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ABSTRACT

As the clock frequencies used in industrial applications increase,
the timing requirements imposed on routing problems become
tighter. So, it becomes important to route the nets within tight min-
imum and maximum length bounds. Although the problem of rout-
ing nets to satisfy maximum length constraints is a well-studied
problem, there exists no sophisticated algorithm in the literature
that ensures that minimum length constraints are also satisfied. In
this paper, we propose a novel algorithm that effectively incorpo-
rates the min-max length constraints into the routing problem. Our
approach is to use a Lagrangian relaxation framework to allocate
extra routing resources around nets simultaneously during routing
them. We also propose a graph model that ensures that all the
allocated routing resources can be used effectively for extending
lengths. Our routing algorithm automatically prioritizes resource
allocation for shorter nets, and length minimization for longer nets
so that all nets can satisfy their min-max length constraints. Our
experiments demonstrate that this algorithm is effective even in the

cases where length constraints are tight, and the layout is dense.

1. INTRODUCTION

Routing nets within minimum and maximum length bounds is an
important requirement for high-speed VLSI layouts. There has
been several algorithms proposed for the objective of minimiz-
ing path lengths, or satisfying prespecified maximum length con-
straints, especially in the context of timing-driven routing [14, 6,
3, 15, 4]. However, the problem of routing nets with lower bound
constraints has not been studied explicitly in the literature. The
main reason is that these bounds were loose most of the time, and
non-sophisticated strategies (such as greedy length extension in
post-processing) were sufficient for most applications. However
as circuits start to use clock frequencies in the order of gigahertz
in the current technology, the timing constraints become extremely
tight, and more aggressive methods for achieving length bounds

are needed in the industrial applications.

Timing constraints are commonly imposed on PCB bus struc-
tures, where data is clocked into registers or other circuits. For
example, in the case of a 64-bit data bus, each bit travels over a
different wire, and all 64 bits must arrive destination pins approx-
imately at the same time. To achieve this, all the wires constitut-
ing this bus need to have approximately same lengths. The preci-
sion with which matching must be done is directly related to the
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clock frequency [17]. As the clock frequency increases, the skew
requirements on the propagation delays become more strict, and
hence a higher degree of length matching is required.

A typical approach used for this problem is to route the nets
using a conventional routing algorithm to satisfy max length con-
straints, and then perform snaking to extend the routes of the short
nets during postprocessing. The main disadvantage of such an ap-
proach is that after all the nets have already been routed, the avail-
able routing space around short nets might be limited in dense de-
signs. So, it is likely that some nets can not be extended to satisfy
minimum length constraints due to lack of routing space.

In this paper, we propose a novel algorithm that incorporates
the objective of satisfying min-max length constraints effectively
into the original routing problem. For the ease of presentation, we
will first focus on the length matching problem, and then we will
extend our models for the general case where individual nets might
have different lower and upper bound constraints. For this, we start
with redefining the routing problem as follows: Find valid routes
for all nets such that (1) the length of the longest route is kept
small, (2) the shorter routes have available routing space around
themselves such that it is possible to match all lengths by snaking
in the end. We propose effective algorithms in this paper to handle
both objectives simultaneously during routing.

As a motivating example, consider the circuit given in Fig-
ure 1. Here, there are three nets that need to be routed with equal
lengths, and the figure illustrates a typical routing solution® given
by a conventional router . Here, all nets were routed first, and
then snaking was performed in the end for length matching. Ob-
serve that the top net turned out to be the longest one, with a path
length? of 17. So, the length of the bottom net was extended by 6
through snaking. However, snaking was not possible for the mid-
dle net, because all routing resources around its route were used
during routing. So, length matching fails in this example.

Figure 2 shows the solution given by the router we propose in
this paper. Observe that the lengths of these three nets are matched
exactly through snaking. Here, our approach is to simultaneously
route each net and allocate extra routing resources (i.e. grid cells)
for them. After that, these extra resources are used for snaking.
There are a couple of points worth mentioning here. First of all, the
number of extra grid cells allocated for a net depends on the length

1The underlying grid structure is also shown in this figure. Throughout
the paper, we assume that routing edges go center-to-center of each grid
cell, as illustrated in this figure. Note that each grid cell is regarded as a
routing resource.

2All the path lengths given in this paper are in terms of number of grid
cells spanned.
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