en  

i f ( m e m . e n a b l e  =  ’ 1 ’ ) t hen  
i f  w r i t e . a c c e s s  t h en

—  w r i t e  c y c l e
d a t a .m e m o r y  ( r o w . a d d r e s s ) : =  m e m . d . i n  ; 
m e m .d .o u t  < =  d i s a b l e d . t l n s . w o r d ;  

e l s e
—  r ead  c y c l e
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m em _ cL o u t < — d a t a .m e m o r y  ( r o w . a d d r e s s ) ; 
end i f ; 

e l s e
m e m .d .o u t  < — d i s a b l e d . t l n s . w o r d  ; 

end i f ; 
end i f ; 

end l o o p ;

end p r o c e s s  d a t a . m e m o r y . b e h a v i o r  ;

end a r c h i t e c t u r e  b e h a v i o r ;

A .3.5 The Test Bench Input D ata Reader

This module reads the input data for the filterbank application from a file.

l i b r a r y  i e e e  ;

use i e e e  . s t d . l o g i c . l  1 6 4  . a l l  , 
i e e e  . s t d . l o g i c . t e x t i o  . a l l  , 
w o r k ,  t l n s . t y p e s  . a l l  , 
w o r k ,  n u m e r i c . b i t  . a l l  ;

u se  s t d  . t e x t i o  . a l l  ;

e n t i t y  i n p u t . g e n  i s
p o r t  ( e l k  : in  s t d . l o g i c  ;

d a t a . i n  : o u t  e x t e r n a l . d a t a ; 
o u t . e n  : i n  s t d . l o g i c ) ;  

end e n t i t y  i n p u t . g e n  ;

a r c h i t e c t u r e  b e h a v i o r  o f  i n p u t . g e n  i s  
b eg in

—  t h i s  p r o c e s s  r e a d s  the i n p u t  f rom a f i l e  
r e a d . i n p u t  : p r o c e s s ( c l k )  i s

f i l e  i n p u t . f i l e  : t e x t  open r e a d . m o d e  i s  ” f i l t e r  . i n p u t  ” ; 
v a r i a b l e  l i n e . i n  : l i n e  ; 
v a r i a b l e  d a t a  : e x t e r n a l . d a t a ;

b eg in
i f  r i s i n g . e d g e  ( e l k  ) th en
—  r e a d s  i np u t  when an o u t p u t  is  c o m p l e t e d  
i f  o u t . e n  =  ’1 ’ th en
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r e a d l i n e  ( i n p u t - f i l e  , l i n e - i n ) ;  
r e a d ( l i n e _ i n  , d a t a ) ;  
d a t a - i n  < =  data ;  
i f  e n d f i l e  ( i n p u t - f i l e  ) th en

a s s e r t  f a l s e  r e p o r t  ” S i m u l a t i o n ^ i s - c o m p l e t e  . ^ E n d - o f - ,S t im u lu s -  
F i l e ”

s e v e r i t y  note  ;
end  i f ; 

end i f ; 
end i f ; 

end p r o c e s s  r e a d - i n p u t  ;

end a r c h i t e c t u r e  b eh a v io r  ;
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