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CEG5010: The Symmetric 

Table Addition Method
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Introduction

• Lookup tables can be used to implement 

any function

• The Symmetric Table Addition Method 
(STAM) can be used to approximate any 

differentiable function

• In STAM, symmetry and leading zeros are 

introduced to reduce amount of memory 

needed (Stine and Schulte 1998)



2008年3月15日星期六

2

2008年3月15日星期六 (3)

Taylor Series
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Bipartite Table Method

• Operand x divided into 3 parts x=x0+x1+x2
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Bipartite Method (BM)
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BM coefficients
• Computed by taking first 2 terms of Taylor 

series around x0+x1+δ2 (δ2 is half the range of x2)
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BM coefficients
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BM coefficients

• Note that a1(x0,x2) cannot depend on x1 and 

is replaced by δ1, a value which is half the 
range of x1
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Symmetry in a1(x0,x2)

• There is a bound on a1

• Leading to the number of leading zeros to 
be approximately

(the leading zeros do not need to be stored)
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Symmetry in a1(x0,x2)

• By symmetry, a1(x1,x2) can be reduced in size 
from 2n0+n2 × p1 bits to 2n0+n2-1 × (p1 -1) bits

f(x)=cos(x)

x0=0.5

x1=0

n0=2

n1=2

n2=3

p=7

g=2
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Symmetry

• Table is reduced by using

– 2δ2-x2 is the one’s complement of x2

– a1(x0, 2δ2-x2) is the one’s complement of  
a1(x0, x2) 
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Symmetric Bipartite Table 
Method (SBTM)
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4 Error sources

•  ε0: approximating f(x) with only the first 2 
terms of the Taylor series

ξi is the point on [0,1) at which |fi(x)| is max
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4 Error sources

•  ε1: replacing the 2nd term of the Taylor series 
with a1(x0,x2)
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4 Error sources

•  ε2: rounding a0(x0,x1) and a1(x0,x2) to pf+g
fractional bits
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4 Error sources

•  ε3: rounding to the final result
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Error analysis

• Assume pf fraction bits 

and pf+g coefficient 

bits, need to ensure 

that the sum of these 

errors is smaller than 1 

unit in the last place 

(ulp)

• This leads to the 

constraint

• Satisfied by
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Example

• Approximate 
sin(x) to pf=12 
bits on [0,1)

• n0=4, n1=4, n2=4

• 2×4 + 4  ≥ 12 + 
 log2(1/√2)
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Examples
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Symmetric Table Addition Method

• Generalization of STAM with multiple tables
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STAM approximation
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STAM error constraints



2008年3月15日星期六

12

2008年3月15日星期六 (23)

Partitions and table sizes (16 bit)
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Partitions and table sizes (24 bit)
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Compression Ratio (16 bit)
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Compression ratio (24 bit)
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Conclusion

• The STAM method uses the first two terms 

of the Taylor series to construct an 

approximation to an arbitrary differentiable 

function

• Considerable area reduction over simple 

table lookup

• High speed (only adders and memories 

required)
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• Software for computing the tables is available on 

http://www.cse.lehigh.edu/~caar/STAM.ht

ml. A version suitable for gcc 3.3 is 

available from the CEG5010 website
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Review Questions

• Compute the a0, a1 and a2 tables for a 
small example of your own construction. 
Download the software and check its 
correctness.

• Make sure you understand the four 
sources of errors described in the lecture 
and the constraint equation relating the 
parameters and the 2nd derivative of the 
function


