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CORDIC Background
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Vector Rotation (1)
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x1 = x0 cosα − y0 sinα

y1 = x0 sinα + y0 cosα
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Vector Rotation (2)
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Vector Rotation (3)

(x0 , y0)

(x1 , y1)

y1 = x0 sinα + y0 cosα

(x0 , y0)

(x1 , y1)

x1 = x0 cosα − y0 sinα

x0 cosα
y0 sinα

y0 cosα

x0 sinα
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Iterative Rotation

x = cosα

Given Vector  
Given Angle 

Rotate
Computing 
new coordinates

Given Unit Vector 
 Given Angle α

Rotate

y = sinα

Given Vector  
Given Angle α

(x0, y0) xn = x0 cosα − y0 sinα

yn = x0 sinα + y0 cosα

Rotate

(x0y0) (xnyn)(x iy i) (x i+1y i+1)

α0 αi αi+1 αnαn → 0
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CORDIC Rotation

(x0y0) (xnyn)(x iy i) (x i+1y i+1)
α0 αi αi+1

x i+1 = x i cosαi − y i sinαi
y i+1 = xi sinαi + y i cosαi

x i+1 = cosαi (x i − y i tanαi)

y i+1 = cosαi (xi tanαi+ y i)

x i+1 =
1

√1 + tan2αi
(x i − y i tanαi)

y i+1 =
1

√1+ tan2αi
(x i tanαi+ y i)

x ' i+1 = (x i − y i tanαi)
y ' i+1 = (xi tanαi+ y i)

Pseudo-rotation

αn → 0
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cos θ

θ

r

a

cosθ =
a
r

b

sinθ =
b
r

r = √a2 + b2

cosθ =
a
r

=
a

√a2 + b2

tanθ =
b
a

=
1

√1 +(b /a)2

=
1

√1 + tan2θ
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Pseudo-rotation – factor of 1/cos θ

r

θ
r cosθ

r sinθ

r

θ
r cosθ

θ

s

r

r : r cosθ = s : r

s =
r
cosθ

r sinθ

t

r cosθ : r sin θ = r : t

s =
r sin θ
cosθ

(r cosθ , r sinθ) ( r cosθcosθ
, r sin θ
cosθ )
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(x i , yi)

R

Pseudo-rotation (1)

(x i+1 , y i+1)

(x i , yi)

R

(x i+1 , y i+1) (x ' i+1 , y ' i+1)

x i+1 = cosαi (x i − y i tanαi)

y i+1 = cosαi (xi tanαi+ y i)
x ' i+1 = (x i − y i tanαi)
y ' i+1 = (xi tanαi+ y i)
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Pseudo-rotation (2)

R

(x i , yi)

R

(x i+1 , y i+1)
(x ' i+1 , y ' i+1)

x ' i+1 = x i+1 / cosαi
y ' i+1 = y i+1 / cosαi

(x i , yi)

(x ' i+1 , y ' i+1)

x ' i+1 > x i+1
y ' i+1 > y i+1
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CORDIC Iteration Equations (1)

(x0y0) (xnyn)(x iy i) (x i+1y i+1)
α0 αi αi+1

x i+1 = x i cosαi − y i sinαi
y i+1 = xi sinαi + y i cosαi

= cosαi (x i − y i tanαi)
= cosαi (x i tanαi+ y i)

= (1 /√1 + tan2αi) (x i − y i tanαi)

= (1 /√1 + tan2αi) (x i tanαi+ y i)

x ' i+1 = (x ' i − y ' i tanαi)

y ' i+1 = (x ' i tanαi+ y ' i)

Pseudo-rotation

(x0y0) (x ' ny ' n)(x ' iy ' i) (x ' i+1y ' i+1)
= ( x ' i cosαi − y ' i sinαi) √1+ tan2αi
= ( x ' i sinαi + y ' i cosαi) √1+ tan2αi

x ' n = {x0 cos(∑ αi)− y0 sin (∑ αi)}⋅∏ {√1+ tan2αi}

y ' n = {x0 sin (∑αi)+ y0 cos(∑ αi)}⋅∏ {√1+ tan2αi}

αn → 0

αn = α − ∑αi
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CORDIC Iteration Equations (2)

x ' i+1 = (x ' i − y ' i tanαi)
y ' i+1 = (x ' i tanαi+ y ' i)

Pseudo-rotation

(x0y0) (x ' ny ' n)(x ' iy ' i) (x ' i+1y ' i+1)
= ( x ' i cosαi − y ' i sinαi) √1+ tan2αi
= ( x ' i sinαi + y ' i cosαi) √1+ tan2αi

x ' n = {x0 cos(∑ αi)− y0 sin (∑ αi)}⋅∏ {√1+ tan2αi}

y ' n = {x0 sin (∑αi)+ y0 cos(∑ αi)}⋅∏ {√1+ tan2αi}
αn = α − ∑αi

αi such thatChoose tanαi = 1  j 20

1  j2−1

1  j2−2

1  j2−3
1  j2−4

1

j

−2−i

+2−i

tanαi = σi 2
−i σ i ∈ {+1,−1}

x ' i+1 = (x ' i − y ' i σ i2
−i)

y ' i+1 = (x ' i σ i 2
−i+ y ' i)

αi+1 = αi− tan (σ i 2
−i)
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CORDIC Iteration Equations (2)

αi such thatChoose tanαi =
−2−i

+2−i

tanαi = σi 2
−i σ i ∈ {+1,−1}

x ' i+1 = (x ' i − y ' i σ i2
−i)

y ' i+1 = (x ' i σ i 2
−i+ y ' i)

αi+1 = αi− tan (σ i 2
−i)

(1, 20)

1

1

(1, 2−1)

(1, 2−2)
(1, 2−3)
(1, 2−4)

(1, 20)1

(1, 2−1)

(1, 2−2)
(1, 2−3)
(1, 2−4)

1

cosαi =
+1

√1 + 2−2i
tanαi = ±2−i

sinαi = ±2−i

√1+ 2−2i

(+cosαi −sinαi
+sinαi +cosαi) =

1
√1 + 2−2i ( +1 ∓2−i

±2−i +1 )
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CORDIC Iteration Equations (3)

(1, 20)1

(1, 2−1)

(1, 2−2)
(1, 2−3)
(1, 2−4)
1

(1, 20)1

(1, 2−1)

(1, 2−2)
(1, 2−3)
(1, 2−4)
1

Allowed angles at the step i = 0 Allowed angles at the step i = 1
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CORDIC Iteration Equations (4)

(1, 20)1

(1, 2−1)

(1, 2−2)
(1, 2−3)
(1, 2−4)
1

(1, 20)1

(1, 2−1)

(1, 2−2)
(1, 2−3)
(1, 2−4)
1

Allowed angle at the step i = 2 Allowed angle at the step i = 3
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CORDIC Iteration Equations (2)

αi such thatChoose tanαi =
−2−i

+2−i

tanαi = σi 2
−i σ i ∈ {+1,−1}

x ' i+1 = (x ' i − y ' i σ i2
−i)

y ' i+1 = (x ' i σ i 2
−i+ y ' i)

αi+1 = αi− tan (σ i 2
−i)

(+cosα −sinα
+sinα +cosα)

=
1

√1 + 2−2⋅0 ( +1 ∓2−0

±2−0 +1 ) ⋅
1

√1 + 2−2⋅1 ( +1 ∓2−1

±2−1 +1 ) 1
√1+ 2−2⋅n ( +1 ∓2−n

±2−n +1 )
=

1
√1 + 2−2⋅0 ⋅

1
√1 + 2−2⋅1

1
√1+ 2−2⋅n ( +1 ∓2−0

±2−0 +1 ) ( +1 ∓2−1

±2−1 +1 ) ( +1 ∓2−n

±2−n +1 )

= K ⋅ (+cosα −sinα
+sinα +cosα)(+cos(∑ αi) −sin (∑ αi)

+sin(∑ αi) +cos(∑ αi))

1 / K (+cos(∑ αi) −sin (∑ αi)
+sin(∑ αi) +cos(∑ αi))

K = ∏ {√1+ tan2αi} = 1.647

= 0.607



4A Background 19 Young Won Lim
02/13/2012

CORDIC Iteration Equations (5)

x ' i+1 = (x ' i − y ' i tanαi)
y ' i+1 = (x ' i tanαi+ y ' i)

Pseudo-rotation

(x0y0) (x ' ny ' n)(x ' iy ' i) (x ' i+1y ' i+1)
= ( x ' i cosαi − y ' i sinαi) √1+ tan2αi
= ( x ' i sinαi + y ' i cosαi) √1+ tan2αi

x ' n = {x0 cos(∑ αi)− y0 sin (∑ αi)}⋅∏ {√1+ tan2αi}

y ' n = {x0 sin (∑αi)+ y0 cos(∑ αi)}⋅∏ {√1+ tan2αi}
αn = α − ∑αi

αi such thatChoose tanαi = σi 2
−i σ i ∈ {+1,−1}

x ' i+1 = (x ' i − y ' i σ i2
−i)

y ' i+1 = (x ' i σ i 2
−i+ y ' i)

αi+1 = αi− tan−1(σ i2
−i)

x ' n = K (x0 cosα − y0 sinα)

y ' n = K ( x0 sinα + y0 cosα)

αn = α − ∑ tan−1(σ i 2
−i)

K = ∏ {√1+ tan2αi}



4A Background 20 Young Won Lim
02/13/2012

CORDIC Iteration Equations (4)

Pseudo-rotation

(x0y0) (x ' ny ' n)(x ' iy ' i) (x ' i+1y ' i+1)
αi such thatChoose tanαi = σi 2

−i σ i ∈ {+1,−1}

x ' i+1 = (x ' i − y ' i σ i2
−i)

y ' i+1 = (x ' i σ i 2
−i+ y ' i)

αi+1 = αi− tan−1(σ i2
−i)

x ' n = K (x0 cosα − y0 sinα)

y ' n = K ( x0 sinα + y0 cosα)

αn = α − ∑ tan−1(σ i 2
−i)

K = ∏ {√1+ tan2αi} = 1.647pre-compute

set x0 = 1 / K = 0.607
y0 = 0

then x ' n = K (1 /K cosα − 0⋅sinα) = cosα
y ' n = K (1/K sinα + 0⋅cosα) = sinα
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