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ABSTRACT

This paper surveys the more important floorplan models and
their use in the backend of chip design. Floorplans are here
considered as data structures that capture the relative po-
sitions of objects in a plane. This is in correspondance with
how they were introduced in design automation in the early
eighties: as a generalization of placement, that is the ma-
nipulation of geometrically fixed objects in order to get an
overlap-free arrangement of these objects in a plane region.
The introduction of the floorplanning concept not only lib-
erated back-end design from its (manual) puzzle character
and its intractable and sometimes even undecidable prob-
lems, but also enabled hierarchical design, even taking a
functional hierarchy and transforming it by stepwise refine-
ment into a floorplan with a compatible representation. The
elegance of that procedure was so overpowering that many
identified floorplanning with hierarchical back-end design.
That floorplanning proves to be a powerful notion by itself
becomes once more apparent, since almost all modern ef-
fective “placement” procedures are in essence floorplanning
followed by packing or some other “legalization” stage.

1. INTRODUCTION

Over the years floorplanning became strongly associated
with hierarchy, or hierarchical design. Yet, its original mean-
ing was simply a generalization of placement. Whereas place-
ment was the manipulation of geometrically fixed objects to
arrange them in a configuration without overlaps, floorplan-
ning handled objects of which the shape did not have to be
fixed. A floorplan was simply a data structure capturing
the relative positions of the objects. Floorplan optimization
was a procedure to produce a rectangle dissection compat-
ible with the given floorplan and optimal with respect to a
given objective while each object had a feasible shape.

Floorplanning lent itself much better for top down approaches
where the shape and sometimes even the precise size of the
modules were unknown. Certain restraints enabled stepwise
refinement in that the tree representation of the floorplan
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was forced to be a refinement of a given hierarchy tree.
These features caused the strong association of the floorplan
concept with hierarchical design.

Today it can safely be stated that placement has been re-
placed by floorplanning, followed by some legalization step.
Modern back-end tools almost exclusively start with gener-
ating point configurations (with or without size-dependent
spacing) or overlapping geometrical objects, mostly by ana-
lytic optimizers that can handle complex but flat incidence
structures with library elements of fixed shape. Once the op-
timum for this configuration is established, legalizers ensure
that all overlap is removed, and that routability is enhanced.
Ironically, this was exactly what early fully automatic floor-
planners did [13].

In this paper we work from the definition of a floorplan to the
many models and configurations that have served to capture
relative positions in one way or the other. We emphasize
the importance of meaningful and easy to handle metrics for
evaluating floorplans, although the in-depth treatment and
comparison is left to another paper at this conference.

2. FLOORPLANS

Formally, a floorplan is a data structure that captures the
relative positions of objects which get their final shape by
optimizing some objective without violating constraints.

This definition does not imply any underlying hierarchical
structure. [t simply generalizes the notion of placement: the
manipulation of objects with fixed geometrical features in
order to allocate them without any overlap in an enclosing
plane region. The generalization refers to both, the uncer-
tainty or flexibility of shape of some or all of the objects, and
the possibility of overlap when these objects have a shape
or area associated.

It is evident of course, that hierarchical approaches, that
want to find regions for allocation of subsets of modules al-
most have to resort to floorplanning in one way or the other,
because it is neither always wise nor often feasible to pre-
determine the shape of all modules in a hierarchy. This
obvious need for floorplanning in approaches that one to
preserve, completely or partly, properties of earlier partition-
ing, caused an almost identification of floorplanning with
hierarchical layout design. The elegant formulation of step-
wise refinement for layout synthesis, where preserving the
hierarchical structure of a functional design occurred auto-
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Figure 1: Floorplan design

matically by adopting a structural restraint that expanded,
ordered and labeled the original hierarchy tree, planted this
idea firmly in the minds of back-end tool developers of the
late eighties. Central was the introduction of the concept of
a floorplan in the following way:

A floorplan is a data structure that captures the relative
positions of modules in a supermodule

o derived from

a preliminary shape of the supermodule

a preliminary environment (e.g. pin positions)

shape information for the modules (e.g. shape

constraints)

— an incidence structure

and possibly

— timing information of external signals
— module delay information

— path delay information
e used for

— creating a preliminary environment
— assessing wire space requirements

— estimating the delays

¢ controlled by the (given or derived) hierarchy
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Figure 1 illustrates this definition, and more or less invites
the nested application of the central floorplan-call. The ter-
minology, the creation and use of module environments, and
the explicit mention of hierarchy in the last item, seems to
bind floorplanning exclusively to hierarchical design. How-
ever, a flat design with a single supermodule and a single
level of leaf cells (undivided modules) is perfectly consistent,
and was always the most important practical application of
the floorplanning concept. I even believe that it has ren-
dered classical placement obsolete, because of its flexibility
and relative efficiency.

In this section we look at three classes of floorplans, not
necessarily in chronological order of origin, but fairly rep-
resentative of what has been conceived over three decennia
for capturing relative positions of modules.

2.1 Graphs

The oldest floorplans are graphs. Drawing a rectangle dis-
section already produces a graph, where line segments are in-
terpreted as edges and the points where these come together
(mostly T-junctions, sometimes crossings) as vertices. It
should be noted that different dissections may lead to the
same graph. A special property that such a graph should
have is that its edges can be divided into two classes, h-edges
and v-edges, and it possesses a plane representation where
these edges are represented by orthogonal line segements,
one orientation per class. This graph is called the floorplan
graph (figure 2a).
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Figure 2: Graphs

The first formal floorplanning procedure started with a graph
in which the edges represented desired adjacencies. The ver-
tices represent the objects, that is modules, but in the first
applications, rooms. Obviously, not every such graph can be
converted into a rectangle dissection. They should be pla-
nar, but that is not enough. In addition they should have
a dual that has a plane representation with two orthogonal
sets of line segments, as described above. Graphs with such
a dual are called grason graphs in honour of the first scien-
tist to publish a floorplanning procedure [5]. This pioneer
also gave a characterization of grason graphs, but efficient
algorithms for recognizing grason graphs and constructing
an associated rectangle dissection came some fifteen years
later [9, 1, 2, 17]

Based on the division into h- and v-edges we can also di-
vide the edges of the grason graph, yielding two graphs: the
grason-h-graph and the grason-v-graph. By directing these
graphs consistently with the relative positions of the rectan-
gles of their vertices we obtain grason-h-digraph(figure 2b)
and the grason-v-digraph.

Equivalent to this digraph pair (or the colored grason graph),
and also to the colored floorplan graph (that is, with ex-
plicitly given h- and v-edge-set) is the channel digraph (fig-
ure 2d) where each channel (i.e. maximal line segment) has
a vertex and each T-junction has an arc pointing to the “bar
of the T” [3]. This graph has hardly been used though it has
some characteristic properties and retains generality where
the much more popular polar digraphs are not capable of
capturing all adjacencies.
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Figure 3: Labeled ordered tree

Although known already in the first half of the twentieth
century, these polar graphs were introduced [12] into layout
synthesis in 1970 by Tatsuo Ohtsuki, the japanese circuit
theorist to whom we owe so many graph models for layout
problems. The polar h-digraph (figure 2c) takes the maximal
horizontal line segments as its vertices, and an arc for every
rectangle. It does capture incidence of rectangles to line
segments, but adjacency between rectangles is not exactly
covered. Consequently, the grason h-digraph is a subgraph
of the line graph of the polar h-digraph.

The relations between the graphs acting as floorplans for
the same rectangle dissection are brought together in the
table of figure 4 where “D” stands for dualization and “L”
for forming the line digraph. The upward arrow towards
the polar digraphs and superset signs indicate the loss of
information when going to polar graphs. Polar graphs are
nevertheless the most popular graph models because they
can be transformed into sets of linear equalities that must
be satisfied by the rectangle dimensions of any compatible
dissection®. This forms a good starting point for sizing using
mathematical programming.

2.2 Trees

Trees for representing rectangle configurations have become
popular recently. Soon we will see the appearance of O-trees,
bi-star trees and stair trees. These representations compete
in their efficiency to solve the packing problem for their com-
patible rectangle configurations. These packing problems
are easy to solve for rectangles with fixed shape and orienta-
tion. An example is the labeled ordered tree [19] from which
a packing can be computed in linear time. Among all possi-
ble trees with adequate number of vertices there is one that
produces the smallest possible packing. There are however
very many possible trees though their number is bounded
by the catalan number times the number of permutations,
and this number is asymptotically smaller than (n!)?, the
number of sequence pairs.

In fact, these equalities are the kirchhoff equations with
e.g. the widths as current intensities, and the heights as
voltage differences between the nodes.



polar h-di

L )
®)) (HC,R, VC) —> (R, HCI) | (R, HLS,.)
C Q
5 D { It
B D
polar v-di L 8
(VC,R, HC) —> (R, VCI) r (R, VLS,.) 5
<
1 U U P
channel digraph channel incidences D -]
(@) (C,TJ,R) (R, CI) B (R,LS, TJ) o
= @
= ¢ \ o,
O colored floorplan 0p)
= graph P D S
(TJ LS, R) < ” (R,LS,1J)

floorplan graph
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2.3 Point configurations

Plane point sets are by now the most commonly used floor-
plans. If the only information that is used is the sequence of
the points (representing the modules) after projecting them
on an axis, then it is better to speak of a sequence pair,
because all distance information is left unused.

Methods that try to embed a distance space into a euclidean
space, and finally into a two dimensional euclidean space of-
ten use eigenvalues to find the plane with maximum spread
and to loose as little as possible distance information when
projecting on that plane. Depending on the distance metric
certain statements about optimality can be made. However,
the euclidean distance is not really a useful metric and pro-
jecting may force modules apart that should and can be kept
together. Figenvalue methods are mainly good for recover-
ing structure in low dimensional configurations.

With the rise of annealing as a competitive method for im-
proving complex configurations it was soon considered for
floorplan design [16]. The guestion was how to represent
relative positions in such a way that total wiring length was
calculated very quickly. The first answer was a pair of se-
quences, which meant that the moves were transpositions of
two elements in one such a sequence, but the points were
then spaced according to their area (not the square root of
area).

Sequence pairs got a more specific meaning when the two
permutations of modules implied the following meaning for
relative positions:
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¢ a module m; is to the left of module m; if it precedes
that module in both sequences

¢ a module m,; is above a module m; if it precedes that
module in the first sequence, and if it follows that mod-
ule inde second sequence

Up to now sequence pairs are only generated by stochastic
algorithms such as annealing. Evaluations are time con-
suming, albeit polynomial or even linear, which causes long
runtimes, because these evaluations are placed in the inner
loop. This makes such algorithms not very practical. In fa-
vor of sequence pairs it should be noted that they can easily
handle empty rooms without explicitly encoding them in the
sequences. This not possible for example with polar graphs!

3. FLOORPLAN DESIGN

In many ways one can argue that floorplan design has not
been solved adequately. The various algorithms for gener-
ating floorplans modeled by graphs are either confined to
subspaces that do not have to contain optimum or even
near-optimum plans, or produce in essence a number of con-
figurations that cannot be bound by a polynomial in the
number of modules.

3.1 Adjacency-based floorplan design

The first thoughts on floorplan design were directed towards
realizing the required or desired adjacencies. These adja-
cencies form a graph, and if this graph is a grason graph,
a rectangle dissection with these adjacencies exists. Linear-
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Figure 5: Adjacency-based floorplan design

time algorithms?® for testing graphs on this property exist.
In general, these adjacencies do not form a grason graph,
and seldom a subgraph of a grason graph. The adjacency
wishes therefore have to be pruned to such a subgraph and
subsequently extended to a suitable grason graph, either
explicitely or implicitely. A generic procedure is given in
figure 5.

Graphs with rectangular duals (even graphs with duals, even
when combinatorially defined) have to be planar. Proce-
dures that try to realize adjacencies therefore often start
with heuristics for planarizing the corresponding graph. A
straightforward way for doing that is by removing “weak”
adjacencies. Removing enough edges will planarize a graph
sooner or later. But also adding nodes can have this effect.
These “phony” rectangles (because nodes are supposed to
represent rectangles) are called wiring nodes in [7]. Other
heuristics can be found, but after the first stage in figure 5
the graph is supposed to be planar, so it has a dual and of
course a plane representation. But does it have a rectan-
gular dual? Not for a representation with complez triangles
that is circuits of three edges with other edges inside. If that
is the case there are a number of options:

e modify the representation
e remove the complex triangles

o triangulate avoiding complex triangles

In [20] all options are exploited albeit in the reverse se-
quence. Remaining freedom is used for assigning the corners.

“Do not trust the textbooks in this! Consult the original
articles.

The resulting graph has a rectangular dual, and therefore
a corresponding rectangle dissection can be found. A con-
structive procedure for generating such a dissection in an
efficient way was published in [1]. An elegant method, based
on the observation that construction is in essence assigning
T-junctions, was complete matching in [10].

3.2 Proximity-based floorplan design

Point configurations can be generated efficiently depending
on the objective. Figenvalue methods are very fast but are
bound to use a euclidean metric. Besides, they usually use
projection to lower the dimensionality of the solution which
may reduce distances leaving other modules unnecessarily
far apart. Repeated probing based on eigenvalues makes the
generation slow.

Probabilistic techniques, such as annealing, genetic algo-
rithms and evolution, need very fast evaluations, which makes
them resort to crude measures. For fixed rectangles tech-
niques as in section 2.2 can be of advantage, but they cannot
handle more flexible shape constraints.

Currently the best results seem to be obtained with analytic
optimizers of the quadratically convergent newton-type, fol-
lowed by legalizers. They are usually applied to a flat de-
signs, that is without any hierarchical structure, regardless
of the number of objects to be treated. Since these analytic
optimizers do not obtain non-overlapping configurations of
the objects to be allocated, they are classical examples of
floorplanners, although literature often calls them placement
procedures, which is only justified when combined with a
valid legalizer

In any way, crucial for floorplanners is the metric by which
the results are evaluated. In a companion paper Andrew
Kahng will address the issue.

4. CONCLUDING REMARKS

Much more can be said about floorplanning, especially about
the misconceptions and misinterpretations surrounding it. A
particularly topic that attracts many scientist (but few tool
developers) is the avoidance of special constraints. Early in
its history the restraint of preserving sliceability was rec-
ommended. [t was exactly that constraint that made floor-
planning fit as a glove for stepwise refinement from a given
hierarchy. For floorplans with that property could be repre-
sented as a tree. But there were other and more important
properties. The fact that slicing structures have the mini-
mum number of “channels” may have had his day, as well
as the conflict free routing sequence of those floorplans. Or
that the best slicing tree for routing can be found efficiently
for a given sliceable placement. DBut the fact that many
algorithms that are at least AN'P-hard for general floorplan
structures become tractable for slicing structures, remains
of paramount importance. Among these is of course the
floorplan optimization problem [14]. Later it was proven by
[18] that even a simple special case of fixed geometry and
free orientation was NP-hard! Also, labeling a given tree
to find the optimum slicing tree with that topology can be
done in polynomial time [8]. And last but not least, given
a point configuration (but actually a pair of sequences) the
optimal compatible slicing structure can be found in poly-
nomial time. “Compatible” means that every slice in the



floorplan corresponds exactly with rectangular set in the
point configuration [4].

Considering the place and the nature of floorplanning, as
capable of handling uncertainties, flexibility and preliminary
positions, there is not much sense in paying any price for
including also non-slicing floorplan topologies.

S.
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