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(An Implementation of an Edge-based Algorithm for
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Abstract In this paper, we consider the method of partitioning a sphere into faces with a set of
spherical convex polygons I'={P,..,P,} for determining the maximum or minimum intersection. This
problem is commonly related with five geometric problems that find the densest hemisphere
containing the maximum subset of ', a great circle separating I, a great circle bisecting I', and
a great circle intersecting the minimum or maximum subset of I'.

In order to efficiently compute the minimum or maximum intersection of spherical polygons, we
take the approach of edge—-based partition, in which the ownerships of edges rather than faces are
manipulated as the sphere is incrementally partitioned by each of the polygons. Finally, by gathering
the unordered split edges with the maximum number of ownerships, we approximately obtain the
centroids of the solution faces without constructing their boundaries.

Our algorithm for finding the maximum intersection is analyzed to have an efficient time
complexity Q(m), where n and v, respectively, are the numbers of polygons and all vertices.
Furthermore, it is practical from the view of implementation, since it computes numerical values
robustly and deals with all the degenerate cases. Using the similar approach, the boundary of a
general intersection can be constructed in O(nv+Llogl) time, where L is the output-senstive number
of solution edges.
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tPoint[3];

typedef struct tGaussianMap {
int nopoint;
tPoint *y, center;

} tGaussianMap;

typedef double

typedef enum {
NULL, VERTEX, EDGE, POLYGON
} tVisibilityMapType;

typedef struct tNode {
tPoint '
unsigned long plus, minus;
BOOL inserted, tag;
tNode *next;

} tNode;

typedef struct tVisibilityMap {
tVisibilityMapType  vmtype;
int nonode;
tNode *head;

} tVisibilityMap;
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class 52 {

private:
int NoGM;
tGaussianMap *GMI1;
tVisibilityMap *VM[;

int GrahamScan(tGaussianMap *gm);

void  ConstructPolygonVM(nt i, it j)

void IntersectTwoVMint i, int j)

tNode *AdvanceRdge(tNode *x1, tNode *x, int *xn);

void  InsertBetween(tNode *x1, tNode #x, tPoint v);

void  UpdateQwnership(int i, int 1)

vold  SetOwnership(tVisibilityMap #vm, int owner);
public:

void  GetGanssianMap(void);

void  ConstructVisibilityMap(void);

void  SplitEdges(void);

int GetCentroids(tGreatCircleType  getype,  tPoint
*v);
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void rmain(int arge, char *argv(])
{
52 S
S.GetGaussianMap();
S.ConstructVisihilityMap();
&.SphtEdges():

tPoint #centroid;

New(centroid, tPaint, MAX_NO_CENTROID);

int nocentroid = S.GetCentroids
(MIN_INTERSECTION, centraid);

for (mt i = 0 i < nocentroid; i++) {
cout << “Solution " << i << ("
<< centroid(i] (0] << centraid(i] (1]
<< centroid[i] [2] << "N\
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void  S2:ConstructVisihilityMap(void)
{
for (inti=0; i < NoGM; i++) {
if (sHemispherical(GM1) {
VM[i]~>vmtype = NULL;
continue;
}
SrnallestSphere(GM(il )
if (InnerProduct(GMIi] —>center, GMI[i]->center)
< EPSILON) {
// treat degeneracy
} else {
int noextreme = GrahamScan(GMU1);
if (noextreme < 3) {
// treat degeneracy
} else {
ConstruetPolygonVM(, noextrere);
}

)
}
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3¢  Construct

void  S2:ConstructPolygonVM(int i, int noextreme)
{
int di =1+ NoGM;
tNode *tnode[2];
New(VMI[l, tVisibilityMap, 1%
New(VM([dil, tVisibilityMap, 1);
VM([1] ->head = VM[di])->head = NULL;
VM —»vmtype = VM[di] ->vmtype = POLYGON;
VMI[i]->nonode = VM[di] ->nonode = noextreme;

for (int k = O k < noextreme; k++) {
New(tnode[0], tNode, 1);
New(tnode[1], tNode, 1)
tnode[0] ->tag = tnode[1]->tag = FALSE;
tnode[0] - >inserted = tnode[1] ->inserted = FALSE;
tnode[0]->plus = tnode[1]=->minus = 1 << §;
tnode[0] —>minus = tnode(1]->plus = 0;
CrossProduct(GM[1] ->v[k], GMIil->v[(k+1)%noex
treme], tnode[0]->v);
AddNode(VMI[i] - >head, tnode[0]);
CrossProduct(GM[i] ->v [ (k+1)%noextreme],
->v[kl, tnode[1]->v)
AddNode(VM[di] ->head, tnode[1]);
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void 52:SplitEdges(void)
{
for (inti=0;1 < NoGM#2 - 1; i++) {
for (int j = i+1; 1 < NoGM#*Z; j++) {
it (((1%NoGM) 1= (2%NoGM))) {
Intersect TwoVMG, 1)
UpdateOwnership(i, 1);

}
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(3) advance 3, otherwise
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void ~ S2:Intersect TwoVMiint i, int j)
{
Node #al, #bl, #a, #b;
int  alHB, aHB, bIHA, bHA:
mt an=0bn=0
BOOL firstpoint = TRUE,
ahrn = FALSE;

if (VMI]->vmtype == VERTEX || VM[i]—>»vmtype == EDGE
[ ' VM[j]->vmtype == VERTEX || VM([il->vmivpe == EDGE) {
// treat degeneracy
]
al = VM(i]->head; a = al-»next; while (a->serted) a = a->next;
= VM[j]->head; b = bl->next; while (b->inserted) b = b->next;
while (@HB = CCW(h1->v, b->v, a->v)) <0
&& (bHA = CCW(al->v, a->v, b->v)) < 0) {
a = AdvanceBdge(&rl, a, &an);

do {
alHB = CCW(b1->v, b->v, al->v);
hIHA = CCW(al-»v, a->v, bl-»v);
aHB = CCW(bl->v, b-»v, a->v);
bHA = CCW(al->v, a->v, b->v),

tPoint  apole;
CrossProdiict{al->»v, a->»v, apole);
BOOL parallel = (ImerProduct(apole, b1->v)
== JnnerProduct(apole, b->v))
if ((aHB + alHB * bHA * bIHA == 0) || paratlel) {
// treat degeneracy
}
if ((aHB * alHB < () &&
tPoint
IntersectTwoEdge(al, a, bl, b, ph
InsertBetween(al, a, ph
InsertBetween(bl, b, p);
if (firstpoint ) {
an=bn =0
firstpoint = FALSE;

(bHA = BIHA < 0) && (aHB 1= bHA)) {

}
}
if ((aHB * alHB < () && (hHA * bIHA < 0) && (aHB == bHA))
if (aturn) {
a = AdvanceEdge(&al, a, &an); atum = FALSE;
}else (
b = AdvanceFdge(&bi, b, &bn)i aturn = TRUE,
]
} else if (aFB#alHB < 0 && aHB == bHA) {
b = AdvanceFdge(&bl, b, &bn); aturn = TRUE:
} else if (bHA*bIHA < 0 && aHB == bHA) {
a = AdvanceFdge(&z1, &, &am); atum = FALSE
}else if (aHB < 0) {
a = AdvanceFdge(&al, a, &an); atun = FALSE,
} else {
b = AdvanceEdge(&bl, b, &bn); aturn = TRUE
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}
} while (((an < VM[i]->nonode) |1 (bn < VMIj]->noriode))
&& (an < 2¢VMIi] ->nonode) && (bn < 2¥VMIj]->nonode));

c@ULEE Ao FHEee] ozt WAy
wsE Bgsm Ao wuA ged 98 43 @
AdvanceEdget %% W insertedE ZAVSe 744
o WUA o BAYES TURD. Y 52E v
A2 ASE FANNT

*1.? f"lo

%

[Node — #52:AdvanceEdge(tNode *#x1, tNode #x, int #xn)
{
#x1 = % X = x->next; while (x->mserted) X = x->next;
(exm)+
refum{x);
}

e G4 InsertBetweenf d4E wAES 9%
NEL =T APt o] @ite Hdo] BIHS o
gl weld AeEe A2 =EE BEEr) A

del A%dn 4ag Asdenh

void S2:InsertBetween(tNode #x1, tNode #x, tPoint v)
{

tNode *tnode;

while (IsBetween(x1->v, x]->next->v, v) && x1->next = x) {

xl = x1->next;

}

New(tniode. tNodg, 1)

#mode = =x1;

mode->v = v}

tnode->tag = tnode- >inserted = TRUE;

x1->next = mode;

F 7MY VMl e VMGlel M2 zieEE 85
o &= 7HHEY wtE 4skeE @4 Update
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# ¥ ] HAE AES F dFdez vM[le &
T WA A/ ¥ 1 HAE AEDT

void S2:UpdateOwnership(int i, int j)
{
SetOwnership(VMUi], i)
SetCvwmership(VM[i], i)
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void S52::8etOwnership(tVisibilityMap *vm, int owner)
{

BOOL  invmy

tNode  #tnode:

// investigate the starlng point
while (vm->head->tag) {
vm->head = vm->head->next;
}
invm = IslnsideVM(vm—>head->v, VM[owner]);
// traverse vm
mode = vm->head;
do {
if (tnode->tag) {
tnode->»tag = FALSE;
invin = linvm;
}
if (invm) {
if (owner < NoGM) {
tnode—>plus |= 1 << owner’
} else {
tnode->minus = 1 << (owner — NoGM):
)
}
tnode = tnode->next;
} while (tnode != vm->head);
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it $2:GetCentroids(tGreatCircleType getype, tPoint #v)

—

int max, tmp, nocentroid = 0
tNode *tnode;

il (getype == MAX_INTERSECTION) {
// find the minimmum intersection of visibility maps
return(nocentroid);
t
// determine the maximum mumber
// by traversing VMIi]->head for all i=1. (NoGM#2-1)
max = 0
for (int i = 0 1 < NoGM#2; i++) {
tnode = VM[i]->head;
do {
tmp = NoOfBits(tnode->plus);
if (getype '= DENSEST_COVER) {
tmp += NoQfBits(tnode—>minus)
}
max = (trp > max) ? tmp © max;
tnode = tnode->next;
} while (tnode = VMIi] ->head);
}
if ((gctype == SEPARATOR || gelype == BISECTOR) && (max
1= NoGM)) {
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refurn(nocentroid);
}
// gather edges with the maximum number into & Hst pool
// by traversing VM(i]->head for all i=1..(NoGM#2-1)
.omitted...
// get the ceniroids of solutions by grouping the edges into a
bucket
tGaussianMap  #bucket;
New(bucket, iGaussianMap, 1)
New(bucket->v, tPoint, pool->nonode);
while (pool~>head) {

unsigoed long tp =0 tm =0
bucket->nopoint = 0
tnode = pool~>head;
do {
tNode*snode = tnode->next:
if (tp && Mtm)

I (tp == tnode- >plus) && (m == tnode—>minus))

tp = tmode->plus; tm = mode—>mrinus;
bucket=>v[bucket->nopoint—] = tnode->v;
// delete ihe processed node
if (snode == smode->mext) snode = NULL;
if (tnode == pool->head) pool->head = snode;
Delete(tnode):

}

tnode = snode;

} while (tnode 1= pool->head);

if ({gctype == BISECTOR) &&
(ahs(NaOfBits(tp)~NoOmBits(tm)) > 1)) {
continue;

}
SmallestSphere(bucket);
v[nocentroid++] = bucket->ceniter;

}

return(nocentroid);

}
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