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Rectangular dualisation is a technique used to generate rectangular topologies for use in top-down fioorplanning
of integrated circuits. In order for this technique to be used in a floorplanning system, its input, the connectivity
graph representing an integrated circuit has to fulfill a number of conditions. This paper presents an efficient
algorithm that transforms an arbitrary connected graph, representing an integrated circuit, into another graph
that is guaranteed to fulfill these conditions and to admit rectangular duals. Effectively, the algorithm solves the
global routing problem by using three techniques: passthrough, wiring blocks and collapsed wiring blocks. Resulting
floorplans may be passed to a chip assembler and detailed router package to complete the layout. This paper also
introduces a novel technique to transform a tree of biconnected sub-graphs into a block neighbourhood graph
that is a path.
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he design process of an IC starts by decomposing
the function to be implemented on silicon into

a functional block diagram (FBD, see Figure l(a)).
This FBD has a "blocks and buses" structure where
blocks represent sub-functions and buses represent
the interconnections that carry data and other infor-
mation between blocks. The decomposition of the
function into sub-functions is hierarchical and aims
at reducing the complexity of the design problem at
any one hierarchical level. When the FBD is known,
the floorplanning process may be carried out. When
this task is performed manually, the designer
searches for a relative placement of the blocks and
for an area and shape for each block which minimises
the overall chip layout area while at the same time
meeting design constraints such as layout design tool
limitations, interconnection type and technological
design rules. (see Figure l(b)). Thus, the problem
of floorplanning a chip, represented by a single rec-
tangle at the top level of the hierarchy, corresponds
to partitioning of the enclosing rectangles at each
level of the hierarchy into subrectangles that enclose
subblocks. Adjacent rectangles then represent com-
municating blocks. Blocks which do communicate
but are not adjacent must have their communications

carried by intermediate blocks (indirect communi-
cation). The ability of a block to carry foreign signals
depends on several factors such as its functionality
and the availability of design tools to add the signal
wires. The criteria for choosing between direct and
indirect schemes for communication routing are
based on specific knowledge of the particular com-
munication requirements.
An important aspect of the floorplanning process

should be noted when the design is approached top-
down, a strategy we encourage. In such cases the
designer has incomplete knowledge of the exact con-
tent of each block in the floorplan and therefore has
to proceed in terms of rectangle shapes and area
according to his or her experience.

It is important to note here the difference between
top-down floorplanning and block placement which
is used in bottom-up design approaches. The basic
difference resides in that the former assumes that
information such as positions of block communica-
tion ports, exact block dimensions or shapes need
not be known, while the latter is considered as a
problem of optimally placing arbitrarily shaped
blocks with defined port positions and dimensions.
This paper is concerned with the automation of top-
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FIGURE (a) Decomposition of functions into an FBD. (b) The building of a rectangular floorplan from the FBD.
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down floorplanning which is considered much more
difficult as more variable dimensions are included.
The automation of the floorplanning process has

been the subject of intense research and powerful
algorithms have been produced in recent years. The
most notable are: min-cut partitioning [1, 2, 3], force-
directed placement [4], simulated annealing based
placement optimisation [5, 6], graph clustering [7],
rectangular topology generation [8, 9] and the build-
ing of graphs for rectangular dualisation [10]. Note
that min-cut, force-directed and simulated annealing
algorithms were developed originally for bottom-up
placement but may be used in some top-down floor-
planning tasks.
Top-down floorplanning algorithms use very little

information on circuit design. Moreover, algorithmic
approaches do not deal with the whole problem in a
complete way in as much as steps which cannot be
solved with algorithms are left to the designer. The
limitations of algorithmic approaches have led to the
consideration of Knowledge-Based Systems (KBS)
programming techniques. Recently several KBS ap-
proaches have been reported. Although still exper-
imental, results have started to emerge [11, 12].
PIAF is a knowledge-based/algorithmic floorplan-

ning system (KBS) developed at the Systems Engi-
neering and Design Automation Laboratory over the
last few years [11, 13, 14]. It relies on a strategy that
partitions the floorplanning task in a way that allows
efficient use of heuristics and specialised design
knowledge in the generation and pruning of the so-
lution space.

In this paper, we discuss one of the key algorithms
of PIAF, namely the automatic generation of graphs
that admit rectangular duals while at the same time
solving the global routing problem. The importance
of this algorithm resides in that it takes as input any
connected weighted graph and produces another
graph, that we call a rectangular admissible connec-
tivity graph (RACG), that can be rectangularly dual-
ised. The algorithm has already been reported [10],
but we present it here in more detail and with some
extensions. It has been implemented as part of a
package called PAF (Package for Algorithmic Floor-
planning) which is used by PIAF. As shown later in
Section 5, the algorithm is very fast and suitable for
early interactive exploration of the floorplanning
space.
The advantages of this algorithm over other ap-

proaches are:

1. It is not limited to slicing structures as opposed
to the min-cut technique [1, 3],

2. It does not require the user to specify the po-

sitions of the ports (pins) around the cells as
opposed to a simulated-annealing approach [6],

3. It is much faster as an explorative tool than
other techniques namely simulated annealing,
force-directed and min-cut [1, 2, 3, 4, 6, 9].

The paper is organised as follows. Section 3 re-
views some basic graph terminology and rectangular
dualisation and theconditions for a graph to admit
a rectangular dual. The RACG building algorithm
is then presented in Section 4. In Section 5, we eval-
uate the algorithm and its performance with some
examples. Finally, Section 6 draws some conclusions
and directions for future work.

GRAPHS AND RECTANGULAR
DUALISATION

This section presents the graph notation and termi-
nology used throughout this paper. It also presents
some important definitions and theorems in graph
theory. The definitions and terminology follow those
used by Tarjan [15].

Graphs

Except indicated otherwise, by a graph we mean an
undirected graph. An undirected graph G(V, E) con-
sists of a set of vertices (nodes) V and a set of edges
(arcs) E. Two nodes connected by an edge are said
to be adjacent. The number of edges attached to a
the node is known as node degree.
Graphs are commonly used to represent integrated

circuit structural description (see Figure 2).

Paths

A path in G is a sequence of vertices v and edges e;
(i -< N), where e (vi, v+ ). A path between nodes
v and w is denoted by" v ::),* w. A simple path is a
path where each node has been traversed once. A
cycle is a simple path where the extremity nodes are
identical. The number of edges in a cycle is known
as cycle length.
A spanning of the graph G’ by the procedure path-

finder presented by Tarjan [15] produces a set of
paths of the form s ::),* f. The first is a cycle and the
others are simple. Each path (except the first) has in
common with the last generated path exactly two
vertices s and f.
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FIGURE 2 (a) A connectivity graph in the form of "boxes and buses." A, B, C and D represent sub-circuits or blocks. (b) An
adjacency graph derived from (a). The existence of an edge between two blocks means that these blocks are adjacent and share a
side.

Faces

When a planar graph is drawn on a plane, a face is
defined by the inner area enclosed by a cycle. In this
drawing, any cycle that encloses another cycle may
not be a face. The number of edges in a face is known
as face degree.

Connectivity

A graph is connected if for any pair of vertices there
is at least one path joining them.

Biconnectivity, Articulation Points

Let G(V, E) be an undirected graph. Suppose that
for each triplet of distinct vertices v, w, a in V, there
is a path p: v =)>* w such that a is not on the path p.
Then G is biconnected, if, on the other hand, there
is a triplet of distinct vertices, v, w, a in V such that
a is on any path p: v ::>* w, and there exists at least
one such path, then a is called an articulation point
(cut vertex) of G.

Planarity

A graph is planar if it can be drawn on a plane with
no edges crossing.

Short-Cuts, Comer-Implying Paths, Block
Neighbourhood Graphs

Consider a planar graph G(V, E).

Definition 1 A block is a biconnected component.
A plane block is a planar block. A shortcut in a plane
block G, is an edge that is incident to two vertices on
the outermost cycle of G that is not part of this cycle.
A Corner-Implying Path (CIP) in a plane block G,
is a segment v, 02, Ok Of the outermost cycle of
G with the property that (v, Vk) is a shortcut and that
v2, Vk- are not endpoints of any shortcut. The
Block Neighbourhood Graph (BNG) of a planar
graph G, is a graph in which vertices represent the
biconnected components of G, and where an edge
between two vertices in the BNG exists if the corre-
sponding biconnected components have a vertex in
common. A Critical Corner Implying Path (CCIP)
in a biconnected component Gi of G is a CIP of Gi
that does not contain cut vertices of G.

Rectangular Duals of a Graph

Definition 2 The duality relationship between a
graph G and a rectangular topology is defined by the
following:

1. A node in G is a rectangle in the rectangular
dual (RD).

2. The infinity node (representing the I/0) in G
corresponds to the region enclosing the rectangle
containing the RD.

3. Two nodes joined by an edge in G are two ad-
jacent rectangles in the RD.

4. An edge between a node and the infinity node
represents a rectangle on the periphery of the
RD.

Figure 3 shows two rectangular duals of the graph
of Figure 2(a).
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FIGURE 3 These two floorplans represent two distinct rectan-
gular topologies. Note the variations in the block surrounds.

Theorem 1 [17]
gular dual if:

A planar graph G admits a rectan-

1. Every face, except the external has a degree of
3 (triangular).

2. All internal nodes have degree >- 4.

3. All cycles that are not faces have length >- 4.

4. One of the following is true:

(a) G is biconnected and has no more than
four CIPs.

(b) G has n, n >- 2, biconnected components;
the BNG of G is a path;, the biconnected
components that correspond to the ends
of this path have at most two CCIPs; and
no other biconnected component contains
CCIP.

Figure 4 shows examples of graphs that contradict
Theorem 1.

In the last few years, several researchers have re-
ported techniques to tackle subproblems of the
RACG generation process (see for example [18]) but
none has produced an algorithm that generates
RACGs from connected graphs, as the algorithm we
are reporting here does.
As mentioned earlier, the properties of an RACG

are formally presented by Kozminski and Kinen [17],
and are summarised in Section 3.8.

Ext -_A B-/Ext Ext .A B ./Ext
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FIGURE 4 (a) A nonplanar graph. (b) Node E has a degree shortfall. (c) The face at the centre of the ring has a degree larger
than 3. (d) The cycle of length 3, (a, b, c, a) is not a face. (e) This graph has a BNG that is a unique path. The 3 biconnected
components (where Ext connection is not included) are connected at node 4.
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The following conjecture makes the automatic
generation of condition 4 for Theorem 1 considerably
more efficient.

Conjecture 1 Consider a planar connected graph
G(V, E) embedded on the plane, and consider an
additional node present in the external face of the
embedding and connected to each node at the periph-
ery of the embedding thus defining a set of faces E
The BNG of G is a path iff F does not contain a face
of degree > 3.

Thus, to force a BNG path for a planar embedding
we ensure that the faces in F are triangular.
To illustrate the conjecture, we apply it here to

the graph of Figure 5(a). This graph has three bi-
connected components (1, 2, 4), (3, 4, 5) and (4, 6,
7) which do not form a path. To force a path, the
application of Conjecture 1 requires the introduction
of a node O (see Figure 5(b)) and the "destruction"
of face (O, 6, 4, 6) into two faces of degree 3 (see
Figure 5(c)). As edge (0-4) already exists, the only
possibility would be to create the defacto edge (5-
6). The new graph will have only two biconnected
components, (1, 2, 4) and (3, 4, 5, 6, 7), which cor-
respond to a path.

THE RACG BUILDING ALGORITHM

The Algorithm’s Input

Consider a connected graph G(V, E) that represents
the FBD of a circuit. The user can select the pre-
ferred set of blocks to occupy corners in the rectan-
gular topology. However, corner selection has the
lowest priority in the process, as in a top-down design

strategy block communication port locations are not
yet defined. The user can also select weights for the
edges. These weights are used in a cost evaluation
function in cases of competing solutions and to de-
termine a critical path to be preserved during the
planar embedding process.

In order to represent the external connections (I/
O pads), an additional node is introduced. This node
will be referred to as node 1 in this paper. Note that
the insertion of node 1 as the external node is done
with the condition that there is at least one bicon-
nected component of the circuit graph that has more
than two nodes connected to the exterior. If this
condition is not met, then there is no need to intro-
duce the extra external node. For the simplicity of
the presentation, the remainder of this paper con-
siders that the condition holds, as the opposite case
is more simple and is treated similarly.

The Algorithm

The algorithm has eight phases"

1. Forcing a planar embedding
2. Merging biconnected components
3. Restoration of deleted edges
4. External defacto connections

5. Solving node degree shortfall
6. Forcing a BNG path
7. Destruction of illegal cycles
8. Selection of corner blocks

In the first phase, a planar embedding of the con-
nectivity graph is found. In this process, edges might
be removed, and as a result, the graph might be

"7 w

(a) (b)

1

7 " "6

(c)

FIGURE 5 Embedding biconnected components into a path.
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broken in a number of biconnected components.
After that a planar embedding is found, the bicon-
nected components are drawn on the plane and
therefore all faces are determined. These faces rep-
resent regions of the planar graphs enclosed by cycles
and not containing any nodes.
The second phase assembles the biconnected com-

ponents if there is more than one. This is necessary
as biconnected components may be considered as
floating sub-graphs and it is required to fix them to
positions in the plane.

In the third phase, edges which may have been
removed during planarisation (phase 1) are restored
by the means of passthrough (connections are routed
through existing nodes and the path is selected with
an objective function based on the weights of the
graph nodes), wiring blocks (a node representing a
wiring block is inserted to permit edge crossing with-
out violating graph planarity) or collapsed wiring
blocks (if more than one edge is being crossed by
the edge being restored, then the nodes inserted as
wiring blocks are collapsed into a single one).

In the fourth phase, edges are established between
nodes present on the periphery (external cycle) and
the node representing the exterior (i/o pins). These
are defacto connections as these cells have been
forced to reside on the periphery.

In the fifth phase, the minimum degree of nodes
is satisfied by introducing more defacto edges. This
is due to the fact that we are dealing with rectangular
shapes and a rectangle needs at least four other ad-
jacent rectangles (except for rectangle on the pe-
riphery where the minimum requirements are three
for a non-corner block and two for a corner block
respectively).

In the sixth phase, we force the graph to have a
BNG that is a path. To do this, the algorithm uses
Conjecture 1 which reduces the task to destroying
the external faces (made of edges between the ex-
ternal node and the nodes on the periphery of the
graph) that have more than three nodes by inserting
more defacto edges.

In the seventh phase, the algorithm destroys illegal
faces in the graph (non-external faces) that have
more than three nodes and illegal cycles (cycles with
three nodes that are not faces).

Finally in the eighth phase, blocks to occupy the
four corners of the floorplan are selected. Note that
if the user has already specified some blocks to be
corner-blocks, then the algorithm will maximise the
number of these blocks in the selection process. The
output of the algorithm is the final adjacency lists of
the graph, and restoration paths for any edges that
have been removed from the original connectivity

graph, the list of corners and faces. Rectangular dual-
isation may then be applied to produce the floor-
plans.
We present in the following paragraphs each of

these phases in detail.

Phase 1: Forcing a Planar Embedding

In this phase, the search for a planar embedding of
the input graph is carried out by ,a recursive proce-
dure derived from [16]. This procedure planarises
the graph by deleting a minimal set of edges if needed
(see Figure 6). As the set of edges is not unique, two
types of control upon edge selection are used. The
first is done via the initial ordering of the adjacency
lists that represent the graph (first path in Figure 6).
The second type of control is done via the decision
of which edge to delete in a crossing pair. An edge
weighting function is used to select the appropriate
one. Each time an edge is deleted, we restart the
procedure on the biconnected components of the
new graph. This procedure ends when the graph is
planarised, producing a list of planar biconnected
components, a list of deleted edges and a list of the
generated paths as if they were produced by pathfin-
der [15].

Following the planar embedding of the connectiv-
ity graph, the algorithm proceeds in this phase to
draw the planar bico.nnected components on the
plane and to generated the faces of the embedding.
As several drawings may exist, the current procedure
is exhaustive in its search. This permits backtracking
to generate different RACG solutions. The drawing

First path (protected) deleted path (edge)

FIGURE 6 Planar embedding of graphs. The first path (1, 2, 3,
4, 5, 1) is protected. For the embedding in the figure, removal of
edge 5-2 will planarise the graph. An alternative solution is the
removal of edge 3-1.
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10

FIGURE 7

The biconnected component
{8,13,14} could be inserted
in one of these three faces.

We select the face that
minimises the cost for
the restoration of the edges
between {8,13,14} and the
remaining of the graph.
(if any)

Biconnected components merging.

procedure outputs the external face and the set of
internal faces that define the planar embedding for
each biconnected component.

Phase 2: Merging the Biconnected Components

In this phase, the planar biconnected components
are merged together. The algorithm carries out this
step as follows. A biconnected component host is
selected. If node 1 is the external node then the
biconnected component containing it is selected.
Then for each of the remaining components we find
all the faces in the host that contain the articulation
node (node 8 in Figure 7). We select as a host the
face that maximises the number of deleted edges
between its nodes and the biconnected guest, where
we insert it. If several faces satisfy this selection cri-
teria, then we look for the face (in the path) that
minimises the cost of restoring the most expensive
deleted edge (see Phase 3 for more details on edge
restoration). The external face of the guest is com-
bined with the hosting face to produce a set of new
faces. The hosting face is replaced by the set. In
addition, a defacto edge is inserted to make the graph
resulting from the merging a single block.

grouped into one wiring block. The deleted edges
restoration algorithm uses a "branch and bound"
search to determine an appropriate restoration path.
For each edge to be restored, the restoration algo-
rithm finds the "faces path" that separates the end-
points of the edge (see Figure 8). A "face path" is
a set of graph faces which need to be crossed in order
to join two nodes. The path selection is based upon
the least edge weight separating two adjacent faces.
Then, the edge is restored with the injection of wiring
blocks at its crossing with the edges in the faces path.
The faces of the embedding are updated by this op-
eration.

Phase 4: External Defacto Connections

The faces generated in the previous phase and con-
taining node 1 as external node are checked for their
degree. If such a face has a degree greater than 3
and a set of its nodes not connected to the external
node, then the nodes in this set will have a forced
(defacto) connection to the exterior. This face will
be destroyed (generating new faces) by the intro-
duction of new edges, between these nodes and node
1.

Phase 3: Restoration of Deleted Edges

This phase restores deleted edges using one of three
options. In the first, the algorithm gives the user the
possibility of restoring the deleted edges using tech-
niques other than the insertion of wiring blocks. In
the second option, the deleted edges are restored by
the insertion of wiring blocks each time a crossover
occurs. In the third option, adjacent crossovers are

Phase 5: Node Shortfall Solving

In this phase we solve the shortfall of node degree
(node degree < 3). The algorithm proceeds as fol-
lows. First, it tries to increment the degree of a node
by injecting a defacto edge if the node belongs to a
face with degree > 3. The node with minimal degree
in the face is selected for the defacto edge. If such
a face does not exist, then a neighbouring face of a
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(a) (b) (e)
FIGURE 8 (a): Two different faces paths to restore the edge (a-b): (a, e, c), (e, c, d), (e, d, f), (f, d, b) and (a, g, e), (g, e, f), (e,
d, f), (f, d, b). (b): The first "face path" is selected and wiring blocks inserted on edge crossings (option 2). (c): Only one wiring
block is used (Option 3).

face that the node belongs to is found using least cost
branch and bound search. Then the node with least
connection in that face is selected as the end node
of an edge that the algorithm installs using wiring
blocks.

Phase 6: Forcing a BNG Path

The biconnected components generated in phase 1
have the property that node 1 (when it is the exterior
node) could not be an articulation node for any pair
of biconnected components. This is the result of the
DFS operation and the condition for the insertion of
node 1 as an external node as described above. This
result is used in the following manner. First consider
Be to be the biconnected component including the
external node, and let Pb be the BNG of the node
set (Be external node). If Pb is a path then no
further action is taken. If Pb is not a path then we
search in Be for all faces that have a degree -> 4 and
we destroy them by creating a defacto adjacency.
The destruction of the faces will ensure that Pb be-
comes a path. According to the BNG, a list of valid
user corners is built for later use. The criteria of
validity at this stage concerns only the structure of
the BNG. Each user corner that is an articulation
node, or that is not in the extremities blocks of a
BNG path (with path length > 1), is considered in-
valid.

Phase 7: Illegal Face and Cycle Destruction

As stated in the RACG conditions earlier, faces not
adjacent to the periphery should have a degree of 3

and thus faces with degree -> 4 have to be destroyed.
To do this, we find in the faces that do not contain
node 1 (the exterior node) the nodes that have a
shortfall and we establish defacto edges between
them. This is applied until no more faces are illegal.
In addition, cycles that have a length _< 3 and that
are not faces have also to be destroyed. An example
of such a cycle would be enclosing faces. To destroy
these cycles, the algorithm uses first a DFS algorithm
to find them. Then a wiring block is inserted in the
weakest edge of each cycle (see Figure 9). Two ad-
ditional connections are added to the wiring block,
one on each of the sides defined by the cycle. If the
edge is on the periphery, then one of these two con-
nections would be with the exterior. The illegal cycle

e b

FIGURE 9 An illegal cycle of length 3: (a-b-c). To destroy this
cycle is the same as restoring a zero weight edge between one of
(d, e, f, g) and the external face and injecting a wiring block at
the crossing with one of the illegal cycle edges.
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removal is performed after the illegal faces destruc-
tion. This is to avoid the creation of unwanted cycles
by the insertion of defacto edges when destroying
faces.

was intuitively devised and has produced the best
results on our test data.

An Example

Phase 8: Selecting the Corners

In this phase, we find first the shortcuts and the CIPs
(or CCIPs, depending on the BNG). The algorithm
then checks if any of the valid user corners belong
to the CIPs, and the corresponding CIPs are re-
moved. If the user selected a node to occupy two
corners, then only one is searched for in a CIP. If
the graph’s BNG is a path of length > 1, then only
the corner nodes at the path extremities are consid-
ered, and as stated previously, the other corners
would have been revoked in the BNG path forcing
phase. After that all CIPs (or CCIPs) are satisfied,
if any shortfall of corners still exists then valid double
corners are considered before the consideration of
nodes from the external faces to adjust the number
of corners to 4 (or 2 for each extremity when dealing
with CCIPs). At the end of this phase, the graph will
be an RACG and ready for dualisation.

ALGORITHM EVALUATION

The graph of the example is shown in Figure 10 and
corresponds to the FBD of a LISP chip. It contains
18 nodes. The corresponding rectangular dual of the
algorithm’s RACG is shown in Figure 11. The al-
gorithm has added 18 wiring blocks in order to pro-
duce the RACG (they are named "paf_wb_N",
where N is a number).

Run Time Examples

Table 1 shows the run time in seconds for the ex-
ample presented above and several other non planar
graphs.
When edges restoration is disabled, the algorithm

has shown an expected peak run time proportional
to N’M, where N and M are the number of nodes
and edges of the input graph respectively. When en-
abled, local optimisation ("Branch and Bound") pro-
cessing for edges restoration makes the definition of
a timing model difficult.

As mentioned previously, the algorithm was imple-
mented as part of a library of algorithms used by
PIAF, a knowledge-based/algorithmic floorplanning
system. It is written in Pascal and runs on Sun Work-
stations. The RACG produced by the algorithm is
dualised by an algorithm based on [8] and developed
by the author. The input to the algorithm (the edge
weights) can be used to influence the solutions ac-
cording to design needs. Experiments with the al-
gorithm on real graphs (FBDs) have shown that the
number of wiring blocks injected for communication
restoration is slightly larger than in the case where
wiring blocks are only injected for node shortfall
solving and/or illegal cycle destruction. Another ap-
proach to block insertion would consider the use of
previously inserted blocks in the routing. The algo-
rithm could easily be modified to do so.
We were unable to obtain benchmarks from

MCNC as none are available for the floorplanning
approach we are using.
Note that the order of the phases of the algorithm

can to some extent be altered. The current ordering

Branch-and-Bound Control

The branch-and-bound search algorithm used here
has a parameter that controls the number of alter-
native solutions that it can produces. The introduc-
tion of this parameter appeared necessary to avoid
the problem of memory limitations encountered with
very large graphs and to give the user some control
over the output graph size. Of course, if the number
of tries is set to a small value in the case of large
input graph, then the graph size may grow much
larger. As an example, if the maximal number of
tries for the branch-and-bound is set to 5, then the
number of wiring blocks introduced in the case of
the LISP chip increases from 18 to 30.

Improvements

There are a number of possible improvements that
can speed up the algorithm further and reduce the
size (number of wiring blocks) of the final RACG.
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FIGURE 10 The input graph of the example, corresponding to a LISP chip.

These improvements include"

Recent work on graph planarisation [19], for
example can be exploited to speed up Phase 1.
If the selection of corners specified by the user
is critical, short cuts of the external cycle can be
eliminated, and the BNG can be reduced to a
single block.

CONCLUSION

We have presented an algorithm for transforming a
connectivity graph representing an integrated circuit

into another graph that admits rectangular duals. The
algorithm solves the global routing problem by using
three techniques: passthrough, wiring blocks and col-
lapsed wiring blocks. Resulting floorplans may be
passed to a chip assembler and detailed router pack-
age to complete the layout. The algorithm offers
three options for communication crossover solving,
wiring blocks, grouped wiring blocks or passthrough.
The grouping option in particular prevents fast in-
creases in the number of wiring blocks in the circuit.
We have also presented a novel procedure to trans-
form a tree of biconnected sub-graphs into a block
neighbourhood graph that is a path. The algorithm
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FIGURE 11 A rectangular dual of the RACG generated for the graph shown in Figure 10.

TABLE
Approximate CPU time for some graph examples (in seconds, on a Sun 4/370)

Number of Wiring Blocks Branch and Bound RACG Building
Graph Nodes Added Tries CPU Time

LISP chip 18 18 20 15
Encryption chip 13 2 5 0.9
Read-Solomon chip 10 3 5 0.5
K, 6 3 5 0.5
K3.3 7 2 5 0.4
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is efficient and is very well suited for interactive ap-
plications.
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