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k= 0 theta= 0.4899573 ik= 1 uik=+1 a[ 1]= 0.4636476, new theta= 0.0263097 
k= 1 theta= 0.0263097 ik= 5 uik=+1 a[ 5]= 0.0312398, new theta=-0.0049301 
k= 2 theta=-0.0049301 ik= 8 uik=-1 a[ 8]= 0.0039062, new theta=-0.0010239 
k= 3 theta=-0.0010239 ik=10 uik=-1 a[10]= 0.0009766, new theta=-0.0000473 
k= 4 theta=-0.0000473 ik=14 uik=-1 a[14]= 0.0000610, new theta= 0.0000137 

k= 0 theta= 0.4899573 u[ 0]=+1 a[ 0]= 0.7853982, new theta=-0.2954408 
k= 1 theta=-0.2954408 u[ 1]=-1 a[ 1]= 0.4636476, new theta= 0.1682068 
k= 2 theta= 0.1682068 u[ 2]=+1 a[ 2]= 0.2449787, new theta=-0.0767719 
k= 3 theta=-0.0767719 u[ 3]=-1 a[ 3]= 0.1243550, new theta= 0.0475831 
k= 4 theta= 0.0475831 u[ 4]=+1 a[ 4]= 0.0624188, new theta=-0.0148357 
k= 5 theta=-0.0148357 u[ 5]=-1 a[ 5]= 0.0312398, new theta= 0.0164041 
k= 6 theta= 0.0164041 u[ 6]=+1 a[ 6]= 0.0156237, new theta= 0.0007804 
k= 7 theta= 0.0007804 u[ 7]=+1 a[ 7]= 0.0078123, new theta=-0.0070319 
k= 8 theta=-0.0070319 u[ 8]=-1 a[ 8]= 0.0039062, new theta=-0.0031257 
k= 9 theta=-0.0031257 u[ 9]=-1 a[ 9]= 0.0019531, new theta=-0.0011726 
k=10 theta=-0.0011726 u[10]=-1 a[10]= 0.0009766, new theta=-0.0001960 
k=11 theta=-0.0001960 u[11]=-1 a[11]= 0.0004883, new theta= 0.0002923 
k=12 theta= 0.0002923 u[12]=+1 a[12]= 0.0002441, new theta= 0.0000481 
k=13 theta= 0.0000481 u[13]=+1 a[13]= 0.0001221, new theta=-0.0000740 
k=14 theta=-0.0000740 u[14]=-1 a[14]= 0.0000610, new theta=-0.0000129 
k=15 theta=-0.0000129 u[15]=-1 a[15]= 0.0000305, new theta= 0.0000176 







[1, -1, -1, 1] 

[0, 3, 6, 7]

atan(2^0) - atan(2^{-3}) - atan(2^{-6}) + atan(2^{-7})



>> s = [0, 3, 6, 7]
>> alpha = [1, -1, -1, -1]
>> sum(atan(2.^(-s) .* alpha))
ans =  0.63761
>>

>> s = [0, 3, 5, 7]
>> alpha = [1, -1, -1, 1]
>> sum(atan(2.^(-s) .* alpha))
ans =  0.63762

>> alpha = [1, 1, -1, -1]
>> s = [1, 2, 4, 7]
>> sum(atan(2.^(-s) .* alpha))
ans =  0.63840

    0
    1
    2
    3
    4
    5
    6
    7
    8
    9
   10
   11
   12
   13
   14
   15

   7.85398163397448e-01
   4.63647609000806e-01
   2.44978663126864e-01
   1.24354994546761e-01
   6.24188099959574e-02
   3.12398334302683e-02
   1.56237286204768e-02
   7.81234106010111e-03
   3.90623013196697e-03
   1.95312251647882e-03
   9.76562189559319e-04
   4.88281211194898e-04
   2.44140620149362e-04
   1.22070311893670e-04
   6.10351561742088e-05
   3.05175781155261e-05
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vector rotation mode 

























#include <stdio.h>
#include <math.h>

#define N 16
#define Rm 8

//---------------------------------------------------------------
// conventional cordic 
// input initial angle  : angle[0]
// ouput residue angles : angle[1] .. angle[N]
//---------------------------------------------------------------
void conventional_cordic(double a[], double angle[]) {
  int k = 0, uk;

  printf("* conventional cordic ... \n");
  
  for (k=0; k<N; ++k) {
    uk = (angle[k] >= 0) ? +1 : -1;

    printf("k=%2d angle[%2d]=%10.7f ", k, k, angle[k]);
    printf("uk=%+d ", uk);

    angle[k+1] = angle[k] - uk * a[k];
    
    printf("a[%2d]=%10.7f ", k, a[k]);
    printf("angle[%2d]=%+10.5f \n", k+1, angle[k+1]);
  }
}



void angle_repeat_cordic(double a[], double angle[]) {
  int k, m, mm, km, i, uk;
  double residue, minval;

  for (k=0; k<N; ++k) {

    mm = -1;
    minval = 1e+100; 

    // perform conventional cordic from k-th step 
    for (i=k; i<N; ++i) {
      uk = (angle[i] >= 0) ? +1 : -1;
      angle[i+1] = angle[i] - uk * a[i];
      // printf("angle[%2d]=%10f \n", i+1, angle[i+1]);
    }

    uk = (angle[k] >= 0) ? +1 : -1;

       // m: repeating depth 
    for (m=1; m+k<N; ++m) { 
 
      // expected residue angle by repeating a[k+m] (m+1) times
      residue = angle[k] - uk * (m+1)*a[k+m];
      
      // find the best angle repetition
      if (fabs(angle[k+m+1]) >= fabs(residue)) {
        if (minval >= fabs(residue)) {
          printf("m=%2d residue=%f angle[%2d]=%10f \n",
                 m, residue, k+m+1, angle[k+m+1]);
          minval = fabs(residue); 
          mm = m;
        }
      } 
    }



    m = mm;

    if (m > 0) {
      km = k+m;
      for (i=0; i<=m; i++) {
        printf("angle[%2d]=%10.7f ", k, angle[k]);
        printf("i=%2d uk=%+d m=%2d ", i, uk, m-i);

        angle[k+1] = angle[k] - uk * a[km];
   
        printf("a[%2d]=%10.7f, ", km, a[km]);
        printf("angle[%2d]=%+10.5e \n", k+1, angle[k+1]);

        k++;
      }
      k--; 
    } else {
        printf("angle[%2d]=%10.7f ", k, angle[k]);
        printf("i=%2d uk=%+d m=%2d ", 0, uk, m);

        angle[k+1] = angle[k] - uk * a[k];
   
        printf("a[%2d]=%10.7f, ", k, a[k]);
        printf("angle[%2d]=%+10.5e \n", k+1, angle[k+1]);
    } 
    

  }  // end of k 

}



int main(void) {
  double a[N], angle[N+1];
  // double theta = 0.63761;
  // double theta = 0.27623; 
  double theta; // = 4*atan(pow(2,-5)); 

  int i, s;

  for (i=0; i<N; ++i) {
    a[i] = atan(1./pow(2, i));
  }

for (s=2; s<3; ++s) {

  angle[0] = theta = s * atan(pow(2, -6));

  printf("theta= %2d * atan(pow(2,-6) = %10g \n", s, theta);

  conventional_cordic(a, angle);

  angle_repeat_cordic(a, angle);
}

}
  



theta=  2 * atan(pow(2,-6) =  0.0312475 
* conventional cordic ... 
k= 0 angle[ 0]= 0.0312475 uk=+1 a[ 0]= 0.7853982 angle[ 1]=  -0.75415 
k= 1 angle[ 1]=-0.7541507 uk=-1 a[ 1]= 0.4636476 angle[ 2]=  -0.29050 
k= 2 angle[ 2]=-0.2905031 uk=-1 a[ 2]= 0.2449787 angle[ 3]=  -0.04552 
k= 3 angle[ 3]=-0.0455244 uk=-1 a[ 3]= 0.1243550 angle[ 4]=  +0.07883 
k= 4 angle[ 4]= 0.0788306 uk=+1 a[ 4]= 0.0624188 angle[ 5]=  +0.01641 
k= 5 angle[ 5]= 0.0164118 uk=+1 a[ 5]= 0.0312398 angle[ 6]=  -0.01483 
k= 6 angle[ 6]=-0.0148281 uk=-1 a[ 6]= 0.0156237 angle[ 7]=  +0.00080 
k= 7 angle[ 7]= 0.0007956 uk=+1 a[ 7]= 0.0078123 angle[ 8]=  -0.00702 
k= 8 angle[ 8]=-0.0070167 uk=-1 a[ 8]= 0.0039062 angle[ 9]=  -0.00311 
k= 9 angle[ 9]=-0.0031105 uk=-1 a[ 9]= 0.0019531 angle[10]=  -0.00116 
k=10 angle[10]=-0.0011573 uk=-1 a[10]= 0.0009766 angle[11]=  -0.00018 
k=11 angle[11]=-0.0001808 uk=-1 a[11]= 0.0004883 angle[12]=  +0.00031 
k=12 angle[12]= 0.0003075 uk=+1 a[12]= 0.0002441 angle[13]=  +0.00006 
k=13 angle[13]= 0.0000634 uk=+1 a[13]= 0.0001221 angle[14]=  -0.00006 
k=14 angle[14]=-0.0000587 uk=-1 a[14]= 0.0000610 angle[15]=  +0.00000 
k=15 angle[15]= 0.0000023 uk=+1 a[15]= 0.0000305 angle[16]=  -0.00003 
angle[ 0]= 0.0312475 i= 0 uk=+1 m=-1 a[ 0]= 0.7853982, angle[ 1]=-7.54151e-01 
angle[ 1]=-0.7541507 i= 0 uk=-1 m=-1 a[ 1]= 0.4636476, angle[ 2]=-2.90503e-01 
m= 1 residue=-0.041793 angle[ 4]=  0.078831 
angle[ 2]=-0.2905031 i= 0 uk=-1 m= 1 a[ 3]= 0.1243550, angle[ 3]=-1.66148e-01 
angle[ 3]=-0.1661481 i= 1 uk=-1 m= 0 a[ 3]= 0.1243550, angle[ 4]=-4.17931e-02 
angle[ 4]=-0.0417931 i= 0 uk=-1 m=-1 a[ 4]= 0.0624188, angle[ 5]=+2.06257e-02 
angle[ 5]= 0.0206257 i= 0 uk=+1 m=-1 a[ 5]= 0.0312398, angle[ 6]=-1.06141e-02 
angle[ 6]=-0.0106141 i= 0 uk=-1 m=-1 a[ 6]= 0.0156237, angle[ 7]=+5.00960e-03 
angle[ 7]= 0.0050096 i= 0 uk=+1 m=-1 a[ 7]= 0.0078123, angle[ 8]=-2.80274e-03 
angle[ 8]=-0.0028027 i= 0 uk=-1 m=-1 a[ 8]= 0.0039062, angle[ 9]=+1.10349e-03 
angle[ 9]= 0.0011035 i= 0 uk=+1 m=-1 a[ 9]= 0.0019531, angle[10]=-8.49636e-04 
m= 1 residue=0.000127 angle[12]= -0.000361 
m= 2 residue=-0.000117 angle[13]= -0.000117 
angle[10]=-0.0008496 i= 0 uk=-1 m= 2 a[12]= 0.0002441, angle[11]=-6.05496e-04 
angle[11]=-0.0006055 i= 1 uk=-1 m= 1 a[12]= 0.0002441, angle[12]=-3.61355e-04 
angle[12]=-0.0003614 i= 2 uk=-1 m= 0 a[12]= 0.0002441, angle[13]=-1.17214e-04 
m= 1 residue=0.000005 angle[15]= -0.000056 
angle[13]=-0.0001172 i= 0 uk=-1 m= 1 a[14]= 0.0000610, angle[14]=-5.61793e-05 
angle[14]=-0.0000562 i= 1 uk=-1 m= 0 a[14]= 0.0000610, angle[15]=+4.85585e-06 
angle[15]= 0.0000049 i= 0 uk=+1 m=-1 a[15]= 0.0000305, angle[16]=-2.56617e-05 



void exhaustive_choice(double a[], double ntheta[][N], theta) {
  int u, i;

  printf("* exhaustive searching cordic... \n");
  
  for (u=0; u<3; u++) {
      for (i=0; i<N; ++i) {

        ntheta[u][i] = theta - (u-1) * a[i];
      }
  }
}

void exhaustive_cordic(double a[], double angle[], int uk[], int ak[]) {
  int k, u, i;

  printf("* exhaustive greedy searching cordic ... \n");
  
  for (k=0; k<N; k++) {
    theta = angle[k] 

    minval = 1e+100;   
    for (u=0; u<3; u++) {
      for (i=0; i<N; ++i) {
        ntheta = theta - (u-1) * a[i];
        if (minval > ntheta) {
          angle[k+1] = ntheta
          uk[k] = u;
          ak[k] = i;
        } 
      }
    }
  }
}



#include <stdio.h>
#include <math.h>
#include <stdlib.h>

#define N 2
#define Rm 8

//---------------------------------------------------------
// (2N+1)-ary tree node
// 1st N choices -a(0), -a(1), ..., -a(N-1)
// 2nd N choices +a(0), +a(1), ..., +a(N-1)
// last choice   zero
//---------------------------------------------------------
typedef struct node {
  double theta;
  int depth;

  struct node * child[2*N+1];
  struct node * parent;
} nodetype;

//---------------------------------------------------------
// queue node type 
// used for breadth first search traversal 
//---------------------------------------------------------
typedef struct qnode {
  struct  node * node;
  struct qnode * next;
} qnodetype;



//---------------------------------------------------------------
// create a node for the angle tree
//---------------------------------------------------------------
nodetype * create_node() {
  nodetype * p = (nodetype *) malloc (sizeof(nodetype));
 
  if (p == NULL) {
    perror("node creation error \n");
    exit(1);
  }
  else {
    // for (i=0; i<2N+1; ++i) 
    //  child[i] = NULL;
    // child[N] = NULL;
    return p;
  }
}

//---------------------------------------------------------------
// create a node for the queue in order to BFS the angle tree
//---------------------------------------------------------------
qnodetype * create_qnode() {

  qnodetype * q = (qnodetype *) malloc (sizeof(qnodetype));
 
  if (q == NULL) {
    perror("qnode creation error \n");
    exit(1);
  }
  else {
    // node = NULL;
    // next = NULL;
    return q;
  }
}



//---------------------------------------------------------------
// create (2N+1) children node to the current node pointed by p
//---------------------------------------------------------------
void expand_node(double a[], nodetype *p) {
  nodetype *np;
  int i;
  double ntheta, theta;

  // printf("* expanding a node... \n");

  theta = p->theta;

  for (i=0; i<2*N+1; ++i) {
    if (i < N)         ntheta = theta + 1 * a[i];
    else if (i < 2*N)  ntheta = theta - 1 * a[i];
    else if (i == 2*N) ntheta = theta + 0 * a[i];

    np = create_node ();
     p->child[i] = np;
    np->parent     = p;
    np->theta      = ntheta;  
    np->depth      = p->depth +1;  
  }

}



//---------------------------------------------------------------
// BFS tree traversal to expand all (2N+1) nodes
//---------------------------------------------------------------
qnodetype *head =NULL;
qnodetype *tail =NULL;

void enqueue(qnodetype *q) {
  // printf("* enqueue ... \n");
  if (head == NULL && tail == NULL) head = q;
  if (tail != NULL) tail->next = q;
  tail = q;
}

qnodetype * dequeue() {
  // printf("* dequeue ... \n");
  qnodetype *q;  

  if (head != NULL)  { 
    q = head;

    if (head != tail) head = head->next;
    else head = tail = NULL; 

    return q;
  } 
  else {
    return NULL;
  }
}



void tree_traverse(double a[], nodetype *p) {
  qnodetype *q, *nq;
  int i, k =0;
  
  printf("* tree traversing ... \n");

  q = create_qnode();
  q->node = p;
  enqueue(q);

  while (head != NULL) {
    printf("* node %d to be expanded \n", k);

    q = dequeue();
    k++;
    
    if ((q->node)->depth >= N) break;

    if (q != NULL) expand_node(a, q->node);

    for (i=0; i<2*N+1; ++i) {
      nq = create_qnode();
      nq->node = (q->node)->child[i];
      enqueue(nq);
    }
  }
  
}



int main(void) {
  double a[N];
  // double angle[N+1];
  // double theta = 0.63761;
  // double theta = 0.27623; 
  double theta; // = 4*atan(pow(2,-5)); 

  int i, s;

  nodetype *p;

  for (i=0; i<N; ++i) {
    a[i] = atan(1./pow(2, i));
  }

for (s=2; s<3; ++s) {

  theta = s * atan(pow(2, -6));
  // angle[0] = theta;

  printf("theta= %2d * atan(pow(2,-6) = %10g \n", s, theta);

  // conventional_cordic(a, angle);

  p = create_node();
  p->theta = theta;
  p->depth = 0;
  tree_traverse(a, p);
}

}
  


