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Longest Path Matrix Algorithm
> Let'd be the number of delays in the DFG.
> A series of matrices L™ m=1,2, .., d, are constructed
such that 7, (™ is the longest computation time of all paths
from delay element d, to d; that passes through exactly
(m-1) delays. If such a path does not exist 1™ =1
» The longest path between any two nodes can be
computed using either Bellman-Ford algorithm or Floyd-
Warshall algorithm (Appendix A).
» Usually, L®is computed using the DFG. The higher order
matrices are computed recursively as follows :
LY =max(-1, 4,V + 1™ for keK
where K is the set of integers k in the interval [1,d] such
that neither /,”=-1nor 7, * = -1 holds.
» The iteration bound is given by,

T, =max{/,™ /m}, fori,me {1, 2, .., d}
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Example : 1.0 -1
4 1 0 -1
LO =
5 -1 -1 0
5 -1 -1 -1
4 -1 0 -
5 4 -1 0
L@ =
5 5 -1 -1
-1 5 -1 -1
5 4 -1 0 8 5 4 -1
L»=|8 5 4 -1 L2 8 5 4
9 5 -1 10 9 5 5
9 -1 5 -1 10 9 -1 5

T.=max{4/2,4/25/35/3,5/38/4,8/45/45/4} = 2.
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Minimum Cycle Mean :

» The cycle mean m(c) of a cycle c is the average length of the
edges in ¢, which can be found by simply taking the sum of the
edge lengths and dividing by the number of edges in the cycle.

> Minimum cycle mean is the min{m(c)} for all c.

» The cycle means of a new graph G, are used to compute the
iteration bound. G is obtained from the original DFG for which
iteration bound is being computed. This is done as follows:

> # of nodes in G, is equal to the # of delay elements in G.

» The weight w(i,j) of the edge from node i to j in G, is the
longest path among all paths in & from delay d; to d; that do
not pass through any delay elements.

> The construction of G4 is Thus the construction of matrix
L® in LPM.

» The cycle mean of G,is obtained by the usual definition
of cycle mean and this gives the maximum cycle bound of
the cycles in G that contain the delays in c.

» The maximum cycle mean of G, is the max cycle bound of
all cycles in G, which is the iteration bound.

&
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»  To compute the maximum cycle mean of G, the MCM of G/
is computed and multiplied with -1. 6, is similar to G,
except that its weights negative of that of 6.

Algorithm for MCM :

>  Construct a series of d+1 vectors, f™, m=0, 1, .., d, which
are each of dimension dxl1.

>  Anarbitrary reference node s is chosen and fis formed
by setting f9(s)=0 and remaining entries of f® to e,

>  The remaining vectors f™ m=1,2, .., d are recursively
computed according to

£(j) = min(f"D(G) + w'(i,j)) forieI
where, I is the set of nodes in G4 such that there exists
an edge from node i to node .

»  The iteration bound is given by :
T.=-min g, 4 (max., . 0.1, .. d-l}((f(d)(i) - f(i))/(d-m)))

Example :
P,

i=1

i=2 -0 | -5/3| -co -1 il
i=3 -o0 -co -2 —00 -2
i=4 Co=0c0 CO=-00 | CO=-CO <] (=]

T =-min{-2,-1,-2,} =2 &

=







" |O 1 6 1
|
T T S 10 -0 0
R[4] R[3] R[2] R[1] R[0]
+47 % $
, 1 8
/9
comb. logic
11
4 % $
: 1
1 1
dout —7—B—+— din
n
|
A 4 A\ 4
-0 L
R[4] R[3] R[2] R[1] R[0] ' 6&
e
comb. logic (part A)
comb. logid
) -
comb. logic (part A)
1 1
\ dout din
1
. .
dout i din & & # & N 2
#
& +




R[4]

=

R3] R[2] R[1] R[0] "8 *<
S0 -0
' 97 7 # <
comb. logic
=10 -1, .81, ,$/; ,$/
F 1
%' ' # 22
1 , 16
# )

@ = XOR function

1
dout B din

> 7
/II
/II

) +&

2/"
) +&

8 * # 6 +
& # # & '
it /
* 48 &
7 Hoox
<
# <) +&
# O &#H& <
# O &#H& <




<9 ,

Pipelining in 1**-Order IIR Digital Filters (continued)
1. Look-Ahead Pipelining for 1**-Order IR Filters

* Look-ahead pipelining adds canceling poles and zeroes to the transfer
function such that the coefficients of {z™" .-+, :_(M_l)} m the
denominator of the transfer function are zero. Then, the output sample
y(n) can be computed using the inputs and the output sample y(#-M)
such that there are M delay elements in the critical loop, which in turn
can be used to pipeline the critical loop by M stages and the sample
rate can be increased by a factor M

« Example: Consider the 18-order filter, f1(z) = l/ (l —a-z"" ) which
has a pole at z=a (a<1). A 3-stage pipelined equivalent stable filter can
be derived by adding poles and zeroes at > — ac;(-’ 273) and is given

Pipelining in Higher-order IIR Digital Filters

» Higher-order IIR digital filters can be pipelined by using clustered
look-ahead or scattered look-ahead techniques. (For 1-order IIR filters,
these two look-ahead techniques reduce to the same form)

— Clustered look-ahead: Pipelined realizations require a linear
complexity in the number of loop pipelined stages and are not
always guaranteed to be stable

— Scattered look-ahead: Can be used to derive stable pipelined IIR
filters

— Decomposition technique: Can also be used to obtain area-efficient
implementation for higher-order IIR for scattered look-ahead filters

— Constrained filter design techmques: Achieve pipelining without
pole-zero cancellation
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