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Abstract
A parallel algorithm is proposed for solving the problem of channel
and switchbox routing in the design of VLSl chips. The algorithm is
suitable for implementation on a shared-memory multiprocessor
environment. Our approach does not impose restrictions on the
channel type (such as fix or variable channel widths) and the
number of available layers. The algorithm contains three major
phases: I) dividing the channel into several regions by selecting
some columns, 2) assigning tracks to nets of the selected columns,
and 3) assigning tracks to nets of the columns in each region.
1. Introduction

One of the problems in the algorithmic design of VLSl chips is
channel and switchbox routing. Given a collection of cells and
ports (or terminals) on their boundaries, the problem is to connect
the ports of these cells for a specific design requirement. A
specific number is assigned to each port; ports with the same
number are connected by a net.
Several algorithms for the above problem have been proposed. However, to our knowledge, none of these algorithms are
suitable for implementation in a shared-memory multiprocessor
environment. Since shared-memory multiprocessors have been
widely available during the past three years, it was decided to
develop a router suitable for these machines. One of the main
issues that must be considered in developing such a router is that
the algorithm should be independent of a number of available processors on the machine. That is, the algorithm should give the
same result when it runs by one processor or more than one processor. Hopefully the addition of more processors will improve the
performance. To achieve these goals the algorithm, for a given
number of processors, will produce works (or sub-tasks) in order to
keep each processor busy as much as possible.
Initially, all of the processors may be viewed as being in a
"global pool." Then a processor will leave the pool, producing a
"pool of works." These works are independent of each other. That
is, once a processor is assigned to a work it does not need to communicate with other processors. When a pool of works is produced, the main steps of the router involve the operation of a processor finding a work and the possibility of adding new works to the
pool.
The question that remains to be addressed is 'khat is a
work?" To answer this question it is assumed there is a grid superimposed over the channel; the horizontal grid lines are called
"tracks" and the vertical ones are called "columns." Then, in our
router, a work is considered to be the assignment of tracks to the
nets which are passing through a column. The assignment is done

based on the global information about the channel (which is known
in the beginning) and/or the tracks which already have been
assigned to one of the neighboring columns.
In this paper, it is assumed that there are only two layers
available for routing a channel or a switchbox. However, the router
can be easily modified to route channels with more than two layers.
In the next section, some proposed ideas and algorithms that
have some impact on the development of our algorithm are discussed. Section three contains a more detailed description of our
router. Section four discusses the aspect in parallel implementation
of the router. Finally, section five concludes the paper.
2. Related Work

The router should be able to generate a compact and relatively fast routing layout. The solution to this problem is basically a
heuristic one; either an algorithm which may fail during the process
of routing or an algorithm with restrictions imposed on the problem.
Most of the solutions to this problem that have been proposed
[2,3,4,5,6,13,14,15], impose some restrictions on the channel type
(such as: switchbox, variable channel widths, and etc.) and/or
number of layers (such as: one layer, two layer, three layer and
etc.). To eliminate most of these restrictions, recently Enbody and
Du have proposed a general purpose router [A. The main outline
of their algorithm is that: "A routed channel can be realized by
solving individual columns and then combining them using a matching process." This is a nice concept when the ideal assignment of
tracks for the nets of each column can be obtained easily. Unfortunately, in their paper, no details are given for finding these
assignments. However, the idea of assigning tracks to a column
has helped us in developing our algorithm.
Another concept that gave us some insight into our algorithm
is due to the work of Kaplan 181. His router uses a window that
moves in steps from the bottom to the top of the channel. At every
position, the window area is filled with conductor segments. A
choice is made in order to assign some of these segments to a
track. One of the criteria that has been used for making such a
choice is based on the vertical distance between the window and
the port to which the segment should be connected. The possibility
of selecting the segment should increase as the vertical distance
decreases. In our algorithm the idea of distance is used as a criteria for finding a path for a net from one column to the next.

3. The algorithm
The router has three main phases as follows:
Phase 1: Dividing the channel into several regions
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(or sections) by selecting some columns.
Phase 2: Assigning tracks to nets of the selected columns.
Phase 3: Assigning tracks to nets of the columns in each region.

the track for c . If the length of a path between two nets is greater
than a factor of maximum density, the path will be ignored at this
step. This rejection eliminates the side effects of some long cycles
that may exist in VCG. However, if there is a short cycle, some of
the edges will be ignored in this step to create an acyclic graph.

3.1. Phase 1:

The router begins by reading in the data about nets, number
of regions (r) and number of available processors (p). Given r
(where r<p), the router will divide the channel into r regions. This
is done by selecting r-1 columns among all the columns in the
channel. Figure 1 shows a channel which is divided into k regions
by selecting columns cl, c2, ...,

The final ordering and track assignment is made by grading
the nets. The grading is done with a grade function that assigns a
value within the range [-1, 11 to each net. The value -1 means that
the net should be assigned to one of the bottom tracks of the channel. As the value approaches to 1, the choice for the track will
approach to higher tracks of the channel.
Given the net b in column j , the grade function f is modeled

The selection of columns is made by optimizing the following
two goals: 1) increasing number of nets in each column, and 2)
dividing the channel into equal (or near equal) regions. That is,
while we are dividing the channel into regions, we try to choose
the columns with a density, as much as possible, near to the maximum density (the denstty of a column is defined to be the number
of nets in that column, see [2,3]).The selection of a column with a
large number of nets will limit the number of choices for assigning
tracks to its nets. Thus, the problem of assigning ideal (or near
ideal) tracks to their nets becomes easier to solve.

as:
f ( b )= pl(VCG -distance)+p,(x-distance),
where:
p , and p, are tuning parameters,
VCG -distance is the relative distance of b from other nets
in VCG, and
x-distance is the relative horizontal distance of b to the
nearest terminal node on the right and left of column b .

The VCG -distance gives a global view of the net’s position
respective to the other nets in the channel, and is computed as:
ck-l

m

VCG -distance =
(maximum path size from every node to b in VCG)

- (maximum path size from b to every node in VCG).
The x-distance gives relative horizontal d i a n c e to the
nearest terminal node on the right and left of column j, and is
evaluated according to their position in VCG and distances from
their terminals.

x-distance

Figure 1. A channel, which has m columns,
is divided into k regions.
3.2. Phase 2:

To find a suitable track assignment to the nets of a column,
say column j, the following three steps are done.
i)

Finding a preliminary partial ordering between the nets which
pass through j .

ii)

Finding a final ordering (with or without alternative) between
the nets.
Assigning tracks to the nets.

iii)

The preliminary ordering is made on the basis of a Vertical
Constraint Graph [5,15], denoted by VCG. ( A VCG is a dependency graph that specifies the order in which nets must be placed
from top to bottom in a channel). For example, if there are three
nets a, b , and c in column j , and there is a path from a to c , and
a path from b to c , the nets will be ordered as:
level 1: [a, b 1, and
level 2: [c],
which means: nets a and b should be assigned to tracks above

d
=

+

d

1+ lXb, -xi I 1 + IXb, -xi I
where:
x,
is the x-coordinate of the nearest terminal of net b on
the right side of column j (including column j),
xb, is the x-coordinate of the nearest terminal of net b on
the left side of column j (including column j ) ,
d is an integer which present the position of terminal, and is
defined as:
d = 1 , if the nearest terminal of b is connected to the top
of channel.
d=-1, if the nearest terminal of b is connected to the
bottom of channel.
Thus, if the x-distance approaches to -1, it is better to assign a
track near to the bottom of channel. Otherwise, if it approaches to
1, assign a track near to the top of channel.
3.3. Phase 3:

In phase 2, tracks were assigned to nets of the leftmost
and/or rightmost column of every region. For example, in Figure 2,
we have already assigned tracks to the columns i and j of region i.
We begin to assign tracks to each column of region from left
(right) to right (left). Given that tracks are already assigned to
column j+k(for O<k<i-l), the column j + k + l can be routed by
considering the recent assignment of j + k and i,and the grade
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box which is routed by two processors.
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Figure 2.
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function f , where:
f = p,(VCG -distance)+p,(x

-distance)+
p3(y -distance )
@,, p2, and p Bare tuning factors).

For a given net b, which is already assigned to a track t in
column j+k, the y-distance is the vertical distance between t
and b 's terminal. This distance, as x -distance, helps in deciding
which direction (up, down, or straight) the net b should be routed.
Based on the number of b's terminals, the x-distance and
y -distance are calculated differently. Figure 3 shows the values
for x-distance and y-distance in two cases. In the first case
(shown in Figure 3.a), it is assumed that the net b has only one
terminal node on the scanning direction. In the second case
(shown in Figure 3.b), it is assumed that the net b has more than
one terminal node on the scanning direction. In the later case, for
each terminal of the net b , say bi, the grade value for x -distance
and y-distance is computed. Among all these values, the maximum absolute value is chosen for computing f (b).

b'

x-distance =

d

I
d ( Iyb -yb,, I)
1+ Ix -xi
I b

y -distance =

(a) - Net b has only one terminal node on right side of j.
x -distance
bi

r

T

II

v,-r-

Once the tracks have been assigned to the nets of a column
we can determine possible routings between that column and the
adjacent column. As suggested by Embody and Du [7], we allow
four types of moves that nets can make in order to route between
two adjacent columns. The moves are straight, dogleg, h-jog, and
exchange, see Figure 4.

i

&/

scanning diredo;

b,

xi
d

x -distance (bi) =
The H-jog and exchange moves are possible. This is
because, as pointed out by Deutsch [lo], most routers use a
design rule checker which determines the space between the wires
to be the space between vias. Since vias are wider than wires, by
judicious adjustment of these vias we can achieve these moves.
To make the process of adjustment easier, we have tried to reduce
the number of vias. This is done by assigning the same layer to
the horizontal and vertical tracks in some special cases. If the
router fails to route a column, it backtracks to previous column and
tries another alternative.

y -distance

'

1+ 'Xb -x.
I t 'I

y -distance (bi) =

d

'

-k

-

Iyb, -yb,,j

Figure 3. The values for x -distance and y -distance

To avoid an excessive amount of computation, a similar
approach to the one proposed in [ A has been taken. The approach
is based on limiting the number of alternatives at each column.
To clarify some of the routing techniques of the algorithm, two
examples are given. Figures 5 and 6 present two well-known difficult routing problems which are routed by our algorithm. Figure 5
shows two different solutions for the Burstein's difficult channel
[ l l ] . In the first solution the channel is divided into two regions by
the selection of column 4 (see Figure 5.a). In the other solution
(Figure 5.b), the columns 4 and 9 are selected and the channel is
divided into three regions. Figure 6 presents the Burstein's switch-
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(b) Net b has more than one terminal node on right side of j.
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Figure 4 - Four types of moves for routing.

1

2

2

I

!

I

I

.

processor1

4

5

8

a

10

9

9

6

7

3

7

3

tree which is rooted by n. An AND node succeeds if there is at
least one track assignment to every column which is assigned to its
SuccessoTs. Thus, the channel problem has a solution, if all the
AND nodes succeed.
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Figure 7. Search tree for one of the solutions of
Burstein’s channel
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(b) - Three processors were used
Figure 5. Burstein‘s difficult channel.
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Figure 6. Burstein’s difficult switchbox.

4. Parallel Processing

One of the main issues that must be solved is how to assign
a new work to a processor. To discuss this problem, we present a
search tree for one of the solutions of Burstein’s channel. Figure 7
shows an AND/OR search tree for the solution which was
presented in Figure 5. In this figure, except node 1, a column is
assigned to each node. The nodes 1 and 2 are called AND nodes,
and the other nodes are called OR nodes. In this tree, we say a
leaf node (or terminal node) succeeds if there is a track assignment
for the nets in the column which has been assigned to this node.
An OR node, which presents several alternatives, succeeds if all
the successor nodes on only one of its branch succeed (note: an
OR node may have only one branch or more than one branch).
The successor nodes for a node, say n , are the nodes of the sub-

In the beginning, all of the processes are in a global pool. Initially, one processor, say processor 1, will leave the pool and begin
dividing the channel into three regions. As the result, processor 1
will produce an open AND node 1, and two other nodes 2 and 12.
By open node, we mean a node that has a child which is not yet
claimed by a processor. At this time, processor 1 will move down
to node 2 and another processor, say processor 2, will go to node
12. Processor 1 will assign a unique track assignment to column 4,
and makes node 12 an open AND node by producing two nodes 3
and 6. Notice that node 3 is assigned to the column on the left
slde of column 4 (that is column 3) and node 6 is assigned to right
side column.
In parallel with processor 1, processor 2 will assign two alternative track assignments to column 9, and makes node 12 an open
OR node by producing two nodes 12 and 18. The best alternative
will be given to node 12 (the leftmost branch, which is also called
favorite branch), and the second alternative will be given to node
18. At this time, there are two open nodes 2 and 12. Each processor at that node will move to the node on the leftmost branch. That
is: processor 1 will go to node 3 and processor 2 to node 13.
However, there is still one more processor in the poll, say processor 3. Processor 3 can go either to node 6 or node 18. We move
processor 3 to node 6. This is done, in case we are looking for
only a single answer, the execution time will be reduced if we try to
assign track to the columns which are not considered by any processor yet. When more than one answer is desired, the choice
may not make so much difference in this step. Once processor 3 is
assigned to node 6, node 2 becomes close, which means every
child is processed.
The mechanism for assigning a new work to a processor
could be changed as a result of requesting one or all of the solutions to the problem. In the case when all answers are desired it is
better to give a processor a great amount of work (a large subtree)
to do, thus preventing its quick return to the global pool. This
method prevents the overhead associated with switching between
unrelated works (by unrelated works we mean the works which are
on different subtrees). Overbeek and Lusk have proposed a similar
approach for the next step in the Gigalip’s Project [12]. The project
is to develop a tool for or-parallel execution of Prolog.
Figure 8 demonstrates the above method for our search tree.
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Table I shows different execution times for the search tree. The
table was obtained by implementing the approach on Balance 8000
multiprocessor. (The Balance 8000 contains two to twelve tightlycoupled 32-bil microprocessors sharing a common memory pool.)
The reason that the execution times are so high is mostly because
of the low speed microprocessors which have been used in Balance 8000. However, for us the speed up which can be achieved
by increasing the number of processors is important and the actual
computation time is irrelevant.

5. Conclusion

The algorithm is perfect for implementation on any sharedmemory multiprocessor environment (in our case, we have used
Balance 8000), and does not impose restrictions on the number of
processors. The increase of number of processors will reduce the
computation time. However, there is always an upper bound on the
number of processors which depends on the search tree for the
routing problem. In addition to parallelism, the algorithm is general
purpose in nature and could be used in a variety of routing problems.
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