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Abstract

To estimate the wiring area needed by the router
to connect a signal net, most placement tools measure
one half of the perimeter of the minimum rectangle
enclosing all terminals of the net. In the past, this ap-
proach is reasonable because the half-perimeter value
correlates well with the wiring area. As we are enter-
ing the deep-submicron era, the approach is no longer
appropriate because the wiring delay must be charac-
terized based on a distributed-RC model, in which not
only the wiring area but also the wiring topology af-
fects the wiring delay. In this paper, we show that
the half-perimeter metric does not correlate well with
the wiring delay under the distributed-RC model. We
show that the radius of a net estimates the wiring delay
more accurately than the half-perimeter metric does.
We expand the acceptance criteria of a simulated an-
nealing based placement tool to include moves that do
not improve on the wiring length but do reduce the
radius. Over all, for a set of benchmark circuits the
critical path delays are improved up to 15%.

1 Introduction

Placement is one of the most important tasks in
the automatic layout design of cell-based VLSI (i.e.,
standard cell and gate array). It determines the geo-
metric location of every cell in the netlist and is to be
followed by the global and detailed routers. Because
it largely decides on the size and performance of the
chip layout, a high-quality placement tool is essential
to the competitiveness of a VLSI implementation.

The exact quality metric (i.e., size and perfor-
mance) of the layout will not be available until the
routing is completed. Because the routing process is
very time consuming, most placement tools that e-
valuate a large number of placement solutions can-
not a�ord performing actual routing on every one of
the solutions. Therefore, they need an approximat-
ing metric that is not only easy to calculate but also
well-correlated with the �nal layout quality.

Until now, the most widely used approximating
metric is the lower bound on the total wire length
needed to complete the routing. The minimum
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amount of wire needed to route a signal net using
the Manhattan style is one half of the perimeter of
the minimum-sized rectangle enclosing all terminals
of the net. This metric has been shown to correlate
well with the �nal layout area. It is satisfactory for
designs targeting towards processing technology of 0.8
�m or older, in which wiring-induced delay is relative-
ly insigni�cant compared with the gate delay.

As the industry moves towards high performance
deep-submicron design (< 0.5 �m), the wiring de-
lay becomes signi�cant and even dominant because of
both the increasing in the wiring resistance and the de-
creasing in the gate delay. Therefore, there are many
performance-driven routers [1, 2, 3] being developed
recently.

In the deep-submicron era, the wiring delay can be
estimated no longer with the simple lumped-RCmodel
accurately. Instead, a more accurate distributed-RC
model, such as the Elmore delay model [4, 5] is nec-
essary. The distributed wiring delay is dependent on
not only the wiring length but also the routing tree
topology. The half-perimeter metric predicts only the
wiring length. Hence, it is inadequate for the mod-
ern placement tools. Therefore, we are motivated to
reinvestigate the objective function for placement.

In this contribution, we �rst show that the wiring
delay under the distributed Elmore model does not
correlate well with the half-perimeter value. Instead,
it correlates better with the radius of a net for a given
half-perimeter value. To take the radius into accoun-
t, we expand the acceptance criteria of a simulated
annealing based placement tool to include moves that
do not improve on the wiring length but do reduce the
radius of signal nets.

2 The Traditional Objective

As demonstrated in many previous papers [6, 7], the
traditional half-perimeter metric predicts the wiring
length very well. However, to the best of our knowl-
edge, no evaluation has been performed on whether
it also predict the wiring delay accurately under the
distributed-RC model despite there have been many
performance-driven routers [1, 2, 3] trying to reduce
the wiring delay via topological design and wiring
width sizing.

To evaluate the goodness of the half-perimeter met-
ric, we measure the layout of a large set of benchmark
netlists. The placement is done with the TimberWolf
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6.0 tool [6]. The routing is completed by using a
performance-driven tree constructor. The wiring de-
lay is calculated based on the distributed Elmore delay
model [4] targeting towards a 0.6 �m processing tech-
nology.

Given a routing tree T rooted at v0, let ei denote
the edge from vi to its immediate parent. The Elmore
delay D(v0 ! vi) from the source node, v0, to a sink
node, vi, is

D(v0 ! vi) = Rs � C0 +
X

ej2path(v0!vi)

rj � (cj=2 + Cj);

where Rs is the driving resistance of the source termi-
nal, Cj the total capacitance of the subtree rooted at
vj , rj the parasitic resistance of edge ej , and cj the
parasitic capacitance of edge ej .

We assume that all sources have identical driving
capability, that is all Rss are equal, and all sink ter-
minals have equal load capacitances 1.

We use benchmark S5378 to illustrate the correla-
tion. After placement, routing and delay calculation,
we observe that the correlation between the wiring
length and the half-perimeter value is very good as ex-
pected. We use the simple linear regression model to
investigate the data. The coe�cients of determination
r2 are 100%, 96.8%, 94.9%, 91.2%, 88.5% and 91.2%
for 2, 3, 4, 5, 6 and over-6-terminal nets, respective-
ly. The higher the value r2, the more successful is the
linear regression model in explaining data variation.
However, the correlation between the wiring delay and
the half-perimeter value is not clear (The coe�cients

of determination r2 are 52.0%, 81.2%, 81.2%, 81.7%,
89.6% and 69.7%, respectively.) , especially, when the
number of terminals is large (> 6). Therefore, we may
say that the half-perimeter metric is not adequate if
we are to do performance-driven placement.

3 Motivation
The motivation behind this work comes from the

calculation of the Elmore delay. Under the Elmore
model, the delays of two nets of equal wiring length
could be di�erent due to their topological di�erence.
Let's consider those two 3-terminal nets depicted in
Figure 1(a)&(b). Suppose terminal p0 is the source
and sinks p1 and p2. The RC trees of those nets are
depicted in Figure 1(c) and (d), respectively. When
the Elmore's distributed-RC delay model is used, the
source-to-sink delays for the net shown in Figure 1(a)
are calculated.

Under the Elmore model, the interconnection delay
of the net of Figure 1(b) is smaller than that of the
net shown in Figure 1(a). Traditional half-perimeter-
based objective function cannot tell this di�erence be-
cause those two nets have enclosing rectangles of the
same size.

1Speci�cations from the technology �les: source driv-

ing resistance = 100
; sink loading capacitance =

15:3fF ; wire resistance = 0:03
=�m; wire capacitance =

0:352fF=�m.
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Figure 1: Two nets having equal half-perimeter values

but di�erent wiring delays.

This example tells us that it is inadequate to mea-
sure only the lower bound on the wire length. Rather,
we have to consider the source/sinks distribution as
well.

We observe that the radius of a net correlates to
the wiring delay much better than the half-perimeter
value does. Given a placement, the radius of a net is
de�ned as the maximumManhattan distance between
its source terminal and any of its sink terminals, that
is the radius of the net ni is

R(ni) = MAXpj2ni(j Xspi �Xpj j + j Yspi � Ypj j);

where Xspi and Yspi are xy locations for the source
terminal spi, and Xpj and Ypj are for other sink ter-
minals pj for the net ni.

The correlation between the wiring delay and the
radius (The coe�cients of determination r2 are 52.0%,
84.8%, 82.2%, 85.7%, 94.6% and 78.4%, respectively.)
is much better than that between the wiring delay
and the half-perimeter. Based on this observation,
we conclude that it is good for a performance-driven
placement tool to take into account the radius of a net
while exploring the solution space.

4 The Proposed Approach

An intuitive approach to take the net radius fac-
tor into consideration is to add it to the objective
function. We have tried using numerous combinations
of the half-perimeter and the radius as the objective
function for the placement tool to optimize. Howev-
er, none of them leads to signi�cant improvement over
that uses only the original half-perimeter metric. Fi-
nally, we realize that the half-perimeter and the radius
are not independent of each other. If we emphasize too
much on the radius, we will sacri�ce the half-perimeter



(wiring length). The longer wiring length introduces
the longer wiring delay. Therefore, the half-perimeter
and the radius cannot be combined straightforwardly.

Presently, we treat the half-perimeter as the prima-
ry objective and the radius secondary. We expand the
acceptance criterion of the TimberWolfSC[6]. Timber-
WolfSC is a standard cell placement tool based on the
simulated annealing optimization technique. It itera-
tively improves the placement quality by generating a
move and deciding on whether to accept or reject the
move. Since TimberWolfSC is well known to the CAD
community, we will not repeat its description here.

Our expansion is quite simple. We give each move
two chances to be accepted. First, a move is accepted
if it is accepted by the original criterion; otherwise,
we examine its contribution to the radius reduction.
We change a rejected move to an accepted one if it
decreases the summation of the radius of all involved
nets. Below is a pseudo code description of the pro-
posed implementations.

1. While the outer loop termination not reached

2. While the inner loop termination not reached
3. do a move and evaluate the cost

4. If Accept(�CostL,T) OR (�CostR < 0)
5. accept the move
6. Else

7. reject the move
8. Endif

9. update the temperature T
10. Endwhile

11. Endwhile

In the pseudo code, �CostL and �CostR are the
changes to the total wiring length and radius, respec-
tively.

We treat two-terminal nets di�erently from other
multiple-terminal nets for the following reason. Since
the Manhattan length of the radius of a two-terminal
net is equal to the length of the half-perimeter of its
bounding box, any reduction in the length can also
reduce the radius. Therefore, we let the radius of a
two-terminal nets always be zero in order not to over-
estimate their impact on the overall quality.

5 Experimental Results

We have used the TimberWolfSC v6.0 [6] pro-
gram to experiment with the proposed idea. Timber-
WolfSC v6.0 is a cell-based placement package based
on the simulated annealing optimization algorithm.
We have no access to the source code of the latest
TimberWolfSC v7.0 [7]. However, the proposed
idea is applicable to any other placement tools based
on the half-perimeter cost function as well.

Our simpli�ed target library has the following tech-
nology speci�cations: wire resistance = 0:072
=�m
and wire capacitance = 0:2fF=�m.

After placement and performance-driven routing,
the wiring delay of every net is calculated under the
Elmore Distributed-RC delay model. We are interest-
ed in the average and maximum net delay, as well as
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Figure 2: Terminals distribution for a net of circuit

S9234 with the classical approach (half-perimeter =

3661�m, radius = 2911�m, delay = 2.91ns) and with

the new approach (half-perimeter = 3941�m, radius

= 1941�m, delay = 2.52ns)

the circuit performance in terms of the critical path
delays and the maximum single net delay.

We have laid out 6 benchmark circuits S1196,
S5378, S9234, S13207, S15850 and S38417 from the
MCNC Table 1 Column Size summarizes the charac-
teristics of the benchmarks, including the number of
cells, the number of nets and the number of 2-terminal
nets.

Table 1 shows the average wiring delay per net for
all nets, all multi-terminal nets, and CPU time re-
quired by each run of each benchmark. Since most of
the nets (almost 80%) are two-terminal, the improve-
ment in the average delay over all nets is very small
(less than 3%). However, the case of multiple-terminal
nets is very remarkable(up to 14%). As expected, the
new objective function takes longer to compute. On
the average, 5% more CPU time is required. This
computation overhead is quite acceptable considering
the gain we have achieved in circuit performance.

Table 2 shows the e�ect of the proposed idea on
the placed circuits' performance, including critical
path delay and single maximum net delay. We back-
annotate the wiring delay values to the original netlist
and use the sequential synthesis system SIS [8] to cal-
culate the worst case clock period of each circuit. The
reductions range from 5% to 15%. As for the maxi-
mum single net delay, we are able to achieve improve-
ment ranging from 3% to 9%.

Table 3 shows that the proposed idea indeed leads
to reduction in the radius of the signal nets.

We plot in Figure 2 the terminal distributions of the
largest net (33 terminals) of benchmark S9234. It is
shown that the source location by the new approach is
closer to the center compared with that by the classi-
cal approach. The radius by the new approach is 33%
shorter than that by the classical approach. Although



Table 1: Average wiring delay per net and CPU time in comparison with classical (Class.) model

Circuit
Size All Nets(ns) Multi-terminal Nets(ns) CPU(s)

#Cell #Net #2-term Class. New New
Class:

Class. New New
Class:

Class. New New
Class:

S1196 444 458 353 0.356 0.357 1.00 0.763 0.682 0.89 38.5 40.6 1.05

S5378 1149 1184 779 0.308 0.305 0.99 0.422 0.370 0.88 114.2 123.9 1.08

S9234 1260 1296 842 0.246 0.241 0.98 0.353 0.332 0.94 140.3 145.4 1.04

S13207 3126 3188 2201 0.279 0.275 0.99 0.435 0.419 0.96 560.6 575.8 1.03

S15850 3148 3225 2193 0.311 0.301 0.98 0.482 0.451 0.94 567.6 581.6 1.03

S38417 10079 10107 7557 0.273 0.263 0.96 0.659 0.577 0.86 2000.0 2080.2 1.04

its half-perimeter is 7% longer, the new approach im-
proves the delay by 14%.

Table 2: Performance (ns) after placement

Circuit
Critical path delay Max. single net delay

Class. New New
Class:

Class. New New
Class:

S1196 28.68 26.54 0.93 4.633 4.291 0.93

S5378 24.38 22.20 0.91 6.142 5.673 0.92

S9234 29.05 24.56 0.85 3.143 3.041 0.97

S13207 44.11 43.43 0.98 5.502 5.437 0.99

S15850 57.20 52.01 0.91 12.049 10.907 0.91

S38417 92.00 88.20 0.96 13.348 12.086 0.91

Table 3: Reduction in the total radius

Circuit
Total Radius(M)

Class. New New
Class:

S1196 0.093 0.079 0.85

S5378 0.304 0.250 0.82

S9234 0.277 0.259 0.94

S13207 0.753 0.706 0.94

S15850 0.981 0.898 0.92

S38417 3.347 2.800 0.84

Beside the computation overhead, the proposed
idea has other side e�ect. The delay of multi-terminal
nets are improved at the expense of slowing down 2-
terminal nets. For example, we plot for circuit S9234
in Figure 3 the average delays of net sets with di�erent
number of terminals. It is clear that with the new ap-
proach, multi-terminal nets are sped up signi�cantly.

6 Conclusions

We have proposed for performance-driven cel-
l placement a new objective targeting toward the El-
more RC-tree delay model. We have shown that the
radius of a net is an important factor in determining
the wiring delay of the net. A simple modi�cation to
the acceptance criteria of a simulated annealing-based
placement tool leads to signi�cant improvement in the
circuit performance. The idea is also applicable to oth-
er placement tools as well.

In our experiment, we use a 0.6�m technology. As
we move deeper into the deep submicron era to imple-
ment circuits, the performance improvement will be
more signi�cant, because the wiring delay will become
more dominant.
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