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Introduction

�† Low Cost Embedded 
Systems
�„ Software has more 

degrees of freedom 
compared to Hardware.

�„ Shift towards optimizing 
compilers to meet high 
performance and low 
power.

�„ Amount of improvement 
depends on type of 
application and hardware

Introduction

�† Continuous functions can be 
approximated by polynomials to 
desired degree of accuracy.

�† Polynomial expressions 
prevalent in signal processing 
and graphics applications.
�„ Multiplication is expensive
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Concept of Kernel

�† Significance of Kernel of an arithmetic 
expression
�„ Theorem: Two Expressions f and g have a 

common multi-cube common subexpression iff
there are two kernels K f and K g having a 
multiple cube intersection

�„ Finding intersections amongst kernels much 
easier than entire expressions

�„ Set of kernels smaller than entire set of 
algebraic divisors

Generation of Kernels (example)

�† P1 = x 3y + x 2y2z   {L} = {x,y,z}
�„ Divide by x:  

Ft = P 1/x = x 2y + xy 2z
�„ Biggest Cube dividing all cubes of F t

C = xy
�„ Obtain Kernel:

F1 = F t/C = x + yz
�„ Obtain Co-Kernel 

D1 = x*(xy) = x 2y
�„ No kernels within F 1. Go back to P 1.
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Finding single cube intersections 
(Condense algorithm)

�† Each cube intersection appears as a rectangle.
�„ Rectangle : Set of rows and columns where all 

elements are non-zero
�† Maximum valued rectangular covering will give 

minimum number of multiplications
�„ Value of a rectangle is number of multiplications 

saved by selecting it
�† Use greedy iterative covering by prime rectangles

�„ In each iteration select the most valued rectangle.
�„ Subtract cube from terms it covers

Cube Literal Matrix 
(Condense Algorithm)
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Save 2 
multiplications by 
extracting xy
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Experimental Results
(Sequential processor)

�† Average 21.4% reduction in clock cycles over CSE

Reduction in Clock cycles

0

10

20

30

40

50

60

mp3
-1

mp3
-2

mes
a1

mes
a2

mes
a3 fft1 fft2 FIR

Ave
ra

ge

(%
) original

CSE

Experimental Setup
(Custom datapath implementation)

�† Investigated polynomials found in multivariate 
interpolation schemes in Computer graphics 
[13] and multimedia applications

�† Synthesized polynomials using Synopsys 
Design Compiler TM on a 1.0 µ library with 
minimum latency constraints. 

�† Simulated designs with random inputs and 
measured power consumption with Synopsys 
Power Compiler TM. 

�† Compared area, latency, energy and number of 
multiplications with Horner scheme.
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