2002 IC/CAD Contest
Problem 1. Rectilinear Polygon Resizing
Sour ce: Avant!, Taiwan.

Dec 31 2002

l. Introduction
Design rules arise from limitations in the integrated circuit manufacturing process.
They are imposed on the geometry of an integrated circuit layout in order to guarantee
that the circuit can be fabricated with an acceptable yield. A popular method for
checking design rules employs sequences of geometric operations. We can check
minimum festure Sze on alayer by shrinking by haf the minimum size for the layer
and growing by the same value and find dl missng areas. For example, let the
minimum feature Size to be checked be 2 units. We can find the area of an input
layer A which violates this design rule by the following sequence of operations:
B — SHRINK(A,1)

C -GROW B, 1 )

D- A NOTC
Note that in the operation “B_~ SHRINK(A, 1)", theleft and right edges of the
upper |eft rectangle of A coincide. Thus, the rectangle is dropped after the shrinking.
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Figure 1.

Given ashape A, operation GROW (A, d) isdefined asfollows:

1.

Bisect the angles associated with the vertices in the origind shape A. For

example, the angle associated with the lower |eft vertex of the shape“A” in
Figure 2(a) is 270?. So the bisection resultsin 135?. In Figure 2(a), dl bisections
of the angles are shown as the dashed lines emitting from the shape A.

Following the angle bisectors (the dashed lines in the figure), move dl edges of
the shape “A” outward by a Euclidean distance d while maintaining the origind

connectivity. In Fgure 2(a), the lower edge of the shape “A” is moved 2-unit
down.
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Figure 2 The origind shape (a); and the shape after growing by 2 units (b).

3. Sometimeswhen moving edges by adisanced (d' <d), the topology of the shepe
may be changed. Then we define the shape of GROW(A,d) by the shape of
GROW(GROW(Ad ), d-d).

(a) (h) (c)
Figure 3

For example in Figure 3(a), the input shape A is a polygon without holes.  While
growing A by adigance d', the upper vertex of the triangle shape in A bumpsinto the
outer horizonta part of A. Thus, the resulting shaped B hasahaoleinit, i.e., the shape
of A has been changed to anew shapeB (B - GROW(AJ), Figure 3(b)). In this
case, the growing should be continued with the new shape B. So two new angle
bisectors, shown as the dashed lines in Figure 3(b), are formed. Then, the edges are
moved according to the angle bisectors(C_— GROW(B,d-d), Figure 3(c)). The hole
in B might disgppear when we continuoudy grow B. At any time the topology is
changed, we grow it with the new shape until the total distance is enough.

The operation SHRINK issmilar to the GROW operation except that al edges are
moved inward. The shrinking may result in two edges with distance less than one unit
(sce“B _«~ SHRINK(A, 1) inFigurel). Inour cases, dl area bounded by edges
with less than one unit separation is removed from the layout.

To correctly and efficiently implement GROW and SHRINK operationsfor any
given shape is not an easy task. In this problem, only rectilinear smple polygons are
consider ed asinput shapes. A smple polygon is ashape enclosed by asingle




enclosed polygona chain that does not intersect itsdf. Thereisno holeinasmple
polygon. A rectilinear simple polygon is asmple polygon of whichal edges are
horizontal or verticd. All of the coordinators of points are integers. The growing or
ghrinking dislanceisaso an integer and is measured ether horizontaly or verticaly.
Notice that when growing a smple polygon, the output shape may contain holes and
when shrinking a smple polygon, the output may be severd separated polygons.

[1. Input/Output Format
A polygon is specified by the number of points following alist of pairsof x andy
coordinators:

<polygon> =
n
X1 Y1
X2 Y2
X3 Y3

Xn Yn

Note that the list of points might be clockwise or counter-clockwise. Both represent
the same polygon.
Theinput format is:

dy

<polygon>;
d>

<polygon>;
Om
<polygon>m

where d; isasgned integer and if d > 0 then perform GROW operation on
<polygon>; by distance d; and if d; < O then perform SHRINK operation by distance
|chil.

Notice that when growing a smple polygon, the output shape might contain holes and
when ghrinking asmple polygon, the output might be severa separated polygons.
The output of GROW or SHRINK asmple polygon isapolygon list conssting of a



ligt of ample polygons:

<polygon-lig> =
k
<polygon>;
<polygon>;

<polygon>
where k is the number of polygonsin the polygon list. The order of the polygonsin
apolygon list makes no difference. Notice that when SHRINK alarge distance for
agiven polygon, the output might be an empty polygon lig, thet is, k = 0.

The output is specified by alist of <polygon-list>:

<polygon-lis>1
<polygon-lis>

<polygon-lisg>n,

where <polygon-lig>; is the output corresponding to the i-th input polygon.
Congder Figure 1 as an example. The input might be:

-1
4

6 12
6 16
4 16
4 12
-1

6

8 10
8 16
13 16
13 6
2 6
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Here are another examples:

Input:

12

12
12

>



6 8
6 12
Outpuit:

1

4

2 4
13 4
13 14
2 14

=

Input:

12

10
10
12
12
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12
10
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[11. Languare and Platform

1. Language: C or C++
2. PRatform: Sun Solaris

Please make sure your program can be compiled with gec or g++ with optimization
flag—O on Sun Solaris 5.6.

Usege:
<program> <input_file> <output_file>

V. Evduation
The score will be given based on correctness, time efficiency and memory
requirement.

V. Questions

Please report any question regarding to this problem to cad@cs.nthu.edu.tw with the
emall subject “ CAD Contest: Problem 1.” Y our question(s) will be answered in two
weeks, and the Q& A’ swill be posted at the contest Web sSite.
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