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Abstract

Logic synthesis method for heterogeneous LUT FPGAs
implementation is  proposed. As an example,
XILINX4000 architecture is considered. The method
takes XILINX4000 architectural features (heterogeneous
LUTs of 3 and 4 inputs) into account and includes two
step decomposition. In the first step, two-level logic
representation is transformed into a graph of at most 4
Janin nodes (after this step, each node can be mapped
onto 4 input LUT). In the second step, selected 4 fanin
nodes are re-decomposed into 3 fanin nodes to ensure
mapping onto 3 input LUTS. Re-decomposition task is
Jormulated as substituting node two fanins for exactly
one fanin.

1: Introduction

LUT FPGA-based logic synthesis methods developed
don’t consider architectural features of LUT FPGAs[1]
(as exception, the paper [2] can be mentioned where
decomposition methodology is oriented on XILINX3000
and 4000 structure). Instead of it, two-level logic is
transformed into the set of sub-functions, where each
one depends on the restricted number of inputs. Usually,
this number doesn’t exceed the number of LUT inputs.
Therefore, each sub-function can be implemented onto
one LUT. To optimize , methods of minimization of the
number of sub-functions are considered (LUT-driven
synthesis).

However, FPGAs such approach may be not optimal
for FPGAs having several heterogeneous LUTs with
specific connections between them.

In this paper, architecture - driven (instead of LUT-
driven) approach to logic synthesis targeting
XILINX4000 structure is offered. It takes heterogeneous
LUT architecture (two type LUTs of 3 and 4 inputs)
into account amd includes two step decomposition to
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ensure minimization of the number of logic blocks
(rather than the number of LUTs) .

2 :XILINX4000 Architecture and Mapping

XILINX4000 logic structure bases on cooperating
Configurable Logic Blocks (CLBs) (minimum 64 CLBs
per module). A CLB consists of 3 look-up-tables (LUTs)
(function generators), namely, LUT of type F, G and H
(further,F-LUT,G-LUT,H-LUT)[3]. F-LUT and G-LUT
can implement any function of up to 4 variables . H-
LUT implements up to 3 input function, where two
inputs are F-LUT and G-LUT outputs (internal inputs),
but the third input is external. CLB has two external
outputs . Any two of three LUT outputs can be
connected to CLB outputs either directly or through flip-
flops .

Let decomposed logic functions PO f(PI) be
represented by a directed acyclic graph D [4] : D = ( PI,
PO, G), where PI, PO - set of primary input and output
nodes, G - set of nodes obtained as a result of
decomposition. We call the node g, € RIUG as a fanin
of the node g, eGUPOQ, if there is an arc from g, to g
(fig.1). Let sup (g), g, € GUPO, be the set of g fanins.
Suppose, that |sup(gi) |= 4 for each g € GUPO .
Therefore, any two nodes can be mapped onto the same
CLB (F- and G- LUTs) . We call such mapping as
trivial. To reduce the number of CLBs, H-LUTs have to
be used for implementation. Suppose:[sup(g,)| = 3 (fig.1).
In this case, three nodes (g, , g, g, ) instead of two
ones can be mapped onto the same CLB. As a result, the
total number of CLBs is reduced.

Let T be a CLB propagation delay. In case of trivial
mapping, the critical path propagation delay d :d=nxr,
where n - number of CLBs (or what is the same, nodes)
within the critical path. Suppose: | sup( g) | = 3 (fig.1)
and g, g are in the critical path. The nodes g, and g,
can be mapped onto the same CLB . As the CLB delay
remains the same, the propagation delay within the
critical path is reduced : d= (n-1)*t.

Our goal is to develop decomposition technique, to
map onto H-LUTs as many as possible nodes (area



optimization) or / and as many as possible nodes within
the critical path (speed optimization).

To ensure optimal implementation we propose two
step decomposition. In the first step, a graph
D: sup(gi)|s4, g < GUPO is obtained and optimized
for area and speed using SIS tool [5]. In the second step,
selected 4 fanin nodes are re-decomposed into 3 fanin
nodes to map them onto H-LUTs.

3: Re-decomposition via Substituting

Given a 4 fanin node (figl). To transform it into a 3
fanin one, we substitute its 2 fanins for an exactly one
fanin while preserving functionality and acyclic.

Let I(g)) be a node g, level (maximal number of CLBs
between PI and g). To ensure reducing the critical path
delay after substituting, we have to care for the level of
the node g two nodes are substituted for. Following
relation has to be valid: 1(g) <1(g)- 1.

critical path

mapping onto
XILINX4000 CLB

Fig.1. Substituting for a node

4: Experimental Results

Architecture driven re-decomposition procedure
for speed and area optimization is implemented and
tested on some FSM examples (fig.2). Results are
compared with the trival implementation. For state
encoding, the procedure [6 ] is used. In the fig.2 , one
can see that the re-decomposition for speed reduces
significantly the CLBs number within the critical path .
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XILINX XC4000
R-d for speed| R-d forarea | Trivial
Example
#CLB | #CLB | #CLB | #CLB |#CLB#CLB
(c.p.) | (total) | (c.p.) | (total) | (c.p.) {(total)
ex2 2 10 3 10 4 12
ex3 2 5 4 4 4 5
ex4 2 13 3 13 3 14
exs 2 4 2 4 3 5
ex6 3 26 4 25 5 32
ex7 2 4 3 4 3 4
bbara 2 12 3 12 5 13
beecount 2 7 4 7 4 8
dk14 2 15 3 15 4 17
coprodes 2 8 2 9 3 10
asic 2 24 4 23 5 26
Total: 23 128 35 124 | 43 | 146
Percentage| 53,5% | 87,7% [81,4% | 84,9% [100%100%

R-d stands for re-decomposition

#CLB (c.p.) - CLBs number within the critical path

#CLB (total) - total number of CLBs needed for
implementation

Fig.2. Experimental results
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