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Abstract

In this paper, we study the interconnect design problem under
a distributed RC delay model. We study the impact of technology factors on the interconnect designs and present general
formulations of the interconnect topology design and wiresizing problems. We show that interconnect topology optimization can be achieved by computing optimal generalized rectilinear Steiner arborescences and we present an ecient algorithm which yields optimal or near-optimal solutions. We
reveal several important properties of optimal wire width assignments and present a polynomial time optimal wiresizing
algorithm. Extensive experimental results indicate that our
approach signi cantly outperforms other routing methods for
high-performance IC and MCM designs. Our interconnect designs reduce the interconnection delays by up to 66% as compared to those by the best known Steiner tree algorithm.

longest path from the source to any sink simultaneously. Although these routers tried to reduce the interconnection delay
by optimizing the routing topology, their objective functions
were oversimpli ed due to the use of linear delay model or the
lumped RC delay model. Moreover, none of these algorithms
studies the impact of wiresizing on interconnect delay minimization. Although wiresizing was used by Fisher and Kung
[8] in H-tree clock routing, the general wiresizing problem for
arbitrary routing topology has not been well studied before.
In this paper, we study the interconnect design problem under a distributed RC delay model developed by Rubinstein,
Pen eld and Horowitz [14]. Using this model, we develop a
routing algorithm based on the ecient construction of rectilinear arborescences. We have also developed a polynomial
time optimal wiresizing algorithm which is applicable to arbitrary routing topology.

1 Introduction

2 Problem Formulation

As the VLSI fabrication technology reaches submicron device
dimension and gigahertz frequency, interconnection delay has
become the dominant factor in determining circuit speed [1].
Most previous works on the interconnect design problem are
based on a simplistic linear delay model of wirelength minimization, and many global routing algorithms based on the Steiner
tree formulation have been proposed, such as [2, 11]. Although
these methods produce good results in term of wirelength minimization, they cannot achieve performance optimization in the
design of high-speed ICs and MCMs. Moreover, uniform wire
width has been used for the connections of most signal nets in
the conventional routing methods. Very little is known about
proper wiresizing for delay optimization. As a result, there is
a strong need for systematic studies in the interconnect topology design and wiresizing problems for delay optimization in
high-performance system designs.
However, limited progress has been reported in the literature for the performance-driven interconnect design problem.
In [6], net priorities are determined based on static timing analysis; nets with high priorities are processed earlier using fewer
feedthroughs. In [10], a hierarchical approach to timing-driven
routing was outlined. In [12], a timing-driven global router
based on the A* heuristic search algorithm was proposed in
building-block designs. In [3], a timing-driven global router
was proposed to minimize both the total wirelength and the

In this paper, we use a distributed RC delay model developed
by Rubinstein, Pen eld, and Horowitz [14]. Given a distributed
RC circuit, the signal delay at a node is computed as follows:
Rk  Ck
(1)
t =

X

all nodes k

where Rk is the resistance between the source and the node k
and Ck is capacitance at the node k.

There are several reasons that we choose this delay model: (i)
Although this model is simpler than the commonly used Elmore
delay model [7] for distributed RC circuits, it still captures the
distributed nature of the circuit; (ii) It gives an accurate upper
bound of signal delay at every node and correlates very well
with the Elmore delay [14]; (iii) It is much easier to use for
interconnect design optimization since it gives a uniform upper
bound of the delay at every node.
Given a routing tree T implementing a net which consists of a
source and a set of sinks, we shall use (1) to compute the signal
delay t(T ) at any node in tree T . In order to model a routing
tree as a distributed RC tree accurately, a grid structure is superimposed on the routing plane, and each wire segment in the
routing tree is divided into a sequence of wires of unit length
as shown in Figure 1. (Adjacent grid points are unit length
apart.) When the wire width is xed, both the wire resistance
and the wire capacitance are proportional to the wirelength.
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Figure 1: A grid structure for the distributed RC delay model.
(a) The layout of an interconnect T with 3 sinks (G1 , G2 , and
G3 ). (b) The corresponding distributed RC model of T . Each
edge in T connecting two adjacent nodes is modeled as a RC
element containing a resistance R0 and a capacitance C0 . Each
sink has an extra loading capacitance (C1 , C2 , and C3 in this
example).
(We shall discuss the case of variable wire widths later.) Assume that a unit-grid-length wire has wire resistance R0 and
wire capacitance C0 , then according to (1), an upper bound of
the delay of a routing tree is:
(Rd + R0  jPk (T )j)  (C0 + Ck )
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where Rd is the driver resistance, Pk (T ) is the path from the
source to node k in the routing tree T , jPk (T )j is the length of
the path Pk (T ), and Ck is the extra capacitance (besides the
wire capacitance) at node k in T . Notice that the set of nodes
includes all grid points in the routing tree T , not just sinks and
branching nodes. If node k is a sink, then Ck is the loading
capacitance at the node. If node k is a via, it can also be
formulated by adding some extra capacitance at the node [16],
which re ects the distributed nature of interconnection delay.
For simplicity, we assume that Ck is non-zero only when node
k is a sink, but wire capacitance C0 is present at every node.
Note that the summation in (2) is over all nodes in the routing
tree T , not just sinks. Based on this delay model, we shall
formulate a number of performance optimization problems in
the subsequent subsections.

2.1 Optimal Interconnect Topology Design

We can rewrite (2) as follows:
t(T ) = t1 (T ) + t2 (T ) + t3 (T ) + t4 (T )
where
t1 (T ) = Rd  C0  length(T )
Ck  jPk (T )j
t2 (T ) = R0 
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In (4)-(7), length(T ) is the total wirelength of the routing tree
T , and jPk (T )j is the path length from the source to the node k.
Since the driver resistance Rd and the total loading capacitance
at all sinks, all sinks k Ck , are xed for a given net, t4 (T ) is a
constant. In order to minimize t(T ), we only need to minimize
t1 (T ) + t2 (T ) + t3 (T ). It is interesting to see the physical
meanings of these three terms.
The rst term t1 (T ) is the product of the driver's output
resistance and the total wire capacitance. This term is minimized when length(T ) is minimum. In the conventional technology, t1 (T ) is the dominating term since the driver's output resistance is much larger than the wire resistance1 (i.e.
Rd  R0  length(T )). This explains partially why the conventional routing methods emphasize minimization of the total wirelength. Clearly, minimizing t1 (T ) leads to an optimal
Steiner tree (OST ).
In the summation of the second term t2 (T ), each term is
a product of the loading capacitance Ck of each sink and the
pathlength jPk (T )j from the source to the sink k in T . Since
the loading capacitance of a sink in a given design is xed,
t2 (T ) is minimized when all paths from the source to sinks are
minimum in length, which results in a shortest path tree rooted
at the source. This shows that when all (or some) loading
capacitances are very large, we need to select the shortest paths
to connect the source to these sinks. Therefore, minimizing
t2 (T ) leads to a shortest path tree (SPT ).
The third term is more interesting. It is proportional to
the summation of the pathlengths from the source to all nodes
(not just sinks) in T . Intuitively, if there is a long source-to-leaf
path P in T , t3 (T ) will be very large since it contains a term
jPk (T )j which is roughly proportional to the square of
kP
the length of P . Therefore, we prefer a routing tree of short
paths in order to keep t3 (T ) small. This, in fact, justi es the
work by Cong, et al. [3] in which the radius (i.e. the longest
source-sink path) of a routing tree is kept under certain bound
in the layout design. On the other hand, if length(T ) is large,
the number of nodes in T is large and it may increase t3 (T ) as
well. Therefore minimizing t3 (T ) leads to a routing tree which
is \in-between" a shortest path tree and an optimal Steiner
tree. We shall call a tree optimal under the cost function t3 (T )
a quadratic minimum Steiner tree (QMST ).
Notice that the relative importance of these terms is determined by the ratio RRd0 , which we call the Resistance ratio.
Because the resistance ratio was very large in the previous
technology, conventional routing techniques focused on total
wirelength minimization and used minimum wire width for all
segments in order to minimize t1 (T ). However, as the technology advances to smaller device dimensions, according to the
CMOS scaling rule [1], driver resistance decreases while wire resistance increases, which leads to a signi cant reduction of the
resistance ratio. In this case, t2 (T ) and t3 (T ) can no longer
be ignored in the design of next-generation VLSI circuits. Although Equations (4){(7) are obtained from a distributed RC
1 In the 2m CMOS technology, the typical values of driver resistance and unit wire capacitance are: Rd = 1k  4k ; R0 =
0:03 =m.
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P

delay model, the impact of the resistance ratio on interconnection design is true for distributed RLC delay models as well.
Zhou et al. studied the interconnection delay in a single highspeed transmission line and have observed similar results [15].
In general, the minimum delay routing tree (MDRT ) problem can be formulated as follows: Given a signal net N =
fN0 ; N1 ;  ; Nn?1 g where N0 is the source and N ? fN0 g is
the set of sinks, and three nonnegative constants , , and ,
nd a rectilinear routing tree T of the net N such that
jPk (T )j (8)
jPk (T )j + 
 length(T ) + 

X

X

all sinks kN

all nodes kT

Ideally, we want to determine the topology of the routing
tree and the wire width assignment of the segments in the tree
at the same time. However, the complexity involved in this
problem is very high and it is unlikely to be solved eciently.
Instead, we adopt the approach of rst determining the interconnect topology and then optimizing wire widths in the given
routing tree. Solutions to the interconnect topology design and
wiresizing problems will be discussed in Section 3 and 4 respectively. Due to the length restriction, we omit all proofs of the
theorems presented in the next two sections. The reader may
refer to [4] for details.

is minimized, where length(T ) is the total wirelength of the
tree T and jPk (T )j is the pathlength from the source N0 to 3 Interconnect Topology Design
Since the general MDRT problem is NP-hard and there is
the node k in T . Note that the MDRT problem is NP-hard in
general since the problem degenerates into the classic Steiner no de nite correlation between the three terms t1 (T ), t2 (T ),
and t3 (T ) for a general interconnect topology, we shall focus
tree problem when both and equal zero.
our attention on a special type of routing topology, called the
2.2 Optimal Wiresizing
In the preceding subsection, we assume that wires in a rout- A-tree topology, which is de ned as follows.
ing tree have uniform width, which is widely used in conventional layout designs. However, our study shows that for the De nition 1 A rectilinear Steiner tree T is called an A-tree
new generation of VLSI technology, proper sizing of wires can if every path connecting the source N0 and any node p on the
tree is a shortest path.
lead to substantial reduction in signal delay.
Assume that we have a set of discrete wire widths,
fW1 ; W2 ;  ; Wr g, to choose for each wire segment. Let wk Notice that A-trees are generalization of the rectilinear
be the width of the incoming grid edge e(k) at node k. Ac- Steiner arborescences studied in2 [13]. Given a set N of n nodes
cording to (1), the upper bound of the delay of a routing tree lying in the rst quadrant of E (the Euclidean Plane), including a node at the origin, a rectilinear Steiner arborescence is a
becomes:
tree rooted at the origin and contains all nodes in N ,
t(T ) = t1 (T ) + t2 (T ) + t3 (T ) + t4 (T )
(9) directed
composed of horizontal and vertical arcs oriented only from left
to right or from bottom to top. An A-tree, however, allows the
where
nodes in N to lie anywhere in E 2 as long as paths are always
t1 (T ) = Rd  C0  area(T )
(10) directed
away from the origin.
1
There are several reasons that we are interested in A-trees.
Ck 
t2 (T ) = R0 
(11)
wi
First, any A-tree is always a SPT. Therefore, the term t2 (T )
all sinks k
iPk (T )
is always minimum. Moreover, we show in [4] that an optimal
w
k
(12) Steiner A-tree (OSA) is also a quadratic minimum Steiner At3 (T ) = R0  C0 
w
i
kT iPk (T )
tree (QMSA) in most cases. Therefore, minimizing t1 (T ) is
Ck
(13) equivalent to minimizing t3 (T ). As a result, minimizing total
t4 (T ) = Rd 
wirelength of an A-tree leads to simultaneous optimization of
all sinks k
t1 (T ), t2 (T ), and t3 (T ) (subject to the A-tree topology). Such
In these equations, area(T ) is the total wiring area of T , and a harmony would be impossible to achieve for general routing
Pk (T ) is the path from the source to the node k in the routing topologies. Furthermore, we can develop ecient algorithm
tree T . Again, we can show that t4 (T ) is a constant, and for computing A-tree with optimal or near-optimal wirelength.
t1 (T ), t2 (T ), and t3 (T ) have similar physical meanings as in Therefore, we have very good reasons to restrict the solutions
the previous subsection.
to the MDRT problem to the class of A-trees.
The wiresizing problem can be formulated as follows: Given
The outline of the A-tree algorithm is as follows: Starting
a set of wire segments S implementing a routing tree T and a with a forest of n single-node arborescences, we apply a seset of possible widths W = fW1 ; W2 ;  ; Wr g, the wiresizing quence of moves. Each move introduces a path consisting of
problem is to nd a wire width assignment f : S ! W such one or more segments, which either \grows" an existing arthat the delay t(T ) de ned in (9) is minimized.
borescence, or \combines" two arborescences into a new arWe assume that each wire segment (rather than each grid borescence. This process is completed when there is only one
edge) has a set of discrete choices of wire widths since this re- arborescence left in the forest (see Figure 2). The remaining
sembles more closely to the realistic design style and re ects the question is how to choose a good move.
actual technological constraint where arbitrary width variation
within a segment is usually undesirable2 .
De nition 2 Let Fk be the forest constructed after the kth
2 Nevertheless, this segment-based formulation can easily be genmove by the A-tree algorithm. We de ne T (Fk ) as the
eralized to handle the case where variable wire width is allowed minimum-cost rectilinear Steiner arborescence containing Fk
within a segment by introducing arti cial nodes along each segment. as a subgraph.
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Illustration of how an arborescence is constructed.

According to this de nition, T  (F0 ) is the optimal rectilinear
Steiner arborescence. T  (F1 ) is the optimal Steiner arborescence containing the path generated by the rst move, and
T  (FM ) is the arborescence constructed by the A-tree algorithm, where M is the total number of moves generated by the
A-tree algorithm. Let cost(T ) be the total wirelength of T .
Clearly, since Fk  Fk+1 , cost(T (Fk ))  cost(T  (Fk+1 )).
De nition 3 If cost(T  (Fk+1 )) = cost(T  (Fk )), the k + 1th
move is called an optimal move.
In our algorithm, we introduce three types of moves called safe
moves: The rst type of move combines two arborescences into
a new one, and the second and third types of moves grow an
existing arborescence. Detailed descriptions of the safe moves
are in [4]. We have shown that all three types of safe moves
are optimal moves. Therefore, an A-tree constructed using the
safe moves is an optimal OSA. Moreover, we have shown that
an A-tree constructed using the safe moves is also an optimal
QMSA.
However, it is possible that after a sequence of safe moves,
no safe move exists with respect to the current forest. In this
case, we need to perform a heuristic move, a move that may
not be optimal. Two types of heuristic moves are used in our
algorithm, and both of them heuristically combine two arborescences into a new one. The reader may refer to [4] for details
of the complete A-tree algorithm.
Our experimental results indicate that in practice 94% of the
moves used by our A-tree algorithm are optimal, and 45% of the
A-trees constructed by our algorithm are optimal under both of
the OST and QMST cost function because they are generated
by safe moves only. Moreover, we have developed a constructive
method to compute a lower bound of the wirelength of the
optimal Steiner arborescence using the information obtained
during the A-tree construction. Based on this computation,
we show that arborescences generated by our A-tree algorithm
are on average at most 4% from the optimal.

4 Wiresizing

Si depends only on the widths of its ancestors and its descendants.
As a result, once Si and every segment in ans(Si ) are assigned
the appropriate widths, the optimal wire width assignment for
the single-stem subtrees TSS (Si;1 ); TSS (Si;2 ); , TSS (Si;k )
(with respect to the width assignment of Si and segments in
ans(Si )) can be independently determined, where the segments
Si;1 ;  ; Si;k are the children of Si .
Assume we are given a single-stem tree TSS (Si ) with stem
segment Si , and a set of possible widths fW1 ; W2 ;  ; Wr g, we
can determine the optimal assignment f  on TSS (Si ) by enumerating all the possible width assignments of Si . For each
of the possible width assignment Wk of Si (1  k  r), we
determine the optimal assignment for each single-stem subtree
TSS (Si;j ) independently by recursively applying the same procedure to each TSS (Si;j ) with fW1 ; W2 ;  ; Wk g as the set of
possible widths (to guarantee the monotone property). The
optimal assignment for Si is the one which gives the smallest
total delay. This algorithm is called the optimal wiresizing algorithm (OWSA)3 . It is not dicult to show that the OWSA
algorithm has a worst case time complexity of O(jS jr?1 ), where
jS j is the number of segments. Note that our optimal wiresizing algorithm is a signi cant improvement over the brute-force
enumeration method which has complexity O(rjSj ). Nevertheless, we would like to further improve the runtime of the OWSA
algorithm.
Given a routing tree T , a wire width assignment f on S , and
a particular segment Si  T , a local re nement on Si is de ned
as the operation to determine the optimal segment width of
Si (with respect to the xed assignment of f on the other segments). w~i is called the locally optimal width of Si with respect
to f . Based on this operation, we have developed a greedy algorithm: Starting with an initial wire width assignment (say, all
segments have the minimum width), we traverse the tree and
perform re nement on each segment whenever possible. This
process is repeated until no improvement is achieved on any
segment in the last round of traversal. This is called the Greedy
Wiresizing Algorithm (GREWSA). It would not be dicult to
show that the complexity of GREWSA is (jS j2  r). Despite
its greedy nature, GREWSA performs very well in terms of
the quality of assignments and runtime (see Section 5). In
fact, GREWSA generates optimal assignments when there are
only two choices of wire widths [4].
Given two wire width assignments f and f 0 on the same tree
T , we say f  f 0 if w(f;Si )  w(f 0; Si ) for all Si  T . We
can show that assignments generated by GREWSA have the
dominance property:

Given a xed tree T and an assignment f , we denote wi as
the width assignment of segment Si , and we denote f  as the
optimal wire width assignment. We use ans(Si ) to denote the
set of all segments on the unique path from the source N0 to
the segment Si , excluding Si , and des(Si ) to denote the set of
segments fSk j Si  ans(Sk )g. Moreover, we use TSS (Si ) to
denote the single-stem subtree consisting of Si (as the stem)
and the set des(Si ), and sink(Si ) to refer to the set of all sinks
3 If the original routing tree T is not a single-stem tree, we can
on TSS (Si ).
decompose T into b single-stem trees, where b is the degree of the
First, we can show that the wiresizing problem has the fol- root of T , and apply the algorithm to each individual single-stem
tree separately.
lowing properties:

Theorem 3 (Dominance Property) Given a wire width assignment f (possibly suboptimal) and a segment Si on the routing tree T . Assume that f 0 is the assignment obtained from f
by performing a local re nement on the wire segment Si . Then,
f 0  f  (f 0  f ) if and only if f  f  (f  f  ), where f  is
the optimal assignment.
Theorem 3 immediately suggests the strategy of using
GREWSA to compute the lower and upper bounds of each
segment width of the optimal assignment. If we start with the
initial assignment where each segment has the minimum wire
width, the resulting assignment computed by GREWSA gives
a lower bound of the optimal width for each segment, since each
intermediate assignment computed by GREWSA, including the
last one, is dominated by the optimal assignment. Similarly,
if we start with an initial assignment where each segment has
the maximum wire width, the resulting assignment computed
by GREWSA gives an upper bound of the optimal width for
each segment.
We can further combine OWSA and GREWSA as follows:
First, we obtain the lower and upper bounds of each wire segment using the GREWSA algorithm. Then, we run a modi ed
version of OWSA which only considers assignments whose segment widths satisfy the lower and upper bounds computed by
the GREWSA algorithm. Since the lower and upper bounds
obtained from the GREWSA algorithm are very close or even
identical in most cases, the total number of candidate assignments ever generated by OWSA algorithm is much smaller than
that by the OWSA algorithm alone. As a result, the upper
and lower bounds obtained help speed-up the algorithm signi cantly. For instance, the combined GREWSA-OWSA algorithm runs 10 times faster than OWSA for the case of jS j = 16
and r = 4.

5 Experimental Result

We have implemented the A-tree algorithm and the wiresizing algorithms (GREWSA and OWSA) in ANSI C for the
IBM-PC and Sun SPARC station environments. We have compared the A-tree and wiresizing algorithms with other existing
routing techniques on both MCM and advanced IC technologies. Section 5.1 shows the improvement achieved by the A-tree
and wiresizing algorithms over existing routing algorithms, and
Section 5.2 shows the impact of resistance ratio and transistor
sizing.

5.1 E ect of Interconnect Topology Optimization and Wiresizing

The results in this section are based on a typical MCM
technology4 [5]. We tested our algorithms on signal nets of 4,
8, and 16 sinks. For each net size, 100 nets were generated on
a 100 mm x 100 mm routing region for the MCM technology.
The grid resolution is 25 m per unit-grid-length.
We have compared the generalized A-tree algorithm with the
1-Steiner algorithm proposed by Kahng and Robins [9], and the
bounded-radius-bounded-cost (BRBC) algorithm proposed by

Comparison

Algorithm 4 sinks 8 sinks 16 sinks
1-Steiner 149.55 218.98 310.50
Wirelength BRBC-0.5 182.30 286.18 421.50
(mm) BRBC-1.0 167.48 261.03 385.00
A-tree 150.98 229.35 339.00
1-Steiner
9.10 14.57
26.14
BRBC-0.5
8.09 11.85
21.04
Delay BRBC-1.0
7.88 12.57
23.31
(ns)
A-tree
8.07 10.49
14.92
A-tree +
5.27
6.57
8.94
GREWSA
Table 1: The average wirelength (in millimeters) and delay
(in nanoseconds) are compared. BRBC-0.5 and BRBC-1.0 are
two parameterized versions of the BRBC algorithm with the
control parameters  chosen to be 0.5 and 1.0, respectively. In
all cases the runtime of the A-tree algorithm is less than 0.3
seconds.
Cong et al. [3]. The average delay and wirelength are compared in Table 1. The average delay of each net is obtained
by averaging the signal delay at every sink using the two-pole
circuit simulator developed by Zhou et al. [16]. Extensive experimental results have shown that the two-pole simulator is
comparable to SPICE in terms of delay simulation, but runs
much faster [16]. In fact, the two-pole simulator computes the
Elmore delay when the given circuit is a RC circuit.
The 1-Steiner algorithm is one of the best known Steiner
heuristics [9] and it is not surprising that it has the best wirelength. However, the experimental results show that wirelength
minimization does not necessarily lead to minimum delay. In
fact, the reduction in the SPT and QMST cost by the A-tree algorithm o sets the wirelength advantage of the 1-Steiner algorithm. Moreover, the performance advantage of the A-tree algorithm over the 1-Steiner algorithm becomes more signi cant
as the net size becomes larger. This is because the distributed
nature of interconnect structures become more signi cant for
large nets. As a result, the A-tree algorithm reduces the average by up to 43% as compared to the 1-Steiner algorithm.
The results also show that the optimal wiresizing can further reduce average delay in routing trees by up to 40%. Moreover, the wire assignment solutions generated by GREWSA
are very close to optimal in practice. In more than 95% of the
cases, the lower and upper bounds of the optimal wire widths
computed by GREWSA uniquely determine the optimal assignments. Therefore, GREWSA-OWSA generates the optimal wire width assignments with far less computation time. In
general, the runtime of OWSA is very sensitive to the parameter r, but the runtime of GREWSA-OWSA hardly changes as
r increases. For instance, it takes 0.538 seconds for OWSA and
0.062 seconds for GREWSA-OWSA to generate the optimal
assignment for a 16-sink net when r = 4, and 4.710 seconds
and 0.060 seconds respectively when r = 6.

5.2 E ect of the Resistance Ratio and Transistor Sizing

4 Speci cs of the MCM technology le: driver resistance = 25 ;
We have studied the impact of the resistance ratio and tranwire resistance = 0.008 =m; loading capacitance = 1000 fF ; wire
capacitance = 0.060 fF=m; wire inductance = 380 fH=m; total sistor sizing on the improvement of the A-tree algorithm over
the 1-Steiner algorithm. In particular, we have compared the
area = 100 mm x 100 mm.

20

% Improvement
10 x Minimum Transistor Width
1.2 µ m CMOS

15

8 x Minimum Transistor Width
6 x Minimum Transistor Width

1.5 µ m CMOS
10

4 x Minimum Transistor Width

2.0 µ m CMOS

5

0.5 µ m CMOS
0

Technology
(Minimum Transistor Length (micron))

the source. Also, we are interested to develop a simple yet
accurate delay model for distributed RLC circuits (where the
non-monotonic circuit response presents a great diculty) so
that such model can be used e ectively for interconnect design optimization when inductance is taken into consideration.
Finally, we shall study the interconnect topology design and
wiresizing problems under distributed RLC models so that we
can consider the e ect of re ection and cross-talk in the interconnect designs.
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