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Abstract

The interconnection complexity of digital designs can be
captured by the well-known Rent exponent, described by
Landman and Russo [2]. In this paper, we present an ef-
ficient method for obtaining the Rent exponent of a design
through a hierarchical partitioning algorithm. Experimen-
tal results not only confirm the Landman and Russo obser-
vations of a region I and region II, but also show a hitherto
unknown region I1I.

1. Introduction

The production of VLSI computer chips requires the lay-
out (placement and routing) of the chip design on a carrier.
For obtaining a good layout, a priori estimation of important
layout properties (such as wire length) is essential [3].

For obtaining valuable a priori estimations, one should
have a notion of the interconnection complexity of the de-
sign. This interconnection complexity can be described by
a fundamental equation which is known as Rent’s rule [2].
It relates the number of logic blocks B in a module of a par-
titioned design to the number of the module’s external con-
nections (pins) P: P = T}, B", where Ty, is the average num-
ber of terminals per logic block, and r is called the Rent ex-
ponent. Rent’s rule can be observed by partitioning a circuit
and plotting the number of pins per module versus the num-
ber of blocks per module in a log-log plot (as in figure 1).!

In this paper, we use the ratio cut partitioning
method [5] to obtain the Rent exponent efficiently. Our re-
sults confirm the observations made by Landman and Russo
and reveal a hitherto unknown deviation from Rent’s rule.

*The author is Postdoctoral Fellow of the Fund for Scientific Research
of Flanders (Belgium) (F.W.0.).

IThe size of the circles corresponds to the percentage of modules that
has P pins and B blocks in a pool of modules around an average B.
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Figure 1. Number of pins versus number of
blocks for every module in ratio cut.

2. Using ratio cut partitioning

In [2], Landman and Russo described an algorithm for
finding the Rent exponent of a design. This algorithm is very
time-consuming since the whole design has to be partitioned
multiple times, in subsequently smaller modules. However,
experiments show that the Rent exponent can also be found
by a ‘good’ hierarchical partitioning method [1]. Moreover,
a partitioning of the circuit is generally performed before
the layout step in the design process so the calculation of
the Rent exponent can be obtained for free. The heurisitic
partitioning methods are also significantly faster than Land-
man and Russo’s algorithm. Ratio cut [5] is found to be
one of the best hierarchical partitioning algorithms [1] and
is often used. Therefore, a good partitioning tree as well as a
good estimate of the interconnection complexity can be ob-
tained at the same time by using the ratio cut partition-
ing method.
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Figure 2. Number of pins versus number of
blocks for every module in ratio cut.

3. Region III in Rent’s rule

We improved ratio cut [4] and implemented an au-
tomatic fit to Rent’s rule by a least squares fit on average
P-values, for B-values an equal distance apart. The aver-
ages are taken in the logarithmic domain which is far more
natural than the linear averaging used in [2]. Two results
are shown in figures 1 and 2. As observed by Landman and
Russo, the data points seem to follow Rent’s rule quite good
over a wide range. However, for large values of P and B,
the number of pins is generally much lower than is predicted
by Rent’s rule. For this region, Landman and Russo intro-
duced the name region II (against the ‘normal’ region I). The
lower number of pins in region II results from the fact that
designers need to alleviate pin constraints by lowering the
number of pins at the higher partitioning levels.

Our results with the (extended) ratio cut partition-
ing algorithm confirm the existence of both regions I and
1. However, for some designs, we also find a deviation at
the other end of the scale. For small module sizes, the num-
ber of pins seems to be higher than the value predicted by
Rent’s rule (figure 2). For this deviation, we introduce re-
gion III. We believe that the deviation in region Il is the
result of a mismatch between the number of terminals per
logic block (which represents the local interconnection com-
plexity around that logic block) and the global interconnec-
tion complexity (as observed through Rent’s rule). We have
shown that this mismatch exists for several benchmark cir-
cuits [3]. The number of interconnections that can be laid is
limited by the number of terminals that can drive a net, i.e.,
by the number of block outputs. In most designs, the logic
blocks have one output but several input terminals. if the
number of input terminals is too high, a mismatch exists be-
tween the available interconnection complexity and the de-
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sired interconnection complexity. Only for larger modules,
the number of module inputs (also capable of driving nets) is
sufficiently high to increase the interconnection complexity.

4. How to describe deviations from Rent’s rule?

Deviations from Rent’s rule at various hierarchical lev-
els are combined in the notion of hierarchical locality. In
[3], we presented a possible extension of Rent’s rule to in-
clude local variations in interconnection complexity. Let the
Rent exponent depend on the hierarchical level (or the aver-
age number of blocks per module) P = T, B"(B)_ 1t then
becomes an incremental Rent exponent, defined by the slope
of the curve that connects, in a log-log plot, all pairs (B,P)
for average modules: r (B) = dlog(P)/0log(B). This in-
cremental Rent exponent can be used for describing Rent’s
rule in both region II and our newly observed region IIL

5. Conclusion

A priori estimations of important layout properties of dig-
ital designs require a good understanding of their intercon-
nection complexity and hence a good Rent exponent esti-
mate. In this paper, we showed that the (standard) ratio
cut partitioning algorithm is an efficient method for find-
ing the Rent exponent. Experiments also revealed a hitherto
unknown deviation from Rent’s rule for small module sizes.
The ability to recognize differences in interconnection com-
plexity is important since the results of a priori estimations
highly depend on the interconnection complexity. The no-
tion that this complexity varies over the hierarchical levels
warns us to use different estimates for the different levels.
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