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Abstract

We propose an accurate measure of channel routing den-
sity and its application to global routing. Our congestion
metric calculation method considers the wire scenarios in
a channel.

1 Introduction

Interconnect routing consists of two major steps: global
routing and detailed routing. The goal of global rout-
ing tries to balance the routing density of the channels
involved with a given route. Detailed routing completes
the routing process by assigning the nets to specific tracks
in channels. The success of the detailed routing and the
whole routing process relies on the quality of global rout-
ing.

Global routing employs a measure of routing capacity
of a channel in order to balance the routing density. Rout-
ing density of a given channel can be measured using a va-
riety of congestion metrics proposed to date [1, 3, 5, 6, 8].

We propose a new congestion metric to use with global
routing. The proposed congestion metric incorporates
many features seen in multi-layer routing, such as isolated
vias on a routing layer due to layer promotions and de-
motions between the neighboring layers of the given layer.
One congestion metric proposed in [4] can take a huge
amount of CPU time and memory space for large chan-
nels with multi-layer metals. In the proposed scheme, a
more pessimistic measure is used so that the congestion
metric can be calculated without knowing the dominat-
ing set. Our results show that the proposed method for
calculating congestion metric requires far less CPU time
and memory space with little sacrifice in the accuracy of
the congestion measurement.

2 Existing Work on Congestion Metric

Most congestion metrics use occupied tracks to find the
routing density of a given channel, maximum number of

occupied tracks on maximum density column is given as
routing density in [1]. Ratio of terminals on a channel to
nets to be routed in that channel provides a fixed met-
ric for channel density [5, 9]. Some methods incorporates
the number of nets on left-exit and right-exit in addition
to the number of nets to be routed in the channel [6].
Ratio of pins to cells is also used for the routing density
around cells [5]. Ratio of physical wire area to total area
is among the proposed methods to calculate the routing
density of a box [8]. Most of the methods lack from reflect-
ing whether a particular net can be inserted into channel
or not because they don’t incorporate many features of
interconnect routing such as isolated vias on multi-layer
routing.

3 The New Congestion Metric

A channel, shown in Figure 1, is defined as a rectangular
box Ty and T, are the number of maximum horizontal
and vertical tracks respectively. Layers are divided into
two groups of layers, horizontal and vertical.
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Figure 1: A channel

For a given routing channel, routing requirement vec-
tor (rv) is a 10-tuple vector representing existing routing
and any additional routing we may want to add, the min-
imal dominating set is a set of maximally routable rivs
(dvs) that represents channel routing capacity, and finally,
the blockage vector (b_{)) is a 10-tuple vector representing
channel routing limitation due to blockages.

3.1 Routing Requirement Vector

There are four scenarios that a net goes through a channel:
a net enters and leaves from any one of the four sides of
the channel; a net enters any one of the four sides of the



channel and terminates in the channel; a net originates
from inside the channel and leaves from any one of the
four side of the channel; and a net starts and terminates
within the channel. From congestion’s point of the view,
the last type of the wire can be viewed as blockage and is
treated separately in Section 3.2.
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Figure 2: (a) Ten type of wires. (b) Routing vector

Figure 2 (a) illustrates ten type of wires related to a
given channel. Type 1 to type 6 wires belong to the first
scenario, and type 7 to type 10 belong to the second and
third scenarios. The quantity of these ten types of wires
in a given channel is expressed by a routing requirement
vector as defined in Equation (1).

70 = (T1,72,73,T4,T5,T6, 7, 78,79, T10) (1)

Figure 2 (b) shows an example of a routing channel and its
associated routing requirement vector. To calculate the
routing requirement vector of a given channel, we need
to enumerate the nets along the sides of the channel as
shown in Figure 2 (b), and then use Equations (2) and
(3) to determine the value of r;.
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A branching net is to be converted into multiple types
of wires and weighted accordingly in the routing require-

ment vector so that number of occupied tracks by the net
won’t change.
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3.2 Blockage Vector

In reality, there are blockages in the routing area such
as some short wires inside the channel that doesn’t fit
definitions of any ten type wires or some isolated vias
in layers due to a connection between two other layers.
Blockages are presented in congestion metric as a 10-tuple
blockage vector (bv). Each element in the blockage vector
is the upper limit of the number of paths available for one
of the ten types of wires within a given routing channel.

Determining the blockage vector elements for types
1,2,7,8,9 and 10 wires are relatively straightforward. The
blockage vector elements for types 1 and 2 wires are the
number of horizontal and vertical tracks respectively in
the routing space that don’t have any blockages. The
blockage vector elements for types 7,8,9, and 10 wires are
the number of tracks at left, top, right, and bottom side of
routing space respectively, that don’t have any blockages
on the left-most vertical track, the top-most horizontal
track, the right-most vertical track, and the bottom-most
horizontal track respectively.
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Figure 3: Blockages and blockage vector

Figure 3 shows a simple example when there are 2
vertical and horizontal tracks in a 4-layer routing space
with some isolated vias. Layers 2 and 4 are horizontal
layers. Layers 3 and 5 are vertical layers.

Determining the blockage elements for types 3,4,5, and
6 wire is a little more complicated. Here, we assume via
stacking is allowed. Every horizontal track on a horizontal
layer, h, is checked on two sides of the routing space, (i.e
left and right). Every horizontal track is paired with every
vertical track in the routing space to form V-H track pairs.
Each track pair is traced from either the left or the right
side of the routing space. The pairs traced from left and
right sides before encountering any blockages are listed in
Spi and Sy, respectively. Similarly, track pairs generated
from vertical tracks are listed in S,; and Sy, where t and



b indicate the track direction from top and bottom side
of the routing space, respectively.

Taking Figure 3 as an example with the isolated vias
on layers 2,3,4, and 5, and assuming layers 2 and 4 are
for horizontal routing and layers 3 and 5 are for vertical
routing, then

where the first element in each of the V-H pairs is vertical
track number and the second element is the horizontal
track number. For each type of wire, k, where k=3,4,5
and 6, the list of the V-H pairs that type-k wire has a
path on horizontal layer h and vertical layer v is

Shok = Shm ﬂ Si... m Sun (5)

where S; contains list of V-H track pairs that don’t have
blockages between layers h and v. For the example in
Figure 3, S> = (17 1)7 (17 2)7 (2, 2)7 S = (17 1); (27 1)7 (17 2)a
Sy = (1,1),(2,1), and S5 = (1,1),(2,1),(2,2). m and n
are one of the sides (I,r,t,b) of the routing space depend-
ing on wire type-k. Spyx in Equation 5 is calculated for
each possible combinations of horizontal layer h and ver-
tical layer v for a given technology. Equation 6 shows the
ones needed to calculate the type-3 wire for the given ex-
ample in Figure 3. The pruned list of track pairs from
the Equation 6 for wire type 3 is (1,1),(2,1) or (1,2),(2,1)
and, therefore there are two paths for type-3 wire.

So33 = Sor[) Sau
(1,1),(1,2),(2,2)N(1,2),(1,2)
= (1,1),(1,2)
Sasz = S2(1S3NSs() Ssu
= (1,1),(1,2),(2,2)N(1,1),(2,1),(1,2) N
(1,1),(2,1)N(2,1),(2,2)
= ¢ (6)
S343 = S3u()Su
= (1,1),(1,2)N(1,1),(2,1)
= (1,1)
Sis3 = Sy () Ssu
(1,1),(2,1)N(2,1),(2,2)
= (23 1)

3.3 The Congestion Metric

Congestion metric is a comparison of a given routing vec-
tor (riv) and blockage vector (bv) with the dominating
vectors (dv) of a given routing channel. (refer to [4] for
details about the dominating vectors) A pruning opera-
tion is done prior to calculation to elimirLate the invalid
maximally routable dominating vectors (dvs) from domi-
nating set. Equation 7 is a subset of dominating set that
each dv in the subset dominates the routing vector and

dominated by the blockage vector. Therefore, subset rep-
resents channel’s possible routing configurations for given
riv and bv.

vy = (dv D riv) C bo (7)
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R= Z(e“*d" + edi—bi) (8)

i=1

R, the new congestion metric, has two components: com-
parison of routing vector with dominating vector and com-
parison of the blockage vector with dominating vector as
illustrated in Equation 8. In high density channels, the
difference between dominating vector and routing vector,
and between blockage vector and dominating vector are
often small, resulting in a higher congestion. Congestion
from each maximally routable dv in the subset will yield
a different value. The average values of all congestions
calculated from the subset are often used to determine
the overall congestion. The problem with this approach
is that it requires all dominating vectors in the domi-
nating set be known. Our method uses the minimum
congestion value among the congestions from the subset.
Choosing the minimum congestion would be pessimistic,
but it gives us an opportunity to calculate the congestion
without knowing the whole dominating set.

The justification of using the minimum congestion can
be explained as follows. Given the congestion metric de-
fined in Equation 8, a minimum point at di = (r; + b;)/2
for a given ri'v and bv as shown in Figure 4. The dv con-
structed from d; = (r; + b;)/2 for a given r7v and b is
hardly a maximally routable ri"v. However, with this d-{J,
we can find a maximally routable dv with the following
steps:
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Figure 4: Min. Congestion value at d = (r +b)/2, r = 2,

b=20

1. An initial dv is constructed from the equation d; =
(ri+b;)/2 for a given r#v and bv of a routing channel.
Since initial dv is a global minimum, any increase
or decrease of d; will result in an increase in the
congestion.

2. Set the costs (C) for all ten type of wires to the
amount of change in congestion when d; is changed
by one unit as shown in Equation 9.

C =AR; = (ezl:l _ 1) xeli—di + (e:Fl _ 1) 5 edi—bs (9)



3. Chose a wire type with minimum cost among other
wire types. If wire type’s value is bigger than the
blockage value and smaller than the routing value of
the same type wire, remove the wire type from list
and repeat the Step 3.

4. Evaluate the new dv in the Inequalities (??). If the
chosen wire type need to be increased to satisfy the
inequalities, increase value of wire type by one unit
and vice versa.

5. If the new dv satisfies the Inequalities (??), termi-
nate the algorithm, otherwise set the new cost for the
wire type using the cost in Equation (9) and then go
to Step 3.

when the algorithm terminates, the last calculated dv is
a dominating vector and it minimizes the congestion for
a given r7v and bo.

Figure 5 shows the error of congestion measure of our
approach compared to the method using the average value
of all congestions from the subset. The maximum conges-
tion error happens when channel is least congested. With
higher congestion, the minimum value is very close to the
average value. It is clear that the proposed method is
more efficient by not using the dominating set to deter-
mine congestion with little sacrifice on accuracy when it is
needed the most, i.e. in the high congestion environment.
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Figure 5: Min. values vs. ave. values of congestion

4 Experimental Results

We applied our congestion metric to several routing cases
as shown in Figure 6. The congestion values shown in Fig-
ure 6 is for adding a type-1 wire into the existing channel.
Figure 6 (a) is a empty channel and it’s congestion is the
lowest as expected. Figure 6 (b) is a channel with some
routing inside with a slightly higher R value. Channel in
Figure 6 (c) is full, therefore there is no dominating vector
that dominates the routing vector. An empty dominating
set shows that it is not possible to add a type-1 wire.
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Figure 6: Congestion values under 3 diff. cases.

5 Concluding Remarks

This paper introduces a new congestion metric for mea-
suring interconnect channel routing density. After the
extraction of ri'vs and bus from layout, it doesn’t require
to store the dominating set. This feature makes our al-
gorithm be advantageous over the existing methods in
terms of CPU time and memory requirements. Our ex-
perimental data show that the proposed congestion metric
sacrifices very little accuracy for congestion measurement
compared to that of using the entire dominating set.
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