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An instance of the uniform planar embedding (UPE) problem is described by giving 

a (planar) graph G = (V, E) and a set of uniformity constraints of the form (v : 

e l . .  .ed,w : fl . . . fd) ,  where {el,. . . ,ed} is the set of edges incident on vertex v and 

{fl,. . . , fd} the set incident on w -f- v (v and w must have the same degree). A 

positive instance is one in which G has a planar embedding that satisfies all uniformity 

constraints, that is, for each constraint the cyclic permutation of e l . .  . ed around v is 

the same as that of fl . . . A  around w. 

Uniformity constraints arise in VLSI design applications, where, in a hierarchical 

design, modules of the same type are required to observe the same pin order. The 

usual method for enforcing this constraint is to fix the pin order for all modules before 

doing the layout. The resulting single-layer routing problem can be solved easily in 

linear time [5] ,  but puts unnecessary restrictions on the layout. UPE is a more general 

formulation of sin,gle-layer routing, which does not impose pin order in advance. Single 

layer routing pro L lems are important for two reasons: a) one layer, typically metal, 

may have superior electrical characteristics, making it desirable to place all important 

connections on this layer, or b) a multi-layer problem may be decomposed into single 

layers in order to make it more tractable. 

Consider the single-layer routing problem shown in Figure 1, where x, y ,  and z are 

three modules of the same type. If the fixed pin sequence 1 , 2 , 3 , 4  is enforced, as in [5], 

it is easy to show that there is no planar embedding for the desired interconnections. 

Figure 2  shows an embedding in which x, y, and 2 observe the same pin sequence. 

The corresponding (positive) instance of UPE is given by the graph in Figure 3  (note: 

multiple edges are allowed), and the two uniformity constraints (x : abed, y : e fdc) 

and (x : abed, z :  ebfa). 

This note shows that the UPE problem is NP-complete in general, complementing 

another recent result, that UPE can be solved in polynomial time as long as the number 

of biconnected components of G is fixed [7]. 
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