
Usi ng CORDI C met hods f or  comput at i on i n mi cr o- cont r ol l er s 
 
 
I nt r oduct i on 
 
Many t i mes i n desi gni ng sof t war e f or  a mi cr o- cont r ol l er  syst em,  i t  i s  necessar y 

t o make cal cul at i ons t hat  i nvol ve el ement ar y f unct i ons such as Si n( x) ,  Cos( x)  

or  Log10( x) .  For  exampl e,  many t emper at ur e sensor s ar e l ogar i t hmi c i n nat ur e.  

That  i s  t he sensor  out put  vol t age may i ncr ease by x vol t s each t i me t he 

t emper at ur e doubl es.  I n t hi s case conver t i ng t he sensor  vol t age t o a l i near  

t emper at ur e scal e r equi r es t he cal cul at i on of  2x.  

 

Cal cul at i on of  an el ement ar y f unct i on i s  of t en t i mes done by usi ng a l ook- up 

t abl e.  Look- up t abl es ar e by f ar  t he f ast est  way t o make t he comput at i on,  

however  t he pr eci s i on of  t he r esul t  i s  di r ect l y  r el at ed t o s i ze of  t he l ook- up 

t abl e.  Hi gh pr eci s i on l ook- up t abl es r equi r e a l ar ge amount  of  non- vol at i l e  

memor y t o st or e t he t abl e.  I f  t he t abl e s i ze i s  r educed t o save memor y,  

pr eci s i on wi l l  al so be r educed.  

 

Power  ser i es may al so be used t o cal cul at e t hese same f unct i ons wi t h out  usi ng 

l ook- up t abl es,  however  t hese cal cul at i ons have t he di sadvant age of  bei ng s l ow 

t o conver ge t o a desi r ed pr eci s i on.  I n ef f ect ,  t he l ook- up t abl e s i ze i s  bei ng 

t r aded at  t he expense of  comput at i on t i me.   

 

CORDI C met hods of  comput at i on r epr esent  a compr omi se bet ween t he t wo met hods 

descr i bed above.  The CORDI C t echni que uses a one- bi t - at - a- t i me appr oach t o make 

comput at i ons t o an ar bi t r ar y pr eci s i on.  I n t he pr ocess,  r el at i vel y  smal l  l ook-

up t abl es ar e used f or  const ant s necessar y f or  t he al gor i t hm.  Typi cal l y  t hese 

t abl es r equi r e onl y one t o t wo ent r i es per  bi t  of  pr eci s i on.  CORDI C al gor i t hms 

al so use onl y r i ght  shi f t s  and addi t i ons,  mi ni mi z i ng t he comput at i on t i me.  

 

 

Fundament al s of  CORDI C al gor i t hms 

 

Al l  CORDI C al gor i t hms ar e based on t he f act  t hat  any number  may be r epr esent ed 

by an appr opr i at e al t er nat i ng ser i es.  For  exampl e an appr oxi mat e val ue f or  e 

may be r epr esent ed as f ol l ows:  

 

e = 3 -  0. 3 + 0. 02 -  0. 002 + 0. 0003  = 2. 7183 

 



Not i ce t hat  i n t hi s case each di gi t  gi ves an addi t i onal  power  of  t en r esol ut i on 

t o t he appr oxi mat i on of  t he val ue f or  e.  Al so i f  t he ser i es i s  t r uncat ed t o a 

cer t ai n number  of  t er ms,  t he r esul t i ng val ue wi l l  be t he same as t he val ue 

obt ai ned by r oundi ng t he t r ue val ue of  e t o t hat  number  of  di gi t s .  I n gener al  

t he ser i es obt ai ned f or  a val ue by t hi s met hod does not  al ways al t er nat e 

r egul ar l y.  The ser i es f or  π i s  an exampl e:  

 

π = 3 + 0. 1 + 0. 04 + 0. 002 -  0. 0004 - 0. 00001 = 3. 14159 

 

I t  may al so be shown t hat  t he ser i es f or  e i s  al so i r r egul ar  i f  t he expansi on 

i s  cont i nued f or  a f ew addi t i onal  t er ms.  

 

The CORDI C t echni que uses a s i mi l ar  met hod of  comput at i on.  A val ue t o be 

comput ed,  such as SI N( x)  or  Log10( x) ,  i s  consi der ed t o be a t r uncat ed ser i es i n 

t he f ol l owi ng f or mat :  
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I n t hi s case t he val ues f or  a i  ar e ei t her  0 or  1 and r epr esent  bi t s  i n t he 

bi nar y r epr esent at i on of  z.  The val ue f or  z i s  det er mi ned one bi t  at  a t i me by 

l ooki ng at  t he pr evi ousl y cal cul at ed val ue f or  z,  whi ch i s  cor r ect  t o i - 1 bi t s .  

I f  t hi s est i mat e of  z i s  t oo l ow,  we cor r ect  t he cur r ent  est i mat e by addi ng a 

cor r ect i on f act or ,  obt ai ned f r om a l ook- up t abl e,  t o t he cur r ent  val ue of  z.  I f  

t he cur r ent  est i mat e of  z i s  t oo hi gh,  we subt r act  a cor r ect i on f act or ,  al so 

f r om t he l ook- up t abl e.  Dependi ng on whet her  we add or  subt r act  f r om t he 

cur r ent  val ue of  z,  t he i t h bi t  wi l l  be set  t o t he cor r ect  val ue of  0 or  1.  The 

l ess s i gni f i cant  bi t s  f r om i +1 t o B may change dur i ng t hi s pr ocess because t he 

est i mat e f or  z i s  onl y accur at e t o i  bi t s .  

 

Because of  t he t r i gonomet r i c  r el at i onshi p bet ween t he SI N( x)  and COS( x)  

f unct i ons,  i t  i s  of t en possi bl e t o cal cul at e bot h of  t hese val ues 

s i mul t aneousl y.  I f  t he COS( x)  i s  consi der ed as a pr oj ect i on ont o t he x axi s and 

SI N( x)  as a pr oj ect i on ont o t he y axi s,  i t  i s  seen t hat  t he i t er at i on pr ocess 

amount s t o t he r ot at i on of  an i ni t i al  vect or .  I t  i s  f r om t hi s vect or  r ot at i on 

t hat  t he CORDI C al gor i t hm der i ves i t s  name:  COor di nat e Rot at i on DIgi t al  

Comput er .  



 

 

Al gor i t hms f or  Mul t i pl i cat i on and Di v i s i on 

 

A CORDI C al gor i t hm f or  Mul t i pl i cat i on may be der i ved by usi ng a ser i es 

r epr esent at i on f or  x as f ol l ows:  
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Fr om t hi s i t  i s  seen t hat  z i s  composed of  shi f t ed ver s i ons of  y.  The unknown 

coef f i c i ent s,  a i ,  may be f ound by dr i v i ng x t o zer o one bi t  at  a t i me.  I f  t he 

i t h bi t  of  x i s  non- zer o,  y i  i s  r i ght  shi f t ed by i  bi t s  and added t o t he cur r ent  

val ue of  z.  The i t h bi t  i s  t hen r emoved f r om x by subt r act i ng 2- i  f r om x.  I f  x  i s  

negat i ve,  t he i t h bi t  i n t he t wos compl ement  f or mat  woul d be r emoved by addi ng 

2- i .  I n ei t her  case,  when x has been dr i ven t o zer o al l  bi t s  have been exami ned 

and z cont ai ns t he s i gned pr oduct  of  x and y cor r ect  t o B bi t s.   

 

Thi s al gor i t hm i s s i mi l ar  t o t he st andar d shi f t  and add mul t i pl i cat i on 

al gor i t hm except  f or  t wo i mpor t ant  f eat ur es.  Fi r st ,  ar i t hmet i c r i ght  shi f t s  ar e 

used i nst ead of  l ef t  shi f t s ,  al l owi ng s i gned number s t o be used.  Secondl y,  

comput i ng t he pr oduct  t o B bi t s wi t h t he CORDI C al gor i t hm i s equi val ent  t o 

r oundi ng t he r esul t  of  t he st andar d al gor i t hm t o t he most  s i gni f i cant  B bi t s.  

The f i nal  al gor i t hm i s as f ol l ows:  

 

mul t i pl y( x, y) {           

   f or  ( i =1;  i =<R;  i ++) {  

      i f  ( x  > 0)  

         x  = x -  2( ^ - i )  



         z  = z + y* 2^ ( - i )  

      el se   

         x  = x + 2( ^ - i )  

         z  = z -  y* 2^ ( - i )  

   }  

   r et ur n( z)  

}  

 

Thi s cal cul at i on assumes t hat  bot h x and y ar e f r act i onal  r angi ng f r om - 1 t o 1.  

The al gor i t hm i s val i d f or  ot her  r anges as l ong as t he deci mal  poi nt  i s  al l owed 

t o f l oat .  Wi t h a f ew ext ensi ons,  t hi s al gor i t hm woul d wor k wel l  wi t h f l oat i ng 

poi nt  dat a.   

 

A CORDI C di v i s i on al gor i t hm i s based on r e- wr i t i ng t he equat i on z = x/ y i nt o 

t he f or m x -  y* z = 0.  I f  z  i s  expanded i nt o i t s  ser i es r epr esent at i on,  The 

second ver s i on of  t he equat i on t akes t he f ol l owi ng f or m:  
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Whi ch,  af t er  some mani pul at i on,  y i el ds:   
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Thi s f i nal  f or m of  t he equat i on shows t hat  t he quot i ent  z may be est i mat ed one 

bi t  at  a t i me by dr i v i ng x t o zer o usi ng r i ght  shi f t ed ver s i ons of  y.  I f  t he 

cur r ent  r esi dual  i s  posi t i ve,  t he i t h bi t  i n z i s  set .  Li kewi se i f  t he r esi dual  

i s  negat i ve t he i t h bi t  i n z i s  c l ear ed.  

  

di v i de( x, y) {  

   f or  ( i =1;  i =<R;  i ++) {  

      i f  ( x  > 0)  

         x  = x -  y* 2( ^ - i ) ;  

         z  = z + 2^ ( - i ) ;  

      el se   

         x  = x + y* 2( ^ - i ) ;  



         z  = z -  2^ ( - i ) ;  

   }  

   r et ur n( z)  

}  

 

The conver gence of  t hi s di v i s i on al gor i t hm i s a bi t  t r i ck i er  t han t he 

mul t i pl i cat i on al gor i t hm.  Whi l e x may be ei t her  posi t i ve or  negat i ve,  t he val ue 

f or  y i s  assumed t o be posi t i ve.  As a r esul t ,  t he di v i s i on al gor i t hm i s onl y 

val i d i n t wo quadr ant s.  Al so,  i f  t he i ni t i al  val ue f or  y i s  l ess t han t he 

i ni t i al  val ue f or  x i t  wi l l  be i mpossi bl e t o dr i ve t he r esi dual  t o zer o.  Thi s 

means t hat  i ni t i al  y  val ue must  al ways be gr eat er  t han x,  r esul t i ng i n domai n 

of  0 < z < 1.  The al gor i t hm may be modi f i ed as f ol l ows f or  f our  quadr ant  

di v i s i on wi t h - 1 < z < 1 :  

  

di v i de_4q( x, y) {  

   f or  ( i =1;  i =<R;  i ++) {  

      i f  ( x  > 0)  

        i f  ( y  > 0)  

           x  = x -  y* 2( ^ - i ) ;  

           z  = z + 2^ ( - i ) ;  

        el se 

           x  = x + y* 2( ^ - i ) ;  

           z  = z -  2^ ( - i ) ;  

      el se           

         i f  ( y  > 0)  

            x  = x + y* 2( ^ - i ) ;  

            z  = z -  2^ ( - i ) ;  

         el se 

            x  = x -  y* 2( ^ - i ) ;  

            z  = z + 2^ ( - i ) ;  

   }  

   r et ur n( z)  

}  

 

As wi t h al l  di v i s i on al gor i t hms,  t he case wher e y i s  zer o shoul d be t r apped as 

an except i on.  Once agai n,  a f ew ext ensi ons woul d al l ow t hi s al gor i t hm t o wor k 

wel l  wi t h f l oat i ng poi nt  dat a.  

 



 

Al gor i t hms f or  Log10( x)  and 10x 

 

To cal cul at e t he base 10 l ogar i t hm of  a val ue x,  i t  i s  convi ent  t o use t he 

f ol l owi ng i dent i t y :  
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I f  t he b i  ar e chosen such t hat  x* b1* b2* b3. . . * bB = 1,  we see t hat  t he l ef t  hand 

s i de r educes t o Log10( 1)  whi ch i s  0.  Wi t h t hese choi ces f or  b i ,  we ar e l ef t  wi t h 

t he f ol l owi ng equat i on f or  Log10( x) :  
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Si nce quant i t i es f or  Log10( b i )  may be st or ed i n a l ook- up t abl e,  t he base 10 

l ogar i t hm of  x may be cal cul at ed by summi ng sel ect ed ent r i es f r om t he t abl e.  

 

The t r i ck now i s t o choose t he cor r ect  b i  such t hat  we dr i ve t he pr oduct  of  x 

and al l  of  t he b i  t o 1.  Thi s may be accompl i shed by exami ni ng t he cur r ent  

pr oduct .  I f  t he cur r ent  pr oduct  i s  l ess t han 1,  we choose co- ef f i c i ent  b i  such 

t hat  b i  i s  gr eat er  t han 1.  On t he ot her  hand,  i f  t he cur r ent  pr oduct  i s  gr eat er  

t han 1 t he coef f i c i ent  shoul d be chosen such t hat  i t s  val ue i s  l ess t han one.  

An addi t i onal  const r ai nt  i s  t hat  t he b i  shoul d be chosen such t hat  

mul t i pl i cat i on by any of  t he b i  i s  accompl i shed by a shi f t  and add oper at i on.  

Two coef f i c i ent s whi ch have t he desi r ed pr oper t i es ar e:   

 

b i  = 1+2- i   i f   x* b1* b2. . . b i - 1 < 1 

 

and 

 

b i  = 1- 2- i   i f   x* b1* b2. . . b i - 1 > 1 

 

I n choosi ng t hese val ues f or  t he b i ,  i t  i s  seen t hat  t he l i mi t  as i  appr oaches 

i nf i ni t y  of  t he pr oduct  of  x and t he b i ' s  wi l l  be 1 as l ong as x i s  i n t he 

r ange:  
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Thi s r epr esent s t he r ange of  conver gence f or  t hi s al gor i t hm whi ch may be 

cal cul at ed as appr oxi mat el y:  

 

0. 4194 < x < 3. 4627 

 

I f  i t  i s  wi shed t o cal cul at e l ogar i t hms out s i de of  t hi s r ange,  t he i nput  must  

be ei t her  pr e- scal ed or  t he r ange of  t he i  val ues must  be changed.  The f i nal  

al gor i t hm becomes:  

 

l og10( x) {  

   z  = 0;  

   f or  (  i =1; i =<B; i ++ ) {  

      i f  ( x  > 1)  

         x  = x -  x* 2^ ( - i ) ;  

         z  = z -  l og10( 1- 2^ ( - i ) ) ;  

       el se 

         x  = x + x* 2^ ( - i ) ;  

         z  = z -  l og10( 1+2^ ( - i ) ) ;  

   }  

   r et ur n( z)  

}  

 

To cal cul at e t he i nver se of  t hi s al gor i t hm,  or  10x,  i t  i s  onl y necessar y t o 

modi f y t he exi st i ng al gor i t hm such t hat  x i s  dr i ven t o zer o whi l e z i s  

mul t i pl i ed by t he successi ve coef f i c i ent s,  b i .  Thi s f ol l ows f r om t he f act  t hat  

i f  z  = 10x t hen:  
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As t he exponent  i s  dr i ven t o zer o,  z i s  seen t o appr oach t he pr oduct  of  al l  t he 

successi ve coef f i c i ent s,  ∏
=
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i
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1

.  The f i nal  al gor i t hm becomes:  

 



10_t o_power ( x) {  

   z  = 1;  

   f or  (  i =1; i =<B;  i ++ ) {  

      i f  ( x  > 0)  

         x  = x -  l og10( 1+2^ ( - i ) ) ;  

         z  = z + z* 2^ ( - i ) ;  

      el se 

         x  = x -  l og10( 1- 2^ ( - i ) ) ;  

         z  = z -  z* 2^ ( - i ) ;  

   }  

   r et ur n( z)  

}  

 

The r ange of  conver gence f or  t hi s al gor i t hm i s det er mi ned by t he r ange f or  

whi ch x can be dr i ven t o zer o.  By i nspect i on of  t he al gor i t hm t hi s i s  

det er mi ned t o be:  
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or  x i s  l i mi t ed t o t he r ange –0. 5393< x < 0. 3772.  As i n t he pr evi ous al gor i t hm,  

t he r ange my be ext ended by scal i ng t he i ni t i al  val ue of  z by ( 1+2 i )  or  ( 1- 2 i ) .  

 

 

The Ci r cul ar  Funct i ons SI N( x)  and COS( x)  

 

I t  i s  wel l  known t hat  t he r ot at i on mat r i x  
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wi l l  be a vect or  wi t h co- or di nat es of  �
�
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cos
.  I t  i s  easi l y  seen t hat  t he CORDI C 

met hod coul d be appl i ed t o cal cul at e t he f unct i ons Si n( x)  and Cos( x)  by 

appl y i ng successi ve r ot at i ons t o t he i ni t i al  vect or  �
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 and gr adual l y  dr i v i ng 

t he angl e a t o zer o.  

 

A pr obl em ar i ses when an at t empt  i s  made t o set  up t he r ot at i on mat r i x  such 

t hat  al l  r ot at i ons ar e accompl i shed by r i ght  shi f t s .  Not i ce t hat  i f  a i  i s  chosen 

such t hat  cos( a i )  = 2- i ,  t he s i n( a i )  i s  not  necessar i l y  a power  of  2.  I t  i s  not  

possi bl e t o choose t he successi ve angl e r ot at i ons,  a i ,  such t hat  bot h t he 

cos( a i )  and s i n( a i )  amount  t o r i ght  shi f t s .  

 

I n wor ki ng ar ound t hi s pr obl em,  i t  i s  possi bl e t o modi f y t he r ot at i on mat r i x  by 

br i ngi ng a cos( a)  t er m out  of  t he mat r i x .  Then:  
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Now t he r ot at i on angl es a i  may be chosen such t hat  t an( a i )  = 2- i  or  r at her  a i  = 

t an- 1( 2- i ) .  The r esul t  i s  t he f i nal  i ncr ement al  r ot at i on mat r i x :  
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Wher e:  

 

a i  = t an- 1( 2- i )  

 

Wi t h t hese choi ces f or  t he a i ,  r ot at i on i s  accompl i shed usi ng onl y r i ght  shi f t s .  

I f  t he cos( a i )  t er m i s negl ect ed i n or der  t o avoi d t he mul t i pl i cat i on 

oper at i ons,  t he l engt h of  t he i ni t i al  vect or  i s  i ncr eased each t i me i t  i s  

r ot at ed by usi ng r i ght  shi f t s  onl y.  Thi s i ncr ease may be compensat ed f or  by 

decr easi ng t he l engt h of  t he vect or  pr i or  t o r ot at i on.  Si nce t he al gor i t hm wi l l  

use B successi ve r ot at i ons,  al l  r ot at i ons may be compensat ed f or  i ni t i al l y  



usi ng one col l ect i ve l engt h cor r ect i on f act or ,  C.  The val ue of  C i s f ound by 

gr oupi ng al l  of  t he a i  t er ms t oget her  as  f ol l ows:  
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For  B = 16 bi t s,  C may be cal cul at ed as appr oxi mat el y 0. 6072.  The f i nal  

al gor i t hms f ol l ow.  Not i ce t hat  x and y r epr esent  vect or  coor di nat es,  whi l e z i s  

now t he angl e r egi st er .  

 

s i n( z) {    

   x  = 1. 6468;  

   y  = 0;         

   f or  ( i =0;  i =<R;  i ++) {  

      i f  ( z  > 0)  

         x  = x -  y* 2( ^ - i )  

         y  = y + x* 2( ^ - i )  

         z  = z -  ar ct an( 2^ ( - i ) )  

      el se   

         x  = x + y* 2( ^ - i )  

         y  = y -  x* 2^ ( - i )  

         z  = z + ar ct an( 2^ ( - i ) )  

   }  

   r et ur n( y)  

}  

 

 

cos( z) {    

   x  = 1. 6468;  

   y  = 0;  

   f or  ( i =0;  i =<R;  i ++) {  

      i f  ( z  > 0)  

         x  = x -  y* 2( ^ - i )  

         y  = y + x* 2( ^ - i )  

         z  = z -  ar ct an( 2^ ( - i ) )  

      el se 

         x  = x + y* 2( ^ - i )  

         y  = y -  x* 2^ ( - i )  



         z  = z + ar ct an( 2^ ( - i ) )  

   }  

   r et ur n( x)  

}  

 

I t  may be det er mi ned t hat  t he pr evi ous t wo al gor i t hms wi l l  conver ge as l ong as:  
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or   

 

- 1. 7433 < z < 1. 7433 

 

Si nce t he r egi on of  conver gence i ncl udes bot h t he f i r s t  and t hi r d quadr ant s,  

t he al gor i t hms wi l l  conver ge f or  any z such t hat  - π/ 2 < z < π/ 2.  

 

 

Mappi ng t he CORDI C al gor i t hms t o Mi cr o- Cont r ol l er s.   

 

The pr evi ousl y di scussed al gor i t hms show t hat  CORDI C based comput at i on met hods 

r equi r e mi ni mal  har dwar e f eat ur es t o i mpl ement .  These ar e:  

 

1)  Thr ee r egi st er s of  l engt h B bi t s 

2)  One,  t wo or  t hr ee Adder s/ Subt r act or s 

3)  Sever al  smal l  ROM based l ook- up t abl es 

4)  One,  t wo or  t hr ee shi f t  r egi st er s 

 

When i mpl ement i ng CORDI C al gor i t hms on mi cr o- cont r ol l er s,  i t em f our  wi l l  have 

t he gr eat est  ef f ect  on t he over al l  t hr oughput  of  t he syst em.  Mul t i pl i cat i on by 

2- i  r equi r es t hat  t he shi f t  r egi st er  be capabl e of  per f or mi ng a r i ght  shi f t  by i  

bi t s .  Most  mi cr ocont r ol l er s ar e onl y capabl e of  r i ght  shi f t i ng by 1 bi t  at  a 

t i me.  Shi f t i ng by i  bi t s  r equi r es a sof t war e l oop t o r epeat  t hi s t ask i  t i mes,  

gr eat l y  i ncr easi ng t he comput at i on t i me.  The 8051,  6805,  and 68HC11 ar e t ypi cal  

exampl es of  mi cr o cont r ol l er s whi ch wi l l  r equi r e sof t war e l oops t o i mpl ement  

t he shi f t er .  

 



Ot her  mi cr o- cont r ol l er s such as t he 68HC332,  as wel l  as most  Di gi t al  Si gnal  

Pr ocessor s,  wi l l  have a f eat ur e known as a bar r el  shi f t er .  Thi s t ype of  shi f t er  

wi l l  r i ght  shi f t  by i  bi t s  i n one oper at i on.  Typi cal l y  t he shi f t  i s  al so 

accompl i shed i n 1 c l ock cycl e.  

 

Anot her  possi bi l i t y  f or  i mpl ement i ng a bar r el  shi f t er  i s  t o use a mul t i pl y 

i nst r uct i on t hat  has been opt i mi zed f or  speed.  An exampl e of  t hi s i s  t he 

68HC12,  whi ch has a 16 by 16 bi t  s i gned mul t i pl y,  EMULS,  t hat  pr oduces a 32 bi t  

r esul t  i n 3 c l ock cycl es.  A r i ght  shi f t  by i  bi t s  coul d be accompl i shed by 

mul t i pl y i ng by 216- i  and di scar di ng t he l ower  16 bi t s of  t he r esul t .  One 

di sadvant age of  t hi s scheme i s t hat  t he dat a i s  r est r i c t ed t o 16 bi t s.  Ot her  

wor d l engt hs woul d r equi r e addi t i onal  cycl es.   

 

Once t he pr ocessor  and shi f t  r egi st er  st y l e i s  chosen,  t he next  choi ce t o be 

made i nvol ves t he dat a f or mat .  Si nce st andar d C does not  pr ovi de a f i xed- poi nt  

dat a t ype,  t he desi gner  has a l ot  of  f r eedom i n choosi ng t he f or mat  of  t he 

dat a.  I t  i s  a good i dea,  however ,  t o choose a f or mat  t hat  f i t s  i nt o 16 or  32 

bi t  wor ds.  Even t hough most  CORDI C r out i nes ar e wr i t t en i n assembl y l anguage 

f or  speed,  16 or  32 bi t  wor ds al l ow dat a t o be passed as ei t her  ' i nt '  or  ' l ong 

i nt '  dat a t ypes wi t hi n hi gher  l evel  C subr out i nes.  The f or mat  used i n t he 

f ol l owi ng exampl es uses a 16 bi t  f or mat  wi t h 4 bi t s t o t he l ef t  of  t he deci mal  

poi nt  and 12 f r act i onal  bi t s  t o t he r i ght ,  whi ch i s  of t en r ef er r ed t o as 4. 12 

f or mat .  Thi s al l ows const ant s such as π,  e,  and 2 t o be easi l y  r epr esent ed 

wi t hout  a movi ng deci mal  poi nt .  The 12 bi t s of  f r act i onal  dat a amount  t o 

appr oxi mat el y 3. 5 di gi t s  of  deci mal  accur acy.  The r ange of  t hi s f or mat  i s  

cal cul at ed as - 8 < x < 7. 9997.  

 

The const ant s used ar e f ound by mul t i pl y i ng by 212 ( 4096) ,  r oundi ng,  and 

conver t i ng t o hexadeci mal .  Take t he const ant  e f or  exampl e:  

 

4096* e = 11134. 08 � 11134 = 0x267e 

 

Al l  of  t he dat a t abl es necessar y f or  CORDI C comput i ng may be bui l t  up t hi s way 

usi ng a cal cul at or .  

 

Fi nal l y  wi t h t he dat a f or mat  and const ant  t abl es est abl i shed,  codi ng of  t he 

al gor i t hms pr oceeds i n a st r ai ght f or war d manner .  The f ol l owi ng exampl es 

demonst r at e CORDI C al gor i t hms i mpl ement ed on t he 8051,  68HCl l  and 68332 mi cr o-



cont r ol l er s.  These code f r agment s wer e assembl ed wi t h t he I NTEL MCS- 51 Macr o-

Assembl er  and Mot or ol a Fr eewar e Assembl er s and t est ed on har dwar e devel opment  

syst ems.  

 

 

Concl usi on 

  

CORDI C al gor i t hms have been ar ound f or  some t i me.  Vol der ’ s or i gi nal  paper  

descr i bi ng t he CORDI C t echni que f or  cal cul at i ng t r i gonomet r i c  f unct i ons 

appear ed i n t he 1959 I RE t r ansact i ons.  However ,  t he r easons f or  usi ng CORDI C 

al gor i t hms have not  changed.  The al gor i t hms ar e ef f i c i ent  i n t er ms of  bot h 

comput at i on t i me and har dwar e r esour ces.  I n most  mi cr o- cont r ol l er  syst ems,  

especi al l y  t hose per f or mi ng cont r ol  f unct i ons,  t hese r esour ces ar e nor mal l y 

al r eady at  a pr emi um.  Usi ng CORDI C al gor i t hms may al l ow a s i ngl e chi p sol ut i on 

wher e al gor i t hms usi ng t he l ook- up t abl e met hod may r equi r e a l ar ge ROM si ze or  

wher e power  ser i es cal cul at i ons r equi r e a separ at e co- pr ocessor  because of  t he 

comput at i on t i me r equi r ed.  

 

The al gor i t hms pr esent ed have been sel ect ed t o r epr esent  a smal l  cor e of  

f unct i ons commonl y r equi r ed i n mi cr o- cont r ol l er  syst ems whi ch coul d be 

di scussed i n det ai l .  For  each al gor i t hm i n t hi s cor e,  t hr ee ar eas have been 

cover ed:  t heor y of  oper at i on,  det er mi ni ng t he r ange of  conver gence f or  t he 

al gor i t hm and f i nal l y  i mpl ement at i on of  t he al gor i t hm on a t ypi cal  mi cr o-

cont r ol l er .  Usi ng t hese sel ect ed al gor i t hms as a st ar t i ng poi nt ,  i t  i s  possi bl e 

t o devel op l i br ar i es cont ai ni ng many s i mi l ar  el ement ar y f unct i ons.  Among t hose 

possi bl e wi t h onl y mi nor  modi f i cat i ons t o t he al gor i t hms pr esent ed ar e:  lnx,  ex,  

t an- 1x,  
22 yx + ,  and e j Θ.  Among t he r ef er ences,  Jar v i s gi ves an excel l ent  t abl e 

of  t he f unct i ons possi bl e usi ng CORDI C r out i nes.  

 

 

 

Li st i ng 1 – 10 t o t he power  x al gor i t hm i mpl ement ed on t he 8051 

; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ;  
;                                                                             ;  
;    Power 10x. a51                                                             ;  
;                                                                             ;  
;    Cal cul at i on of  10 t o t he power  of  x f or  t he 8051 usi ng CORDI C met hods.    ;  
;    on ent r y x1 cont ai ns t he hi gh byt e of  t he 16 bi t  i nput  and x0 cont ai ns   ;  
;    t he l ow byt e.  On exi t  z1: z0 cont ai ns z = 10^x.  Al l  dat a i s  i n 4. 12       ;  
;    f or mat .                                                                   ;  



;                                                                             ;  
;    Aut hor :  Mi ke Pashea 3- 13- 2000                                            ;  
;                                                                             ;  
;    Comment :  Thi s r out i ne r equi r es appr oxi mat el y 1. 2mS usi ng a 12Mhz         ;  
;             cr yst al  ( 1161 c l ock cycl es) .  I t  wi l l  conver ge f or                ;  
;             - 0. 5393 < x < 0. 3772.                                            ;  
;                                                                             ;  
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ;  
x1            dat a      10h               ;  x  dat a r egi st er  
x0            dat a      11h 
 
z1            dat a      12h               ;  z  dat a r egi st er  
z0            dat a      13h 
 
zs1           dat a      14h               ;  z  shi f t  r egi st er  
zs0           dat a      15h 
 
power 10x:      mov       z1, #10h           ;  [ 2]  z = 1. 0 
              mov       z0, #00            ;  [ 2]  
              mov       r 0, #1             ;  [ 1]  
              mov       dpt r , #powr 10t ab   ;  [ 2]  
power 10x1:     mov       zs1, z1            ;  [ 2]  Put  z i n t he shi f t  r egi st er .  
              mov       zs0, z0            ;  [ 2]  
              mov       a, r 0              ;  [ 1]  I ni t i al i ze t he l oop count er  
              mov       r 1, a              ;  [ 1]  
power 10x2:     mov       a, zs1             ;  [ 1]  Hi gh byt e i n t he accumul at or .  
              mov       c , acc. 7           ;  [ 1]  Move s i gn bi t  i nt o car r y and 
              r r c       a                 ;  [ 1]  ar i t hmet i cal l y  shi f t  r i ght .  
              mov       zs1, a             ;  [ 1]  Updat e t he hi gh byt e.  
              mov       a, zs0             ;  [ 1]  Low byt e i n t he accumul at or .  
              r r c       a                 ;  [ 1]  Now shi f t  t he l ow byt e r i ght  
              mov       zs0, a             ;  [ 1]  and updat e.  
              dj nz      r 1, power 10x2      ;  [ 2]  Loop f or  t he cor r ect  number  
              mov       a, x1              ;  [ 1]  i s  x > 0 ? 
              j b        acc. 7, power 10x3   ;  [ 2]  
              movx      a, @dpt r            ;  [ 2]  yes,  x = x -  l og( 1+2^ ( - i ) )  
              i nc       dpt r               ;  [ 1]  
              add       a, x0              ;  [ 1]  
              mov       x0, a              ;  [ 1]  
              movx      a, @dpt r            ;  [ 2]  
              i nc       dpt r               ;  [ 1]  
              addc      a, x1              ;  [ 1]  
              mov       x1, a              ;  [ 1]  
              mov       a, z0              ;  [ 1]  z = z *  ( 1 + 2^ ( - i ) )  
              add       a, zs0             ;  [ 1]  
              mov       z0, a              ;  [ 1]  
              mov       a, z1              ;  [ 1]  
              addc      a, zs1             ;  [ 1]  
              mov       z1, a              ;  [ 1]  
              i nc       dpt r               ;  [ 1]  
              i nc       dpt r               ;  [ 1]  
              s j mp      power 10x4         ;  [ 2]  
power 10x3:     i nc       dpt r               ;  [ 1]  no,  x = x -  l og( 1 -  2^ ( - i ) )  
              i nc       dpt r               ;  [ 1]  
              movx      a, @dpt r            ;  [ 2]  
              i nc       dpt r               ;  [ 1]  
              add       a, x0              ;  [ 1]  



              mov       x0, a              ;  [ 1]  
              movx      a, @dpt r            ;  [ 2]  
              i nc       dpt r               ;  [ 1]  
              addc      a, x1              ;  [ 1]  
              mov       x1, a              ;  [ 1]  
              c l r        c                  ;  [ 1]  
              mov       a, z0              ;  [ 1]  z = z *  ( 1 -  2^ ( - i ) )  
              subb      a, zs0             ;  [ 1]  
              mov       z0, a              ;  [ 1]  
              mov       a, z1              ;  [ 1]  
              subb      a, zs1             ;  [ 1]  
              mov       z1, a              ;  [ 1]  
power 10x4:     i nc       r 0                ;  [ 1]  i ncr ement  l oop count er  
              c j ne      r 0, #13, power 10x1  ;  [ 2]  have we f i ni shed 12 bi t s? 
              r et                          ;  [ 2]  yes,  r et ur n z 
 
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ;  
;                                                                             ;  
;  The Rom t abl e f or  - l og10( 1+2^ ( - i ) )  and - l og( 1+2^ ( - i ) ) .  The val ues ar e      ;  
;  i nt er l aced and st or ed wi t h t he l ower  byt e f i r s t .  Thi s f or mat  speeds up     ;  
;  t he al gor i t hm f or  t he 8051 pr ocessor .                                       ;  
;                                                                             ;  
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ;  
powr 10t ab:     db        02f h,  0f dh,  0d1h,  004h 
              db        073h,  0f eh,  000h,  002h 
              db        02eh,  0f f h,  0eeh,  000h 
              db        094h,  0f f h,  073h,  000h 
              db        0c9h,  0f f h,  038h,  000h 
              db        0e4h,  0f f h,  01ch,  000h 
              db        0f 2h,  0f f h,  00eh,  000h 
              db        0f 9h,  0f f h,  007h,  000h 
              db        0f ch,  0f f h,  004h,  000h 
              db        0f eh,  0f f h,  002h,  000h 
              db        0f f h,  0f f h,  001h,  000h 
              db        000h,  000h,  000h,  000h 
 
              end 
 

 

 

Li st i ng 2 – Base 10 Logar i t hm I mpl ement ed on t he 68HC11 

 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
*                                                                             *  
*  LOG10. ASM                                                                  *  
*                                                                             *  
*  Cal cul at i on of  l og10( x)  f or  t he 68HC11 usi ng CORDI C met hods.  On ent r y      *  
*  x i s  on t he t op of  t he st ack.  On exi t  z  = l og10( x)  i s  at  t he t op of  t he    *  
*  st ack.  Al l  dat a i s  16 bi t s l ong usi ng 4. 12 f or mat .                          *  
*                                                                             *  
*  The st ack f r ame i s used as f ol l ows:                                         *  
*                                                                             *  
*              0, x  ==>  j  -  shi f t  r egi st er  count er                            *  
*              1, x  ==>  i  -  out er  l oop count er                                *  



*              2, x  ==>  z -  out put                                            *  
*              4, x  ==>  xs -  x shi f t  r egi st er                                 *  
*              6, x  ==>  r et ur n addr ess                                       *  
*              8, x  ==>  x -  i nput                                             *  
*                                                                             *  
*  Comment :  Thi s r out i ne i s  meant  t o r ef l ect  t he st r uct ur e of  t he al gor i t hm   *  
*           wi t hout  bei ng opt i mi zed f or  speed.  As wr i t t en t he al gor i t hm       *  
*           r equi r es a maxi mum of  2836 c l ock cycl es or  appr oxi mat el y 1. 4mS.    *  
*           The execut i on t i me coul d be gr eat l y i mpr oved by usi ng i nt er nal     *  
*           memor y t o hol d var i abl es.                                          *  
*                                                                             *  
*  Aut hor :  Mi ke Pashea 3- 11- 2000                                              *  
*                                                                             *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
l og10         l dy       #l og10_r om     ;  y  poi nt s t o t he ROM t abl e 
              l dx       #0             ;  
              pshx                     ;  l ocal  space f or  xs 
              pshx                     ;  l ocal  space f or  z 
              pshx                     ;  l ocal  space f or  i  and j  
              t sx                      ;  x  poi nt s t o t he t op of  t he st ack 
              l daa      #1             ;  i ni t i al i ze t he l oop count er  
              s t aa      1, x            ;  
l og10_1       l dd       8, x            ;  l oad t he shi f t  r egi st er  wi t h x 
              s t d       4, x            ;  
              l daa      1, x            ;  
              s t aa      0, x            ;  shi f t  count er  equal  t o l oop count er  
l og10_2       asr        4, x            ;  per f or m one ar i t hmet i c shi f t  r i ght  
              r or        5, x            ;  
              dec       0, x            ;  
              bne       l og10_2        ;  r epeat  unt i l  al l  shi f t s  ar e compl et e 
l og10_3       l dd       8, x            ;  i s  x gr eat er  t han 1 ? 
              subd      #4096          ;  
              bl e       l og10_4        ;  no,  x shoul d be i ncr eased 
              l dd       8, x            ;  yes,  x shoul d be decr eased 
              subd      4, x            ;  x  = x -  x* 2^ ( - i )  
              s t d       8, x            ;  
              l dd       2, x            ;  z  = z + - l og10( 1- 2^ ( - i ) )  
              addd      0, y            ;  
              s t d       2, x            ;  
              br a       l og10_5        ;  
l og10_4       l dd       8, x            ;  x  = x + x* 2^ ( - i )  
              addd      4, x            ;  
              s t d       8, x            ;  
              l dd       2, x            ;  z  = z -  l og( 1+2^ ( - i ) )  
              subd      2, y            ;  
              s t d       2, x            ;  
l og10_5       i ny                      ;  i ncr ement  t he ROM poi nt er  so t hat  i t  
              i ny                      ;  poi nt s t o t he next  set  of  ent r i es i n 
              i ny                      ;  t he ROM t abl e.  
              i ny                      ;  
              i nc       1, x            ;  
              l da       #12            ;  i ncr ement  l oop count er  
              cmpa      1, x            ;  have we cal cul at ed each bi t ? 
              bge       l og10_1        ;  no,  l oop unt i l  we ar e done 
              l dd       2, x            ;  yes,  r epl ace x wi t h z 
              s t d       8, x            ;  
              pul x                     ;  r emove l ocal  var i abl es f r om st ack 



              pul x                     ;  
              pul x                     ;  
              r t s                       ;  r et ur n z = l og10( x)  
 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
*                                                                             *  
*   The ROM t abl e f or  l og10( 1- 2^ ( - i ) )  and l og( 1+2^ ( - i ) ) .  The val ues ar e       *  
*   i nt er l aced and onl y t he magni t ude i s st or ed.  The sof t war e ei t her  wi l l      *  
*   add t he posi t i ve val ues and subt r act  t he negat i ve ones.                    *  
*                                                                             *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
l og10_r om     f db      $04d1,  $02d1 
              f db      $0200,  $018d 
              f db      $00ee,  $00d2 
              f db      $0073,  $006c 
              f db      $0038,  $0037 
              f db      $001c,  $001c 
              f db      $000e,  $000e 
              f db      $0007,  $0007 
              f db      $0004,  $0004 
              f db      $0002,  $0002 
              f db      $0001,  $0001 
              f db      $0000,  $0000� 
 

 

 

Li st i ng 3 – Si n( z)  and Cos( z)  al gor i t hms i mpl ement ed on a 68000 or  68332 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
*                                                                             *  
*   SI NCOS. S -  Comput at i on of  SI N( z)  and COS( z)  usi ng CORDI C met hods f or  t he  *  
*              68000 or  68HC332 pr ocessor s.  On ent r y t he angl e z,  i n r adi ans  *  
*              i s  on t he t op of  t he st ack.  On exi t ,  t he COS( x)  i s  at  t he t op  *  
*              of  t he st ack f ol l owed by SI N( x) .  Al l  dat a i n t hi s exampl e      *  
*              uses 32 bi t  wor ds i n 8. 24 f or mat .                               *  
*                                                                             *  
*   Aut hor :  Mi ke Pashea 3- 14- 200                                              *  
*                                                                             *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C             equ       10187768 
 
s i ncos        move. l     #at ant ab, a0    ;  A0 poi nt s t o t he ROM t abl e 
              move. l     4( sp) , d4       ;  D4 cont ai ns t he angl e,  z 
              move. l     #C, d0          ;  D0 cont ai ns x 
              move. l     #0, d2          ;  D2 cont ai ns y 
              move. b    #0, d5          ;  D5 cont ai ns t he l oop i ndex 
s i ncos1       move. l     d0, d1          ;  D1 i s t he x shi f t  r egi st er  
              move. l     d2, d3          ;  D3 i s t he y shi f t  r egi st er  
              asr . l      d5, d1          ;  xshi f t  = x >>i  
              asr . l      d5, d3          ;  yshi f t  = y >>i  
              cmpi . l     #0, d4          ;  i f  ( z  > 0)  
              bl e       s i ncos2        ;  
              sub. l      d3, d0          ;    x  = x -  yshi f t  
              add. l      d1, d2          ;    y  = y + xshi f t  
              sub. l      ( a0) , d4        ;    z  = z -  ai  
              br a       s i ncos3        ;  el se 



si ncos2       add. l      d3, d0          ;    x  = x + yshi f t  
              sub. l      d1, d2          ;    y  = y -  xshi f t  
              add. l      ( a0) , d4        ;    z  = z + ai  
s i ncos3       addq. l     #4, a0          ;  i ncr ement  ROM poi nt er  
              addq. b    #1, d5          ;  i ncr ement  i ndex 
              cmpi . b    #24, d5         ;  i s  i  <= 24 ? 
              bl e       s i ncos1        ;  i f  not  l oop unt i l  f i ni shed 
              move. l     ( sp) +, d1       ;  save t he r et ur n addr ess 
              move. l     d2, ( sp)         ;  put  s i n( z)  on t he st ack 
              move. l     d0, - ( sp)        ;  put  cos( z)  on t he st ack 
              move. l     d1, - ( sp)        ;  r est or e t he r et ur n addr ess 
              r t s                       ;  and r et ur n 
 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
*                                                                             *  
*  The ROM t abl e f or  ar ct an( 2^ ( - i ) ) .  Al l  const ant s ar e i n 8. 24 f or mat .         *  
*                                                                             *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
at ant ab       dc. l       13176795 
              dc. l        7778716 
              dc. l        4110059 
              dc. l        2086331 
              dc. l        1047214 
              dc. l         524117 
              dc. l         262123 
              dc. l         131069 
              dc. l          65536 
              dc. l          32768 
              dc. l          16384 
              dc. l           8192 
              dc. l           4096 
              dc. l           2048 
              dc. l           1024 
              dc. l            512 
              dc. l            256 
              dc. l            128 
              dc. l             64 
              dc. l             32 
              dc. l             16 
              dc. l              8 
              dc. l              4 
              dc. l              2 
              dc. l              1 
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