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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  circuit to its elements in such a way that the maximum number
of nets corresponding to an element is minimal. In this article the problem is solved
by reducing it to the problem of finding & 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 external nets) contain two and more
elements. Thus, during VLSI physical design [1] it is required to choose one element from
each external net (base 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 considering 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 = {Nj, N,..., Nm} be the set of external nets of the circuit. Let’s
use the notation E = UZ, N;.

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

max|f5"(e)| = mipmax|s (o).
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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 us construct the following network (figure 1).
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i Figure 1: Constructed network

{s,t,e1,...,8ns N1, ..., N} 18 the set of vertices of the network where ey, ....€n COITE
spondtntheelementsofthesotﬂnndeﬁmm,...,m,corrmpundtothenet&Nn—---Nm-
The vertex s is connected with each of e;, ... ,e, vertices by m parallel edges. Each of ver-
tices 1y,...,Tm is connected with vertex ¢ by one edge. There is an edge between vertices
e; and n; if and only if & € Nj. Bythewaylamitwillbeqnmeclwthatinstea-dor
(s,€);8 = 1,...,n m parallel edges we can take just k; parallel edges where k; is the number
of edges going from the vertex e; to vertices ny,...,n,. 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 (ny,2); i =1,...,n;5 = 1,...,m
edges. For each vertex e;i = 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 — R¥~1 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;;i = 1,...,n vertices to be less than the cost of k value flow passing by just one g
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 s—# F' flow having value m. For
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finding such a low we will convert the constructed network into an oriented graph by splitting
(s,e:);i=1,...,n parallel edges via addition of new vertices, afterwards will use minimum
cost flow algorithm given in [3] (or any other minimum cost flow finding algorithm). If in
theobminedﬁowtheﬂowpaasin;vln(q.u,}edgahuvnluelthmwewd]ltahfg(}\';}zq.
In this way for cach aet N (7 = 1,...,m) we will find exactly one vertex fiom Nj, as the
capaucity of (n;, 1) edges is 1 and the value of flow entering vertex ¢ is m.

Let fo be the mapping constructed in the above described way and maxeeg | f7(e)| = k.
So the cost of F flow will be equal or greater than R*. If it is possible to construct a
mapping J* € ® such that max.eg |f*~(e)] < k — 1 then the flow constructed according to
the mapping /* will have & 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 a
minimum cost flow.
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Glpw)hG wwpptiph pGwpmpjniGp GjwqugniG wpdbpng
hnup quGbym wignphpdh dhengny

N Uruniju(, U, Unpynuyjwi
Uiithnthnd

Qbpihd hGwbgpwpuyhl uubdwlbph hahjuwlwl Gwhnugniwl whnugpiwl thogod
wlhpwdtizunmpmi  wnwpwGmd hwzth wnbbp whnunmnn mwppbph wpaowphG Yuobpp,
npuhugh ninbgddwl thoymd h(wpwdnp (hGh unwlw) wydth pwy wpgmbp: Nkunh
wlhpudbzn £ wpnwphl npwibpl wpnwopumlbpby vfubdwh mwppbphG w)ybu, np
gnpubph wnwybjugnyyl puGwlp, npp hwdwwwunmoufuw o £ bl mwppp (hGh Shimiw):
Lnnudnid wjn fubnph mudmdp huwighgdwd b gulgnud mpfwd dénipjwl Gwqugni;ji
wipdbpny hnup. qinlbn funphG:



