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Introduction
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Motivation
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Taking Examples:
(1) 32 X 16 =512

Log2(32) = 5
Log2(16) = 4
5 + 4 = 9
29 = 512

(2) 32 / 16 =2

Log2(32) = 5
Log2(16) = 4
5 – 4 = 1
21=2

(3) 162 = 256
Log2(16) = 4,     4<< 1 = 4 * 2 = 8

28 = 256

Examples
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Architecture of Logarithm- Based Unit



9

Three components:

Two Logarithmic Conversion Units

One Calculation Unit

One Antilogarithmic Unit

Components of Logarithm- Based Unit
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Bit Index xu …

…2u 21 20

x1 x0 x-1 x-2

…

… x-(v-1) x-v

2-1 2-2 2-(v-1) 2-v

u-bit Integer part
Fraction point

v-bit Fractional partQ (u , v)

Value

Bit Index x5 …

…25 21 20

x1 x0 x-1 x-2

…

… x-25 x-26

2-1 2-2 2-25 2-26

6-bit Integer part
Fraction point

26-bit Fractional partQ (6 , 26)

Value

Example for the number Q(6,26)

Fixed-point number representations for a number Q(u,v)

The input/output format of 2-based logarithmic units
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Previous Methods of Logarithmic Converters



13

Look-Up Table 
the area will increase exponentially as the bit-
width of input, but the delay is shorter
Iterative 
smaller area, high accuracy with longer delay
Shift-and- Add
tradeoffs the area, delay and accuracy, using
simple equation to approximate the real Log.

Previous Methods
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Shift-and-Add Methods
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N = 2k (1+ x) 
ex. N = 6 =1102 = 22 (1+0.102) 

Log2(N)                = k + Log2 (1+x)          (Exact Log2(N)) 
Log2(N) Mitchell = k + x (Mitchell)
ex. Log2(6) Mitchell = 2+0.102 =10.102

Error(N) = Log2(N) - Log2(N) Mitchell
= Log2(1+x) - x

Mitchell’s one-region Method in 1962
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The Approximations of Mitchell’s one-region Method
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Error Analysis of Mitchell’s one-region Method
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log2(N) = k + log2 (1+ x)                   

for x [0,0.25)

for x [0.25,0.5)

for x [0.5,0.75)

for x [0.75,1)

2
5log (1 )

16Combet x x x+ = +

2
5log (1 )

64Combet x x+ = +

2
1 3log (1 )
8 128Combet x x x+ = + +

2
1log (1 )
4Combet x x x+ = +

The Approximations of Combet’s four-region 
Method in 1965
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The Approximations of Combet’s four-region Method



20

2 4
1log (1 )
4Sangregory MSBitsx x x+ = + ⋅

42
1log (1 )
4

MSBitsSangregory x x x+ = + ⋅

The Approximations of Sangregory’s two-region 
Method in 1999

log2(N) = k + log2 (1+ x)

for x [0,0.5)

for x [0.5, 1)
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2 3
1log (1 )
4Abed MSBitsx x x+ = + ⋅

32
1log (1 )
4

MSBitsAbed x x x+ = + ⋅

log2(N) = k + log2 (1+ x)

for x [0,0.5)

for x [0.5, 1)

The Approximations of Abed’s two-region 
Method in 2003
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The Approximations of Sangregory’s two-region Method
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The Approximations of Abed’s two-region Method



24

for x [0, 0.125)

for x [0.125, 0.25)

for x [0.25, 0.375)

for x [0.375, 0.5)

for x [0.5, 0.625)

for x [0.625, 0.75)

for x [0.75, 0.875)

for x [0.875, 1.0)

The Approximations of Kim’s eight-region 
Method in 2008
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Proposed Logarithmic Conversion
Using Binary Searching Schemes
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2log (1 ) proposedx Y x ax b+ ≈ = + +

Pr 2log (1 ) ( )oposedError x x ax b= + − + +

Proposed Algorithm
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Proposed 4-region Approx.
Combet's 4-region

Error analysis of our proposed 4-region logarithmic 
converter compared with Combet 4-region method
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Area delay and error estimations of our proposed 4-, 8-, 
and 16-region logarithmic conversions
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Conclusions

Proposed Low-error and ROM-Free Logarithmic
Converters Using Shift-and-Add Operation.

Our Proposed Converter can apply to real-time
DSP and 3D Graphics.
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Thank you for your attention

Q & A

ctkuo@nqu.edu.tw


