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Abstract

The popularity of reconfigurable logic devices and
portable hardware demands ever increasingly power
saving schemes for low power designs. This paper
looks at the CAD design process of reconfigurable
devices and presents a novel method to gain power
savings during the placement stage of the CAD flow.
The proposed system modeled the number of switches
used in the circuit and employed simulated annealing
algorithm to reduce the overall routing power. The
system was tested against 8 large benchmark circuits.
It was able to achieve a routing power saving of up to
18% compared with cases without modeling the
switches.

1. Introduction

Current design tools for reconfigurable architectures
take measures of criteria such as total wirelength,
critical paths and chip area to reduce power
consumption and increase timing performance. Most of
the optimisations were done late into the design stage
such as routing and thus sometimes failed to model the
architecture in a more accurate light in earlier stages of
the design flow. Power analysis of configurable
switches is usually implemented during the routing and
mapping stages and has been largely ignored during
the placement stage of the design due to the inaccuracy
associated with power estimation at high level design
process. This paper introduces a novel scheme which
estimates the number and types of switches that the
circuit is likely to use during high-level placement. The
system then uses this information to search for an
architecture that could potential use less routing
resources and hence produce devices with lower power
consumptions.

The following describes the methods used and
investigates whether and how effective this approach is
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in terms of power saving. Section 2 gives an overview
of the related works in the field. Section 3 describes the
design model in which the technique is based on.
Section 4 explains the principle of the algorithm.
Section 4 presents the experimental result and analysis
of the data. Finally, section 6 concludes the paper and
discusses future works.

2. Background

The use of heuristics such as simulated annealing
[1] to search for good placements has been widely
exploited. The goals of these heuristics can be
categorised into three main areas: timing driven,
congestion driven and wirelength driven placements.
There are in general two types of timing-driven
algorithms, path-driven and net-driven timing
placement.

Path-driven [2, 3, 4] timing placement tries to
minimize the longest path delay directly. For an
initially placed circuit, the critical path is found. The
length of the path is the cost function in which the
heuristic is trying to reduce. The critical paths will then
be updated repeatedly for a number of iterations of
placements. The algorithm stops when no further
improvement can be made to its cost function. It
provides a good estimation of critical path delay,
however it will also consume a lot of computation time
to keep track of all the critical paths.

Net-driven [5, 6] timing placement on the other
hand is less complex and can be more efficient. It does
not account for physical length of the net and assign
each net with a weight that reflects its data dependence
or timing criticality. Although it is less accurate in
wirelength estimation, programmes such as [7] make
use of this to derive more effective cost functions.

There are also routability-driven [8, 9] placement
tools. The cost function can be modeled as topology
free, where no routing is done during evaluation, such
as bounding box and Rent‘s rule based modeling [10].
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It can also be topology based modeling. A Steiner tree
is built for every net and the fall in efficiency is
compensated by the more accurate estimation of
routing congesting.

There are currently commercial [11] and academic
[5, 7] placement tools available which are driven by
varies algorithms. VPR [5] uses bounding box [12] to
estimate the total wire length, and uses path-driven
timing analysis with simulated annealing to generate its
placement. PATH [5] is an enhancement to VPR. It
uses a different net weighting algorithm to VPR, and is
implemented by accurately counting the number of
paths and assigning the weight of the net according to
the number of paths the net is in.

The performances of those tools were tested on T-
PEKO [13]. Its algorithm creates circuit like
hierarchies, in which the optimal delays are known to
test those placement tools. It was found that the delay
produced by the current tools are between 10% to 18%
away from the optimal critical path delay, hence a
significant improvement can still be made from the
current available tools.

Work [14] has also been done on power aware
algorithms. During the packing stage and placement
stages, information on switching activities as well as
bounding box is exploited to reduce power
consumption. This however does not distinguish the
routing resource from wire to switches during
placement but does produce a more power aware
design than preview works.

There are also other low power techniques for the
design of reconfigurable logics. [19] uses voltage
scaling within their routing architecture to reduce
interconnect power. [20] employs different types of
switches in different area of the same array to increase
the efficiency of the circuit. [21] also optimises for
power by the use of voltage scaling, but it is instead
implemented during clustering.

3. Design Flow

The design flow of the system is illustrated in
Figure 1. Firstly, the system inputs a technology-free
netlist. It works out the switching activities on every
node on the netlist and generates an activity file. This
file will be used in later stages to evaluate power
consumption of the circuit. Then the netlist is packed
into clusters of logic elements, the size and architecture
of which is specified by the designer. The clusters are
then placed and routed with the aim of reducing
wirelength and shortening the critical path.
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3.1 The Model

More than 60% [15] of the total power consumed by
FPGAs is due to power dissipation through routing
resources. With the increasing popularity and ease of
use of portable reconfigurable hardwires, this gives the
motivation to seriously consider minimising power
consumption as a primary objective. Accordingly, the
model being used should reflect the task of minimising
routing resource whether it is the length of wires or the
number of switch boxes used. The placement
architecture is assume to be an island-style [16] array
with s-box switches and c-box switches connecting the
tracks and pins. For the sick of simplicity, the switches
used in the experiment are universal tri-state buffers.

3.2 Calculating Power Consumption using
Powermodel

The Powermodel [17] evaluates the power of a
placed and routed design principally from estimating
its switching activities at every node. It uses an activity
estimator to work out the possibility of a node
switching, the information is passed on to a packing
tool TV-pack before being placed and routed in VPR
as described in Figure 1.

The placement tool uses simulated annealing to
search for a placement for a minimum delay cost and
shortest total wirelength of a design. The only function
within the algorithm that could reduce power is the
bounding box function. A bounding box [12] of a net is
the rectangular box that contains the span of the net.
The algorithm searches for small bounding boxes for
all nets to ensure minimal wires will be used when the
array is routed.

architecture

=2 |
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Placement

Figure 1. System for evaluation power consumption
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Following placement and routing, in order to

estimate the power consumption for a specific net, it g 0o 0lg 0o i
records all the tracks that the net has to go through. For f P HE P i
|y - Ly e | |y - Ly e |
each of those tracks, the capacitances of the connected e mo == oo
segments are recorded. The internal capacitance of the . 00 ol . i
switches connecting the wire segments and switches § IV Gl N L N S S
connecting the pins and segments are also added to oo oo oo oo
give an overall capacitance of the connection. In the E i E 3 E i E 3
case of the test we performed, all switches are tri-state oo oo oo oo
buffers, and there was no distinction between s and ¢ ] = h = hda = h = H
switch boxes. The power can then be found from the d hod hld oo h
capacitance information and the switching activities on = = el e

that net. The leakage power of the unused switches is

also added to the overall routing power. Figure 3. switch usage — case 2

4. Modelling Switches in Placement In the case of Figure 4, two tracks are required to
connect the pins. Hence using both c-box and s-box

To take account of power consumption during switches, the minimum number of switches required

placement stage, we consider the routing architecture are three.

in more details during placement. In order to reduce oo oo oo .

the capacitance of a net, apart from reducing the length O 0o 00 o = i

of the net, it is also necessary to reduce capacitance of o H g H 4 Pl R

the switches used in the net. The new function looks at il s s a=

the placement of the pins of each connection and o H g H g ol g ]

deduces how many switches it is likely to use. In f P A . "] 4 §

. : : R == n- = M-
reducing the number of connecting switches or the 0o 0o oo oo
number of high capacitance switches used, it can . L 04 H H
prevent wastage in the routing stage and hence routing | o P - o oo Pl oo i
power can be reduced. B e e =

In the case of Figure 2, the connecting pins are E i E i E i E i

directly opposite each other, hence they can be oo o oo oo
connected using only one c-box switch.

Figure 4. switch usage — case 3

In the case of Figure 5, the net requires at least three
) s oo == tracks to connect. Hence it uses a minimum of four

f i f i f i . i switches, two of each type. This switch counting
QI yo | SN S S information for every connection is added during the
S = S S placement stage for search.
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Figure 2. switch usage — case 1 o 0o ) g 0o 0
0 b 00 0 oq n
In the case of Figure 3, the locations of the pins of - o o o

the two connecting blocks are on the same axis of
wires. For this connection, a minimum of two c-box
switches are required to connect the pins together,
provided the wire segments are long enough.

Figure S. switch usage — case 4
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The weighting of the switch boxes used are
integrated into the bounding box function of the VPR.
For a single net, the total weight is the bounding box
value of the net, and bounding box times a weighting
depending on the case and the type of switches used
for each two point connections in the net.

inet
Fitness = ) | bounding boxj-(l+Clnl +C,n,)

=1

Where C1 and C2 are the weight coefficient
associated with switch type 1 and 2, nl and n2 are the
number of switches that the net requires to route.

5. Experiment

The switch counting function was tested against
eight circuits of the MCNC LGSynth93 [18]
benchmark. The architecture uses tri-state buffers as
switches for both s-box and c-box switches. The
architecture contains the same ratio of track length.
Each design’s switching activities were estimated and
packed using the previously mentioned activity
generator and packing tool. They are each placed five
times from different starting points in the algorithm
search. The resulting placements are then routed using
the same routing tool in VPR. For comparison, the
circuits are also placed and routed from the same
starting point without using the switch counting
function. The results are shown in Figure 6 and 7.

1.2

94%  954%  96%  974%

98.2% 101%

gaos  29%

0.6 —1

0.4

routing power ratio

0.2

exsp apex4 dsip bigkey treng des apex2 diffeq

circuit
Figure 6. comparison of minimum routing power of
switch counting scheme with normal scheme

Figure 6 shows the comparison between the routing
power of placements with and without the switch
counting function. The minimum power achieved from
the two set of runs were selected and the graph shows
the routing power from the switch counting scheme
divided by normal scheme. A ratio of less than 100%
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ratio

would indicate a routing power saving using switch
counting function.

In most cases, there are routing power savings with
the exception of diffreq. The efficient of the switch
counting function is depended upon the track ratio of
the architecture. If the segment length of each track is
one, the number of switches used will be directly
proportional to the length of wire and hence the switch
counting function becomes abandon. Therefore, no
power saving can be achieved. Hence finding a suitable
architecture for the design of each circuit is important
when using this function.

Figure 7 shows the average of five runs for the 8
circuits. It is able to achieve a minimum average of
15.6% routing power saving for ex5p and a maximum
of 2% for bigkey. The success of the switch counting
function relies greatly on the coefficients chosen. If the
coefficients are too large and the weightings of the
switch counts are too high, it will disrupt the algorithm
to a point where no significant wirelength
improvement can be made. Hence finding a good
balance for different switches and circuits prior to
simulation is important for saving routing power and is
part of an ongoing study.
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Figure 7. comparison of average routing power of
switch counting scheme with normal scheme

6. Conclusion

This paper has presented a switch modeling
technique where it examines the routing resource early
in the placement stage of designing reconfigurable
devices to save routing power. It has been tested
against 8 benchmark circuits and a routing power
saving of at most 18% was found. It demonstrated the
advantages of modeling reconfigurable devices more
accurately and early on in placement stage and results
in higher performance and better designs.
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