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Abstract
An improvement to Augmented Line Segment Based Algorithm
is proposed incorporating Edge reversal to generate a
Rectilinear Steiner Minimum Tree with an objective of tree
length reduction. Rectilinear Steiner Minimum Tree connects
the given collection of points by means of horizontal and vertical
line segments, with the aid of additional points called Steiner
Points. Steiner points are introduced to reduce the total length of
the tree and to connect in rectilinear manner since the distance
between two points is measured in rectilinear metric. The
algorithm constructs a Rectilinear Steiner Minimum Tree by
augmenting the line segments drawn in four directions from all
the points and adding an edge to the tree when two line
segments overlap. The reversal of the two L-shaped layouts or
edges is done when an overlap count of either of one increases
thereby reducing the cost or length of the final tree formed.
Rectilinear Steiner Minimum Tree is widely used in global
routing phase of VLSI design and wire length estimation.
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Figure 1. a) Minimum Spanning Tree

b) RSMT

Hanan et al [1] provided the prime contribution by
considering the rectilinear version of Steiner Tree, made
available the precise results for n≤5 and also showed Hanan
Grid includes all the probable Candidate Steiner points
(CSp) (figure 2b). Garey et al [2] proved that the problem
of generating RSMT is NP-Complete and Hwang et al [3]
showed that the ratio of the cost of Rectilinear Minimum
Spanning Tree (RMST) to the cost of RSMT is ≤ 3/2.

1. INTRODUCTION
The routing phase in VLSI design takes the cells which
have been assigned positions as input and connects the
multi-terminal nets using wires that run in horizontal and
vertical directions because of manufacturing constraint.
Routing is carried out in two different phases. Global
routing is the first phase and it identifies the wiring
channels through which connections can be made. Detailed
routing is the second stage during which the exact path will
be fixed. Rectilinear Steiner Minimum Tree (RSMT) has a
wide application in the global routing phase of VLSI
design. RSMT is a tree with following properties :( i) It
connects the given set of points without any loop. (ii)The
points are connected in rectilinear fashion using only
horizontal and vertical line segments.
Given a collection of points Q, RSMT is a tree constructed
over Q U S with line segments restricted to horizontal and
vertical lines and S is a collection of Steiner Points found at
the intersection of two edges (figure 2a). Steiner points
with degree ≥2 are added to S. The distance between two
points P1(x1, y1) and P2(x2, y2) is equal to |x1-x2| + |y1-y2|.
Figure 1a and 1b shows the Minimum Spanning Tree and
the RSMT constructed for the given set of points
Volume 7, Issue 1, January – February 2018

Figure 2. a) Rectilinear Minimum Tree b). Hanan Grid
Spanning Tree based algorithms construct the MST first
using any spanning Tree algorithm and then convert it into
RSMT. Ho et al [4] converted the MST by replacing each
MST edge with an L or Z-shaped layouts that provided
maximum overlap. Khang et al [5] introduced an Iterated
Steiner Tree algorithm which iteratively adds a Steiner
points and constructs the RSMT until no more
improvement can be done to the RSMT. A batched version
was also proposed to add a batch of Steiner points at a time.
Borah et al [6] presented an edge-based heuristic algorithm
that iteratively connects a point in the MST to the
encompassing rectangular layout of nearby visible edge and
then removes the lengthiest edge in the formed loop [9].
Chu et al [7] proposed a method of constructing RSMT on
the basis of pre-computed table. A look up table was pre
computed for n≤9. For n>9, net breaking algorithm was
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used to split the points recursively until n≤9 and the table
can be applied. Chen et al [8] developed a Refined Single
Trunk algorithm which first constructs a trunk which is a
horizontal or vertical line that goes through the median of
the given points. Later all the points are either connected to
the trunk or the stem (a horizontal or vertical line that
connects a point to the trunk) based on the shortest
distance. Vani et al [9] proposed a clustering based RSMT
algorithm which first divides the set of points to various
clusters and then computes the RSMT for each cluster of
points. Final RSMT is obtained by connecting these
clusters.
Augmented line segment based algorithm [10] was
presented where the length of four line segments from all
the points were incrementally increased and edges were
added to the tree when two line segments intersect. An
improvement was provided by doubling the length of line
segments until it goes further the intersection point. If so,
the increment begins from one again [11]. The algorithms
for the production of RSMT have been comprehensively
reviewed in [12].

3 BASIC TERMINOLOGIES
 Minimum Spanning Tree - Given a group of points P,
Minimum Spanning Tree (MST) is the tree with
minimum length connecting all the points in P. Fig. 2b
shows the MST constructed over the points p1 to p6.
 Rectilinear Minimum Spanning Tree (RMST) - MST
with distance between two points measured in
rectilinear metric and the edges restricted to horizontal
and vertical line segments [9].
 Hanan Grid - Grid obtained by drawing horizontal and
vertical lines through each and every point in P (figure
3). The points obtained at the juncture of these lines
are called as Hanan points [1].
 L-Shaped Layout - For each non-degenerate edge (an
edge is said to be non-degenerate if the edge end points
do not fall on the identical vertical or horizontal line)
two L-shaped layouts can be formed from the
enfolding rectangle. In figure 3 the two L-Shaped
layouts for
the edge (P5, P6) are indicated using
dotted lines [12].
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2.1Algorithm
1 Augment the length of line segments drawn from each
point in all the four directions.
2 When two line segments intersect and do not form a
loop in the partially constructed RSMT, compute the
overlap count of the two L-shaped layouts. Overlap
count identifies the extent the L-shaped layout overlaps
with partially constructed RSMT.
3 If both the L-shaped layouts have the same overlap
count, then both are selected as temporary edges.
Temporary edges will be made permanent only when it
overlaps with another edge. Overlap is identified when
the new edge is being laid on the same set of points of
the previously selected temporary or permanent edge.
4 If either of the L-shaped layouts has more overlap
count because of the overlap with other temporary
edge, then that L-shaped layout with more overlap
count is made permanent and the other layout is
marked as rejected.
2.2 Illustration
Consider the set of points as shown in the figure 3a. The
RSMT constructed by the Augmented Line Segment Based
Algorithm (ALSB) [11] is shown in figure 3b.

Figure 3. a) Given set of 4 points b) RSMT constructed
using ALSB algorithm
The snapshots illustrating the Improved Augmented Line
Segment Based algorithm with Edge Reversal is shown
below. Figure 4 shows the first step of the algorithm
wherein all the four line segments from all the points are
augmented.

2.RESEARCH METHOD
The proposed algorithm provides an improvement to
Augmented Line Segment Based Algorithm [11] by
introducing an L-shaped layout reversal of the previously
selected layout based on the overlap count. Overlap count
is computed by counting the number of points in the current
edge that are already the part of other edge previously
selected. If the overlap count of previously selected layout
is less than the count of previously rejected layout, then the
reversal takes place. The overlap count of previously
rejected layout increases when a new edge overlaps with
this edge. Hence, edge reversal plays a vital role in length
reduction of the final RSMT.
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Figure 4. Augmentation of line segments from all the
points in four directions
Figure 5 shows that when the line segments of points P1
and P2 intersect, both the L-shaped layouts are marked as
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temporary as they have zero overlap count (no overlap).
But when the line segments of points P1 and P3 intersect,
the lower L-shaped layout is selected and marked as
permanent as it has more overlap count (overlap with the
temporary edge connecting points P1 and P2). The alternate
L-shaped layouts of edge (P1, P2) and edge (P1, P3) are
marked rejected as shown in figure 6. Pink and brown color
is used to represent the permanent and rejected edges
respectively.

Figure 8. RSMT constructed by Improved Augmented
Line Segment Based algorithm with Edge Reversal

3.EXPERIMENTAL RESULTS

Figure 5. L-shaped layout of P1 and P2 marked as
temporary

Figure 6. Layouts of edge (P1, P2) and edge (P1, P3)
marked as selected and alternative layouts marked as
rejected
Figure 7 shows edge reversal. Here the lower L-shaped
layout of edge (P1, P3) which was selected or marked as
permanent previously is rejected and the other
contemporary upper L-shaped layout is selected as it has
more overlap count when the edge (P0, P1) is connected.
The final RSMT constructed by the Improved Augmented
Line Segment Based algorithm with Edge Reversal is as
shown in figure 8. It can be very clearly observed that the
length of this RSMT is less compared to the one generated
by ALSB algorithm (figure 3b).

Figure 7. Edge reversal showing the reversal of layouts
of edge (P1, P3)
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The algorithm has been implemented in “C “on
GNU/Linux platform. The algorithm was tested on
randomly generated set of points. Figure 9 shows the
RSMT generated by the Improved Augmented Line
Segment Based algorithm with Edge Reversal for a set of
150 random points.

Figure 9. RSMT constructed for a set of 150 random points

Table 1: Comparison of the final length of the tree
constructed for RMST, RMST using ALSB and RSMT
using Improved ALSB with Edge Reversal

Table 1 demonstrates the comparison of the total length of
the RMST, RSMT using ALSB algorithm [11] and RSMT
using Improved ALSB algorithm with Edge Reversal. The
algorithm has been tried out with various randomly
generated set of points. Table 1 shows that the Improved
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ALSB algorithm with Edge Reversal provides a
considerable improvement over ALSB algorithm with
respect to total RSMT length reduction.

4. CONCLUSION
An improved ALSB with Edge Reversal algorithm has
been proposed which provides worthy improvement to the
ALSB algorithm in terms of RSMT cost reduction (reduced
length). Length reduction is obtained by the reversal of
previously selected L-shaped layout whenever the overlap
count of rejected edge increases because of the addition of
new edge to the RSMT. RSMT length reduction has a
significant role in chip design. Efforts are on to apply this
algorithm to an industrial benchmark and implement the
same with reconfigurable logic.
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