In Proc. of the SAICSIT Conference (Electronic Paper)
Pretoria, South Africa, September 2001

Finding Adjacenciesin Non-Overlapping Polygons

J Adler GD Christelis JA Deneys GD Konidaris G Lewis AG Lipson
RL Phillips DK Scott-Dawkins DA Shell BV Strydom WM Trakman
LD Van Gool
Abstract

Two polygons are adjacent if they have edges which share a common edge segment. In this paper we consider the
problemof nding adjacenciesin a set of n non-overlapping polygons. Using the fact that adjacent edges must lie
on the same ling, an algorithm with time complexity £( zlog z) (where z is the total number of edges) is derived.
Thereafter, we consider the particular case where the polygons are convex, as this has practical applications.
Using the properties of convex polygons, we derive a more ef cient algorithm with time complexity £( zlogn).
Both algorithms are proved to be correct and their optimality is discussed.
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Computing Review Categories. F.2, F.2.2 (also G.2.1 and G.2.2)

1 Introduction

Ya

Aij) = 1 if p; is adjacent to p;

Sanders et al. [8] deal with the problem of finding adja- 0 otherwise

cencies between non-overlapping rectangles. The prob-
lem of finding adjacencies for non-overlapping poly-
gons is a natural extension of that research.

Two polygons are defined to be adjacent if they have
a common edge segment. Figure 1 displays an example

Research by Sanders et al. [8] used an algorithm to
find adjacencies between rectangles as part of a larger
algorithm for ray guarding rectangles. Klarner [6] con-
siders adjacencies between unit squares in a discussion
of polyominoes. Both works make use of restricted in-
stances of polygon adjacency.

The more general problem, presented here, has fur-
ther application in areas such as image processing, im-
age recognition and map colouring [2].

In this paper we derive an algorithm that solves
the problem of finding adjacencies in a set of non-
overlapping polygons and go on to develop a more ef-
ficient version for the case where all the polygons are
convex.

Section 2 describes the problem in detail, leading
to the formal definitions and terminology in Section 3.
Section 4 presents some useful observations which lead
to the two algorithms presented and analysed in Sec-
tions 5 and 6. The correctness of both algorithms is
proved in Section 7 and thereafter the optimality is dis-
cussed in Section 8.

2 Adjacencies between  Non-

Overlapping Polygons
Given a set P of n non-overlapping polygons, the al-

gorithms presented in this paper produce an adjacency
matrix A defined as:

set of polygons in the plane. Polygon 1 is adjacent to
polygon 4 (and vice versa), and polygon 2 is adjacent to
polygon 3 (and vice versa). Notice that polygons 1 and
2 are not adjacent, despite the fact that they intersect at a
point; they do not possess edges which share a common
segment.

Figure 1: Example Polygons.

The adjacency matrix for the set of polygons in Fig-
ure lis:

0 1
000 1
"Boo0 10
A‘%0100
1000

The factthat A = AT follows from the definition, since
if p; is adjacent to p;, then p; is adjacent to p;.



In order to provide a more concise description of
the problem, the next section introduces some related
definitions and the necessary notation.

3 De nitionsand Terminology

3.1 De nitions

In this paper, we consider a set of n non-overlapping
polygons. We aso deal with the case where the poly-
gons are convex.

1. Non-overlapping polygons are polygons that con-
tain no common points, except possibly along their
edges.

2. A degenerate polygon is a polygon that contains
three successive vertices that are co-linear [9]. In
this paper we consider only non-degenerate poly-
gons.

3. A non-self-intersecting polygon is a polygon where
no edges intersect, except at their endpoints[5].

4. If each of the edges of a non-self-intersecting poly-
gon are extended and no extension intersects any
other edge, then that polygon is convex.

3.2 Terminology
. P isaset of n non-overlapping polygons.
. p; istheith polygoninP,1<i <n
. m; isthe number of verticesin p;

“yt
mii 10 Vi,

. pi hasedgesej; e} :::€l, . 1;€

mij 10

1
2
3
4. p; hasverticesvi; Vs @@ Ve
5
6

. We define the useful operator:
A®,, B=(A+B—-1)modm;)+1

whereA;B;m; € Z

Thisconverts A+ B toavalid index of avertex inp;
i.e, A @&, B €[1:::m;]. The operator achieves
this by cyclicaly tracing round the polygon. One
can think of B as the number of edges that must
be traced from vertex A. Where the polygon i is
implied, we shorten thisto simply A & B.

7. € isan edge with endpoints v: to vig .

8. x’ isthex co-ordinate of v/, and similarly y’ isthe
y co-ordinate.

0. € can al_so be said to extend from point (x’;y}) to
(Xjo1;Yjo1)

10. z = ?:1 m; i.e. the total number of vertices (or

edges) inP.

11. Myee = max(m;|1 < i < n), isthe number of
edgesin the polygon with the most edges. Similarly,
m,,.:n 1S defined as the minimum.

12. Wedenotethe openinterval fromatobas(a:::b).

4 QObservations

This section presents some observationsthat provide the
necessary insight to develop an efficient algorithm to
solve the problem.

4.1 Adjacent Edges

In order for two polygonsto be adjacent they must share
(or partialy share) an edgei.e. there must be two edges
k and | (onefor each polygon) that share acommon seg-
ment.

For k and |, the following observations hold:

Observation 1

If line segments k and | share a common
segment, the gradients and constants of the
infinite lines that have k and | as segments are

equal.

If k isasegment of theinfiniteline
y=0x+ G

and | isasegment of the infinite line
Y= X+

then

0= Gandc = G

Observation 2

If k and | share a common line segment then
the x intervals of the line segments overlap.

That is, if k extends from (X1; Y1) to (X2;Y2)
and | extends from (x3; y3) to (X4;Y4) then

(Xp:iiX) N(X3:i:Xq) Z 0

wherex; < X, and X3 < Xg.

The first observation follows directly from the ba-
sic properties of lines in the plane. If the two infinite
line segments have different gradients, then the line seg-
ments can only intersect at a single point; this contra-
dicts our definition of a shared edge. If they have the
same gradient, but different constants, they would be
parallel and therefore never intersect at al.



Figure 2 provides an example. Polygon 1 is adja-
cent to polygon 2, with the common edge segment lying
on the infhite line labelled L.

Figure 2: A Pair of Adjacent Polygons.

The second observation is obvious — if the « inter-
vals of the segments do not overlap, then the segments
cannot share any common points. The converse of these
two observations also holds:

Observation 3

Given edges:
r, extending from (zs, ys) t0 (x6, ys), T5 < T
s, extending from (x7, y7) to (xs, yg), 7 < xg

If 3g3, c3 such that both » and s are segments of
the infiite line

Y= g3Tr+oc3
and

(x5...z6)ﬁ(x7...x8)7’®

then r and s must share a segment, and the corre-
sponding polygons are adjacent.

We need not examine the y interval, as the z interval
is suffient, because the line equations are the same. If
the x intervals overlap, the y intervals must overlap.

Therefore, in order to check for adjacency, we will
make use of Observation 3. All that is required is two
lines with equal gradients, constants and overlapping x
intervals.

4.2 Convex Polygons

Convex polygons possess the following useful property:
when moving from the leftmost vertex to the rightmost
vertex in an anti-clockwise order, a list of edges is pro-
duced in order of increasing gradient. Similarly when
moving in an anti-clockwise order from the rightmost
vertex to the leftmost vertex, a list of edges with increas-
ing gradient is also produced.

Observation 4

In convex polygon i:

(Uivvév (RS ’Uvini i vfni)
If [ is the leftmost vertex of the polygon (lowest

in the case of ties), and r the rightmost (highest if
there are ties), then the following is true:

1. The edges from the vertex v} to v% (in anti-
clockwise direction) below the line through v}
to v?, are strictly increasing in gradient.

2. Similarly the edges from the vertex v’ to v}
(in anti-clockwise direction) above the line
through v; to v?, are strictly increasing in gra-
dient.

For example, in Figure 3, A is the lowest leftmost
point, and B is the highest rightmost point. Notice the
increasing gradients g;:

g1 <g2<g3<ga

and

g5 < ge < g7

Figure 3: Increasing Gradients g; in a Convex Polygon

5 Non-Convex Polygons

5.1 Explanation

The algorithm begins by extracting the edges from each
polygon and inserting them into an array. The array
contains the x interval, gradient, constant, and polygon
number of each edge.

This array is then sorted on gradient, using the con-
stant to break ties, and the left-most 2: end-point to break
further ties. This is of crucial importance, since ties ex-
ist where adjacencies occur.

At this point, the array can be viewed as a collection
of sub-arrays. In each sub-array all the edges have equal



gradients and constants, and are in increasing order of
left-most x co-ordinate. This implies that the edges lie
on the same line and their respective polygons are there-
fore candidates for adjacency, as explained in Observa-
tion 1.

For each sub-array, we set a variable ¢ to the fist
edge and loop through the remaining edges in the sub-
array. If an edge begins before ¢ ends, then ¢ and the
edge have overlapping z intervals and an adjacency has
been found (see Observation 2). The element in the ad-
jacency matrix which corresponds to polygon ¢ and the
current edge’s polygon is set to 1. If an edge in the ar-
ray ends after ¢, then we set ¢ to that edge and the loop
continues.

We are only required to check the current edge
against ¢. The reason for this is that we only need to
compare the edge in the sub-array with the greatest x
end value so far to the current edge for overlapping =
intervals.

We will show that no adjacencies can be missed us-
ing this technique in Section 7.1.

Algorithm 1 Calculating Polygon Adjacencies
Given: A set of n convex non-overlapping polygons:

((=1,91), (@3, 93), -, (@m | > Um )
((@3,92), (23,13, .-, (T, U5 ),
((1,91), (253, 92), - (@my s ¥m, )

1: 84,52 [1,n], Ali,5] A 0

2: pos A 0

3: fori A 1tondo

4: foryj A~ 1tom; do

5: pos A pos + 1 -

6: Edges[pos]. Polygon A i o

7: Edges[pos].Horizsrart~A min(@} ,9_c}©1)

8: Edges[pos].HorizE nd A m?,x(?c} ’frl!©1)_

9: Edges[pos|.Grad A~ grad(xj! ,-yj' ,.::3]! o1’ yj' @1)
10: Edges[pos].Const A const(:cl! ,yj' ,xJ! ©1,yj'©1)
11:  end for
12: end for
13: Sort(Edges) according to Grad, Const and Horizstart -
14: tA 1

15: for ¢ A 2to pos do
16:  if Edges[i].Grad = Edges[t].Grad and
Edges[i].Const = Edges[t].Const then

17: if Edgesli].Horizstart < Edges[t].Horizg ng then
18: A[Edgesli]. Polygon, Edges|[t]. Polygon] A 1
19: A[Edges|t]. Polygon, Edges|i]. Polygon] A 1
20: end if

21: if Edges[t].Horizg ng < Edges[i].Horizg ng then
22: tA i

23: end if

24:  dse

25 tA i

26:  endif

27: end for

5.2 Complexity

In line 1, we initialize the matrix elements to 0. Since
there are n polygons, this process will have time com-
plexity £( n?).

Variable assignments on lines 2 and 14 take con-
stant time which is £(1) .

In lines 3 — 12, properties are extracted for each
edge in every polygon and stored in the array Edges.
Since there are exactly z edges this process takes time
£( 2).

In line 13 the array Edges is sorted, which can be
accomplished in £( z log z) by a standard sorting algo-
rithm.

The adjacency test over lines 15 — 27 is executed
exactly z — 1 times and the execution time of these lines
is bounded above by some constant C. Thus, the total
timeis C x (z — 1) € £( 2).

From the above analysis, total work complexity is
E(n?+ 1+ z+ zlogz + 2) € £( zlogz + n?).

The complexity of the initialization can be reduced
by a method described by Brassard and Bratley [4] and
Bentley [3] by which we can avoid having to set each
element in the adjacency matrix to zero. This method
(referred to as virtual initialization) enables us to deter-
mine whether an element has been modified. We can
interpret a modification as a 1 and a lack thereof as a 0.
Thus, in line 1 we can initialize the adjacency matrix A
in £(1) time.

Thus, the total complexity of the algorithm is
£( zlogz).

6 Convex Polygons

6.1 Overview

In algorithm 1 the sort operation (line 13) is the domi-
nating factor in the complexity; the remainder of the al-
gorithm is £( z). The complexity of sorting =z arbitrary
keys by comparison is -( zlog z).

In order to improve the effiency of the sort, we
make use of properties of the vertices of a convex poly-
gon given in Observation 4. We can do this because we
assume that the points in the polygon are given in cyclic
order, as is commonly assumed in computational geom-
etry problems [7].

The algorithm is split into three phases. First, the
edges in each polygon are split into two parts according
to gradient, resulting in 2n arrays of edges. These arrays
are then merged into one array sorted on gradient, break-
ing ties on constant and then left-most = co-ordinate.
Finally, the adjacency tests are performed exactly as in
lines 15 — 27 of Algorithm 1.

6.2 Explanation

In the frst phase, the algorithm loops through each poly-
gon p;. If the vertices of p; are given in clockwise order,



they are first reversed so as to be in anti-clockwise order.
Two pivotal vertices in the polygon are then selected:
the left-most vertex [, breaking ties by selecting the one
with the lowest y co-ordinate, and the right-most vertex
r, breaking ties by selecting the one with the highest y
co-ordinate. Conceptually, a line segment from [ to »
splits the polygon into two sections, a top section and a
bottom section. From Observation 4, it is clear that the
edges “above” the line [— are already sorted by gradi-
ent, and similarly for those “below”. The array of edges
is thus split into two new arrays, each sorted by gradient.

In each array, the gradient associated with each edge
is unique. If it is not, then the polygon is either not
convex, or degenerate.

The second phase of the algorithm merges the 2n
arrays into one array with z edges. The merging ensures
that edges with equal gradients are sorted according to
constant value. Those with equal gradients and con-
stants are sorted according to left-most = co-ordinate.

In order to merge the sorted arrays effciently, we
loop until all the arrays are merged, merging pairs of
arrays into one larger array at each iteration, rather than
merging all » of them at once.

The third phase of the algorithm remains as given in
Algorithm 1, and therefore will not be repeated here.

The first two phases described above are presented
as Algorithm 2.

Lines 2-32 of Algorithm 2 implement the fist
phase of the algorithm, by looping through each poly-
gon and splitting the edges in it into two arrays, both
of which are already sorted. These are placed into the
Edges array, while List is used for book-keeping pur-
poses.

Lines 33—49 implement the second phase of the al-
gorithm, by merging the already sorted arrays of edges
into a single sorted array of length z.

In application, a special case arises where a polygon
could be considered adjacent to itself. The given algo-
rithm automatically detects this kind of adjacency and
sets the appropriate diagonal element of the adjacency
matrix to 1. If this kind of adjacency is not desirable,
the diagonal elements of the adjacency matrix can be
ignored and considered to be O.

6.3 Complexity

As in the non-convex case, the frst step is to initialise
the adjacency matrix A which is £(1) .

The algorithm is split into two phases. The fist cre-
ates array Edges with 2n segments each ordered on gra-
dient. The second phase merges these 2n arrays into a
final sorted array which we test for adjacencies.

In phase one, the algorithm considers each polygon
p;. We may need to reverse the array of edges for a
polygon to ensure anti-clockwise ordering which will
take £( m;) (lines 5 —38).

Assignments over lines 10 — 17 and lines 26 — 28
are bounded above by a constant and are thus £(1) .

Algorithm 2 The algorithm for convex polygons
Given: As in Algorithm 1.

1: 84,52 [1,n], Ali,j] A 0

2: listpos A 0

3: pos A 0

4: for i A 1tondo

5 if cloclﬁuise((:cil7 yil), (ac'z, yiz)7 (x'37y5)) then

6 Reverse list for polygon i: o o

T ((xlm, 7y;ni )7 ($Im| i ]_7y|l'ni i 1)= e (I|27yI2)7 (xllayh_))

8: endif

9:  fWe now know the polygon edges are listed in anti-clockwise
orderg

10:  Mostesy A Leftmost-point in polygon 4
f Lowest if ties existg
11: Mostyight A Rightmost-point in polygon i
f Highest if ties existg
12:  Shift A mi | Mostesy + 1
13:  NumLinespelow 6 (Mostrignt © Shift)j 1
14:  NumlLinesgpove A mij i NumlLinespeiow
15 listpos A listpos + 1
16:  List[listpos].Start A pos + 1
17:  List[listpos].End A pos + NumLinespelow

18: forj A~ Mostiett 10 Mostiest + NumLinespeow i 1dO
19: pos A pos + 1

20: Edges[pos].Polygon A i _ _

21: Edges[pos|.Horizstart A min(xj! ©0) xJ' o1)

22: Edges[pos).Horizg ng A max(m} ©0 :EJI o1)

23: Edges[pos|.Grad A gr(zd(z} ©0 yji ©0° xj' o1’ yji ©‘1)
24: Edges[pos].Const A const(Z] 00, Y 00 ¥ o1 Y 01)
25:  end for

26:  listpos A listpos +1
27:  List[listpos].Start A pos+1
28:  List[listpos|.End A pos + NumLinesapove

29:  forj A Most;ight t0 Mostyignt + NumLinesapove i 1

do
30: f Same as lines 18 —23g
31: endfor
32: end for

33: whilenot listpos = 1 do

34:  half A blistpos ¥ 2c

35: foriA 1tohalfdo

36: Merge(Edges[List[2 £ i].Start ... List[2 £ i|.End),
Edges|List[2E i+1].Start ... List[2£ i+ 1].End])

37: fMerge according to Gradient, Constant and
Horizstart-g -

38: TempList[i].Start A List[2 £ i].Start

39: TempList[i].End A List[2£ i+ 1].End

40:  end for

41:  if not listpos mod 2 = 0 then

42: TempListlhalf + 1].Start A List[listpos].Start

43: TempListlhalf + 1].End A List[listpos].End

44: listpos A half + 1

45:  else

46: listpos A half

47:  endif

48:  List A TempList

49: end while

50: f Now have a list of all the edges from all the polygons sorted and
we continue from line 14 of algorithm 1g




lines 18 — 25 executes
NumLinespelow — 1 times and the assignments
within the loop take constant time. Simi-
larly, the second loop over lines 29 — 31 is
executed NumLinesapove — 1  times. Since
(NumLinespeiow — 1) + (NumLinesapove — 1) < m;
the time complexity for updating Edges for a particular
polygon is£( m;).

Phase one, over lines 4 — 32, will execute once for
all n polygons and thus the total time complexity of the
loop will be £( 2).

In phase two, the algorithm merges the 2n sorted
array segments into a final sorted array of edges. Since
the number of segments is halved in each iteration, the
outer loop over lines 33 — 49 will execute logn times.

All assignments within the outer loop take constant
time.

The inner for loop over lines 35 — 40 merges pairs
of array segments. Asthere are z operationsto merge all
pairs, and the assignments take constant time, we know
that this process will have atime complexity of £( 2).

Since the inner loop is executed for every iteration
of the outer loop, we know the total time complexity of
phase two will be £( zlogn).

Figure 4 shows the process of merging the arrays.
Using a standard merge-sort approach, we would have
to break the array down into arrays of size 1, and rebuild
them into asorted array. Thisis£( zlog z) [1].

The for-loop over
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Figure 4: Merging Arrays

Since phase one results in 2n sorted arrays, we
need only merge them from this point. Since zlogz >
zlognma,i, = zlogn + zlogma,, itisclear that we
have a saving of at least z log m,,.,, merge operations.

7 Correctness

7.1 Non-Convex Polygons

The correctness of Algorithm 1 follows from the cor-
rectness of the observations in Section 4. After line 13,
we have a array of edges sorted on gradient. The algo-
rithm uses the observations to move through the array.
Lines 16 and 17 show the testing of the two properties
that must be present if thereis an adjacent line.

We show here that when the algorithm moves
through the sorted array of Edges (lines 15 — 27) it
never misses an adjacency. For two polygons to have
an adjacency along that edge, the edges must have the
same gradient and constant (see Observation 1). Line
16 checks this condition. Also, the comparison of two
edges occurs between edges referenced by t and loop
variablei. We show that it is possible to detect all adja-
cencies using this approach.

Consider the two sub-cases:

Case 1: Jumping Over Adjacencies We have three
polygons p4,pp and pc,with edges A, B and C
respectively, occurring in this order in the Edges array.

A ... B .. C
T 1
t i

Now note that thevalue of i isnever decreased. This
means that there is a possibility in the above scenario to
miss an adjacency, i.e. if pp had an adjacency to pc
then it would be missed.

We will show that this can never happen, asthe only
way that ¢ can still be referencing A and not B isif pg
is not adjacent to pc.

Assume that p¢ is adjacent to pp aong aline with
the same gradient and line constant, i.e. C and B are
adjacent edges.

Note that

B.Horizgng < A.Horizgng

Thisisthe condition checked on line 21.
Also, due to the ordering in the array:

A.Horizgiars < B.Horizgiar: < C.HOTizZgiart

pA
"B.Horiz B.Horiz
‘ Start End ‘
A .Horiz_ | | A.Horiz
Start - End
i B,
Figure 5: Case 1.

Refer to Figure 5. C.Horizgia+ Cannot be in
theinterval [B.Horizsiart - - - B.Horizg,q], Since that
will mean p¢ is an overlapping polygon, or degenerate.
Thismeans C.Horizgiart > B.Horizgn,g, but then
pe is not adjacent to pp (along this infinite line) as as-
sumed, so we have a contradiction.

Case 2: Skipping Adjacencies As for the first case,
with the three edges A, B and C, occurring in this order.



Notice that in Algorithm 1 the value of t is never
decremented. Thus we need to show that with the points
ordered as above, we can never miss an adjacency be-
tween p4 and pc because t has moved too far. Suppose
that with the Edges array as above, we have edge A ad-
jacent to edge C, again on the same infiite line.

'B.Horiz
‘ Start ‘
A.Horiz_ |
Start

B.Horiz
End

A Horiz I
End
P

B

Figure 6: Case 2.

From the ordering in the array we see again:
A Horizsigr: < B.Horizsigr: < C.Horizsgigrt.
Now, however, since t references B not A, we know
that B.Horizg,q > A.Horizg,q. Refer to Fig-
ure 6. Again, no valid polygon pc exists with
C.Horizster: < A.Horizg,q. Clearly, any polygon
that has an edge C as defined above cannot be adjacent
to the polygon p 4 along that infinite line.

The two cases above show that increasing the value
of t in line 22 of the algorithm is correct, since we can
never miss an adjacency.

7.2 Convex Polygons

Algorithm 2 is an improved version of the sorting pro-
cess performed on the first 13 lines of Algorithm 1. By
the end of Algorithm 2 line 50, we have an array of
edges from all polygons, sorted on gradient with ties
broken on constant and leftmost = co-ordinate.

Proving the correctness of Algorithm 2 amounts to
proving that lines 4 — 32 produces arrays of edges in
order of increasing gradient, for each polygon. More
specifically we show the case of lines 18 —25, where the
algorithm moves from the leftmost vertex to the right-
most vertex (in anti-clockwise order).

Assume that there are two edges of polygon ¢, say e§
and et such that k = j &1 (4, k are below the line from
leftmost to rightmost vertex). Let the angle between e§-
and positive x-axis (w.r.t to the rightmost vertex) be a.
Similarly, let 3 be this angle for e} . Note also that:

a,ﬁe[g...%)

Furthermore a convex polygon cannot have a reflex an-
gle [7, p. 71]. This implies that:

a<f

Since tanz is strictly increasing on the interval
[Z...3T), we obtain:

tana < tan g

But these values are just the gradients of the respective
edges, and so we have proven that for any two succes-
sive edges the gradients are strictly increasing.

The argument for lines 29 — 31 is similar.

Finally, the merging operation in lines 33 — 49 is
equivalent to that of Merge Sort, which has been proven
correct elsewhere [1].

8 Optimality

This section briefly discusses the optimality of each of
the algorithms.

Sanders et al. [8] have shown that the lower bound
on calculating adjacencies of n rectangles is £( nlogn).
Rectangles are a special case of convex polygons, where
Vi, m; = 4thus m,,.. = 4. Our algorithm takes time
£(4 nlog(n)) € £( nlogn). Hence it is optimal for the
case of rectangles.

It is reasonable to expect that the order of complex-
ity of the algorithm for convex polygons, increases by at
least a linear factor of the number of edges in each poly-
gon. We would therefore expect an optimal algorithm to
be £( m.unqenlogn). Since z lies between m,,,;,n and
MmazT, WE propose that Algorithm 2 is near optimal.

Consider the case of non-convex polygons. Algo-
rithm 1 is dominated by the sorting of the edges. For ar-
bitrary polygons, any algorithm must take -( z log z) for
the sorting phase (this can be shown with an adversary
argument). This means that our algorithm is as good as
all algorithms that sort edges.

We conjecture that any general solution to this prob-
lem is going to be bounded above by a sort, since
we expect that an algorithm that performs comparisons
directly, without a sort, will not be any better than
£( Mynazn?) in the worst case.

9 Conclusion

This paper presented the problem of finding adjacencies
in a set of non-overlapping polygons. A description of
the problem was given, followed by formal defnitions
and terms. Some observations were then made, that pro-
vide the necessary insight to develop an efftient algo-
rithm.

The algorithm was proved to be correct and shown
to have complexity of £( zlog z). A more effrient al-
gorithm of complexity £( zlogn), was derived for the
case of convex polygons and its correctness was proved.

No proof was given for the optimality of the algo-
rithms, but it was shown that both algorithms are opti-
mal in the case of rectangles.
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