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DOCUMENTATION ON  DESIGN AUTOMATION SUBJECTS –  

MATHEMATICAL ALGORITHM HARDWARE DESCRIPTION LANGUAGES  
FOR SYSTEM LEVEL MODELING  AND VERIFICATION (HDLMath)  

 
FORE W ORD  

1 )  Th e  I n te rn ati o n al  E l e ct ro t e ch n i c al  C o m m i s s i o n  ( I E C )  i s  a  wo rl d wi d e  o rg a n i z ati o n  fo r  s t an d ard i z ati o n  co m p ri s i n g  
al l  n ati o n al  e l e ctro t e ch n i cal  c o m m i tt e e s  ( I E C  N at i o n al  C o m m i t te e s ) .  Th e  o bj e ct  o f  I E C  i s  to  p ro m o t e  i n te rn at i o n a l  
c o - o p e rat i o n  o n  al l  q u e s ti o n s  co n ce rn i n g  s t an d ard i z ati o n  i n  t h e  e l e ctri c al  a n d  e l e ct ro n i c  f i e l d s .  To  th i s  e n d  an d  i n  
ad d i t i o n  to  o t h e r act i vi t i e s ,  I E C  p u b l i s h e s  I n te rn ati o n al  S t a n d ard s ,  Te ch n i cal  S p e ci f i cati o n s ,  Te c h n i cal  R e po rt s ,  
P u b l i cl y  A vai l ab l e  S pe ci f i cat i o n s  ( P AS )  a n d  G u i d e s  ( h e re afte r re fe rre d  t o  as  “ I E C  P u b l i cat i o n ( s ) ”) .  T h e i r  
p re p a rat i o n  i s  e n t ru s te d  t o  t e ch n i cal  co m m i t te e s ;  an y I E C  N ati o n al  C o m m i t te e  i n te re s t e d  i n  t h e  s u bj e ct  d e al t  wi t h  
m ay part i c i p ate  i n  th i s  p re p arat o ry wo rk.  I n t e rn ati o n al ,  g o ve rn m e n tal  an d  n o n - g o ve rn m e n tal  o rg an i z at i o n s  l i ai s i n g  
wi t h  t h e  I E C  a l s o  p a rt i ci p at e  i n  t h i s  pre p arati o n .  I E C  co l l ab o rate s  cl o s e l y  wi th  t h e  I n t e rn at i o n al  O rg a n i z at i o n  fo r  
S tan d a rd i z ati o n  ( I S O )  i n  acc o rd an ce  wi t h  co n d i t i o n s  d e te rm i n e d  b y ag re e m e n t  b e t we e n  t h e  t wo  o rg an i z ati o n s .  

2 )  Th e  fo rm al  d e c i s i o n s  o r  ag re e m e n ts  o f  I E C  o n  t e ch n i cal  m at te rs  e xp re s s ,  as  n e a rl y  as  p o s s i b l e ,  a n  i n te rn ati o n a l  
co n s e n s u s  o f  o pi n i o n  o n  th e  re l e van t  s u b j e c ts  s i n ce  e ac h  te ch n i c al  c o m m i tt e e  h as  re p re s e n tati o n  fro m  al l  
i n te re s te d  I E C  N ati o n al  C o m m i t te e s .   

3 )  I E C  P u bl i c at i o n s  h a ve  th e  fo rm  o f  re co m m e n d at i o n s  fo r i n t e rn at i o n al  u s e  an d  are  ac ce p t e d  by I E C  N at i o n al  
C o m m i tte e s  i n  t h at  s e n s e .  W h i l e  al l  re as o n a b l e  e ffo rt s  are  m ad e  t o  e n s u re  th at  th e  te ch n i cal  co n t e n t  o f  I E C  
P u b l i cati o n s  i s  accu rate ,  I E C  c an n o t  b e  h e l d  re s p o n s i b l e  fo r  t h e  wa y i n  wh i ch  th e y  a re  u s e d  o r fo r  an y  
m i s i n t e rpre t at i o n  b y an y e n d  u s e r.  

4)  I n  o rd e r t o  pro m o te  i n te rn at i o n al  u n i fo rm i ty,  I E C  N at i o n al  C o m m i tte e s  u n d e rtake  t o  ap p l y I E C  P u b l i cat i o n s  
t ran s p are n t l y  t o  th e  m axi m u m  ext e n t  p o s s i bl e  i n  t h e i r  n at i o n al  an d  re g i o n a l  pu b l i cati o n s .  An y d i ve rg e n c e  b e t we e n  
an y I E C  P u b l i cati o n  an d  th e  c o rre s p o n d i n g  n ati o n al  o r  re g i o n a l  pu bl i cati o n  s h al l  be  cl e arl y  i n d i cate d  i n  t h e  l at te r.  

5 )  I E C  i t s e l f  d o e s  n o t  p ro vi d e  an y att e s tati o n  o f  co n fo rm i ty.  I n d e p e n d e n t  c e rt i f i cat i o n  bo d i e s  p ro vi d e  co n fo rm i t y  
as s e s s m e n t  s e rvi c e s  an d ,  i n  s o m e  are as ,  acce s s  t o  I E C  m arks  o f  co n fo rm i t y.  I E C  i s  n o t  re s p o n s i b l e  fo r  an y 
s e rvi c e s  carri e d  o u t  b y i n d e p e n d e n t  ce rt i f i c at i o n  b o d i e s .  

6 )  Al l  u s e rs  s h o u l d  e n s u re  th at  t h e y h ave  t h e  l at e s t  e d i t i o n  o f  th i s  p u b l i cati o n .  

7)  N o  l i a b i l i t y  s h al l  at t ach  to  I E C  o r  i ts  d i re c to rs ,  e m p l o y e e s ,  s e rvan ts  o r  ag e n t s  i n cl u d i n g  i n d i vi d u al  e xp e rts  an d  
m em b e rs  o f  i t s  t e c h n i cal  c o m m i tt e e s  an d  I E C  N ati o n al  C o m m i t te e s  fo r  a n y pe rs o n al  i n j u ry,  pro pe rty  d am ag e  o r  
o t h e r d am ag e  o f  an y n at u re  wh ats o e ve r,  wh e th e r d i re ct  o r i n d i re ct ,  o r  fo r  c o s t s  ( i n cl u d i n g  l e g al  fe e s )  a n d  e xp e n s e s  
ari s i n g  o u t  o f  t h e  p u bl i c at i o n ,  u s e  o f,  o r  re l i a n ce  u p o n ,  th i s  I E C  P u bl i cati o n  o r  an y o t h e r I E C  P u b l i cati o n s .   

8 )  At te n t i o n  i s  d ra wn  t o  th e  N o rm at i ve  re f e re n c e s  ci t e d  i n  t h i s  p u b l i c at i o n .  U s e  o f  t h e  re f e re n ce d  p u bl i cati o n s  i s  
i n d i s p e n s ab l e  fo r  th e  co rre ct  app l i cati o n  o f  th i s  p u bl i c ati o n .  

9 )  At te n t i o n  i s  d ra wn  t o  th e  p o s s i b i l i ty  th at  s o m e  o f  th e  e l e m e n t s  o f  th i s  I E C  P u bl i c at i o n  m ay be  t h e  s u b j e ct  o f  pate n t  
ri g h ts .  I E C  s h al l  n o t  b e  h e l d  re s po n s i bl e  fo r i d e n t i fyi n g  a n y o r  al l  s u c h  pat e n t  ri g h ts .  

Th e  m ai n  tas k o f  I E C  te ch n i cal  co m m i tte e s  i s  to  p re p are  I n te rn ati o n al  S tan d ard s .  H o we ve r,  a  
te c h n i c al  co m m i tte e  m ay pro p o s e  th e  p u b l i c ati o n  o f  a  Te ch n i cal  R e p o rt  wh e n  i t  h as  co l l e c te d  
d ata o f  a  d i ffe re n t  ki n d  fro m  th at  wh i ch  i s  n o rm al l y p u b l i s h e d  as  an  I n te rn ati o n al  S tan d ard ,  fo r  
e xam p l e  " s tate  o f  th e  art" .  

I E C  6 3 0 5 1 ,  wh i ch  i s  a  T e ch n i cal  R e p o rt,  h as  b e e n  pre p are d  b y I E C  te c h n i cal  c o m m i tte e  9 1 :  
E l e c tro n i cs  as s e m bl y te c h n o l o g y.  

Th e  te x t  o f  th i s  Te ch n i cal  R e p o rt  i s  b as e d  o n  th e  fo l l o wi n g  d o cu m e n ts :  

E n q u i ry d raft  R e p o rt  o n  vo t i n g  

9 1 /1 3 49 /D TR  9 1 /1 3 9 6 /R VC  

 
Fu l l  i n fo rm ati o n  o n  th e  vo ti n g  fo r  th e  ap pro val  o f  th i s  T e c h n i c al  R e po rt  can  b e  fo u n d  i n  th e  re po rt  
o n  vo t i n g  i n d i cate d  i n  th e  ab o ve  tabl e .  

Th i s  d o cu m e n t h as  b e e n  d rafte d  i n  acco rd an ce  wi th  th e  I SO /I E C  D i re c ti ve s ,  P art  2 .  
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Th e  c o m m i tte e  h as  d e c i d e d  th at  th e  c o n te n ts  o f  th i s  d o cu m e n t  wi l l  re m ai n  u n ch an g e d  u n ti l  th e  
s tab i l i t y d ate  i n d i c ate d  o n  th e  I E C  we bs i te  u n d e r " h ttp : //we bs to re . i e c. ch "  i n  th e  d ata re l ate d  to  
th e  s p e ci fi c  d o cu m e n t.  At  th i s  d ate ,  th e  d o c u m e n t wi l l  b e   

•  re co n fi rm e d ,  

•  wi th d rawn ,  

•  re p l ace d  b y a re vi s e d  e d i ti o n ,  o r  

•  am e n d e d .  

A b i l i n g u al  ve rs i o n  o f  th i s  p u bl i c ati o n  m a y be  i s s u e d  at  a  l ate r d ate .  

 

IMPORTANT – The  'colour inside'  l ogo  on  the cover  page of  th is  publ ication  i nd icates  
that  i t  contains colours which  are considered  to  be usefu l  for the correct  
understand ing  of  i ts  contents.  Users  shou ld  therefore print  th is  document  using  a  
colour prin ter.  
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I N TROD U CTI O N  

Aro u n d  th e  wo rl d ,  e n g i n e e rs  i n  i n d u s tri e s  s u c h  as  e l e c tro n i cs  an d  au to m o b i l e s  are  d e ve l o p i n g  
m an y ki n d s  o f  s ys te m s  an d  pro d u cts .  H o we ve r,  th e s e  are  d e ve l o p e d  bas e d  o n  c o n ve n ti o n al  
d e s i g n  pro c e s s e s  an d  s u ffe r  fro m  m an y d e s i g n  pro b l e m s  an d  l o n g  d e s i g n  t i m e s .  B e cau s e  th e  
l aws  o f  n atu re  c an  b e  e xp re s s e d  m ath e m ati c al l y,  m ath e m ati cs  i s  a  g o o d  al g o ri th m i c  m e th o d  fo r  
th e  d e s cri pti o n  an d  m o d e l i n g  o f  s u c h  s ys te m s .  M ath e m ati c al  m o d e l i n g  i s  al s o  an  i m po rtan t  
ap pro ach  fo r b o th  s o l vi n g  pro bl e m s  an d  vi s u al i zi n g  th e  abs trac t  co n ce p ts  i n vo l ve d .  

S ys te m  LS I  ( Larg e  S cal e  I n te g rati o n )  can  b e  d e s cri be d  at  th re e  l e ve l s  o f  c o m pl e x i t y as  fo l l o ws :  

1 )  Th e  th e  al g o ri th m i c  l e ve l ,  wh i c h  s p e ci f i e s  o n l y th e  al g o ri th m  u s e d  b y th e  h ard ware  fo r th e  
pro b l e m  s o l u ti o n ;  

2)  th e  re g i s te r  tran s fe r  l e ve l ,  i n  wh i ch  th e  re g i s te rs  are  s ys te m  e l e m e n ts  an d  th e  d ata  tran s fe r  
be twe e n  th e s e  re g i s te rs  i s  s p e c i fi e d  acco rd i n g  to  s o m e  ru l e ;  

3 )  th e  c i rc u i t  l e ve l ,  wh e re  g ate s  an d  f l i p- fl o ps  are  re p l ac e d  b y th e  ci rcu i t  e l e m e n ts  s u c h  as  
tran s i s to rs ,  d i o d e s ,  re s i s to rs ,  e tc.  

Fo r l e ve l s  2 )  an d  3 ) ,  VH D L ( I E C  6 1 6 9 1 - 1 - 1 : 2 0 1 1  [1 ] 1 )  an d  S ys te m Ve ri l o g  ( I E C  6 2 5 3 0 : 2 0 1 1 [ 2 ] )  
h ave  al re ad y b e e n  s tan d ard i ze d  b y th e  I E C  an d  I E E E  an d  h ave  b e e n  i n  practi c al  u s e  fo r  o ve r  
twe n t y ye ars .  

Fo r l e ve l  1 ) ,  S ys te m  C  i s  ab l e  to  d e s cri b e  h ard ware  s ys te m s  at  th e  b e h avi o ral  l e ve l .  

Th e  pu rp o s e  o f  th i s  d o cu m e n t  i s  to  acc e l e rate  th e  s tan d ard i z ati o n  o f  a  m ath e m ati cal  al g o ri th m  
d e s cri pt i o n  l an g u ag e  ( H D LM ath ) .  H D LM ath  wi l l  be  u s e d  to  d e s cri be  an d  ve ri f y th e  e n t i re  
be h avi o r  o f  s ys te m s  an d /o r pro d u cts  u s i n g  m ath e m ati cal  al g o ri th m s  o f  e l e ctro n i c  s ys te m s .  I t  i s  
a  h i g h e r l e ve l  l an g u ag e  th an  c o n ve n ti o n al  H D L ( H ard ware  D e s cri p t i o n  Lan g u ag e )  l an g u ag e s  
s u ch  as  VH D L an d  S ys te m Ve ri l o g .  

H D LM ath  an d  i ts  d e s i g n  e n vi ro n m e n t  can  s u pp o rt  th e  d e s i g n  o f  m an y d o m ai n s  an d  ap pl i c ati o n s  
as  i n d i c ate d  i n  Tab l e  1 .  

Table  1  – Examples of  mathematics  appl ications  

Mathematics  Appl ication  examples  

C o m pl e x n u m b e rs  R e s i s to rs ,  i n d u cto rs ,  cap aci to rs ,  po we r e n g i n e e ri n g ,  an al ys i s  o f  e l e ct ri c  a n d  
m ag n e ti c  f i e l d s ,  d i g i tal  s i g n al  p ro ce s s i n g ,  i m ag e  p ro ce s s i n g  

M at ri ce s  an d  d e t e rm i n an ts  E l e ct ri c al  n e t wo rks ,  co m pu te r g ra ph i cs ,  i m ag e  an al ys i s  

Lap l ac e  tran s fo rm s  C i rcu i ts ,  po we r s ys t e m s  ( g e n e rat o rs ) ,  fe e d back l o o p s  

S tati s t i cs  an d  p ro ba b i l i t y  F ai l u re  rate s  fo r s e m i co n d u c to r  d e vi c e s ,  be h avi o r o f  s e m i co n d u ct o r m at e ri a l s ,  
i m ag e  an al ys i s ,  d ata co m p re s s i o n ,  d i g i t al  co m m u n i c at i o n s  t e c h n i q u e s ,  e rro r 
co rre ct i o n  

Ve ct o r an d  t ri g o n o m e t ry  O s c i l l at i n g  wa ve s  ( c i rc u i ts ,  s i g n al  p ro ce s s i n g ) ,  e l e c tri c  an d  m ag n e t i c  f i e l d s ,  
d e s i g n  o f  p o we r g e n e rati n g  e q u i pm e n t ,  ra d i o  fre q u e n c y ( R F )  s ys te m s  an d  
an te n n a d e s i g n  

D i ffe re n ti ati o n  a n d  i n t e g rati o n  C al cu l ati o n  o f  cu rre n t s  i n  a  c i rc u i t ,  wa ve  p ro p ag ati o n ,  d e s i g n  o f  s e m i co n d u ct o rs ,  
i m ag e  an al ys e s ,  d e s i g n  o f  f i ri n g  c i rc u i t s  

F u n c ti o n s ,  p o l yn o m i al ,  l i n e ar 
e q u ati o n s ,  l o g a ri th m s ,  
E u cl i d e an  g e o m e t ry  

C u rve  f i tt i n g ,  fu e l  ce l l  d e s i g n ,  t raff i c  m o d e l i n g ,  p o we r an al ys i s ,  s tre s s  an al ys i s ,  
d e te rm i n i n g  th e  s i z e  an d  s h ap e  o f  p a rt s ,  s o ft ware  d e s i g n ,  co m pu te r g r ap h i cs  

 

____________ 

1   N u m be rs  i n  s q u a re  b racke ts  re fe r to  t h e  B i b l i o g rap h y.  
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R e c e n tl y,  s e ve ral  H D LM ath  l an g u ag e s  h ave  al re ad y b e e n  u s e d  to  d e s i g n  th e  m ath e m ati cal  
al g o ri th m s  i n  e l e c tro n i c  s ys te m s .  M ATLAB /S I M U LI N K i s  o n e  s u c h  po p u l ar  d e s i g n  e n vi ro n m e n t  
fo r th e  d e s i g n  an d  ve ri f i c ati o n  o f  vari o u s  s ys te m  b e h avi o rs .  F i n S i m M ath  h as  b e e n  pro p o s e d  an d  
pu t  to  prac ti cal  u s e  b y s e ve ral  g ro u ps  to  d e s i g n  an d  ve ri f y m ath e m ati cal  al g o ri th m s  i n  AS I C  
( App l i c ati o n  S p e c i f i c  I n te g rate d  C i rcu i t)  o r  F P G A ( F i e l d  P ro g ram m ab l e  G ate  Arra y) .  
S ys te m  C - AM S  i s  m ai n l y fo r an al o g  c i rc u i t  d e s i g n  an d  i s  an  e x te n s i o n  o f  th e  S ys te m  C  
s tan d ard i ze d  b y th e  I E E E  an d  I E C .  I t  i s  c apab l e  o f  d e s cri bi n g  m ath e m ati c al  al g o ri th m s  u s i n g  
ad d i t i o n al  C - c o d e  e x te n s i o n s .  I E C  TR  6 2 8 5 6 : 2 0 1 3  [ 3 ]  ( B VD L,  o r  B i rd ’ s - e ye  Vi e w o f  D e s i g n  
Lan g u ag e s )  d e s cri b e s  th e  fe atu re s  o f  e x i s ti n g  d e s i g n  l an g u ag e s ,  as  we l l  as  l i s t i n g  th e  
re q u i re m e n ts  fo r  e n h an ci n g  d e s i g n  l an g u ag e s  an d  fo r d e ve l o p i n g  n e w o n e s .  

An o th e r  p u rpo s e  o f  th i s  d o cu m e n t  i s  to  ad d  H D LM ath  to  B VD L as  a s ys te m  m o d e l i n g  l an g u ag e .  
Th i s  d o cu m e n t  d e s cri be s  n i n e  fu n cti o n al  re q u i re m e n ts  f o r an  H D LM ath  an d  c o m pare s  c u rre n t  
H D LM ath  l an g u ag e s  fro m  a d e s i g n  vi e wp o i n t.  I t  i s  i n te n d e d  to  acce l e rate  th e  s tan d ard i z ati o n  o f  
a  m ath e m ati cal  al g o ri th m  d e s i g n  l an g u ag e  an d  to  e s tab l i s h  a g o o d  s ys te m  m o d e l i n g  
e n vi ro n m e n t  i n  th e  wo rl d .   
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DOCUMENTATION ON  DESIGN AUTOMATION SUBJECTS –  
MATHEMATICAL ALGORITHM HARDWARE DESCRIPTION LANGUAGES  

FOR SYSTEM LEVEL MODELING  AND VERIFICATION (HDLMath)  
 
 
 

1  Scope 

A h ard ware  d e s cri p ti o n  l an g u ag e  pro vi d e s  a  m e an s  to  d e s cri be  th e  b e h avi o r  o f  a  s ys te m  
pre c i s e l y an d  c o n ci s e l y.  Th i s  d o c u m e n t  d e s cri b e s  th e  m ai n  f u n c ti o n al  re q u i re m e n ts  fo r  an  
H D LM ath  l an g u ag e  an d  c o m pare s  e x i s t i n g  H D LM ath  l an g u ag e s  fro m  th e  vi e wp o i n t  o f  d e s i g n e rs .  
I t  i s  i n te n d e d  to  acc e l e rate  th e  s tan d ard i zati o n  o f  a  m ath e m ati c al  al g o ri th m  d e s i g n  l an g u ag e  an d  
to  h e l p  e s tabl i s h  a  n e w an d  g o o d  s ys te m  m o d e l i n g  an d  ve ri f i cati o n  e n vi ro n m e n t.  

2 Normative references  

Th e  fo l l o wi n g  d o c u m e n ts  are  re fe rre d  to  i n  th e  te x t  i n  s u c h  a wa y th at  s o m e  o r al l  o f  th e i r  co n te n t  
co n s ti tu te s  re q u i re m e n ts  o f  th i s  d o c u m e n t.  F o r  d ate d  re fe re n ce s ,  o n l y th e  e d i t i o n  c i te d  ap p l i e s .  
Fo r  u n d ate d  re fe re n ce s ,  th e  l ate s t  e d i t i o n  o f  th e  re fe re n ce d  d o cu m e n t  ( i n c l u d i n g  an y 
am e n d m e n ts )  ap p l i e s .  

Th e re  are  n o  n o rm ati ve  re fe re n ce s  i n  th i s  d o c u m e n t.  

3 Terms and  defin i tions  

N o  te rm s  an d  d e fi n i t i o n s  are  l i s te d  i n  th i s  d o c u m e n t.  

I S O an d  I E C  m ai n tai n  te rm i n o l o g i cal  d atab as e s  fo r  u s e  i n  s tan d ard i zat i o n  at  th e  fo l l o wi n g  
ad d re s s e s :  

•  I E C  E l e ctro pe d i a:  avai l ab l e  at  h ttp : //www. e l e ctro pe d i a. o rg / 

•  I S O  O n l i n e  bro ws i n g  p l atfo rm :  avai l ab l e  at  h ttp : //www. i s o . o rg /o b p  

4 Defin i tion  and  posi tion ing  of  HDLMath  

4.1  General  

H D LM ath  i s  d e f i n e d  as  a l an g u ag e  f o r  d e s cri bi n g  an d  ve ri f yi n g  th e  be h avi o r  o f  an  e n ti re  s ys te m  
o r pro d u ct  u s i n g  m ath e m ati c al  al g o ri th m s .  

I E C  TR  6 2 8 5 6 : 2 0 1 3  ( B VD L)  d e s cri be s  th e  fe atu re s  o f  e x i s ti n g  d e s i g n  l an g u ag e s  u s e d  i n  th e  
d e s i g n  pro c e s s e s  ap p l i e d  to  th e  d e ve l o pm e n t  o f  S ys te m - o n - C h i p  ( S o C )  d e vi ce s ,  wh i ch  ran g e  
fro m  s ys te m  l e ve l  d e s i g n ,  I P  b l o ck cre ati o n  an d  an al o g  b l o ck d e s i g n ,  to  S o C  d e s i g n  
i m pl e m e n tati o n  an d  ve ri f i cati o n .  H D LM ath  wi l l  co ve r s ys te m  l e ve l  d e s i g n  i n  th e  B VD L s ch e m a.  

4.2  Current  HDLMaths  

Cu rre n tl y,  th e re  are  th re e  ki n d s  o f  l an g u ag e  fo r th e s e  d e s i g n  e n vi ro n m e n ts :  H D LM ath 1 ,  
H D LM ath 2 ,  an d  H D LM ath 3 .  

H D LM ath 1  i s  a  ki n d  o f  h i g h - l e ve l  l an g u ag e  th at  h as  an  i n te racti ve  e n vi ro n m e n t fo r  n u m e ri cal  
co m pu tati o n ,  vi s u al i zati o n ,  an d  pro g ram m i n g .  I t  i s  ab l e  to  an al yz e  d ata,  d e ve l o p  al g o ri th m s ,  an d  
cre ate  m o d e l s  an d  ap p l i c ati o n s  u s i n g  th e  l an g u ag e ,  to o l s ,  an d  bu i l t - i n  m ath e m ati c al  fu n c ti o n s .  
I t  f e atu re s  th e  fo l l o wi n g :  

http://www.electropedia.org/
http://www.iso.org/obp
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a)  a  b l o ck d i ag ram  e n vi ro n m e n t fo r  m u l ti - d o m ai n  s i m u l at i o n  an d  m o d e l - b as e d  d e s i g n ;   

b)  s i m u l ati o n ,  au to m ati c  co d e  g e n e rati o n ,  an d  c o n ti n u o u s  te s t  an d  ve ri f i cati o n  o f  e m be d d e d  
s ys te m s .  

H D LM ath 2  i s  m o ti vate d  b y th e  n e e d  fo r  m ath e m ati cal  m o d e l i n g  wi th i n  th e  Ve ri l o g  l an g u ag e .  I ts  
fe atu re s  are  as  f o l l o ws :  

•  n o  e xp l i c i t  co n ve rs i o n  fu n cti o n s  are  n e c e s s ar y;  

•  s u p p o rt  fo r  ru n ti m e  ch an g e s  o f  fo rm ats ,  i n c l u d i n g  th e  n u m be r o f  b i ts  o f  th e  vari o u s  f i e l d s ;  

•  d ata i n  m u l t i - d i m e n s i o n al  arra ys  th at  are  e as y to  acce s s  g l o b al l y.  

Th e  l an g u ag e  i s  d e s i g n e d  to  s u p po rt  a  l arg e  n u m be r o f  m ath e m ati cal  s ys te m  tas ks ,  an d  pro vi d e s  
acce s s  to  i n fo rm ati o n  re g ard i n g  th e  o cc u rre n ce  o f  o ve rf l o ws ,  u n d e rfl o ws ,  m ax i m u m  n u m be r o f  
bi ts  n e e d e d ,  cu m u l ati ve  e rro r,  e tc.  

H D LM ath 3  i s  a  l an g u ag e  m ai n l y to  s u p po rt  an al o g  d e s i g n .  I t  al l o ws  n e two rks  o f  an al o g  parts  
s u ch  as  re s i s to rs ,  c ap aci to rs ,  e tc. ,  to  b e  d e fi n e d .  Th e  s i m u l ato r  e xtracts  th e  d i ffe re n ti al  
e q u ati o n s  c o rre s p o n d i n g  to  th e  n e two rk o f  an al o g  parts  an d  s o l ve s  th e m  bas e d  o n  i n i t i al  
co n d i t i o n s  an d  u s i n g  a t i m e s te p p ro vi d e d  b y th e  u s e r.  I t  i s  abl e  to  h an d l e  b l o cks  th at  are  m o d e l e d  

m ath e m ati c al l y an d  wri tte n  at  th e  C /C++  l e ve l .  H o we ve r,  th e  m ath e m ati cal  capab i l i t i e s  i n  m ath . h  
( a ki n d  o f  C  fu n cti o n  l i brary)  are  l i m i te d  at  th e  l o w l e ve l  o f  C /C++  an d  n o t  at  th e  h i g h  l e ve l s  fo u n d  
i n  H D LM ath 1  o r  H D LM ath 2 .  

4.3  Design  abstraction  l evel  of  HDLMath  

Fi g u re  1  s h o ws  th e  n u m be r o f  l i n e s  o f  c o d e  fo r s e ve ral  s m al l  e x am pl e s  wri tte n  u s i n g  H D LM ath 1  
an d  H D LM ath 2 .  I t  al s o  s h o ws  th e  l e n g th  o f  th e  C - c o d e  g e n e rate d  au to m ati cal l y fro m  an  
H D LM ath 1  d e s cri p t i o n .  Th e  n u m be r o f  l i n e s  o f  C - c o d e  i s  s e ve ral  h u n d re d  t i m e s  l arg e r th an  th at  
of  th e  H D LM ath  d e s cri p t i o n s .  Th e  f i g u re  i n d i cate s  h o w H D LM ath  l an g u ag e s  can  b e  u s e d  to  
d e s i g n  at  a  h i g h e r  l e ve l  o f  d e s i g n  abs trac ti o n  an d  h e n c e  h o w d e s i g n  pro d u cti vi t y i s  h i g h e r th an  
C  l e ve l  d e s i g n .  
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Figure 1  – Numbers  of  description  l i nes  

5 Functional  requirements of  HDLMath  

5.1  General  

W h e n  d e s i g n i n g  m ath e m ati cal  al g o ri th m s  fo r  s ys te m  l e ve l  m o d e l i n g  wi th  an  H D LM ath ,  th e  
H D LM ath  s h al l  co ve r th e  fo l l o wi n g  fu n cti o n al  re q u i re m e n ts  i n  o rd e r  to  ac h i e ve  u tm o s t  pre c i s i o n .   

5.2  Mathematical  expressions  

Th e  m ath e m ati c al  o p e rato rs  + ,  - ,  * ,  * * ,  an d  /  s h al l  be  app l i c ab l e  to  an y co m bi n ati o n  o f  th e  
fo l l o wi n g  o p e ran d  an d  re s u l t  fo rm ats :  arb i trary- pre ci s i o n  f i xe d - p o i n t,  arb i trary- pre ci s i o n  
f l o ati n g - p o i n t,  i n te g e r,  re al ,  re g i s te r,  an d  c o n s tan ts .  Tri g o n o m e tri c  an d  h yp e rb o l i c  ( d i re ct  an d  
i n ve rs e )  fu n cti o n s  s h al l  be  s u pp o rte d  fo r an y pre c i s i o n .  P o we r,  l o g ari th m ,  an d  s q u are  ro o t  
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o p e rati o n s  are  al s o  n e e d e d .  Fi g u re  2  s h o ws  a  p art  o f  a  f i l te r  d e s cri b e d  u s i n g  l o g ari th m  fu n c ti o n  
i n  H D LM ath 1  an d  H D LM ath 2 .  
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Figure 2  – Examples  of  mathematical  expressions  

5.3  Various  kinds of  precision  computation  

D ata s h al l  i n c l u d e  s cal ar,  c o m pl e x  n u m be rs  i n  C arte s i an  c o o rd i n ate s ,  an d  co m pl e x  n u m be rs  i n  
po l ar  co o rd i n ate s .  Th e  h i g h  l e ve l  s u pp o rt  s h al l  b e  b i t- acc u rate ,  i . e .  th e  re s u l t  o f  c o m pu tati o n s  
pe rf o rm e d  d u ri n g  s i m u l at i o n  s h o u l d  m atc h  th e  re s u l ts  pro d u ce d  b y th e  actu al  h ard ware .  Th e  
fo rm ats  ( f l o ati n g  o r  f i x e d  po i n t)  o f  h i g h  l e ve l  d ata,  as  we l l  as  th e  n u m be r  o f  bi ts  i n  th e i r  re s p e cti ve  
f i e l d s ,  s h al l  b e  m o d i fi ab l e  d u ri n g  al g o ri th m  d e s i g n .  M o d i f yi n g  fo rm ats  an d  th e i r  re s p e cti ve  f i e l d s  
al l o ws  fo r a  m o re  e ff i ci e n t  d e s i g n  s p ac e  e x p l o rati o n .  Tab l e  2  s h o ws  th e  pre c i s i o n  t yp e  o f  
H D LM ath 1  an d  H D LM ath 2 .  H D LM ath 2  can  h an d l e  d ata u p  to  1  M b i t  i n  wi d th  an d  th e  pre ci s i o n  
typ e  i s  d e fi n e d  u s i n g  th e  “ d e s cri p to r”  co n s tru ct.  

Table  2  – Examples of  precision  type 

 HDLMath1  HDLMath2  

bi t  wi d t h  8 ,  1 6 ,  3 2 ,  6 4  d e fi n e d  u s i n g  “ d e s cri p to r”  co n s t ru ct  

s i g n  s i g n  an d  u n s i g n e d  

f l o at i n g  po i n t  s i n g l e /d o u bl e  

f i xe d  po i n t  u s i n g  t o o l  bo x  

 

5.4  Exception  and  error handl ing  

To  h e l p  o p ti m i ze  th e  i m p l e m e n tati o n  o f  m ath e m ati c al  al g o ri th m s ,  e rro rs  s h al l  b e  m i n i m i z e d  
u s i n g  o n l y th e  n e ce s s ary n u m be r o f  b i ts .  Acc e s s  s h al l  al s o  be  pro vi d e d  to  i n fo rm ati o n  re g ard i n g  

/* * * *  H D LM ath 2  * * * * / 

tas k C o m p u t e G ai n C ;  

b e g i n  

 s t e p  =  ( s rat e /S I ZE ) /2 ;  

 l 1 0  =  $ Vp Ln ( 1 0 . 0 ) ;  

 o m e g a =  0 ;  

 f o r  ( j  =  1 ;  ( j  <  S I ZE ) ;  j  =  j + 1 )  

 b e g i n  

  v p  =  $ Vp C o p yR e g 2 Vp ( m e m [ f i r. N a] ) ;  

  H r  =  v p* f act;  

  fo r  ( i  =  1 ;  ( i  < =  1 5 ) ;  i  =  i + 1 )  

  b e g i n  

   vp  =  $ Vp C o p yR e g 2 Vp ( m e m [ fi r. N a- i ] ) ;  

   t 1  =  vp * f act;  

   t 1  =  t1 * 2 * $ Vp C o s ( o m e g a* i * T) ;  

   H r  =  H r+ t 1 ;  

  e n d  

  H r  =  $ Vp Ab s ( H r) ;  

  y[ 0 ] [ j ]  =  2 0 * $ Vp Ln ( H r) /l 1 0 ;  

  o m e g a =  o m e g a +  s t e p ;  

 e n d  

e n d  

e n d t as k 

/* * * *  H D LM ath 1  * * * * / 

f u n c ti o n  C o m p u t e G ai n C ( )  

s t e p  =  (s rate /S I ZE ) /2 ;  

l 1 0  =  l o g ( 1 0 . 0 ) ;  

o m e g a =  0 ;  

f o r  j  =  1 :  S I ZE  

    H r  =  v p * f ac t;  

    fo r  i  =  1 :  1 5  

        t 1  =  vp * fact ;  

        t 1  =  t 1 * 2 * co s ( o m e g a* i * T) ;  

        H r  =  H r+ t1 ;  

    e n d  

    H r  =  ab s ( H r) ;  

    y( 0 , j )  =  2 0 * l o g ( H r) /l 1 0 ;  

    o m e g a =  o m e g a +  s t e p ;  

e n d  
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th e  o cc u rre n ce  o f  o ve rfl o w,  u n d e rfl o w,  m axi m u m  n u m be r o f  b i ts  re q u i re d ,  an d  c u m u l ati ve  e rro r.  
Tabl e  3  s h o ws  th e  o ve rfl o w h an d l i n g  o f  H D LM ath 1  an d  H D LM ath  2 .  H D LM ath 2  c an  d e fi n e  th e s e  
u s i n g  th e  “d e s cri pto r”  co n s tru ct.   

Table  3  – Examples of  overflow handl ing  

 HDLMath1  HDLMath2  

f l o at i n g  po i n t   ro u n d s  t o  i n fi n i te  val u e    

d e fi n e d  u s i n g  “ d e s cri p to r”  c o n s t ru ct  i n t e g e r s atu rat e d  wi th  t h e  m axi m u m  n u m b e r  

f i xe d  p o i n t  ro u n d s  to  t h e  s p e ci f i e d  n u m b e r 

 

5.5  Mu l ti -d imensional  arrays  

On e -  an d  two - d i m e n s i o n al  arra ys  o f  an y ki n d  o f  d ata,  i n c l u d i n g  s p ars e  arra ys ,  an d  ari th m e ti c  
an d  l o g i c al  o p e rati o n s  o n  an y ki n d  o f  l e g al  c o m bi n ati o n  o f  d ata s h al l  be  s u p po rte d .  Th i s  
cap ab i l i t y al l o ws  th e  i m pl e m e n tati o n  o f  al l  m ath e m ati c al  al g o ri th m s .  

5.6  Mathematical  functions  

Th e re  s h al l  b e  s u p p o rt  fo r  a  l arg e  n u m be r o f  m ath e m ati c al  fu n c ti o n s ,  s u ch  as  d i ffe re n ti al  
eq u ati o n s ,  FF T ( Fas t  F o u ri e r  Tran s fo rm ) ,  D FT ( D i s cre te  F o u ri e r  Tran s fo rm ) ,  f i n d i n g  e i g e n val u e s  
an d  e i g e n ve c to rs ,  n o rm s  an d  d i s tan c e s ,  f i n d i n g  ro o ts  o f  po l yn o m i al s .  Al th o u g h  al l  m ath e m ati c al  
fu n cti o n al i t y c an  b e  wri tte n  u s i n g  th e  ari th m e ti c  o pe rato rs ,  s u c h  an  i m pl e m e n tati o n  wo u l d  be  
s l o w.  F i g u re  3  an d  F i g u re  4  s h o w m u l t i - d i m e n s i o n al  arra ys  an d  m ath e m ati cal  fu n cti o n s  i n  
H D LM ath 1  an d  H D LM ath 2 ,  re s p e cti ve l y.  
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Figure 3  – Mu l t i -d imensional  arrays and  mathematical  functions  in  HDLMath1  

fu n c ti o n  ar_f _t o t al  =  d i f f_m at h ( ) ;  
al p h a =  1 . 6 5 ;  
r_t o t al _t i m e  =  0 . 0 0 5 ;  
 ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
        ar_f _t o t al ( s l i c e , j )  =  ar_f_s p ri n g ( s l i c e )  +   ar_f _d am p e r( s l i ce )  +  ar_f _fl u x( s l i ce ) ;  
        i f  ( i s Ze ro )  
            ar_f _t o t al ( s l i c e , j )  =    0 ;  
        e l s e i f  ( ar_f_to tal ( s l i c e , j ) > 0 )  
            ar_f _t o t al ( s l i c e , j ) =  ar_f _t o t al ( s l i c e , j ) ;  
        e l s e  
            ar_f _t o t al ( s l i c e , j )   =  0 ;  
        e n d  
        i f  ( ( s l i c e  ~ =  1 )  & &  ( ar_f _t o t al ( s l i ce , j )  <  1 5 ) )  
            i s Ze ro  =  1 ;   
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
fu n c t i o n  d yd x  =  v p l o d e ( t , x) ;  
g l o b al  c o e f ;  
d yd x  =  [ x( 2 ) ; - ( c o e f ( 2 ) * x ( 2 ) + co e f ( 3 ) * x( 1 ) ) /c o e f( 1 ) ] ;  
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
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Figure 4  – Mu l t i -d imensional  arrays and  mathematical  functions  in  HDLMath2  

5.7  M ixed  numerical  and  symbol ic  computations  

Al l  th e  n e ce s s ar y pro ce s s i n g  s h o u l d  b e  p e rfo rm e d  i n  o n e  e xe cu ti o n .  U s e rs  s h o u l d  n o t  b e  
bu rd e n e d  wi th  p as s i n g  d ata fro m  a  s ym b o l i c  e n vi ro n m e n t  to  a  n u m e ri c  e n vi ro n m e n t.  W h e n  
pe rf o rm i n g  s ym b o l i c  s i m u l at i o n  u s i n g  s tri n g s ,  a  s tri n g  s h o u l d  b e  e val u ate d  i n  th e  c u rre n t  c o n te xt,  
as  i f  i t  h ad  be e n  an  e x pre s s i o n  i n  th e  n u m e ri c  e n vi ro n m e n t.  F i g u re  5  s h o ws  m i xe d  n u m e ri c al  an d  
s ym b o l i c  co m pu tati o n s  i n  H D LM ath 2 ,  b u t  H D LM ath 1  d o e s  n o t  s u p p o rt  th i s  f u n c ti o n al  
re q u i rem e n t.  
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Figure 5  – M ixed  numerical  and  symbol ic  computations in  HDLMath1  and  HDLMath2  

5.8  Feedback process  

On e  i m po rtan t  as p e c t  i n  c o n tro l  s ys te m  d e s i g n  i s  to  an al yz e  th e  e ffe cts  o f  fe e d b ack l o o ps  o n  th e  
o veral l  s ys te m .  F i g u re  7  s h o ws  th e  fe e d b ack pro c e s s  i n  H D LM ath 1  an d  H D LM ath 2  fo r  F i g u re  6 .  

 

Key 
A ,  B,  C,  K m at ri x va l u e s  

1 /s  Lapl ace  t ran s fo rm  o f  s t e p  fu n ct i o n  

r,  u ,  x,  y  va ri ab l e s  

Figure 6  – Example of  a  feedback process  
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A  

C  B  

r  u  

ẋ  

x  y  

1 /s  

O pe n –l o o p p l an t  

/* * * *  H D LM ath 2 * * * * / 
r  =  $ P i /6 ;    
x  =  $ P i /6 ;  
s ym b E xp r1  =  " $ Vp S i n ( r* x ) " ;  
$ E v al ( s ym b E xp r1 ,  v al ) ;   
 

/* * * *  H D LM at h 1 * * * * / 
s ym s  x  r;   
s ym b 1  =  s i n ( r* x) ;   
s ym b 1 _v al  =  d o u b l e ( s u b s ( s ym b 1 , [ x  r] , [ p i /6  p i /6 ] ) ) ;  
 

m o d u l e  to p ;  
p aram e t e r  re al  al p h a =  1 . 6 5 ;  
p aram e t e r  re al  r_to tal _t i m e  =  0 . 0 0 5 ; /*  s ec o n d s  * / 
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
ar_f _f l u x[ s l i c e ]  =  0 ;  
ar_f _t o t al [ j ] [ s l i c e ]  =  ar_f_s p ri n g [ s l i c e ]  +  ar_f _d am p e r[s l i ce ]  +  ar_f_f l u x[ s l i ce ] ;  
ar_f _t o t al [ j ] [ s l i c e ]  =  ( i s Ze ro )  ?  0 :  ( ( ar_f _t o tal [ j ] [s l i c e ] > 0 ) ? ar_f_t o tal [ j ] [ s l i ce ] : 0 ) ;  
i f  ( ( s l i c e  ! =  0 )  & &  ( ar_f _t o t al [ j ] [s l i c e ]  <  1 5 )   
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
$ Vp LO D E ( o rd e r,  n rE q ,  h ,  n r_p ts _p e r_c t_c o e f+ 1 , x_c t,  c o e f,  Fe _ct,  y_c t,  re s s ym b ) ;  
e n d  
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
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Figure 7  – Example of  feedback process  i n  HDLMath1  and  HDLMath2  

5.9  User-defined  functions in  C-code 

S u p p o rt  fo r  e x te n d i n g  s i m u l at i o n  fu n cti o n al i t y b y h avi n g  th e  c ap ab i l i t y to  i n co rp o rate  C  c o d e  
e xe c u ti o n  i n  th e  s i m u l at i o n  i n  a  s tan d ard  m an n e r  i s  re q u i re d  to  e n h an ce  p e rfo rm an ce .  

Th e  rati o n al e  b e h i n d  th i s  re q u i re m e n t  i s  th at  m an y d e s i g n  te am s  h ave  th e i r  o wn  m ath e m ati c al  
l i brari e s  an d  n o th i n g  e l s e  can  wo rk as  we l l  fo r  th e m .  I n  s u ch  cas e s ,  th e  d e s i g n e rs  can  u s e  th e i r  
o wn  l i brari e s .  F i g u re  8  i s  a  u s e r- d e fi n e d  C  fu n cti o n  cal l  e x am pl e  i n  H D LM ath 1  an d  H D LM ath 2 .  
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Figure 8  – Examples  of  user-defined  functions in  C-code in  HDLMath1  and  HDLMath2  

/* * * * H D LM at h 2  * * * / 
l o n g  t f 2 s s c ( l o n g  f i l e ,  i n t  l i n e ,   
 ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
    i n t  s z2 S S ,  i n t  s t2 S S ,  i n t  e n d 2 S S ,  l o n g  S S ) ;  
 ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  

M  =  t f 2 s s c ( b ,  a) ;  /* cal l  C  c o d e  * / 

・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  

/* * * * H D LM at h 1  * * * / 
s t at i c  vo i d  yp ri m e (・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  ) {  
  ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
     yp [ 1 ] =  
2 * y[ 3 ] + y[ 0 ] - m u s * ( y[ 0 ] + m u ) /( r1 * r1 * r1 ) - m u * ( y[ 0 ] - m u s ) /( r
2 * r2 * r2 ) ;  
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
    re t u rn ; }  
v o i d  m e xFu n c t i o n (  i ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  ) {   
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
    yp ri m e ( yp , t , y) ;   
    re t u rn ;  }  
 

・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
p o l e s  =  $ E i g ( A) ;  
$ P ri n t M ( p o l e s ,  " % e " ) ;  
/*  Th e  p o l e s  are :  
p o l e s [ 0 ] . R e  =  - 3 . 1 3 0 4 9 5 e + 0 1 ,  p o l e s [ 0 ] . I m  =  0 . 0  
p o l e s [ 1 ] . R e  =  - 1 . 0 0 0 0 0 0 e + 0 2 ,  p o l e s [ 1 ] . I m  =  0 . 0  
p o l e s [ 2 ] . R e  =  3 . 1 3 0 4 9 5 e + 0 1 ,  p o l e s [ 2 ] . I m  =  0 . 0  
* / 
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
K  =  $ P l ac e ( A,  B ,  p o l e s ) ;  
B K =  B * K;  
AK =  A- B K;  
y  =  $ LS i m ( AK,  B ,  C ,  D ,  u ,  t 0 ,  d t ,  n r_s am p l e s ,  x) ;  
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  

・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
p o l e s  =  e i g ( A)  
t  =  0 : 0 . 0 1 : 2 ;  
u  =  ze ro s ( s i ze ( t) ) ;  
x0  =  [ 0 . 0 1  0  0 ] ;  
s ys  =  s s ( A, B , C , 0 ) ;  
[ y, t , x]  =  l s i m ( s ys , u , t , x0 ) ;  
p l o t( t , y)  
x l ab e l ( ' Ti m e  ( s e c) ' )  
yl ab e l ( ' B al l  P o s i t i o n  ( m ) ' )  
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
K  =  p l ac e ( A, B , [ p 1  p 2  p 3 ] ) ;  
s ys _c l  =  s s ( A- B * K, B , C , 0 ) ;  
・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
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5.1 0  Veri fication  envi ronment  

Te s t  be n ch e s  are  an  e s s e n ti al  to o l  i n  th e  c i rcu i t  d e s i g n  e n vi ro n m e n t.  Th e y pro vi d e  a  vi rtu al  
en vi ro n m e n t  u s e d  to  ve ri fy th e  co rre ctn e s s  o f  th e  d e s i g n  o r  m o d e l .  Th e  te s t  be n c h  c apab i l i t y o f  
an  H D LM ath  l an g u ag e  s h al l  i n c l u d e  fo u r c o m po n e n ts :  i n pu t,  c i rc u i t,  c h e ck fu n cti o n s ,  an d  o u tpu t.  
Fi g u re  9  s h o ws  th e  s tru ctu re  o f  te s t- b e n ch  d e s cri p ti o n s  i n  H D LM ath 1  an d  H D LM ath 2 .  
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Figure 9  – Structure of  test-bench  description  of  HDLMath1  and  HDLMath2  

6 Comparison  of  current  HDLMath  languages 

Tabl e  4  s h o ws  a c o m pari s o n  b e twe e n  c u rre n t  H D LM ath  l an g u ag e s  bas e d  o n  th e  f u n c ti o n al  
re q u i re m e n ts  fo r  an  H D LM ath .  

Th e s e  l an g u ag e s  s u p po rt  m o s t  o f  th e  fu n cti o n al  re q u i re m e n ts ,  b u t  th e y s ti l l  re q u i re  fu rth e r  
d e s cri pt i ve  c ap ab i l i t i e s  fo r l arg e r s c al e  d e s i g n s .  

H D LM ath 1  h as  b i t  l e n g th  l i m i tati o n s  ( m axi m u m  6 4  b i ts )  an d  s e ve ral  pro bl e m s  from  a h ard ware  
d e s i g n  pe rs p e cti ve  s u c h  as  l i m i tati o n s  fo r  fu n c ti o n al  re q u i re m e n ts  2 ,  3 ,  an d  4 .  

H D LM ath 2  re q u i re s  m o re  fu n cti o n al i t y s u ch  as  th e  ab i l i t y to  h an d l e  f e e d back pro ce s s e s  wi th o u t  
ad d i t i o n al  C  co d i n g .  

H D LM ath 3  i s  abl e  to  d e s cri b e  m ath e m ati cal  al g o ri th m s ,  b u t  i t  n e e d s  m u ch  C  c o d i n g  an d  
as s o c i ate d  d e b u g g i n g .  

* * * / H D L M ath 2  t e s t  be n c h  f l o w/* * *  

//S ti m u l u s  G e n e rat i o n  

 ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  

//To p l e ve l  m o d u l e  o f  Te s t  B e n c h  

  //T e s t  B e n c h  d e cl arati o n s  

  //C l o c k G e n e rat i o n  

  //Am p l i tu d e  R e s po n s e  C o m p u t at i o n  

  //I n s t an ti ati o n  o f  D e vi ce  U n d e r Te s t  

  // I n s tan t i at i o n  o f  M o d u l e s  g e n e rati n g  S ti m u l u s  

   //S u p pl yi n g  S t i m u l u s  to  t h e  D e vi c e  u n d e r Te s t  

  // G e t t i n g  t h e  re s u l ts  fro m  t h e  D e vi ce  u n d e r T e s t  

  //T e s t  B e n c h  C o n t ro l l e r  

   //C o m pu tati o n  an d  D i s pl ay  o f  Am pl i t u d e  R e s p o n s e  

  //C o m p u t at i o n  an d  D i s p l a y  o f  I n p u t /O u t p u t  
S p e ctru m  

   //D i s p l a y I n p u t /O u t p u t  W ave fo rm s  

   //C o m p u t e  an d  D i s p l a y D i s t an ce s   

  //U s e  o f  M i xe d  Le ve l  As s e rti o n s  to  c o m p are  
R e s u l ts  

 ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  

 //Li b ra ry o f  E l e m e n tary M o d u l e s  

 ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  

 //C o m p u t at i o n al  U n i t  o f  D e vi ce  u n d e r T e s t  

* * * /  H D L M ath 1  t e s t  be n ch  f l o w/* * *  

//  D e s c ri p ti o n :  te s t  b e n ch  t as ks ,  p aram e t e rs  

 tas k i n _t as k;   

 tas k i d e al O u t _t as k;   

 tas k O u t_0 _tas k;   

  ・ ・ ・ ・ ・ ・ ・ ・ ・  

//  D e s cri p ti o n :  t e s t  be n c h  d at a  

  ・ ・ ・ ・ ・ ・ ・ ・ ・  

//  H i e rarch y L e ve l :  1  

  //  D ri vi n g  th e  t e s t  b e n ch  e n abl e  

  // S ys te m  C l o ck ( fas t  c l o ck)  an d  re s e t  

  // Te s t- b e n ch  c l o c k e n ab l e  

  // R e ad  t h e  d at a an d  t ran s m i t  i t  t o  th e  D U T  

  //  R e ad  t h e  d at a an d  tra n s m i t  i t  to  t h e  D U T  

  // C re ate  d o n e  s i g n al  fo r  I n p u t  d at a  

  //C h e cke r:  C h e cki n g  t h e  d ata re ce i ve d  fro m  t h e  
D U T.  

  // C re ate  d o n e  a n d  t e s t  fai l u re  s i g n al  f o r  o u tp u t  
d ata  

  //  G l o b al  c l o ck e n abl e  

  ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・  
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Table  4  – Comparison  of  current  HDLMaths  

Requ i rements  HDLMath1  HDLMath2  HDLMath3  

1 )  M at h e m ati cal  e xp re s s i o n s  ✔  ✔  

a  

2 )  Vari o u s  ki n d s  o f  pre ci s i o n  co m p u t at i o n  ✔b  ✔  a  

3 )  E xc e p ti o n  an d  e rro r h an d l i n g  ✔c  ✔  
a  

4)  M u l t i - d i m e n s i o n al  arra ys  ✔d  ✔  
a  

5 )  M i xe d  n u m e ri cal  an d  s ym bo l i c  co m p u t at i o n s   ✔  
a  

6 )  M at h e m at i cal  fu n ct i o n s  ✔  ✔  a  

7)  F e e d back p ro ce s s  ✔  
a  a  

8 )  U s e r- d e fi n e d  fu n c ti o n  i n  C - co d e  a  ✔  ✔  ✔  

9 )  Ve ri f i cati o n  e n vi ro n m e n t  ✔  ✔  ✔  

a  Th i s  fu n ct i o n  i s  i m pl e m e n t e d  u s i n g  ad d i t i o n al  C  co d i n g .  

b  H D L M at h 1  h as  b i t  l e n g th  l i m i t at i o n s  ( m a xi m u m  6 4  bi t s ) .  

c  H D LM ath 1  d o e s  n o t  s u p p o rt  th e  s e t t i n g  o f  a  f l ag  t h at  c an  b e  u s e d  b y th e  h a rd ware  m o d e l  s u c h  as  th e  H D L  
g e n e rat e d  b y t h e  H D L g e n e rat o r.   

 Th e re  i s  a  s t ru ct u re  i n  wh i c h  a n  e xce p ti o n  i s  re tu rn e d  to  th e  cal l i n g  fu n ct i o n ,  b u t  t h e  u s e r s h al l  p ro g ram  t h e  
ac tu al  e xce pt i o n  h an d l i n g  m e c h an i s m .  

d  Th e  val u e s  are  o n l y  o f  s o m e  s m al l  n u m b e r o f  fo rm at s  an d  s i z e s .  

 

7 Conclusion  

H D LM ath  i s  a  l an g u ag e  to  d e s c ri b e  an d  ve ri f y th e  b e h avi o r o f  e n t i re  s ys te m s  an d  pro d u cts  u s i n g  
m ath e m ati cal  al g o ri th m s  o f  e l e c tro n i c  s ys te m s .  H D LM ath  an d  i ts  d e s i g n  e n vi ro n m e n t  s h al l  
s u p p o rt  vari o u s  ki n d s  o f  d e s i g n  d o m ai n s .  W h e n  d e s i g n i n g  m ath e m ati c al  al g o ri th m s  fo r  s ys te m  
l e ve l  m o d e l i n g  u s i n g  H D LM ath ,  th e  l an g u ag e  s h al l  c o ve r  th e  n i n e  fu n cti o n al  re q u i re m e n ts  to  
d e s i g n  s ys te m  m o d e l s  pre ci s e l y an d  c o n c i s e l y.  

Th i s  d o c u m e n t  al s o  d e s cri be s  s m al l  e xam p l e s  fo r e ach  fu n cti o n al  re q u i re m e n t  an d  th e  s tatu s  o f  
cu rre n t  H D LM ath s  to  acce l e rate  m ath e m ati cal  al g o ri th m  d e s cri p t i o n  l an g u ag e  ( H D LM ath )  
s tan d ard i zati o n .  C u rre n t  H D LM ath  l an g u ag e s  h ave  s o m e  o f  th e  fu n cti o n al i t i e s  re q u i re d  fo r  
m ath e m ati c al  al g o ri th m  d e s i g n .  H o we ve r,  th e y s t i l l  n e e d  m o re  e x te n s i ve  d e s cri pt i ve  c ap abi l i t i e s  
i n  o rd e r  to  h an d l e  l arg e r  s cal e  d e s i g n .  

Th i s  d o c u m e n t  h as  fo c u s e d  o n  m o d e l i n g  an d  ve ri f i cati o n  b as e d  o n  H D LM ath  b e cau s e  at  th i s  
po i n t  i n  t i m e  s yn th e s i s  bas e d  o n  H D LM ath  s t i l l  re q u i re s  fu rth e r re s e arch  an d  d e ve l o pm e n t .  
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