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1. Introduction 

The choice of structure for the implementation of an 
FIR filter includes consideration of the factors such as 
hardware complexity and throughput. Many different 
structures exist, most of which provide some trade-off 
between complexity and throughput [1,2]. For dedicated 
applications, the design choice then becomes the minimal 
complexity structure which can achieve a required 
throughput rate. The folding transformation is used to 
systematically determine the control circuits in DSP 
architectures where multiple algorithm operations are 
time multiplexed to a single functional unit [3]. By 
executing multiple algorithm operations on a single 
functional unit, the number of functional units in the 
implementation is reduced, resulting in integrated circuit 
with low silicon area [4]. As a start ing architecture for 
the synthesis of the folded bit-plane FIR filter 
architecture with changeable folding sets, well-known 
bit-plane architecture (BPA) [5,6] was used in [7]. The 
BPA is highly regular architecture, which allows 
extensive pipelining, regular layout, high computational 
throughput, truncation of Least Significant Bits (LSBs) of 
intermediate results without any loss of accuracy, and 
programmability of coefficients [5,6]. Since the 
straightforward application of folding technique onto the 
BPA has not been possible, the transformation of the 
BPA data flow graph (DFG) that enables the synthesis of 
the folded FIR filter architecture has been proposed in 
[7]. That transformation allows the operation of FIR filter 
with changeable coefficient length, but with fixed 
number of coefficients. However, the problem of the 
designing of folded FIR filter with changeable number of 
coefficients still remains unsolved. The folding set 
assignment, described in [7], assumes that each node 
performs the same set of operations during the run time. 
That concept does not allow the synthesis of the FIR 
filter architecture with changeable number of 
coefficients. It is the reason why we propose a new 
assignment of folding sets where each node is capable of 
performing execution of any operation regardless to 
which folded set it belongs. The goal of this paper is to 

make synthesizing of folded architecture, which supports 
the changing of both coefficient number and coefficient 
length, possible. In order to enable the changing of 
coefficient number in fixed folded FIR filter array, we 
propose a new mapping of operations onto the DFG 
nodes rather then changing the topology of the DFG with 
additional transformations. The crucial novelty is that the 
new assignment enables the changing of operations in 
folding sets. In other words the different operations can 
be mapped onto the different hardware units in fixed 
array structure. The involving of changeable folding sets 
is aimed towards the increasing of versatility of folded 
bit-plane arrays. 

2. Setting of Folding Sets 

Transformation of the source DFG that enables the 
synthesis of the folded FIR filter architecture with 
changeable folding factor is given in [7]. This 
transformation allows the operation of FIR filter with 
changeable coefficient length, but with fixed number of 
coefficients. The architecture, described in [7] has an 
additional feature related on throughput increasing of 
folded system achieved through the reducing of folding 
factor according to the coefficient length. Our goal is the 
synthesis of folded architecture that will support the 
changing of both coefficient number and coefficient 
length. As a starting point in synthesis procedure we use 
the DFG that is a result of the transfer function 
transformation proposed in [7]. General transformed 
form of FIR filter transfer function, from [7], is  
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There are k  folding sets, S0,  S1,  S2, … ,Sk-1, and the 

number of folding sets is equal to tap number. Each 
folding set contains m operations, i.e. the folding factor N 
is equal to the coefficient length mc. This manner of 
folding set assignment does not support the changing of 
number of taps. In order enable the changing of 
coefficient number in fixed folded FIR filter array we 



propose a new mapping of operations onto the DFG 
nodes rather then changing the topology of the DFG with 
additional transformations. In order to explain setting of 
folding sets the following notation is involved: 
mc – coefficient length 
k c – number of coefficients 
ci

j – bit of coefficient ci (with weight 2j) 
N – folding factor 
k – number of folding sets 
L – total number of “operations” in the DFG, where 

one operation assumes forming of partial product 
and the addition performed on one “row” of basic 
cells (basic cell contains AND gate and full adder) 

p – position of operation within the DFG ( 0≤p≤L-1) 
An old assignment of following sets is done according 

to the following equations 
 s= p / k c  
2  r= p mod N .  (2) 

This approach leads to the solution with changeable 
folding sets where the number of operations in folding set 
is changeable [7]. 

New assignment of folding sets (SS|r) is involved with 
aim to enable the synthesis of the folded FIR filter 
architecture that will support the changing of both 
coefficient number and coefficient length. That feature is 
described with 
3  s= p mod k 

 r= p mod N .  (3) 
The crucial novelty is that (3) enables the changing of 

operations in folding sets. In other words the different 
operations can be mapped onto the different hardware 
units in fixed array structure. The equations (3) provide k 
folding sets where each folding set contains N operations. 
For the coefficients, k c, and the coefficient length, mc, the 
total number of operations, L, is:  
4   L= k cmc= kN  (4) 

Let us note that, the number of folding sets is not 
obligatory equal to the number of coefficients. In order to 
have the answer to the question whether the system is 
foldable or not, we have to calculate the folding 
equations and check the condition Df (U→ V) ≥ 0. 

The folding equations can be given in the following 
form: 

Df (p→p+1)=N⋅w(e)-0+[(p+1) mod N]-[p mod N] = 
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where 0 ≤ p ≤ L-2. From (5), it can be seen that the 
condition Df (U→V) ≥ 0 is not satisfied for neighboring 
nodes U and V when for the position p of node U the 
following is valid p mod (N-1) = 0 or p mod N = 0. This 
is the main reason for retiming of the DFG. Using the 
system of inequalities Df (U→V) ≥ 0 and system of 

folding equations (5) the following system of inequalities 
in obtained 
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 for p=0, 1, 2, ..., L-2. (6) 

The general form of solution for r(p) is: 
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The existence of this solution provides the retiming of 
DFG and allows the application of folding technique. The 
new assignment of folding sets and solution for retiming 
are of great importance for the synthesis of folded FIR 
filter architecture that supports changing of number of 
taps and coefficient length. 

3. Conclusion 

New assignment of folding sets for the application of 
folding technique to the semi-systolic bit-plane FIR filter 
architecture is proposed in this paper. Mathematical 
description of folding set assignment is given with aim to 
enable the successful application of folding technique. 
The prerequisites for application of folding technique are 
satisfied. New assignment supports the changing of 
operations in folding sets. Using of proposed folding set 
assignment, different operations can be mapped onto the 
different hardware units in the fixed structure array. 
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