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Abstract

As technology advances, interconnection wires are
placed in closer prozimity. Consequently, reduction
of crosstalks between interconnection wires becomes an
tmportant consideration in VLSI design. In this paper,
we study the gridded switchbox routing problems with
the objectives of satisfying crosstalk constraints and
minimizing the total crosstalk in the nets. We propose
a new approach to the problems which utilizes existing
switchboxr routing algorithms and improves upon the
routing results by re-assigning the horizontal and ver-
tical wire segments to rows and columns, respectively,
m an iterative fashion. This approach can also be
applied to the channel routing problem with crosstalk
constraints. A novel mized ILP formulation and ef-
fective procedures for reducing the number of variables
and constraints in the mived ILP formulation are then
presented. The experimental results are encouraging.

1 Introduction

As fabrication technology advances, interconnec-
tion wires are placed in closer proximity. Also, de-
crease in circuit delay will enable circuits to oper-
ate at higher frequencies. Consequently, reduction
of crosstalks between interconnection wires becomes
an important consideration in VLSI design. Crosstalk
between two wires is proportional to their coupling
capacitance, which in turn, is proportional to their
coupling length (the total length of their overlapping
segments) and inversely proportional to their separat-
ing distance.

Crosstalks produce noises which could lead to unex-
pected circuit behavior. Usually, in the design specifi-
cation, the maximum tolerable crosstalk for each net
that will guarantee the correct behavior of the cir-
cuit 1s given. Such constraints on crosstalks are called
crosstalk constraints. To reduce the total amount of
noise in a design, it 1s also desirable that the total
crosstalk in the nets is minimized. Since crosstalks de-
pend not only on the coupling capacitance between the
nets, but also on the frequency of the signals traveling
in the nets, in order to simplify our presentation, we
assume that the circuit operates at a fixed frequency
and the value of the crosstalk in a net is directly pro-
portional to the coupling capacitance between the net
and 1ts neighboring nets. Moreover, we will use the
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terms “coupling capacitance” and “crosstalk” inter-
changeably throughout this paper.

Crosstalks between interconnection wires are deter-
mined by the routing of the wires. Routing problems
with crosstalk constraints are more difficult to solve
in comparison with the conventional routing problems
because crosstalks between wire segments are not only
decided by how each individual wire is routed, but also
by the relative positions of the wire segments.

In [1, 2], routing algorithms for gridless routing
problems with crosstalk constraints were presented.
In [3], a permutation algorithm for gridded channel
routing problems with crosstalk constraints was pre-
sented. In the permutation approach, the tracks in
an 1nitial routing solution are permuted to obtain the
final routing solution. Since all the wire segments on
a track in the initial routing solution are constrained
to be permuted to the same track in the final rout-
ing solution, the solution space explored is relatively
small. Because a switchbox has fixed pins on all four
boundaries, the permutation approach can not be gen-
eralized to solve switchbox routing problems. To be
able to solve the channel and switchbox routing prob-
lems with crosstalk constraints effectively, we propose
here a new transformational approach which modifies
a routing solution to obtain a new one that will sat-
1sfy the crosstalk constraints and minimize the total
crosstalk all the nets. In our approach, a conven-
tional routing algorithm is first used to generate an
initial routing solution with conventional objectives
(e.g., minimizing channel height for the channel rout-
ing problems). The wire segments in the initial routing
solution are then re-assigned to satisfy the crosstalk
constraints and to minimize the total crosstalk in the
nets. By re-assigning a wire segment, we mean to
move a horizontal wire segment to another row (track)
or a vertical wire segment to another column® while
maintaining the validity of the routing solution.

For a channel routing problem with crosstalk con-
straints, the horizontal wire segments in the initial
routing solution are re-assigned to tracks to satisfy
the crosstalk constraints and to minimize the total
crosstalk in the nets. Re-assigning the horizontal wire
segments changes the relative positions of the hori-
zontal wire segments and the lengths of the vertical
wire segments, which in turn, change the values of the
crosstalks in the nets. The process of re-assigning hor-

lincluding the possibility of not moving the wire segment.
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izontal (or vertical) wire segments will be referred to
as the assignment process. Since the assignment pro-
cess re-assign wire segments to existing rows, channel
height does not change after the assignment process.

For a switchbox routing problem with crosstalk con-
straints, the assignment process is carried out itera-
tively between the horizontal and vertical wire seg-
ments in order to satisfy the crosstalk constraints and
to minimize the total crosstalk in the nets. The it-
erative assignment process continues until no more
improvement can be obtained on the values of the
crosstalks. Since each intermediate routing solution
is a valid routing solution, the final routing solution is
also a valid routing solution.

Since there are many good conventional switchbox
and channel routing algorithms, we shall focus our at-
tention on the assignment problem for a given initial
routing solution. Since the assignment process for the
vertical wire segments is similar to the assignment pro-
cess for the horizontal wire segments, we shall only
present our algorithm in terms of the horizontal wire
segments.

2 Problem Formulation

A routing area is a rectangular region with pins
placed on the four boundaries. For a channel routing
problem, the pins on the top and bottom boundaries
are fixed. For a switchbox routing problem, the pins
on all four boundaries are fixed. For a gridded routing
problem, 1t is assumed that there is an orthogonal gird
superimposed on the routing area. All pins and wires
are laid along grid edges (Figure 1). Two routing lay-
ers are availlable, one for the horizontal wires and the
other one for the vertical wires. No wire segments of
different nets may overlap.

1.2 3 1
[ 1 3
A b 3]
S T . - 3
,,,,,,,, t4 2 [ -
4 ts 2t6: 777777777
E3
5 5 2

Figure 1. Crosstalks and constraints

Our algorithm is capable of considering crosstalks
between any pair of parallel wire segments. Since
crosstalk between two wire segments decreases as their
separating distance increases, and since it 1s likely that
crosstalk between two non-adjacent wire segments will
be shielded by other wires between them, to simplify
the computation, we shall assume that crosstalks only
exist between adjacent wire segments. Our algorithm
can be generalized immediately, however, to consider
crosstalks between non-adjacent wires as well. Since
the grid spacing is fixed, the crosstalk between two

wire segments in adjacent rows or columns i1s pro-
portional to their coupling length. Without loss of
generality, we shall set the proportional constant to
1 and consider the coupling length the same as the
crosstalk. The crosstalk C} in a net Ny is the sum of
the crosstalks in all the wire segments of Np. As an
example, the crosstalk in Ny in Figure 1 is 1 + 2 4+
34+ 2+ 24 3 = 13. The difference between the maxi-
mum tolerable crosstalk M in N and C}, mgp —C} 18
called the crosstalk slack of Np. The minimum value
of the crosstalk slacks among all the nets 1s called the
minimum slack, and will be denoted by minslack. In
order to satisfy all the crosstalk constraints, it is nec-
essary that minslack > 0. Since minslack measures
the safety margin on the crosstalk constraints, a good
routing solution should have minslack as large as pos-
sible. The sum of the crosstalks in all the nets is de-
noted totalcross. To be able to maximize minslack
and minimize totalcross at the same time, the objec-
tive of the assignment problem is defined as maximiz-
ing ws; X minslack — w, x totaleross where w, and
w, are weight factors. By assigning a relatively large
value to w,, more emphasis will be placed on maximiz-
ing munslack. By assigning a relatively large value
to w., more emphasis will be placed on minimizing
totaleross.

For a given routing solution, there is a vertical con-
straint from t; to t; if ¢; must be placed above #; in a
valid routing solution. For example, in Figure 1, since
wire segment ¢; has a via which is connected to a pin
on the top boundary that i1s directly above a via in
t4 which is connected to a pin on the bottom bound-
ary, there is a vertical constraint from #; to t4. The
vertical constraints are transitive in the sense that a
vertical constraint from ¢; to ¢; and a vertical con-
straint from ¢; to t; imply a vertical constraint from
t; to ty. In Figure 1, a vertical constraint from ¢; to 4
and a vertical constraint from ¢4 to tg imply a vertical
constraint from ¢; to ¢g. Notice also that a vertical
constraint might be implied by the possible locations
of the horizontal wire segments. In Figure 1, since ¢
is connected to a fixed pin in row 2 and 5 is connected
to a fixed pin in row 5, a vertical constraint is implies
from t4 to t5. Vertical constraints that are not implied
by other vertical constraints or the possible locations
of the horizontal wire segments are called essential
vertical constraints, otherwise, they are called implied
vertical constraints. If all the essential vertical con-
straints are satisfied, the implied vertical constraints
are also satisfied.

For a given routing solution, there is a horizontal
constraint between horizontal wire segment ¢; and ¢; if
placing them in the same row causes them to overfap
(or causes their endpoints to overlap if ¢; and ¢; belong
to different nets). For example, in Figure 1, there is a
horizontal constraint between ¢3 and ¢g.

For a pair of vertical wire segments #; and ¢; in the
same column, if there is no vertical constraint between
any horizontal wire segment connected to f; and any
horizontal wire segment connected to #;, then #; can
be placed either above or below ¢;. (Obviously, both
t; and ¢; are doglegs.) However, they can not overlap.



Such constraints between doglegs will be referred to
as the non-overlapping constraints.

Given an initial routing solution, an assignment of
the horizontal wire segments must satisfy the hori-
zontal constraints, essential vertical constraints, and
non-overlapping constraints. The objective of the as-
signment problem is to maximize wy X minslack —w, x
totaleross.

3 A Mixed ILP Formulation

In this section, we shall formulate the assignment
problem as a mixed integer linear programming (ILP)
problem.

Since crosstalks in a wire segment are due to the
wire segments in adjacent rows or columns, wire seg-
ment adjacency information i1s needed in the mixed
ILP formulation. Since the vertical, horizontal, and
non-overlapping constraints are constraints on the rel-
ative positions of the wire segments, information on
the relative positions of the wire segments are also
needed in the mixed ILP formulation. These two kinds
of information are closely related, and must be ex-
pressed in an unified framework in the mixed ILP for-
mulation.

T-variables: For an initial routing solution with n
horizontal wire segments and m rows, denote the hor-
izontal wire segments by ¢1, a2, ..., {,. Assume that
the rows and columns are labeled in increasing order
with the top most row being row 1 and the leftmost
column being column 1 (the top boundary is labeled
as row 0 and the bottom boundary is labeled as row
m + 1). For each horizontal wire segment ¢;, there is
a general integer variable T; the value of which 1s the
row in which ¢; is placed in the final solution. These
variables will be referred to as T-variables. Obviously,
1<T; <mforl<i<n.

Vertical constraints: An essential vertical con-
straint from #; to t; can be expressed by the linear
constraint T; < 7. It is not necessary to introduce
linear constraints corresponding to the implied verti-
cal constraints in the mixed ILP formulation.
Horizontal constraints: To express a horizontal
constraint between horizontal wire segments ¢; and ¢;,
we need to express the condition “T; > T; orT; < 17
in terms of linear constraints. To do so, one extra 0-1
integer variable z;; and the following linear constraints
are introduced:

—mz; <T; = 1Tj (D)
T; = T; <m(l = zj) (2)

Obviously, the difference between 7T; and T; is less
than m. If z;; = 0, Constraint 2 is redund]ant and
Constraint 1 1s equivalent to 7; < T;. If z; = 1,
Constraint 1 is redundant and donstraint 2 18 equiva-
lent to T; < T}. Since there is no other constraint on
zij, Constraints 1 and 2 are equivalent to “I; < 1; or
E > 7}77 )

Non-overlapping constraints between doglegs:
To express the non-overlapping constraints between
doglegs ; and t;, we need to express the condition
“u; < dj ord; < w;” in terms of linear constraints,

where u; is the row number of the bottom endpoint of
t;, d; is the row number of the top endpoint of ¢;, u; is
the row number of the bottom endpoint of ¢;, and d;
is the row number of the top endpoint of ¢;. u; and c/l
are defined as continuous variables and the following
constraints are introduced:

u; > Ty for each hor. seg. ¢, connected to t; (3)
d; < Ty, for each hor. seg. 5 connected to ¢; (4)

The constraints in 3 force the value of u; to be at least
as large as the row number of the bottom endpoint of
t;, and the constraints in 4 forces the value of d; to
be at least as small as the row number of the top
endpoint of ¢;. Because of the objective function of
the mixed ILP formulation and the form of the signs
of the coefficient of u; and d; in the constraints, as
will be shown later, the optimization process will force
the values of u; and d; to be sufficiently close to their
true values so that the non-overlapping constraints are
satisfied if and only if the constraints in 3 and 4 are
satisfied. Moreover, the optimization process will force
the values of u; and d; to be sufficiently close to their
true values so that the value of the objective function
1s computed correctly.

To express the condition “u; < d; or d; > u;” in
terms of linear constraints, one extra 0-1 integer vari-
able z;; and two linear constraints are introduced:

u; < d]' + mzy; (5)
u; < d; + m(l — Zij) (6)

Since t; and t; are both doglegs, u; — d; < m and
u; —d; < m. If z;; = 0, Constraint 6 is redundant,
and Constraint 5 is equivalent to u; < d;. If z;; = 1,
Constraint 5 is redundant, and Constraint 6 is equiv-
alent to u; < d;. Since there is no other constraint on
z;;, Constraints 5 and 6 are equivalent to “u; < d; or
u; < d;”.

Crosstalks between vertical wire segments: De-
note the crosstalk between vertical wire segments 3
and #; in adjacent columns by C'. Obviously, C' > 0.
Without knowing the relative positions of the end-
points of ¢;, and #; in the final solution, two extra 0-1
integer variables ygz; and zgx; and the following con-
straints are introduced:

C>up —dy — (m + 1)ykl — (m + 1)Zkl (7)
C>u —di = (m+ Dyer — (m + 1)(1 = 211) (8)
C>up —dp — (m+ 1)(1 = yra) = (m + 1)z (9)
C> s —di — (m 4 (1~ ggr) — (m -+ D(1— 24)(10)

We shall show here that the optimization process will
force the value of C' to its true value for the two pos-
sible relative positions of ¢ and ¢; shown in Figure 2.
It can be shown in a similar way that this 1s also the
case for other possible positions of ¢; and ;.

Since up < m4+1, uy <m+1,d, >0, and d; <0, 1t
follows that u;—dp < m+1, uj—d; < m+1, up —di, <
m+1,and up —di < m+1. If yp; = 0 and zz; = 0,
Constraint 7 is equivalent to C' > u;—dj, and the other
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Figure 2. Possible relative positions of ¢ and t;
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constraints become redundant. If y;; = 0 and zz; = 1,
Constraint 8 is equivalent to C' > wu; — d; and the
other constraints become redundant. If yz; = 1 and
zr; = 0, Constraint 9 is equivalent to C' > uy — dj, and
the other constraints become redundant. Finally, if
yr1 = L and zg; = 1, Constraint 10 is equivalent to C' >
uy — d; and the other constraints become redundant.
If the relative positions of the endpoints of {; and #;
in the final solution are that shown in Figure 2a, the
optimization process will force the value of yz; to be
1, the value of z; to be 1, and the value of C' to be 0.
If the relative positions of the endpoints of {; and #;
in the final solution are that shown in Figure 2b, the
optimization process will force the value of yz; to be
1, the value of zg; to be 1, and the value of C' to be
uy, — d;. Moreover, the value of u; will be forced to be
the row number of the bottom endpoint of ¢;, and the
value of d; will be forced to be the row number of the
top endpoint of #;.

Crosstalks between horizontal wire segments:
To compute the crosstalks between horizontal wire
segments, we need the adjacency information between
horizontal wire segments in the final solution. A 0-1
integer variable P;; is defined for each pair of horizon-
tal wire segments ¢; and ¢; if their coupling length is
non-zero and they may be assigned to adjacent rows
in the final solution. F;; = 1 if and only if ¢; and ¢;
are in adjacent rows in the final solution, and P;; =0
otherwise. These variables will be referred to as P-
variables. So that the T-variables and the P-variables
will be consistent in the sense that they will repre-
sent the same assignment, for each F;;, an extra 0-1
integer variable z;; and the following constraints are
introduced:

1= Pyj—(m+1)z; <T - T; -1 (11)
L—=Pj—(m+ 1)1 —-z) <T-Ti—1 (12)
T =T =1 < (1= Fj)(m—1) (13)
Ty =T —1< (1= Fj)(m—1) (14)

Notice that T; —T; -1 <m—-land T} -T; —1 < m—1.
If T; < T}, the right hand side of Constraint 11 is
smaller than 0, and the value of z; is forced to be 1
by Constraint 11. Similarly, if T; > T}, the value of z;;
is forced to be 0 by Constraint 12. If T; — T; = 1 (¢;
is adjacent to ¢;), the right hand side of Constraint 11
is equal to 0. éince the value of z; is forced to be 0
by Constraint 12, the value of F;; is forced to be 1 by

Constraint 11. Similarly, if 7; —7; = 1, the value of F;;
is forced to be 1 by Constraint 12. If T; = T; > 1 (¢; is
not adjacent to ¢;), the left hand side of Constraint 13
is greater than 0, and Constraint 13 forces the value
of P;; to 0. Similarly, if 7; —7; > 1, Constraint 14
forces the value of F;; to 0.
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Coupling lengths: S;3=1, S3= 2, S3,= 2
P-varaibles. Pj3=0, Py3=1, Py,=1
Crosstalk intg: S;3Pi3 + S;3Ppq +S3,Py = 4

Figure 3. Crosstalk in horizontal wire segment ¢3

With the P-variables, crosstalks in horizontal wire

segment ¢; can be computed as ) S;; Py; for all t; with
P;; defined where S;; is the coupling length between ¢;
and ¢; (Figure 3). Notice that S;; are constants which
can be determined before the assignment problem is
solved.
Minimum crosstalk slack: The crosstalk in a net
is the sum of the crosstalks in all wire segments of the
net. minslack is defined as a continuous variable and
the following constraints are introduced:

minslack < M; — C; for every net N; (15)

where M; i1s the maximum tolerable crosstalk in N;,
and Cj 1s the total crosstalk in N;. Constraint 15
force minslack to be at least as small as the smallest
crosstalk slack among all the nets. The optimization
process will force the value of minslack to be exactly
the smallest crosstalk slack among all the nets.

4 Reducing the Size of ILP Formula-
tion

For large problem instances, the problem size of the
mixed ILP formulation might become very large. In
order to solve the mixed ILP problem efficiently, the
size of the formulation need to be reduced.

A constraint graph is a graph with both directed
and undirected edges in which the vertices represent
the horizontal wire segments, solid directed edges rep-
resent the essential vertical constraints, dotted di-
rected edges represent the implied vertical constraints,
and undirected edges represent the horizontal con-
straints (Figure 4). Given an initial routing solution
(Figure 4a), by scanning the routing area column by
column, a set of vertical constraints which includes all
the essential vertical constraints (and maybe some im-
plied vertical constraints) can be found (Figure 4b).
By checking the coupling length between horizontal
wire segments, a set of horizontal constraints can be
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Figure 4. Constraint graph

found (some of them might be implied by the vertical
constraints) (Figure 4b). Without knowing whether a
vertical constraint is essential or implied, 1t is conser-
vatively assumed that all the vertical constraints are
essential. Since a vertical constraint implies a hori-
zontal constraint, if there is a vertical constraint from
t; to t;, the horizontal constraint between ¢; and %;
can be removed from the constraint graph. To min-
imize the number of horizontal and essential vertical
constraints that need to be included in the mixed ILP
formulation, it 1s desirable to find as many implied
vertical constraints as possible. Here, we will demon-
strate the techniques of finding the implied vertical
constraints by using the example shown in Figure 4a.

First, because of the transitivity of the vertical con-
straints, it is easy to find some of the implied vertical
constraints (e.g., the vertical constraint from #; to ts
in Figure 4c).

Next, the top and bottom most row that each hor-
izontal wire segment may occupy are computed. The
top and bottom most row that ¢; may occupy gives
the range of values of T; may assume. Reducing the
ranges of the T-variables lead to reduction in the num-
ber of essential vertical constraints and horizontal con-
straints.

To reduce the range of T;, we first check if ¢; 1s con-
nected to a fixed pin on the boundaries. In Figure 4a,
since 5 18 connected to a fixed pin on row 2, the top
and bottom most row that ¢; may occupy are both 2.
Similarly, the top and bottom most row that ¢3 may
occupy are both 3, and the top and bottom most row
that ¢; may occupy are both 5. Since the rows that
ts, t3, and t5 may occupy are fixed, variables T5, T3,
and T5 can be eliminated. Moreover, from the top and
bottom most row that ¢4, 3, and t5 may occupy, we
can derive immediately the vertical constraints from

ts to t3, from t3 to t5, and from 5 to t5 are implied
vertical constraints. The vertical constraint from ¢; to
t5 is also an implied one (Figure 4c).

The range of T; can be further reduced by checking
the vertical constraints (both essential and implied)
from ¢; to other wire segments and from other wire
segments to ¢;. In Figure 4, since the bottom most
row that t; may occupy is row 2, the vertical con-
straint from t; to t5 implies that the bottom most row
that ¢; may occupy is 2 — 1 = 1. Since the top most
row that t; may occupy is also 1, 7T} has fixed value of
1 and can be eliminated as a variable. Since the bot-
tom most row that ¢; may occupy (row 1) is higher
than the top most row that ¢ may occupy (row 2),
the vertical constraint from #; to t5 1s an implied ver-
tical constraint (Figure 4d). Similarly, because of the
vertical constraint from ¢; to ¢4 and the vertical con-
straint from 4 to tg, the top most row that ¢ may
occupy 1is at least 3. Because 3 is fixed in row 3, the
top most row that tg may occupy is 4, and the vertical
constraint from ¢3 to g is an implied one (Figure 4d).

As was discussed in Section 3, without knowing the
relative positions of the endpoints of the vertical wire
segments 15 and ¢; in adjacent columns, two 0-1 integer
variables yg; and zp; and Constraints 7, 8, 9, and 10
are needed to compute the value of the crosstalk C'
between {3 and ¢;. From the range of the T-variables,
the ranges of ug, dg, u;, and d; can be computed. If
the minimum possible value of uy is greater than the
maximum possible value of u;, only one 0-1 integer
variable zz; and two constraints are needed:

C > w—d;— (m + 1)Zkl (16)
C > w-—d — (m—l—l)(l—zkl) (17)

Similarly, if the maximum possible value of wg is
smaller than the minimum possible value of u;, the
number of variables and constraints can be reduced.
As was discussed in Section 3, for a P-variable de-
fined between #; and ¢; where ¢; was in a row above t;
in the initial routing solution, a 0-1 integer variable z;;
and Constraints 11, 12, 13, and 14 are needed to force
the value of F;; to be consistent with the values of T;
and 7. Since either Constraint 11 or Constraint 12
will be violated if T; = T}, Constraints 11 and 12 imply
a horizontal constraint between ¢; and ¢;. Therefore,
if P;; is defined, the horizontal constraint between T;
and T; can be excluded in the mixed ILP formulation.
Moreover, if there exists a vertical constraint from ¢; to
t;, only two constraints are needed to force the value
of F;; to be consistent with the values of 7T} and Tj:

1-P; <T; =T; -1 (18)
L-T-1<(1-P)m-1) (19)
If the difference between the top most row that ¢; may
occupy and the bottom most row that ¢; may occupy

is greater than 1, F;; = 0 and the corresponding vari-
ables and constraints can be eliminated.

5 Experimental Results

Our algorithm was implemented in C and executed
on an IBM RISC6000 workstation. The Optimiza-



tion Subroutine Library (OSL) distributed by IBM
was used to solve the mixed ILP problems. Our al-
gorithm was tested on several benchmark circuits and
many randomly generated circuits. Here, we shall
present the results of running our algorithm on two
randomly generated switchbox routing circuits Exam-
plel and Example2, two well known switchbox bench-
mark circuits Burstein’s Difficult problem and the Ex-
tended Burstein’s Difficult problem, and four channel
routing circuits used in [3]. The input specifications
are summarized in Table 1.

cir. initial solution
name no. of no. of no. of
rows | columns nets
Examplel 18 18 18
Example2 21 21 27
Burstein 15 23 24
Ext-Burstein 21 22 24
Random 5 20 10
YK3C 18 79 54
D1 18 155 65
Deutsch 19 174 72

Table 1. Switchbox routing circuit specifications

cir. before reduction after reduction
name no. of | mno. of no. of | mno. of
var. constr. var. constr.
Examplel 536 822 128 239
Example2 854 1339 143 279
Burstein 829 1371 50 105
Ext-Burstein 1044 1650 62 128

Table 2. Sizes of the mixed ILP formulation

To demonstrate the effectiveness of the techniques
for reducing the problem size presented in Section 4,
Table 2 lists the problem size for the switchbox rout-
ing problems before and after reduction. Substantial
reduction was obtained in the number of variables and
constraints for all four circuits.

init. solution final solution

cir. min- | total min- | total time

name slack | cross || slack | cross | (min.)
Examplel -10 510 1 414 1.0
Example2 -9 772 8 720 2.8
Burstein -3 778 4 762 0.1
Ext-Burst. -20 1092 11 1008 1.4
Random -12 200 11 134 0.4
YK3C -10 2902 24 2732 20.7
D1 -8 3752 75 3092 37.9
Deutsch -11 7570 6 7474 117.1

Table 3. Routing results before and after assignment

Since no maximum tolerable crosstalks in the nets
were specified for any of the circuits we tested, the

maximum tolerable crosstalks for the nets are assigned
randomly. Since the channel routing benchmark cir-
cuits are large, the mixed ILP problems formulated for
these circuits are also large. To solve the mixed ILP
problems effectively, the routing channels are broken
into several parts from left to right. A mixed ILP
problem is then formulated and solved for each part.
The results generated by our algorithm for both the
switchbox and channel routing problems are summa-
rized in Table 3. Before assignment, minslack for
all the circuits are negative which means that some
crosstalk constraints are violated. After the assign-
ment process, all the crosstalk constraints are satisfied
with margins. Moreover, the total crosstalk in the nets
is reduced significantly for every circuit.

To compare the assignment approach with the per-
mutation approach presented in [3], the routing so-
lutions generated by the permutation algorithm are
summarized in Table 4. As shown in the tables, our
algorithm produces better results for all the circuits.

init. solution final solution
cir. min- | total- min- | total- time
name slack | cross || slack | cross | (min.)
Random -12 200 7 156 0.1
YK3C -10 2902 11 2752 6.6
D1 -8 3752 21 3518 5.1
Deutsch -11 7570 5 7556 0.3

Table 4. Results by the permutation algorithm

6 Conclusion

In this paper, we proposed a new approach to the
solution of the gridded channel routing problem and
the switchbox routing problem which utilizes exist-
ing switchbox and channel routing algorithms and im-
proves upon the routing solution by re-assigning the
positions of the wire segments in the initial routing
solution. A novel mixed integer linear programming
formulation and an effective procedure for reducing
the number of variables and constraints in the ILP
formulation were then presented. The experimental
results are encouraging.
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