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ABSTRACT

During the placement stage of VLSI (Very Large Scale of
Integration) physical design phase it is needed to take into
account the external connections of the placing elements. So
later, it is possible to get better result in routing stage. Thus
it is required to map external nets of a circuit to its elements
such a way that the maximum number of nets corresponding
to an element is minimal. In this article this problem is
solved by reducing it to the problem of finding a minimum
cost flow of a given value in a network.

1. INTRODUCTION

In general, integrated circuits are represented by the output
terminals of the circuit, by its elements and nets connecting
those elements and terminals. The nets connected to output
terminals are called external nets. If we ignore terminals of
the circuit then we can consider a net like some subset of
the circuit elements.

In general case the nets of a circuit (and particularly exter-
nal nets) contain two and more elements. Thus during VLSI
physical design [1] it is required to choose one element from
each external net (based on some criterion) which will be
connected with output terminal of that net. Depending on
the needs of physical design stage different criteria are used
to choose those elements. For example one might want to
minimize the number of those elements. Here we are con-
sidering a version of this problem where it is required to
minimize the number of connections of an element having
the most connections with output terminals.

2. PROBLEM FORMULATION
Let S be a circuit and N = {Ni, Na,...,N,,} be the set
of external nets of the circuit. Let’s use the notation £ =

Let ® be the set of all f: N — E mappings where f(N;) €
N; for all N; € N. It is required to find a mapping fo € ®
such that
1 . 1

max e)| = min max e)l.

nas £ (e)| = minmax |7~ (o)
For each net Nj;i=1,...,m f(N;) is the element from N;
that must be connected to the circuit terminal corresponding
to that net. Thus it is required to find such a mapping
that minimizes the number of connections of the element
the most connected with circuit output terminals.

This problem is solved in [2] via logm consecutive applica-

tion of maximum flow algorithm. This gives O(m """  |N;|logm)
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complexity [3, 4, 5] algorithm for this problem. Here we are
reducing the problem to the problem of finding minimum
cost flow having a given value. This reduction will also give
O(m """ |Ni|logm) complexity [3, 4, 5] algorithm for the
problem.

3. SOLUTION OF THE PROBLEM

To solve the problem it will be reduced into the problem of
finding minimum cost flow in a network.
Let’s construct the following network (figure 1).
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Figure 1

{s,t,e1,...,en,n1,...,nm} is the set of vertices of the net-
work where ey, ..., e, correspond to the elements of the set
E and vertices n1, ..., nm, correspond to the nets N1, ..., Ny,.
The vertex s is connected with each of eq, ..., e, vertices by
m parallel edges. Each of vertices n1,...,nn, is connected
with vertex ¢ by one edge. There is an edge between vertices
e; and n; if and only if e; € N;. By the way later it will
become clear that instead of (s,e;);¢ = 1,...,n m parallel
edges we can take just k; parallel edges where k; is the num-
ber of edges going from the vertex e; to vertices ni,...,nm.
Doing so is important to get the algorithm complexity as
mentioned in the problem formulation.

We are assigning 0 cost and 1 capacity to all (e;,n;) and

(nj,t); ¢ = 1,...,n;5 = 1,...,m edges. For each vertex
e;;9 =1,...,n the capacity of all (s,e;) m parallel edges is
set to 1. The cost of those edges is defined in the following
way: let’s enumerate those edges by 1,...,m numbers then
assign R cost to the first edge and R? — R7™" cost to the
other j = 2,...,m edges. Here R is any number greater

than m. By the way later it will become clear that instead
of those costs we could take any other costs; just need to
ensure the sum of costs of first k edges is more than m
times greater than the sum of costs of first k — 1 edges, for
any k (k = 2,...,m); i.e. we want the total cost of k — 1
value flows passing by each e;;¢ = 1, ..., n vertices to be less
than the cost of k value flow passing by just one e; vertex.
In case of costs assigned above we have that the sum of costs
of first k edges is equal to R which is greater than mR*~*
as R > m.

In the constructed network we are finding minimum cost
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s —t F flow having value m. For finding such a flow we
will convert the constructed network into an oriented graph
by splitting (s,e;);4 = 1,...,n parallel edges via addition
of new vertices, afterwards will use minimum cost flow al-
gorithm given in [3] (or any other minimum cost flow find-
ing algorithm). If in the obtained flow the flow passing via
(ei,n;) edge has value 1 then we will take fo(IN;) = e;. In
this way for each net N; (5 =1,...,m) we will find exactly
one vertex from Nj;, as the capacity of (n;,t) edges is 1 and
the value of flow entering vertex t¢ is m.

Let fo be the mapping constructed in the above described
way and max.er |f; ()] = k. So the cost of F flow will
be greater or equal than R*. If it is possible to construct
a mapping f’ € ® such that maxeer |f'~'(e)] < k — 1 then
the flow constructed according to the mapping f’ will have
a cost smaller than mR*~" which is smaller than R*. Thus
we got a flow having smaller cost than the cost of F' flow
which contradicts to the fact that F' is minimum cost flow.
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