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Technical Section

AN EFFICIENT ALGORITHM FOR LINE CLIPPING
BY CONVEX POLYGON

VACLAV SKALA
Depariment of informatics and Computer Science, University of West Boliemia, Americka 42,
Box 314, 306 14 Plzen, Czech Republic

Abstract—A new line clipping algorithm against convex window based on a new approach for intersection
H detection is presented. Theorcetical comparisons with Cyrus-Beck's algorithm are shown together with ex-
perimental results obtained by simulations. The main advantage of the presented algorithm is the substantial

aceeleration of the line clipping problem solution and that edges can be oriented clockwise ar anti-clockwise.

1. INTRODUCTION

‘Many aigorithms for clipping lines against rectangular,

convex or non-convex windows have been published
with many modifications derived from well-known
Cohen-Sutherland, Liang-Barsky and Cyrus-Beck’s al-
gorithms[1-37]. Nevertheless, new developments or
speed-up can be seen within every new paper.

The proposed algorithm is based on a simple rule:
Muke testy first and then compute.

A new criterion for testing whether the line intersects
the given polygon or not is given, oo,

The Cohen-Sutherland’s algorithm (C-S) for clip-
ping lines against a reclangular window is very well-
known, not only because of its frequent usape, but for
a very clever iest whether the end-points are inside of
the given rectangular area. The situation is a little bit
more complicated when edges of the window are not
collinear with axes.

L.1. Algorithn 1

procedure Clip 2D Cyrus Beck { x, , Xy );

begin { ! ! all vectors n; precomputed ! ! algorithm shortened }

L= 15 tmin 1= —007  lnge 1= 003 8 1= Np ~ Xpj
{ for line segment  tn, = G.0;  toy = 1.0}
while i <= N de { N is a number of edges }

begin  { m; is 2 normal vector, eg. n; = [ 5,,~5,]7 }
{ and n; must point out of the convex window }
Er=sTmy sii= % —xa;

if £ <> 0.0 then
begint:=s7m/ £
if £ > 0.0 then t,,,, ;= min {t, tm }
else tyip 1= max (1, tgin )
end
else Special case solution;
=i+ 1
end;
if i > Lo then EXITS { U (i tnee ) = &
{ recompute end-points il changed }
it < 1.0 then x5 1= X4 + S tus;
if 1y > 0.0 then x4 ;= X4 + 8 15,
SHOW LINE( xa, xp):
end;

The known algorithms for clipping lines against
general convex window da not make tests similar to
C-S algorithm, The main reason seems to be the com-

putational cost of such a test for convex window. If
clipping algorithm is to be effeclive it is necessary 1o
distinguish cases where lines pass through a given win-
dow from those where lines do not intersect the win-
dow. Cyrus-Beck's (C-B) algorithm solves this problem
by direct computation of points of inlersections, see
Algorithm 1.

2. PROPOSED ALGORITHM
I1 is obvious that the line p intersects the edge x,x,
of the given polygon i/ and onfy if the vector s lies
between two veetors s and s, see Fig. |,
Let us define £ and 7 as the z-coordinate of the cross
products as follows
|

£=[sx5]. n=[sw;]. i=0,..

where N is a number of edges.

It is possible to show that the line p given by the
end-point x, and by the vector s intersects the edge
X, X4 {f and only if the expressions
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(> 0)xor(n < 0), resp. £+ <0

have value true, see Table | and Fig. 2. The above
mentioned expressions are independent on polygon
orfentation. Tt means that edpges can be clockwise or
anti-clockwise oriented.

Now, it is possible to specify a new algorithm that
is based on the presumption that a line can intersect
a convex polygon only in two points, see Algorithm 2,
if special cases are not considered, see Fig. 2. Special
cases should be handled carefully, see[38]. Fig. I. Line segment clipping by convex polygon.

In comparison with Algorithm | the proposed al-
gorithm only detects whether the given line intersects
the given polygon and then computes intersection
points, while C-B algorithm does conmpute alf possible
intersection points with all edges.

11

{8,3,6,4,0)+(53,7,4 1)xN

and time of computation, according to Table 2 (PC

2.1, Algorithm 2 486 used), can be estimated as

procedure Clip 2D { X4 , X5 );
begin { ! all veciors § are precomputed M }
ki=0;i:=N=-1;5:=0; :
s:=xp—Xa; £:=[s5x5]
while (j < N) and (k < 2)do
begin n := [ s x 551,
if (£ *+ n) < 0.0 then | intersection exists }
begin
indexy := i; { save edge index having intersection }
ki=k+1;, Ei=n
end
else if { £ # 5 )= 0.0 then Special cases { £=0 or =0 }
' { casesi— m }
else Intersection does not exist;
{ casese —h '}
i=j ji=j+1
end;
if k = 0 then { intersection does not exist } EXIT;
{ k = 2 intersections exist — edges saved in index; }
L 1= — 005 tmaxi= ©03 { for line segments ty;, 2= 0; tae = 13}
i:=index;; tj:=det[x—xa | —&1/det]s | —51;
{ for effective implementation use identity x; — X, = 5 }
i:= indexs tz:=det[ x; — x4 | =5 ]/ det[s | —§]1;
{ recompute end-points if changed }
if ty < t; then { swap t; <—> 13 values ? }
begin if ty < ty., then Xp 1= XA + 8 123
if t) > tin then x5 (=X, + 514
end { 12 < tmaxs 11 < tmio c20 be Ieft out for lines }
else begin if t) > tn, then xy 1= x4 + 515
if th < tia then X, ;= x4 + 512
end;
SHOW LINE( x4 , xa );
end

3. THEORETICAL ANALYSIS Ten =390 + 621N
Before making any comparisons it is necessary to
point out that time needed for each operation (:=, <,

+, %, /) does differ from computer to compuler, see  while for proposed algorithm the complexity is given

Table 2. as
Let us denote N number of edges of the given convex
polygon. Then it is possible to express the complexity
of the C-B algorithm as (the worst case) (15,3, 11,14, 2)+(3, 1,3, 3,0)«N
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M

Fig. 2. Possible cases for line segment clipping.

and time of computation 7 can be estimated
T=1329 + 257+N

It means that the new algorithm should be better than
C-B algorithm for N = 2.1. Let us consider a coefficient
» as a speed up coefficient, which is defined as

_Tce

r

v

then some theoretical resulis of speed up are given in
Table 3.

From the theoretical point of view the proposed al-
gorithm should be for N = 4, approximately 30% faster
than C-§ algorithm. It can be seen that the efficiency
increases dramatically with N, especially for 4 = N
= 20. For N > 20 the algorithm needs only fialf of the
time needed by C-B algorithm. For N > 30 the factor
v is nearly consiant. Table 3 shows expected results for
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Table 1. Possible cases.

Does the line

£ v intersect edge?
>0 =0 no—cases g, /t
=0 - yes—special case /
>{) < yes—Cases o, ¢
= >0 yes—special case j
= = no—special case i
= <0 ves—special case &
<0 >0 yes—cases b, o
<0 = yes—special case {
<0 <0 no—cases ¢, f

Table 2. Times for basic arithmetic operations.

PC 386DX/387 25 MHz

== < + * /
Int 14 42 10 40 38
Float 204 260 &0 82 134

PC 486 33 MHz 64KB cache—selected
for evaluation

= < + * /
Int 5 9 3 26 44
Floal 33 50 16 20 114

Time is in 1/§0 see, [or 5 000 000 operations.

Table 3. Theoretical results.

Expeeted results for PC 3B6DX/3R7

Interscctions do not

Intersections exisl exist
N 4 i0 =3 o 4 11} =
1 1.26 1.60 2.09 1.73 1.87 1.97

Expected results for PC 486

Infersections do not

Intersections exist exist
N 4 10 — 4 10 s
r .30 1.74 242 2.01 216 2.29

Table 4. Experimental results,

Experimental results for PC 386D2X/387

5 8 i 13 20 30 70 190
v 141 34 173 181 190 208 227 241

Experimental results for PC 486 33 MHz

N 3 8 10 13 30 30 70 190
v 137 139 171 L8R 225 332 258 183

VACLAV SKALA

PC 386/387 DX, too. I1 can be seen that the efficiency
of the proposed method should be higher for faster
machines. It is necessary to point outi that many sim-
plilications have been made for theoretical analysis be-
cause time of operations for integers and time needed
for instructions was not considered.

4, EXPERIMENTAL RESULTS

The C-B and proposed algorithms have been tested
on data scts of end-points that have been randomly
and uniformly generated over a space inside of a circle
in order 1o eliminate an influence of rotation. Convex
polygons were generated as regular N-sided convex
polygons inscribed into a smaller circle. The results in
Tahble 4 have been obtained il 80% of the lines intersect
the window.

The coellicients » are in a good correlation with
theoretical results because the pessimistic estimations
have been taken for the theoretical analysis, It is nec-
essary 1o point out that different tests might be used
instead of shown cross product, e.g., test lor detection
on which side of the given line p the point x; lies.

5. CONCLUSION

The new cHicient algorithm for clipping lines against
convex window has been developed. Edges of the given
polygon can be arbitrarily oriented. The theoretical
analysis showed the advances over well-known Cyrus-
Beck’s algorithm. Experimental results support the
theoretical analysis in spite of the fact that many factors
have been omitted, like computational cost with in-
legers, elc.

All tests were implemented in C++ on o PC 386/
387 25 MHz and PC 486 33 MHz. It can be expected
that for workstations the efficiency » will be higher than
for PC 486.

There is a hope that the proposed algorithm can be
maodified for clipping lines against non-convex win-
dows, similarly to[31].

Acknowledeements—The author would like 10 express his
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tests implementation ol the proposed algorithm.
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O(lg N) LINE CLIPPING ALGORITHM IN E?

VACLAV SKALA
Department of Informatics and Computer Science, University of West Bohemiu, Americkd 42, Box 314,
306 14 Plzed, Czech Republic, e-mail: skalag@kiv.zou.cz

Abstrnet—A new (/g M) line clipping algorithm in £2 against a convex window is presented. The main
advantage of the presented algorithm is the principal acceleration of the line clipping problem solution. A
comparison of the proposed algorithm with others shows a significant improvement in run-time. Experimental

results for selecled known algorithms are also shown.

1. INTRODUCTION

Many algorithms for clipping lines against convex or
nonconvex windows in £* with many modifications
derived from well-known Cohen-Sutherland's, Liang-
Barsky’s[1, 2] and Cyrus-Beck’s[3] algorithms have
been published. All of them have the same complexity
O(N), with an exception of Rappaport's algo-
rithm[4], which has O(/g N) complexity. Their speed
is determined by more or less clever implementation
of tests and intersection computation. The convexity
feature of the clipping polygon and the possibility of
binary search usage over polygon vertices, because of
known vertices order, have been used for principal
speed up of the ECH line clipping algorithm[ 5] that
resulted into new line clipping algorithm with com-
plexity O(/g N). It has been expected that an algo-
rithm for line clipping against convex polygon with
complexity O(lg N) exists, see [6]. An algorithm for
a line segment clipping with OUg N} complexity was
published in [4].

The known algorithms for clipping lines against a
general convex window do not make tesis similar to
Cohen-Sutherland’s clipping algorithm. The main rea-

son seems to be the computational cost of such tests
for convex windows. If a clipping algorithm is to be
cffective, it is necessary to distinguish cases where lines
pass through a given window from those where lines
do not intersect the window. Cyrus-Beck’s (CA) al-
gorithm solves this problem by direct computation of
points of intersections, the ECB algorithm uses the
separation theorem for Cyrus-Beck’s algorithm to
achieve a speed up of approximately 1.2~2.5 times.
Cyrus-Beck's (CB), Efficient Cyrus-Beck’s (ECB) and
Rappaport’s algorithms have been compared with the
new proposed O(lg N) algorithm.

The ECAB alporithm does not use the known order
of vertices of the given clipping polygon for a principal
speed up of the algorithm, though it has the complexity
O(N).

The Rappaport’s algorithm[4] is the only one al-
gorithm with O{/g N) complexity that could be nsed
for line segments clipping against convex polygon. The
algorithm (see Algorithm 1) is based on known fact
that an answer whether a point is inside of the convex
polygon can be given in (/g N) steps, where N is a
number of vertices of the given polygon[7].

1.1. Algorithm 1
pracedure RAPPAPORT (x4, xg);
{Xa, xp are end-points of the clipped line segment }

begin

if CLASSIFY (x4,) = IN then

begin

(s, 51) := SECTOR (x4, x3);
if xp is to the left of s-51 edge of the polygon

{s1 is the next vertex to vertex s}

then OUTPUT (xp) {the line segment is totally inside }

else

begin
compute the intersection point of the line segment with
the edge s-s1 (x);
OUTPUT (x);

end
end
else
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begin

(left_sup, right_sup) := SUPPORT..VERTICES (x4);

if xg is left of left_sup or right of right_sup
then DO_NOTHING
else

begin { find an intersected edge from the front chain }
(s, s1):= FRONT_SECTOR (left—sup, right_sup);

if xy is to the right of s-s1
then DO_NOTHING
else

begin

compute the intersection point of the line segment

with the edge s-s1 (x);
QUTPUT (x}:

(s, 51) := BACK_SECTOR (right_sup, lefi_sup);

if xy is to the lefi of s-sl
then QOUTPUT (xg)
else

begin { find an intersected edge from the back chain }
compute ihe intersection point of the line segment

with the edge s-51 (x);.
OUTPUT (x);
end
end
end
end
end { RAPPAPORT };

There are used the following functions in
Algorithm 1;

o CLASSIFY (x) gives an answer if the point x is inside
of the given convex polygon in O{fg N) steps and
has complexity {(:=, <, £, *, /) counting FPP op-
erations only }

(0,2,4,4,0)+gN=(0,1,2,2,0),

e SECTOR (x4, xp) finds an edge with vertices (s, £1)
that is intersected by the given line segment x,xy in
O(/g N) steps and has complexity

lEN=(7,2,9,50),

¢ SUPPORT_VERTICES {x,) finds the (left_sup,
right_sup) indexes of endpoints of the back and front
chains that are formed by edges of the given polygon
in O(lg N) steps and has complexity

(0,2,10,4,0) + lg N+ (0, 2,10, 4, 0),

« FRONT_SECTOR (left_sup, right_sup) finds from
Jront chain of edges with vertices (s, 51} that is in-
tersected hy the given line segment x,xy in O{lg N)
sleps and has complexity

leN=(0,1,2,20),

» BACK. SECTOR (left_sup, right_sup) finds from
back chain of edges with verlices (s, 51} that is in-
tersected by the given line segment x,xp in O(/g N)
steps,

lg N+ (0,1, 2, 2,0},

It can be seen that all steps are of O(/g N} complexity
and therefore the whole algorithm is of O(/g V) com-
plexity, too. Unfortunately, some steps are quite com-
plex and the overall complexity for the worst case can
be estimated as

(4,2,12,22,2)+ lg N+ (0, 4, 14, 8, 0)

Detailed description of the Rappaport’s algorithm can
be found in [4].

2, PROFOSED ALGORITHM
Let us suppose that we have a given convex clipping
polygon anti-clockwise oriented and a line p is deter-
mined by two end-points

I I T
xg =[x, pa]7, xy=[xg yul
The convex window is represented by # + 1 points
— . T P =
x;i =[x, »m]", i=0,...,n
where points xp and x, are identical {column notation
is used ), x; and )4 are coordinates of the vertex x;.
The notation X, is used for a polyline from x; Lo
Xy, l.e., it is a chain of line segments from x; to x;.

Let us define the separation function F{x) in the
form '

Flx)=Ax+Bv+ C
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where F(x) = 0 is an equation for the given line p and
assume that the line has the orientation shown in Fig.
1, x is defined as x = [x, ¥]7.

It can be seen {Fig. 2) that the oriented distance o of
the point x from the line p can be determined as

_dAx+ By C

It means that the value of the funetion F(x) is actually
proportional to the distance o for the given line p.
First of all, let us assume that (see Fig. 1)

d

i=0, j=n, k={(+)/2 ie, k=|n/2]
and

p=3, X = Xp xj =X, XpT X
Let us concentrate on a special case shown in Fig. 1.
If the points x; and x; are on the opposite sides of the
line p, i.e,

Flx) = Flx) <0

then there must be just one intersection point on the

chains X7x; and x,.x; for each chain, because the given

polygon is convex. Because F(x;) * F(x) < 0 for the

chain x;x; there must exist an index | so that
F(.t,)*F(xH.|)<0 i=f<k

i.e., an edge x;x;,, must be intersected.

Similarly for the chain x;x;. It is obvious that in this
case the intersection point can be found in O{(/g M)
steps using binary search over vertices, where Af is a
number of line segments in the given chain.

Unfortunately, other possible situalions are more
complex to solve, see Fig, 3. Il is possible to distinguish
four fundamental cases supposing the previously shown
orientation of the separation function F{x). In case
(a) the chain x,x; can be removed, while in case {h)
the chain X;x; can be removed. In the first, resp. second,
case index J, resp. index J, must be changed to k. In
both cases a new value of & must be computed as

o= (i + )div 2

Fig. 2.

Both mentioned cases can be distinguished by a cri-
terion

Flxin) < Flx)

because if F{x;;;) < F(x;) then the chain x;x; can
intersect the line p, see Fig, 3. This condition actually
expresses that we are getting closer to the line p, i.e,
the oriented distance « is smaller.

In both cases we assumed that the line p has the
shown orientation, i.e., F(x;}> 0 and

Flxi) = Flx)

Possible situations as a variation of cases {a) and (b)
in Fig. 3, when this condition is not true, are shown
as cases (c) and (d).

A little bit more complex situation is shown by cases
(c)and (d) where F(x;)> F(x;). In case (c) the chain
X,x; can be removed, while in case {d) the chain x;x;
can be removed. In the first, resp. second, case index
J, resp. index i, must be changed to k. In both cases a
new value of & must be again detlermined as

b= {i+div2

Both last mentioned cases can be distinguished by using
criterion

Flxin) > Flx)

Actually we must distinguish whether we are getting
closer to the given line p or not. If the line p has an
opposite orientation then similar situations must be
solved, see Algorithm 2.

This procedure is repeated until

F‘(.t,:) * F(x,,.) < (.

If this condition becomes true we will obtain two
chains X;x; and x;x; that intersect the line pand binary
search over vertices can be used again as we pet a similar
situation shown in Fig. 1.

Now it can be seen that all parts of the proposed
algorithm are of complexity Q(/r M), where AL is a
number of edges in the given chain because we used
for all steps the binary search over vertices of the clip-
ping convex polygon. The whole proposed O(lg N)
algorithm is described by Algorithm 2. It is necessary
to point out that for effective implementation values
F(x;) should be stored in separate variables as they
arc uscd several times,
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{d)

Fig. 3. Dashed lines mean points x, where F(x) = F(x;).

2.1, Algorithm 2
procedure CLIP_2D_Ig (X4, Xa);
{ Note: initialization of the clipping window x, = xp }

funciion macre F (x): real;
{should be implemented as an in-line function }
begin
Fi=A*sx+Bxy+C
end {F},

function SOLVE (i, j): real;
{ finds two nearest vertices on the opposite sides }
{of the given line p}
begin while (j —i) = 2 do {j >= i always}
begin k := (i + j) div 2; {shift 1o the right }
IT{F(x;}) » F{x;)) <0thenj:=k
elsei:=k;
end {while};
SOLVE := INTERSECTION (p, x;, X;);
{ gives the value t of an intersection point }
{ of the line p with the given line segment x;x; }
end {SOLVE};

begin {determine the A, B, C values for the function F(x}}
A=yi—yn Bi=x—%; Ci=xXi#ya~ Xakyp
i:=0;j:=n; ({forlines tyj,:= —00; lma = 00}}

{ for line segments tog 1= 05 tnas 1= §3}
while (j — 1) = 2 do
begin
k := (i - j) div 2; {shifi to the right }
il (F(x;) » F(x)) < 0 then

begin {see fig. 1}
t, := SOLVE (i, k); { find an intersection on X;x; chain }
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1y := SOLVE (k, j); {find an intersection on X.%; chain }
{ for the line segment clipping include the next 5 lines }
{if {, > t; then begin t := 1;; t; := t2; t3 := t, end;}

{compute (t,, t2) as {t;, 12) N {0, 1)}
{ll ‘= max (1mins 1 ); ta:= min “mn.n tE);}
[if {1, t2) # & then draw line segment }
{if t, =< t, then}
SHOW_LINE (x(t;), x(12)};
EXIT {exit procedure CLIP_2D_lg};
end {if};
{ for the polygon orientation shown in fig. 3}
if F(x;) > 0 then

begin { for the orientation of line p shown in fig. 3}

if F(x;) < F(x) then {casesa and b}

begin { DELETE CHAIN (i, j) removes the chain ¥x; }

if F(x;.)) < F(x;) then

begin j := k; { DELETE CHAIN (k, j); case a} end

else
begin i := k; { DELETE CHAIN (i. k);case b} end
end
else {cases cand d )
begin

if F(xp.41) > F{x;) then

begin j := k; { DELETE CHAIN (k, j); case ¢} end

else

begin i := k; { DELETE CHAIN (i, k}; case d } end

end
end
else
begin { {or an opposite orientation of the line p}
if F(x;) > F(x) then
begin
if F(x;i. )} > F(x;) then

begin j ;= k; { DELETE CHAIN (k, {);} en

else

begin i := k; { DELETE CHAIN (i, k);} end

end
else
begin
if F(%4 ) < F(x) then

begin j := k; { DELETE CHAIN (k, j);} end

else

begini:= k; { DELETE CHAIN (i, k);} end

end
end
end { while }
end { CLIP_2D_lIg}

3. THEORETICAL ANALYSIS AND
EXPERIMENTAL RESULTS

Before making any experiments it is convenient to point
out that time needed for operations (i=, <, =, =, /)
differ significantly from computer to computer.

Let us introduce coefficients of the effectivity v as

where Ty, Ty, Tp, T are execution times needed by
Cyrus-Beck’s, ECB, Rappaport’s and proposed O(/g N)
algorithms.

Descriptions of CB and ECH algorithms can be found
in [ 3] together with their theoretical and experimentall
comparisons.

Generally it is possible to express the complexity of
the CB algorithm

(8,3,6,4,0)+(53,7.4, 1)+ N

Table 1. Times for 5.10° floating point aperations in 15 sec,

for PC 486/33MHaz.
Float = < + * /
Time 33 30 16 20 114
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Tabie 2. Theoreticil estimations {worst case),

N 4 5 6 7 8 g 10 20 30 50 100

I 1.28 1.54 1.80 206 2.0 2.23 245 413 6.11 8.98 16.08
ya 0.98 1.09 1.20 1.31 1.22 1.31 1.41 2.06 2.87 4.02 6.93
3 1.19 1.19 1.10 1.19 1.24 1.24 1.24 1.27 1.27 1.30 1.33

and time of computation as Ty (for PC 486, see Ta-
ble 1) can be estimated

Tep =590+ 621 % N

The complexity of the ECB algorithm (in the worst
case) as

(15,3, 10, 14,2Y+ (3,1, 1,3, 0) = NV
and time of computation 7' can be estimated as
Tog=1329 + 257+ N

Description of CB and ECB algorithms and their theo-
retical and experimental comparisons can be found in
[5]. Their complexities are O(N).

Complexity of the Rappaport’s algorithm can be ex-
pressed as

(4,2,12,22,2)+ (0,4, 14, 8, 0) = L Ig{N -+ 1}]
and time of computation Ty can be estimated as
Tr= 1092 + 584 = | lg(N + 1}]

while for the suggested algorithm O(lg N} the com-
plexity is given as

(14,4, 11, 15, 2Y+(2,4,6,6,0) = {g(N+ 1)]
and time of computation T can be estimated as
T = 1267 + 376 = | {g(N + 1)]

The Rappaport’s and proposed algorithms are of
O(lg N) complexity. Theoretical speed up is given in
Table 2 (Lhe worst cases and operations in floating point
were considered only)

The proposed algorithm has been tested against Cy-
rus-Beck’s, ECB and Rappaport’s algorithms on data
seis of line segments (10%) with endpoints that have
been randomly and uniformly generated inside a circle
in order o eliminate an influence of rotation. Convex
polygons were generated as N-sided convex polygons
inscribed into a smaller circle.

There are practically no significant differences as far
as the percentage is intersecting lines is concerned, see
Table 3.

1t can be seen, see Table 3, that the proposed algo-
rithm is significantly faster then CB algorithm. A com-

parison of ECB and proposed algorithms shows that
for IV < 7 the ECB algorithm is faster than the proposed
one. “Waves” for », are caused by the influence of
binary division of an index interval and relation be-
tween data and convex polygon position. The waves
can be seen in Table 2 with theoretical estimations,
10o. The significant difference for N = 100 is caused
by considering the worst cases only in theoretical es-
timations.

The proposed O{fg N) algorithm is approximately
{wo times faster than Rappaport’s algorithm and it is
much meore simple to implement.

It i5 necessary to point oul that careful implemen-
1ation of conditions like to F{x;) > F{x;) might further
improve the efficiency of the proposed algorithm, be-

Table 3.

vy 0% 20% 40% 60% 80% 100%:

1.00 093 1.01 1.0%9 0.82 0.80
148 094 1.23 1.19 1.23 1.02
1.26 105 L.k 1.35 1.06 1.08
.38 1.4 1.36 1.32 1.14 1.11
; . 1.34 1.30 1.46 1.40
.68 1.33 1.48 1.58 143 l.a1

.86 199 119 1,42 1.64 1.23

.52 207 2.30 1.57 214 1.61

30 .70 447 3.53 3.44 374 4.40
50 628 611 6.06 6.10 6.03 5.80
100 1042 928 1020 1018 10.8B5 1.1

—
N D~ G L e U
[

i
-]

—
Ld
=

t 0% 20% 40% 60% 80% 100%
3 1.47 .19 1.33 .17 0.914 0.98
4 1.81 1.27 1.27 1.i4 1.22 I.14
3 .81 140 1.19 1.33 1.40 1.33
[ 1.8  1.8] 1,39 1.32 1.24 1.26
7 1.i2  1.66 1.37 1.38 1.62 1.49
8 177 1.0l 1.72 .73 i.79 1.75
9 1.89  L.70 1.79 1,33 1.32 1.54

13 .61 328 1.90 1.47 1.63 1.46

30 200 196 1.95 1.70 1.86 214

50 229 196 1.91 2.06 2.12 2.14

100 237 1.8 2,03 2.13 2.21 233

vy 0% 20% 4% 60% 80% 100%

k) 296 3796 2.82 3.13 2.70 2.40
4 344 198 2.65 2,81 3.10 2.53
3 290 224 2.56 2.67 2129 312
6 262 114 1.89 2.59 227 1.96
7 268 241 2.36 2,50 2.35 2,25
& 283 201 225 244 1.97 243
g 278 285 1.71 207 246 1.68

i0 1.91 2186 3.20 2.30 249 2.34
30 222 264 142 2.34 230 2.19
50 244 2352 2.43 231 2.09 L.
100 213 215 1.26 2.07 2.39 2.
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cause of comparison operation is the longest operation
afier division, see Table 1.

4. CONCLUSION

The new efficient algorithm of O(/g N) complexity
for clipping lines against convex window in E2 has
been developed. Edges of the given convex polygon
can be arbitrarily oriented. It also proved the appli-
cability of Computational Geometry results[6] even
for small &. Similarly as the Rappaport’s algorithm
the proposed algorithm can be easily modified for
polygon clipping. The suggested aigorithm also proved
the duality principle with the problem point-in-polvgon,
see[7, 8, 9]. It also proved applicability of principles
of Compuiational Geometry results[6] even for small
N. Similarly as Rappaport's algorithm the proposed
algorithm can be modified for polygon clipping, where
the clipped polygon might be nonconvex. Superiority
of the proposed algorithm over CB, ECB, and Rap-
paport’s algorithms was proved by theoretical esti-
mations and experimenial results.

All tests were implemented in Borland C++ on PC
486/33 MHz 256KB Cache. It is expected that for
workstations the efficiency v will be higher than for PC
486 as the comparison operation is the longest oper-
ation used in the algorithm, see Table 2, and the {iming
ratio of operations on workstations is better.
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MEMORY SAVING TECHNIQUE FOR SPACE SUBDIVISION TECHNIQUE

Vaclav Skala
Computer Graphics and Scientific Visualization Laboratory
Department of Informatics and Computer Science
University of West Bohemia, Plzen, Czech Republic

Abstract. The ray tracing technique is very often used for image synthesis because it gives the

possibility to render specular objects. Many techniques have been developed for ray tracing acceleration,
- more or less sofisticated which, are generally speaking, not easy to implement. A simple method how to

speed up the primary and secondary ray tracing has been developed. The suggested method based on

~ space subdivision method (not necessarily uniform) is convenient for scenes that consist of many small
- objects, resp. facets {for experiments only triangles have been used).

Key words: ray tracing, acceleration, data structure, rendering, computer graphics, algorithm

~ complexity

" 1. Introduction

It is well known that ray tracing is the only one method which is capable of rendering
! specular effects like reflection through an object and refraction, even some other methods

do integrate some features of ray tracing in order to handle these effects.

" The bottleneck operation of ray tracing is the search for the first object intersected
by a given ray.
There are many techniques based on many sofisticated algorithms [1], like space

. subdivision methods {uniform, non-uniform, adaptive), octree methods, ete.

The proposed Binary Map of Space Subdivision Method (BMSSM) is based on simple

~ presumptions:

— scene consists of dozens of small objects with regard to the scene volume,
— scene consists of all kinds of objects, like polyhedrons, solids, given by an implicit

' functions F(z,y,z) = 0 or by parametrically defined patches, CSG frees etc.,

2. Principle of the proposed method

Let us suppose the parallel primary ray tracing and that the image resolution is n x m
pixels and that scene consists of p facets, resp. objects.

Machine GRAPHICS and VISION vol. 2, no. 3, 1993, pp. 237-250
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Fig.1. Perspective primary ray tracing (an observer is in infinity for Parallel Primary Ray Tracing).

The fundamental requirement for ray tracing method is to find a facet, or generallyi
an object and a facet, which is intersected by a given ray and which is the closest facet to
the observer, as fast as possible. In general, it means to find all intersection points of the
given ray with all facets and select the nearest one. Some bounding volumes like sphere
or min-max box volumes are often used to speed up the computation of intersections.

For parallel primary ray tracing the min-max box test

Zmin £ < Tmaz  and  Ymin LY < Ymaz
or the circle bounding test
| (z—2)" + (@ —u) <’
will be used for possible intersection detection because those tests seem to be the fastest
possible solution.
~ The proposed BMSSM technique is a method which is based on a principle that any | .
ray £ can be given as an intersection of two non-collinear planes p; and ps. In the case
of parallel primary ray tracing we can choose planes so that p; is collinear to z — z plane |
and py is collinear to y — z plane, see fig. 1.

Because the required resolution of the final image (which can be higher than the
actual display resolution) is known, it is possible to define a ray at position (,7) as the
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intersection of #,,, jp, planes, where i, j means i-th row and j- -th column (it is obvious
ha.t the plane equations must be expressed in world coordinates).

Now it is possible to define for each row an ordered p-tuple ‘R of binary values so
that for i-th row is

iR:[irlri'rﬂa"-)irk;-")i""p]T: ISkSp ISISTE,

shere i, indicates that the facet(k) is intersected by the plane ‘py, p is a number of
facets in the given scene, n is a number of rows.

[‘hen it is possible to define an ordered n-tuple of binary maps R as
| R=[R'R,...)'R]".
Sumlarly for j-th row

ig = [Sl,ng,...,jSk,...,jSp]T 1<k<p 1<j<m,

“where is; indicates that the facet(k) is intersected by the plane ipy, m is a number of
~rolumns. ~ :

I‘hen it is possible to define an ordered m-tuple of binary maps S as
§=055,....,"5".
‘R are p- tuples which contain only loglcal values *r, so that:
1;, = 0 means that the given plane’ 1 does not intersect a given facet(k),

i, = 14 means that the given plane *p; intersects a given facet(k).
Similarly for p-tuples 4S.

It can be observed that p-tuples ‘R and 1S have the same cardinality, e.g. number of
columus for all possible primary rays,

2 card(*R) = card(#S) = p for all 4,7,
. §\vllile
card(R) = ncard(S) =

Clbis possible to define generalized bitwise operations -+ and & with p-tuples as

: iR+jS:[1'1—5—31,rg+52,...,1'p+sp]T,

‘_ R&IS = [r1&esy, Tadesa, .. rp&sp]T,

‘where &, resp.+, means boolean multiplication, resp. addition.

. The ray at the position (i,j) is given as an intersection of ip, and 7ps planes. It is

_possible to define a p-tuple () which is defined as

i Q = R&J‘S’ [1qu]ij qa, .. :ij QP]T
. It is obvious that:
—if Y gk = 0 then there is no intersection of the ray at position (i,j) with the facet(%),
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—if Ygk = 1 then the given ray at position (i) do intersect minimal rectangular
bounding boz of the facet(k) and it is necessary to use a more detailed;
test for facet-ray intersection computation. 3
Some similarities of the BMSSM method can be seen with uniform and adaptive space
subdivision acceleration method [1], but used data structures are fairly simple and easy -
to implement. A_vector of bits can be the simplest way of implementation. _
This approach offers one, probably, unusual feature which leads to better image '
consistency. It is well known that small objects may disappear from the final image as
an observer moves. The BMSSM method gives at least the basic method how to detec! :
image consistency. The fundamental requirement is that all facets must be intersectec
at least by one ray if we consider each facet alone in the scene.
Let us define p-tuple e

V=[vg,va, ..., 070 ! |

as

V= +: 1(‘R) [+l....1(lrl) +: 1( T')) . ,—*—?:1(‘7‘];), o +?=1(irp)]T . F'":
If any k exists so that vy = 0 (1< k<p), then the facet(k) is not intersected by any{
plane *p;, foralli =1,. 5
It means that p- tuple V must have all items equal to the value 1, . g : ‘_
V4R CR) =[1,1,...,1)7. ’
Similatly W = [wy,w,...,wp]7 as e
W=+4278=11,1,...,17.
If any k exists so that wy = 0 ( 1 <k < p)then the facet(k) is not intersected by any[ :

plane Jp;, forall j = 1,. :
The BMSSM method suppose that all facets are small according to the final image
size. Of course if some large objects appear in the scene it is necessary to see that theyl :
will be often tested whether they have an intersection point with a given ray. In this
case it is recommended to split such an object into small facets, if possible.

It can be easily proved that BMSSM is equivalent to minmax box test as far as thel
functionality is concerned.

3. Theoretical complexity estimation

There is a small overhead of the BMSSM method because it is necessary to determine
the ‘R and 7S p-tuples and some additional memory is needed to store It and § binary
maps. It is important to point out that if the image resolution is n x m pixels and p is
a number of facets in the given scene then the complexity of the overhead is given by:
— the complexity of determining ‘R and 7S is only

O(n, m,p) = [n + m]peq,
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~where cg is the cost for determining whether a plane do intersect a facet, e.g. using

[ eparatlon test,

4 - the memory requirements are approximately equal to

: (n+ m)p [bils].

Df course, it is not generally possible to avoid the ray tracing complexity for primary
rays, which is given by

O1(n,m,p) = nmlcip+ cap],

?vhere — ¢; is the cost for a minmaz box or a sphere bounding volume tests, if used,
' — ¢9 covers the cost of detailed test for ray intersection with a_given fa,cet(k)

_ — p1 is a number of minmax boxes intersected by the given ray.

For each ray it Is necessary to evaluate only boolean expression with bit vectors

Q=" R&IS,

) which is fasfer than a test which evaluates an intersection with bounding volumes for all
facets

The complexity Oy of primary ray tracing is generally given as
02(nr m:p) - mn[c3p + CEPJ-] )

where €3 COVErS the cost of g = ri&is; computation for a given k and the cost of the
“test whether g, # 0 for all k = 1,...,p. If we compare complexities O1(n,m,p) and
- Oq(n m,p-) we can see that BMSSM WIH be faster if and only if

O1(n,m,p) > Oas(n, m, p) ie. c1 > ea

 Before making any comparisons it is necessary to point out that time needed for each

operation (=, <, %, , /) does difler from computer to computer, see tab. 1.

So it is possible for parallel primary ray tracing to estimate time Tminmas needed for
~minmax box volume test (float operations considered only with some probability estima-

tlons) if the cost 18 of one for cycle statement is considered then

Trninmaz = (0,4 +23/12,0,0,0) + 18 = 114.

The time Tearssar can be estimated as ( see appendix )

Tpamssa = 90.

It is possible to estimate the efficiency » of the proposed BMSSM which can be
expressed as (if worst case considered ~ ray intersects all facets)

v = Tminmnz — 218 —=1.26.
j Tpumssya 90
If a circle bounding test is used, then time Ti;rcie needed for this test (cost 18 of one for

‘cycle statement must be considered) can be estimated as
| Toirete = (2,1,3,2,0) + 18 = 222
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PC 386DX /387 25 MHz

= < | &+ * / [
int 14 421040 | 58
float [| 204 | 260 | 80 | 82 { 154

PC 486 33 MHz 64KDB cache — selected for evaluation
< | x| * /

9 3126 44
50 | 16 | 20 | 114

int
fBoat || 3

ol e

Time is in 1/10 sec. for 5000000 operations

Tab. 1. Time needed for operations {=, <, %, *, /).

(2 assignments must be taken into account for storing (z — 2;) and (y — y,))

Tcircle 222
v = - = 2.54,
Tarrssa 90

Tc:rc!e 222
Y= Tminmaz - 114 1.94.
Those results mean that even for parallel primary ray tracing the BMSSM should be
faster than the usage of the minmax box test. (Generally not every facet is mLersected
by a ray the expected ratio v should be higher because some tests in BMSSM will be -
skipped.

[

4. Perspective primary ray tracing

The parallel primary ray tracing is a very special case of perspective ray tracing. There- -
fore it would be desirable to find a modification of BMSSM for perspective primary ray,
tracing, see fig.1. In this case it is necessary to use a sphere bounding volume or minmax
box tests. If the minmax box test is considered the computational cost is significantly. -
higher for perspective primary ray tracing than the sphere bounding volume, because it!
is necessary to compute the nearest intersection point of the ray with the minmax box.' ~

In case of sphere bounding volume test, see fig. 2, it can be shown that if we consider
a bounding sphere in the form

(z - mq)T(:‘“ —zg) -1 =0,
and a ray as
r(l) = x4 4 saf .
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Xa

} : Fig. 2. Sphere bounding velume test.

_ Then it is possible to write
1 at> +bt+c=0,
{.. where
a=58,87 b= —25"{'52 = (s'fsl —r?),

| and
‘ 5] = &g —TA-

In this case an intersection of the given ray with a given sphere exists if and only if
(o (5T 55)% — 5% 5a(sT 81 — %) 20,
|  where (sT 151 — 7?) can be precomputed as it does not depend onthe ray because it
"’ depends on the sphere bounding volume and observer positions only.

If number of facets or objects is high enough it is convenient to normalize the vector
52 50 that |sa| = 1. The condition can be rewritten as

(ST{S'-’-)E —q2 0:

where ¢ = (T 51 —r?) is constant for the given facet or object.

If the sphere bounding volume is used then time needed can be estimated as { w 1=
sTs5(1,0,2,3,0) ; ww—gq>0 (0,1,1,1,0) )

- Typhere = (1,1,3,4,0}+ 18 = 229.

Then the estimation of the efficiency v can be expressed as (the cost of the cycle 18 must

be considered)
y = Dminmaz _ 218 _ g g5
Taphere 229
So we have got the theoretical ratio v that was expected because the minmax box test
should be faster for parallel primary ray tracing than the sphere bounding volume test
for perspective case, but the ratio is approximately equal to one.

Now it is possible to compute the expected ratio v as

p= Taphere  _ 229 _ 9.54 .
Tamssy 90 :
It means, in the worst expected case, that BMSSM should be 2.54 times faster

than the sphere bounding volume test.
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5. Secondary ray tracing

The usage of the BMSSM for the secondary ray tracing is quite simple and straightfor-

ward. Let us consider a similar approach as in the primary parallel ray tracing case and
divide the given space in the z.axis direction by plane ps, too. In this way binary maps

= Ry F e, )T 1<k <L

are obtained with similar properties as binary maps ‘R and *S, where L is a number
slices in z_direction, see fig. 3.

Similarly we can define 7 L-tuple as

T=[N,Ts,....,Tc]T.

M

2]
P2

Fig. 3.

‘The BMSSM method is actually used for detecting whether the given ray can intersect
bounding minmax box volume, i.e. super\_roxei. Each supervoxel can be imagined as an |
intersection of three orthogonal slices *R, 7S, *T° .

The bit map for a supervoxel at the position (i,j,k) can be expressed similarly to the
primary ray tracing case as

‘ YW = IR&ISEET,
where:

HEW = [k, TEw,, L., TR )T | and

ijk

wr = 0 means that the r-th object does not interfere with the supervoxel (i,jk),
w, = 0 means that the r-th object does not interfere with the supervoxel (i j,k).
The proposed BMSSM method is similar to the Space Subdivision Method (SSM)
that is very often used for substantial ray tracing computation speed up. The SSM -
method is based on space subdivision into supervoxels and each supervoxel is associated
with information which objects interfere with such a supervoxel, see fig. 4.

This structure is actually an inverted list and can be generally used for interference tests
with non convex objects, too.

ik
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(N[on]. .. joz

Fig. 4. Space subdivision method - SSM.

Time considerations

_TIn the case of the usage of BMS5M method it is necessary to evaluate expression with
- bit maps '

Uy =* R& S&'T,
where TFW = [[TFw;, FFuwn, .. ¥ w,]T. It is not substantial according to the cost of -

. intersection computation of the given ray and selected ocbjects.

In both SSM and BMSSM methods a 3D DDA algorithm can be used for efficient
finding of intersection of a supervoxel with the given ray.

Memory considerations

. The great disadvantage of the SSM method for large scenes is the memory requirements,

that can be approximately expressed as
Mssy = 2N3(g+1+1) [Buytes],

| . where: N3 is a number of supervoxels for the given scene (N for each direction), q is

an average number of objects interfering withthe given supervoxel (0 < ¢ < p ), if

. we count 2 Bytes for integer (counter of objects) and pointer (objects identification)
- implementation.

It is obvious that the amount of the required memory grows extremely fast so the

. SSM method can be implemented only for smail N.

Let us consider a scene which is subdivided into N x N x N supervoxels. It can be

' easily shown that the memory requirements for BM55M can be expressed as

Mpamssy =3Np [bits],

. or

Mparssy = %N p [Bytes] .
Then the memory efficiency ¥mem can be expressed as
Mssy _ 2N%(g+2) 16 ¢+2
Mgppssm  SNp 3 p
There are some special cases that should be mentioned

N2

Vmem —

Mauchine GRAPHICS and VISION vol. 2, no. 3, 1993, pp. 237-250
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a) large objects
For large objects can be seen that q will converge to p, so the memory requirements
can be expressed (p > 2) as

po = _Mssy 16
T T Mparssas 3 ’

b) small objects
case when each supervoxel contains one object in average, i.e. ¢ = 1; then
Mgsa, N?
sSM -y N7 ’
. Mparssar p
¢) small objects and extremely sparse
Tor small objects and extremely sparse 0 < g € 1, so 1
32 N* N*®

Vmem = — — = 11 —.

3 p p
All those cases are very special but all show that the proposed BMSSM method more
efficient according to the SSM method as far as the memory requirements are concerned.
The average number of intersection q can be defined as
3

=p
1=P 373 B

is a average size on an object in supervoxels.

Vmem =

where 73

6. Experimental results . |

Basic experiments have been made on PC 386 for image resolution 256 x 256 pixels.

Parallel primary ray tracing &
The following results were obtained for parallel primary ray tracing:

Cew [
Number of size of objects (one side of the box) i} :
_ objects 10| 16| 25] 401 63] 100
400 1038 | 952 | 8.04|6.13 | 4.74 | 4.10 .
630 11.39 | 10.31 | 8.55 1 6.44 | 4.90 | 4.22 5

+ 1000 11.96 | 10.72 | 8.83 | 6.59 | 4.98 | 4.28
1600 12.65 { 11.30 | 90.22 | 6.82 | 5.15 | 4.44
25600 13.06 { 11.64 | 9.48 | 6.99 | 5.26 | 4.55
4000 13.72 | 1218 | 9.86 | 7.22 | 5.39 | 4.51
6300 14.03 | 12.43 | 10.03 | 7.30 | 5.43 | 4.65

Tab. 2. Time efliciency v of the BMSSM against minmax box volume test.
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Number of size of objects (one side of the box)
objects 10| 16| 2| 40| 63| 100
' 400 26.11 1 23.40 | 19.10 | 13.79 | 9.86 | 7.64
630 28.62 | 25.30 | 20.29 | 14.43 | 10.17 | 7.82
1000 20.95 | 26.23 | 20.88 | 14.73 | 10.32 | 7.92
; 1600 31.91 | 27.77 | 21.87 | 15.24 | 10.59 | 8.11
L 2500 33.07 | 28.71 | 22.53 | 15.63 | 10.83 | 8.29
4000 33.97 | 290.40 | 22.96 | 15.83 | 10.91 | 8.35
| 6300 38.94 | 33.64 | 26.24 | 18.03 | 12.39 | 9.48

Tab. 3. Time efficiency v of the BMSSM against sphere volume test.

ve<1.81,2562>.

Perspective primary ray tracing results

Tab. 5. Time efficiency v of the BMSSM against sphere volume.
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Number of size of objects (one side of the box)
objects 10| 16| 25| 40 63| 100
400 346.57 | 310.27 | 253.10 | 183.01 | 130.76 | 101.18
7 379.94 | 335.89 | 269.40 | 191.72 | 135.10 | 103.83
1000 399.93 | 350.26 | 278.72 | 196.73 | 137.80 | 105.68
1600 423.53 | 368.58 | 200.28 - - -
- Tab. 4. Time efficiency v of the BMSSM against minmax box.
Number of size of objects (one side of the box)
objects 10| 16] 25| 40| 63| 100
400 33.80 | 3048 [ 24.76 | 17.89 | 12.83 | 9.88
630 37.19 | 32.76 | 26.32 | 18.73 | 13.16 | 10.15
1000 38.74 | 33.93 | 27.01 | 19.05 | 13.35 | 10.24
1600 42.07 | 36.58 | 28.86 - - -

247

From experimental results the time efficiency » for ¢ircle and minmax box tests was
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Number of size of objects (one side of the box)
objects 10| 16| 25| 40| 63| 100
400 0.72 | 1.70 | 3.90 9.44 | 21.99 | 50.82
630 1.14 [ 268 | 6.15 | 14.86| 34.69 | 80.41
1000 1.80 | 4.25| 9.76 | 23.57 | 54.82 | 126.74
1600 289 6.81 | 15.66 | 37.85 | 87.94 | 202.91
2500 4.51 | 10.65 | 24.46 | 59.08 | 137.34 | 317.13
4000 7.23 [ 17.06 | 39.23 | 94.77 | 220.22 | 507.10
6300 11.39 | 26.89 | 61.83 | 149.37 | 347.27 | 799.03

The shown results do not cover time for complete detailed tests. Number of the
facets used within the tests has been limited due to available memory on PC.

Experiments have shown that it is not convenient for primary ray tracing to subdi-
vide space in z-direction.

7. Conclusion

The presented BMSSM method speed up the primary and secondary ray tracing sub-
_stantially especially if small facets are used in the scene. The advantage of this approach
is seemed in a simple data structure which can be used to represent the B and S, resp.
T tuples. The BMSSM method can be used even for non triangular facets, even for CGS
trees and there 1s a straightforward usage of hierarchical data structures for solids or
facets. Tuples R and S, resp. T can be pre-computed at the scene definition stage to

Tab. 6. Average number of intersection for a ray.

Number of size of objects (one side of the box)

objects 10 |16 | 25| 40| 63| 100
400 6| 8|12 ] 21| 38 80
630 81117 | 33| 61 121
1000 10 (15 [ 23 | 48 | 93 192
1600 12 120 } 32 | 65 | 131 304
2500 14 | 26 1 45| 94 | 196 436
4000 19 | 36 | 67 | 141 | 306 689
6300 27 149 | 98 | 206 | 450 1054

speed up the ray tracing computation.
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Tab. 7. Maximum number of intersection for primary rays.




Vdelav Skala 249

The fundamental advantage of the proposed method is seen in small memory need
with regard to space subdivision technique.

The proposed method gives at least the basic criterion for scene consistency evalu-
ation. From the programmer’s point of view, the BMSSM seems to be convenient for
application of Object Oriented Programming techniques, too.
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Appendix
The Trarssas time can be determined from the algorithm shown bellow.
/* count is a number of 32 bits words */
count = No objects >> §;
if (No objects % 32) ! = 0)count + +;
void COMPUTE (int i, int j, int count)
{ int k;
long kk;
unsigned long mask;
unsigned long huge *mask x, huge *mask_y;
mask_y = arrayyli); /* array stores 1S bit maps */
mask_z = array_z[j}; / * array stores i R bit maps */
for (k= 0; k < count; k -+ +)
{ mask = ( *( maskx+k } & (*( masky+ & B
=k << 5
while ( mask ! = 0L )
{if (( mask & 1L) ! =0 ) DETATL_TEST (kk);
/¥ DETAIL_TEST (kk) is a detail test for object kk */
mask = mask >> 1; kk4++;

}
}
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1, Introduction

The solution of many engineering problems have as a result
functions of two variables, that can be given either by an expli-
cit function description, or by a table of the function values,
The functions, that can be given either by an explicit function
description, or by a table of the function values. The functions
have been usually plotted with respect to visibility. The sub-
programs for plotting the functions of two variables were not so
simple ( [6]—[7] ) although visibility may be achieved by the
relatively simple algorithm at the physical level of the drawing,
if we assume raster graphics devices are used. The Bresenham algo~
rithm for drawing line segments can be modified in order to enable
the drawing of explicit functions of two variables with respect
to the visibility.

Though the order of curve drawing is essential for the method
‘used the algorithm has not been published yet. Williamson Eﬂ
solved the problem by fixing the position of the view-point,
Watkins [6] only pointed out that some rotation angles can cause
wrong hidden-line elimination and Boutland’s method [1] can use
only one angle.

Therefore the algorithm that ensure the right order of the
curve’s drawing is presented here.

2.Problem specification

Let us have an explicit function of two variables x and y
z=Tf(x,y)
where : xelax,bx> and ye Lay,by )
and we want to display that function by using the graphical raster
display or plotter. For many scientific problems is enough to show
the behaviour of that function by drawing the function slices
according to the x and y 8xiseés, e.g. curves

z=1T( x, Y ) i=1,....,n

NATO ASI Series, Vol. F17
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where: xe {ax,bx> and ay=y, < ¥5< - - <y,=by
and cuUrves:

z =T ( x:j s ¥ ) j=1,...,m
where: yelay.by> and ax=x, < X5 < - - < % =bx

The given function can be represented either by a function
specification or by a table of the function values for the grid
points in the x-y plane. If the function is complex it can be
very difficult to imagine the function behaviour because some
parts are in the reality invisible. The problem has been solved
by Watkins [é], williamson Eﬂ and Boutland [1] relatively very
successfully. The principle of the solution is generally very
simple.If we have drawn the first two slices parallel to the X
axis we have produced two curves and the space between them is
the strip of invisibility. Let us suppose that we draw the lines
in the direction from foreground to background. Now if we want
to draw the third curve it is obvious that those parts which are
passing through the strip of invisibility are invisible and there-
fore ought not to be drawn, see figure 1.

NEW MASKTOP

MASKBOTTOM

_—
——_——

Figure 1.

If we analyze the problem in detail we will realize that we
need to represent the borders of the strip of invisibility. It
can be done by the MASKTOP and MASKBOTTOM functions. The real
representation of the MASKTOP and MASKBOTTOM functions we will
omit temporarily. Now the problem of drawing curves with respect
to the visibility becomes simple, see algorithm 1., because we
will draw the next function slice only if and only if the curve
points are outside of the strip of invisibility.

The visibility problem has been solved by Watkins [6] by
introducing mask vectors for the representation of the MASKTOP

and MASKBOTTOM bounds. Several problems had to be solved because
all computation was done in the floating point representation:
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- the first problem is how to decide if we have set up MASK[ﬂ
or MASK[i+ﬂ if the coordinate x is between values i and i+1
e.g. LILxLirl

- the second problem is that the MASKTOP and MASKBOTTOM arrays
have to be set up for all point of the curve. That means that
an interpolation procedure has to be employed, with some suita-
ble interpolation step length.

- the third problem is that special case has to be solved: when
the curve is parallel with the z axis, the usual line segment

l

MASKTOP:= - o0
MASKBOTTOM:= + &0

slope computation can fail.

k:=1

~\
DRAW FUNCTION f { x , y_ )
with respect to the ster
of invisibility for xefax.bx>

MASKTOP:=max{MA5KT0P,f(x,yk)}

MASKBDTTDM:=min{MA5KBOTr0M,f(x,yk)}

ki=k+l -

k =n
— ¢_+
end

Algorithm 1.

3.Proposed method

In [5] the functions MASKTOP and MASKBOTTOM are represented by
vectors with values in floating point representation. We can ima-
gine the whole proces of hidden-line drawing as follows in figure 2.

INTEGER

REAL l
- —— i —— e _— e -—
user hic}'den-— draw Bresenhem draw .
function [ [ine = . . - = device
spec, proc. line algortthm step
uger's level gra.}ohics system. fevel
- e ———— — . — -

Figure 2.

Now we can ask ourselves if there is any possibility of increag=

ing the efficiency of the hidden-line solution. One possibility is
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to combine the complete Watkin s algorithm with the Bresenham algo-
rithm directly at the physical level. Because we are dealing with
the raster devices at the physical level we have got rid of all
these above mentioned problems.

The solution of the hidden-line problem is now relatively very
simple, becausy we have to change only the procedure DRAW-STEP,
that generates code for the physieal movement, in order to take
account of the strip of invisibility. Because DRAW-STEP draws only
one step we have to check only if the next end-point in the raster
is inside of the strip of invisibility or not. The structure of the
proposed method is shown on figure 3.

REAL INTEGER
- — e - — 4»‘ - —— e ——_——— e - — -
user draw ste
X d
funetion > T‘aw - Bruer_'ham w{ with r'esp%ct » device
spec. line algortfhn1 to vistbilcty

user'’s level graphics system level

Figure 3.

It is obvious that we need only integer representation for the
MASKTOP and MASKBOTTOM masking arrays. The simplified solution is
shown by the algorithm 2.

It was find out that the lines { on the physical level ) which
are parallel to y axis cause some problems with setting of the masks
arrays, see figure 4. Suppose that we have defined the strip of in-
visibility and we want to draw the line segment X, X,. The problem
is that if we want to draw the segment between the points 1 and 2
we have to change the strip of invisibility so the future points
3 and 4 become inner points in the strip of invisibility; but that
is not true. Therefore in the complete algorithm the content of the
mask”s arrays is changed only if dx<>0. The whole algorithm can be
found in [4], where the clipping is realized too.

Watkin“s original method and proposed solution have one common
problem, that has not been published yet. Because of rotation some-
times the foreground and background can be altered and the order in
which the curves are drawn cause a violation of the masking premi-
ses. The second problem is how to select the scales for scaling in
order not to lpse any part of the picture and use the full screen
area. The first problem seems to be more complicéted and it is more
fundamental. The proposed splution is presented bellow. The second
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problem can be solved easily by finding maximal and minimal values
for the screen coordinates.

{ cLoBAL vARIABLES }
VAR x0,y0: REAL;
masktop,maskbottom: ARRAY [0..1024] OF INTEGER;

PROCEOURE draw ( dx,dy: INTEGER );
VAR flag5: BOOLEAN;
BEGIN x0:=x0+dx; yO:=yOD+dy;

flag5:=FALSE;

IF masktop[xd] <= y0O THEN

BEGIN flag5:=TRUE; masktop[ﬁd :=y0; END;

IF maskbnttnm[mﬂ >= y0 THEN

BEGIN flag5:=TRUE; maskbottom[x@]::yD; END;

IF flag5 THEN physline{dx.dy)

El.SE physmove(dx,dy)

END;

PROCEDURE bresenham (u,v: INTEGER });
VAR j.d,a,b: INTEGER;
BEGIN a:=v+v; d:=a-u; b:=a-u-u;
FOR j:=1 TO u DO
IF d< O THEN BEGIN draw(1,03); d:=d+a; END
ELSE BEGIN draw(1,1); d:=d+b; END
END ;

Algorithm 2.
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4.,Design of the drawing order

If we rotate the function or have a look at the function from
different points, we have to keep the basic rule of the drawing.
We have to draw at first the function slices that are nearer to
us. Watkins [6] pointed out this problem, but the problem solu-
tion has not been published yet and many users have real diffi-
culties to ensure that. Therefore when the function is rotated

many pictures are drawn wrong. Let us try to find the solution.
Assume that the points:

X1=(ax,ay,0) X3=(bx,by,0)
X2=(bx,ay,0) X4=(ax,by,0)

are the corner-points of the grid in the x-y plane. We want to know
the order of the drawing of the drawing slices.
Assumes that the points:

-

Xp =T (X ) x% =T ( X3)
X5 =T (X5 ) X; =T (X))

are the corner points of the grid after the rotation transformation.
Now we have to pick up two margines from which we will start to
draw the picture. We have to select the end~points of these mar-
gines that has the smallest z~ coordinate. We will mark that point
by the index r. In general there are two basic possibilities that
are shown on figure 5.

X X

a) %, b)

Figure 5.

The direction in which the slices are to be drawn are marked by <=.
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In the case ad a) we can see that the margins from which we will
start to draw line segments belongs to the end-points eré and X X.-
In the case ad b) we can see that we will fail. Therefore we have
to test if

xg <= x.<=x_  or x, <= x. <= x;
I the bpolean expression has value false then we have to find the
second point which has minimal z° coordinate and which is different
from the original point. The new point will be remarked by the
index r.
The whole procedure can be described by the algorithm 3,

1. Find the index red1,4% so that
z_ = min {zi} i=1,....4
2. Find the indices of neighbours and mark them by indices t,s

3. I condition

xe <= % <= x_ OR x, <= x7<= x’

has value FALSE then
begin

Find index ue<1,4> so that

z; = min {zi} i=1,....4 and i#r

ro:=u

Find the indices of neighbours and mark them by indices t.s
end

Algoriihm 3.

Now we can draw the function by drawing the slices according to
the selected margins, which are defined by line segments with the
end-points XX, and X Xg-

But if we draw a function whose behaviour is wild enough then
we receive a picture which is wrong., see figure 6 It seems to be
more convenient in this situation to apply the Zig-zag method 1
and we will then obtain the correct results, see figure 7

The Zig-zag method can be described by:

1. Initialize the mask’™s arrays
2. Draw the margins that are defined by the end-points X _X_ and

X;X% { steps 1,2 )

3. Draw the function values according to the grid and according
to the directions on figure 8 ( steps 3~12 )
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T

Wrah%
rr 7

slices according slices according composed
to y axis to x axis picture
Figure 6.

/S

Figure 7. Figure B.

Let us suppose that the function is given by the values

W] i=1,...,n and j=1,....m

in the grid - points those coordinates are given by values
X [j] j=1,...,m
y [1] i=1,...,n

Then after transformation ( rotation, translation ) we receive
values

x'[j] . y'[i] , f'[i,j] i=1,...,n and j=1,...,m
Now the whole process of drawing can be made in the integer repre-
sentation without using a fleating point processor.
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5.Conclusion

The algorithm presented for drawing functions of two variables
with respect to visibility is intended for the use with microcom-
puters. Because the basic algorithm for visibility respectation can
be realized by about ten assembly instructions it seems to be con-
venient to build it directly into the algorithm for a drawing

straight lines. Now we can see that the basic graphics menu can
be extended by the operations:

~ initialize mask’s arrays

- draw line with respect to the visibility,

that means, that the intelligence of graphic devices can be easily
and significantly improved by adding several assembly instructions
into the algorithm for the drawing lines. If the graphics display
with grey scale is used the algorithm can be easily improved by
using algorithm [3] for drawing straight lines.

We can ask ourselves whether primitive-level instruction for

drawing lines which takes account of visibility, should be a part
of any basic graphics software system, e,g. GKS,
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New algorithms for 2D quadratic arcs clipping .against convex and non-convex windows are presented.
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1, INTRODUCTION

Clipping is a very important part of all graphics
packages, There are many efficient algorithms as [1],
[6], [7], [10] for clipping lines against convex win-
dows or for clipping lines against a window with
holes and with the non-linear boundaries, see [13]¢

[14].. Unfortunately no one known algorithm deals

with a problem how to clip circles or ellipses against
a window. This problem is a fundamental one if
we want to introduce quadratic arcs as a basic pri-
mitive for 2D graphics packages. The below descri-
bed algorithms enable to clip general quadratic cur-
ves or arcs sgainst convex or non-convex window-

2. CLIFPING BY A CONVEX AREA

Provided a convex area is given by its vertices
in the clockwise order and a oriented circle given by
its center x, and radius . We want to find those
parts of the given circle which lie inside of the given
convex window. For easier understanding the follo-
wing notation will be used:

ot

X, circle center x; polygon vertex

X, instead of x, ., ; the - is meant as mudulo n ad-
dition

8 =X — X1 §p =X — X

‘s =Xy — X

t = [y, — i x — x,]7 tangent vector at the point
{(x: 3)

To solve this problem it is necessary to find inter-
section points of the circle and line w (g) on which
the window border lies, i. e. to solve the following
equations:

(%41 — x;-) ' q

(x_'xw)z +(3’—yw)2"'7'2 =0.
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x(g) =x +

Fipure 2.1.

Solving these equations with regard to the variable
g the quadratic equation

agtt+bgtc=
will b_e obtained, where:
a=|s8|® b= -2}

In the case that the line @« (g) intersects or touches
the given circle two solutions are geuerully obtained
that are not necessanly different:

—bL br—4a
2a

-8 € =|'sy|> —#?

g1,2 =

The obtained values g,, g, must be ordered so
that g, < g,. For the further processing only points
for ge0,1) will be considered. Of course some
possible situations must be distinguished, see fig.
2.2. 'For a general case, when g, # g3, the tangent
vector t, always points out of the given window
while the tangent vector t, always points into the
given window, see fig. 2.2. cases a and d. There-
fore the circular arc x{g,}*{g,;) cannot be consi-
dered for further processing. The cases b and ¢ from
fig. 2.2, are a little bit more complicated’ because
the tangent vectors t, and t, are equal. It means
that it is necessary to introduce some special attri-

25
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Figure 2.2

butes for the case & while case ¢ must be handled as
no intersection points with the given edge have been
found. In the case » only one point x(g,) will be
drawn. But there are still some special cases to be
solved, see fig. 2.3.

X;

Figure 2.3.

- It can be observed that it is necessary to introduce
the additional attribute that would determine exactly
whether the tangent vecter t points into or out from
the clipping window.
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First of all it is necessary to distinguish between
cases a, b and ¢, 4 in fig. 2.3, i. e. to distinguish
between stouch« and »passe types. Now let us exa-
mine the result of the cross product of the s;, s,
and t vectors, see fig. 2.3., in order to distinguish
some cases, see table 2.1,

’I‘able 2.1

ft %8l [t % 5gle case tyﬁe sequence
>0 <0 a touch X X
4
<0 >0 b touch X, Xy
: ot

>0 >0 c pass x;

< 0_ <@ - o d pass X
=0 =0 e touch X
. 4

e ) <0 f pass )

. +

-0 =0 g pass x;
<0 =0 h touch X 3

=10 =0 special cases touch not allowed

where +— denotes the sign of the cross product z coordinate

It is obvious that when the both cross products
are equal to zero it is necessary to distinguish some
very -special cases. Therefore it is necessary to use
the direction of the tangent vector for detcrmunng
the artribute,

The whole algorithm can be described by a se-
quence in PASCAL-type style, see algorithm 2.1.

Bi=0; ii=n—1;
flag: = true; {circle is not mtersected}
while2<<n do

‘begin .

§;: = X, — X;; {needed for intersection solunon}
if COMPUTE VALUES (g,, g2)
then {intersection points exist and g, < g,}
begin flag: = false;
if g, = O then {pass [ touch type}
begin
80 =% — X5t = [yy — 30 — 2,17
a:= [t X 5,5 b= [t X 6]
if (a )> 0) or (b = 0) then GENERATE (x,,
l+|’ H
if (a )g 0) or (b << 0) then GENERATE (=1

if g, (0, 1) then
begin t: = [y, — ¥ (22): % (22) — xw] ;
GENERATE (x (g2), sign ([t sk]l))
{for circle, ellipse the attribute is &l-
ways -}
end
end

AUTOMATIKA 51 (1980 1—2," 2530
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else
if g, # g, then
begin
forj:=1to 2 do
if g, (0, 1) then
begin t: = [y, — v (@) x (@) — ESLH
| GENERATE (x (¢, siga ([t X 1)
en

end
else

{if g, = ¢. then}
begin t: = [y, — y(g:), ¥ (q:) — %173
if t » s, <0 then
begin
GENERATE (x(g,), "-+;
GENERATE (x (g,), '—")

end
end;
==k Ri=k+1
end {while};

Alporithm 2.1,

As a result of the algorithm 2.1. sequences shown
in table 2.1. are obtained, Now it is necessary to
draw appropriate arcs that are inside of the given
window. This process can be described by the algo-
rithm 2.2,

m: = No of intersections;
if m # 0 then
begin 7: = 2;
while i << m — 1 do .
begin if x, = x;,; then PLOT (x,)
else if attr (x;) = '+’ then DRAW ARC (x;,

Xip1s7)
else DRAW ARC (x,_,
X ")5
fi=1+4+2
end
end {while}

else {it is necessary to distinguish cases when the}
{circle is totally inside or outside of the given
window} ' '
if flag then
begin flag: = true;
f:=n—1; k:=0;
while (2 <C#n) and flag do
begin s,: =x, — x;; 's,:=x, — X;
if sy % 's,]; >0 then flag: = false;
fi=Fk hi=Fk-+1 '
end;

if flag then DRAW CIRCLE (x,,r)
end

Algorithm 2.2,

AUTOMATIEKA 31 (1090 13, 33—30

The shown algorithm deals with a principal so-
lution and does not particularly care of the arithme-
tic precision, see [8]. In some cases special criteria
must be used in order to respect a limited precision.

The presented algorithm is capable to handle all
kinds of quadratic arcs, In the general case the
quadratic arc must be given as: )

. FE) =xTAx=0
so that
fxw) =% Ax, <0

where x, is the center. The tangent vector t must
be computed as: :

t =:[fy.'l _'fx]T

where f,, f, are partial derivations of the function
f and the matrix A represents a general quadratic
curve.

3. NON-CONVEX WINDOW CLIPPING

So far presented algorithms have solved the qua-
dratic arc clipping by the convex polygon. But some
types of applications do-require clipping by non-
-convex window. Of course, it is possible to split
the given non-convex polygon into a set of convex

polygons, e. g. [11].

4
}) ] [3
Fipure 3.1.

Provided a non-convex polygon is given by its
vertices in the clockwise order. It is also assumed
that all vertices have different coordinates, that two
edges might have only a point as a common point
and that fio one vertex lies on an edge. Contrary
to the previous problem, an arc can intersect the
polygon edges in a quite different order than would
be previously expected, see fig. 3.1, Therefore some
additional operations must be expected. A sequence
of points together with their artributes

Xi..s Xy
+

is not the sequence that we need for the further

processing, because only the following arcs should

27
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be drawn:

KgXy xmxs XXy XgXs XaX3
o

‘It is obvious that some kind of sort prooess must
be employed in order to get the shown sequence. It
is necessary to find a convenient criterion for sorting.
The obtained points must be split into two sets
according to y valie of the given points, i. e.:

0, =fx} 3=y, forallj
Q,={x} »n<y for'allj

In the case shown in fig. 3.1, two sets Qi and 2,
are obtained so that:

Ql.={x1,x4,xa,x9,x1°}
-+ 4+ =%

£, = {xg, X3; ¥55 X6 x—,}
+ - = k=

Both sets £, -and f2; must be sorted according to
x value of the given points. The set {2, must be
sorted according: to the descending x value of. the
gwen pomts Then the ordered sets are:

02, = {xd»s Xy Xy0; Koy XB}
+ = =
2; = {Xq, Xg, X55 X2 X3}
- = 4 =
If a new set {2 is created as:
Q == QI cont .Qg
where cont is the concatenation operater, i. e.:
Q = {x4, X, Xy g Xg; Xg, X7, X3 X5 Xz, X3}
I T T

then the required parts of the given quadrauc curves
are obtained.

If ellipses are cons1dered the - situation is a httle
bit more complicated. Therabove shown criterion for
splitting the intersection points into- two-sets £,
£2, is.not the right one, see fig. 3.2., because the

Figure 3.2
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arc for y >y, is not generally a function of x coor-
dinate It means that two points x;, X, must be found
so that the tangent vectors of the given cllipse are
collinear with y axis in these points. The points can
be found as a solution of the quadratic equations:

x_i'__A.x == 0 and -ixT Ax=0
) _ dy .
Because the x,, x, points are obtained it is possible

to split the intersection points of the ellipse and the
given window into two sets £2, and {2, so that:

02, = {xj}
Q, = {x)}

— %), <0

The sets £2, and (2, must be sorted again and a new
set f2 must be created in the same way.

If a parabolic arc is comsidered the rules can be
derived in a similar way. But because only x, point
can be obtained it is necessary to find a different
criterion how to split the obtained points. The points
X,, X, X, can be determined easily for the parabolic
arc, Thcrefore the £ aud .Qr. sets can be deﬁned
as follows

2, ={x}
22 ={x}

If a hyperbolic arc is considered the main problem
is to find a convenient criterion for splitting the
intersection points into two sets {2, and (2, and the
proper criterion for the ordering these sets. In this
case it is necessary to find a vector t, as:

[.(xb -
[(=

x,) X (% for allj

—x,) X {x, for all j

[(x;— —%)], =0 forallj

[(oxy —

x,) X (xj

%) X (% — %), <0 forallj

b = X2 — Xpy
and a vector t orthogonal to the vector t; as:
- . t=[a _r‘]r .
wa‘ thé.‘sets £, and 2, can be defined as:
Q= {x}
2; ={x}

[tx(x—=2)l.=0 forallj

[t % (x;,—=x,)],<<0  forallj
The sets 2, and £2, must be ordered and the orde-
ring according to x coordinate of the given points
is not the right one.

The sets £, and £, must be reordered with re-
gard to x or ¥ coordmate according to the rotation
angle o defined as:

2a = arccotg (£)

AUTOMATIKA 31 {1090 1—2, 25—10
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4y — @ .
112 22 4, are elements of the matrix A.
ais

It means that if

where & =

& = 0 then the y coordinate must be used for sorting
£ < 0 then the x coordinate must be used for sorting

To display the obtained arc segments a similar algo-
rithm to the algorithm 2.2. can be used.

For the non-convex window clipping a special test
ypoint in polygont must be employed if no inter-
section point is found in order 1o distinguish between
cases when ellipse or circle lie totally inside or out-
side of the given window (in the other cases the whole
curv= must intersect window boundary if they are
inside of the window)..

4. CONCLUSION

The new algorithms for clipping quadratic cur-
ves and their parts against convex and non-convex
window bave been presenied. The algoritmhs can
be maodified in order to handle different polygon
or curves orientations and more general cases, too.
The algorithms use only the implicit function defi-
nition for quadratic curves and only a square root
function is needed. The algorithms do not solve the
problem of the limited arithmetic precision because
this problem was solved by [8] and the shown re-
sults can be applied straightforwardly with the pre-
sented algorithms,
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QOdrezivanje stoZnica — rjeSenje problema. Prezentirzn je novi postupak odrezivanja lukova krivulja
drugog reda za konveksne i nekonveksne prozore. Postupak ne koristi parametarske jednadbe za opis lukova.
Poirebna je jedino funkcija drugog korjena. Postupak zahtjeva informaciju o orjentaciji bridova datog prozora.
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primitiva u raéunarskoj grafici, Pokazani postupak dosnd nije bio publiciran u literaturi keliko je auteru poznato
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Kresleni vyvojovych diagrami poéitacem

Ing. Véaclav Skala -~ Hynek Hiavpicka, katedra technické kybernetiky VSSE, Plzei

V &ldnku je popsdn harmonogram pro kresleni vjuofovieh diggrami pobitaem na kresli-

Gal.3.045—3

cim stole DIGIGRAF 1008. Program byl realizovdn v jazyce ALGOL 60 na poéitasi ODRA 1204

a byl uvéfen nékolikamésicnim pouzivdnim.

Ovod

S rozvojem wypofetni techniky se zvy$uji mdro-
ky na technickou dokumentaci. Pro usnadnéni pra-
ce pFi kresleni vyvojovych diagrami byl sestaven
program, kter§ nakresli poZadovany vivojovy dia-
gram. Znafky pouZivané programem jsou pfevzaty
z mormy CSN 369030 [1].

Program byl realizovdn v jazyce ALGOL B0 pre-
devsim proto, Ze

a) je snadno pFenosny na jing poditad, ktery ma
pieklada& pro jazyk ALGOL 60;

b) vfhodn& pouZivd systému procedur pro ovid-
déni kresliciho stolu DIGIGRAF 1008. '

RozloZeni znatek

Pro jednoduchost zadavani vyvojovich diagrami
byla definovédna strdnka v§vojového diagramu ob-
sahujicl aZ 50 znafek, které jsou umisiovany do
pevného rastru. UZivatel zaddva umfstdni hloku
v rastru indexem ¥adku a indexem sloupce spolu
s oznafenim wyznamu bloku. Rastr se sklad4 z péti
sloupci a deseti T4dkfl. V realizovaném programu
je celkem 26 nejdilefitdjSich znafiek, Soubor zna-
tek lze rozsifit tak, aby bylo moZné nakreslit li-
bovolny vyvojovy diagram.

Propojovdani znaiiek

Nutnou podminkou pro vytvoFent spojeni mezi
dvéma bloky je znalost podateiniho a koncového
bodu spofeni. Tuto informact musi uZivatel dodat
algoritmu pro propojovani znafek. Nakteré dosa-
vadni systémy pro kresleni v§vojovgch diagramil
baofitatem vyZaduji navic jeftd informaci o bo-

dech, v nichZ se &ary lomi, napojuji se a kFIZL.
V pouZitém algoritmu je nutnd podminka pro spo-
jeni dvou bodll také podminkou postaZujici. Algo-
rimus je zaloZen ma principu Sifeni vinéni v rovi-
né. festliZe vina pf¥i Sifeni narazi na pi¥ekdZku, je
nutno rozlisit dva pfipady:

a)] Je-li pfekdZlkou znacka nebo hranice prosto-
ru pro spojovini, musi se tato pPekdZka obejit.

b] Je-li pfekdZkou spojnice, je nuitno rozpoznat
pFipady:

— jde-li o spojnici vychézejici ze stejného po-
tate¢niho, popf. koncového bodu, nastane vdtveni,
resp. napojovani spojnic, ) .

— jde-li o kfiZeni, musi se provést test, zda ne-
dojde ke splynuti spojnic.

Z principu pouZitého algoritmu vin&ni vyplyva,
Ze nakreslené spojnice budou nejkrat3f ze v3ech
moZnych spojnic.

Zadédvani vstupnich dat

Pl nAvrhu zplisobu zad&vani vstupnich dat uZi-
vatelem byl respektovin pFedeviim poZadavek
rychlého zadéni vstupmich hodnot s minimalni re-
dundanci informace. Postup zaddvani dat je tento:

a) uZiviatel navrhne rozloZeni znadek v rastru;

b) ofisluji se bloky a spoje pofadovymi Zisly pro
snazsi orientaci;

c] zadaji se potitadl data obsahujici

— pofet blokd,

— poiet spojl,

— poZadovany formaét,

— polohu blokid v pastruy,

— spojnice blokd nvedenim pofdteéniho a kon-
cového bodu spojnice.

‘Ukdzka vyvojovjch disgrami nakreslenjch poZftaZem.
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rautomatizace

Vstupni data jsou kontrolovdna testy, které od-
hali tyto chyby v zadéni:

a) blok md byt umistén mimo rasir,

b] poZadovand znafka neni v souboru realizo-
vatelnych znalek, -

£) vice bloki je umisténo v jednom misté rastry,

d} poZaduje se spojunice na neexistujici blok.

Zavér

Cilem prace bylo usnadnit kresleni vyvojovich
diagramil, a tedy i dokumenta&niho procesi. Fo-
u¥lty algoritmus nepopisuje vyvajovy diagram, pro-
toze se nepodafilo uspokejujicim zpilisobem vy-
fesit problémy spojené s umist&nim a vepsdnim
poZadovaného textu.

V nynéjsi dobé se zabyvame moZnostmi vyuZiti
pocitade k nakresleni vjvojovych diagrami pfimo
ze zdrojového programu napsaného v jazyce
ALGOL.

Ukédzka v§vojovich diagrami nakreslenych po-
gftafem doklddd poufitelnost algoritmu.

Literatura

|1j Normia CSN 36 9030: Znagky vyvojovgch diagramili pro zpra-
covanl salormacl. .

12] MOLLER, H. |.—SMRCNa, J.—VOKURKA, ].: Vyvojové diwgramy.
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[3] NADRCHAL, I Gerterovinl vivojovfch diagrami pomnci po-
EltaCe 1ESLA 200. Sbornik Poéltalova gralika FEL CVULT, Pra-
hia 1374,
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Kresleni vyvojovych diagramii poécitacem Il

Ing. Vdclav SKALA — Hynek HLAVNICKA, katedra technické kybermetiky V3SE, Plzeii

V Sldanku je popsdn algoritmus kreslent uﬁua;augch diggramit programu napsaného v jozyce
ALGOL 60 pomoci pofitafe na kreslicim stole DIGIGRAF 1008. Program byl realizovdn na po-
€itadi ODRA 1204 v jazyce ALGOL 60 a fe ov&fen nékolikam8sifnim pouifvdnim. .

'ﬁv_pd

V souladu s poZadavky na techmickou dokumen-
taci ve vypocetni technice je Zddouct, ahy potitad
kreslil vivojové diagramy pfimo ze zdrojového pro-
gramu. Proto byl sestaven algoritmus umoZifinjici
‘kresleni vivojovych diagrami programil napsangch
v jazyce ALGOL 60. ZnaCky pouZivané programem
jsou pFevzaty z normy GSN 36 9030 [1] kromé zhat-
ky zahthku a konce cyklu.

Lexikdlni a syntaktickd analyza

Pro kresleni vywojovych diagramﬁ jsme upravili
gramatiku jazyka ALGOL 60. Syntaktickd analyza

je provAdéna metodou syntaktickych procedur. V-

:stupem. je pon&kud sloZit@jsi datova struktura, kte-
T4 obsahuje dplnou informaci o struktufe progra-
mu. V této Eésti se zAroveil provadi pfevod z obec-
.né hnfzdové blokové struktury, kterd je typickd pro
jazyk ALGOL 60, do linedrn{ strulktury, typické pro
jazyk FORTRAN. Oketfeni syntaktickych chyb pro-
.gramu se neprovidi, nebof se predpokléda kresle-
‘nf odladé&nfch programu. :

-Generovvdny tabulek pro kresleni

V této Zdsti se data ziskand syntaktickou analy-
zou zpracovévajl do tabulek, kters slou¥i ke kresle-

"BEGIN IF B THEN
LE BEGIN IF 8 THEN

BEGIN FOR (i=aP Dp P

END ELSE
IF B THEN

BEGIN IF B THEN P3

Li=P
END ELSE
1F B THEN =P
END-ELSE
BEGIN IF

lF
IF
p

B THEN p ELSE
B THEN | t=P)
8

ENDY

1] CSN SBL 8030 Znacky vyvojovfch diagremidl pro zpracovan! [n-

121 MULLER H, J. — SMROINA, [. — VDKURKA, [.: "Vivn]cwé dia-
gramy. ..thér z nrganiznéu[ a vipotetni mchniky" & 4 a5
1973, &, 11974,

+{3] NAIJRGHAL, .z Generovinl vivojovfch diagram@t pomoct po-

THEN LimPy .

ni vyvojoveho diagramu. Algoritmus umistuje znag-
ky do libovolné dlouhého rastru, a ten se pak dalf
na strdnky. V¢stupni data ji¥ obsahujf{ informace,
poifebné Ik nakreslenl zvolenjch strdnek vywojo-
vého diagramu.

Vyvojové diagramy kresli { algoritmus, ktery je
popsdn v [5] a kter§ byl doplndn o automatické
kresleni Sipek.

Znatky se rozmistuji pofinaje prostfednim sloup-
cem. Pokud se v programu vyskytuje v&tvenif, umis-
fuji se vitve stfidavé vpravo a vlevo od prostfed-
niho sioupce. Toto FeSen! je esteticky vfhodné. Roz-
mistovdni probihd rekurzivnim zplisobem.

. Strdnkovédni se provédi predevsim proto, aby by-
lo moZno pfiklfdat nakreslené vfvojové diagramy
k celkové dokumentaci programu.

Zavér

Realizovany program podstamé usnadiiuje doku-
mentaén! proces ve vypoltové technice, kterd ne-
byvé obvykle disledné. Lze konstatovat, e uvede-
ny algoritmus lze pouZit pro dokumentaci progra-
mu napsanych v jinych jazycich, napf. PL/I, FOR-
TRAN a ASSEMBLER.

V nyn&jsl dob& se zabjvéme nejen uwvedenymi
meZnostmi, ale i pfevodem na poéitadi fady TESLA,
JSEP, ICL, SIEMENS.

titafz TESLA 200. Shornik PolitaZovd grafika PEL CVUT, Pra-
ha 1974,

14] Vizkumai zprava 209-1-78 V55E Plzeil.

[5]1 SKALA, V. — HLAVNIOKA, H Kreslenf vjvainvi::h dingrnmf.\
po\’.‘ltacam I. ..Ammnaﬁmca 1, & 3, 5. 70,
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PROGRAMOVACT JAZYK PL/M PRO MIKROPOCLTACE

. Viclav Skala )
Katedra technické kybernetiky, VSSE, Plzen

1. Uvod

Programovaci jazyk PL/M je vy3&i programovaci jazyk, ktery byl navrzen
za ugelem zjednoduseni systémovéhd programovani nsmlbltovych m1krupoc1taéﬁ
fady INTEL 8080, INTEL 8085. Jazyk je navrien tak, aby umoznll pouzivat
moderni metody strukturnvanéhu programovani, ma blokovou strukturu a vyu21vé

vyhod, které: poskytuje prace se zasobnikem. Jazyk FL/M se vyznacuje pomérne'
vysnkou efektxv;tou generUVaného kodu, - R

2. Deklaracé a datuvé typy

vV jazyce FL/M jsou definovany dva zékladni typy, a to'BYTE a ADDRESS.
Proménna nebo konstanta typu BYTE je'05mibitové proménna hebo konstanta

" typu ADDRESS je'%ésthéctiﬁitové}fP kaz pro deklaracl mé napr. tvar: B

ECLARE (A,B) BYTE, D ADDRESS
DECLARE - MENG(20) | BYTE. : : : .
DECLARE ZAM(30} STRUCTURE( UMENO(EO) BYTE, PRIJEM ADDRESS)S

PEikaz Y Zajlsti ze promenne A.B jsou typu BYTE promenna D" je typu ADDRESS.

Druhym prlkakem JE deflnuvana 1ndex0vana prnmenna IMEND 5 prvky JMENOI,..-
<o JIMEND, .. Tratl prlkaz definuje 30 struktur, které se jmenujl ZAM, = nichz
kefdé mz poloZku JHMENO a PRIJEM, Je nutnd zdlreznit. Ze nelze deflnovat
dvourpzmérne pele,’ 07 lze ‘obejit koqsttukc; se strukturnu, napF-t

DECLARE RADEK(lDO) STRUCTURE( SLDUPEC(lGO) BYTE )‘ 7
Pzl se nz i-ty Fadek a j-ry sloupec odvolavame vyrazem:

- RADEK{I).SLOUPEC(J)
Definovéni Struktury uvaitf. struktury je neprlpustne. v PL/M Je mnzné Jeste.
deflnnvat “bazovane promenné napi.- prlkazy -

DECLARE F'OINTER ADDRESS 4

) DEC‘.LARE HODNOTA BASED F‘GIN TER BYTE-

Adresa pronenne HODNOTA JE dana akam21tou hndnotou promé&nné PDINTER.
Pnsloupnnst prlkazu . . ‘

POINTER = 375H HoomofA = 25,

zpdsobi,Ze se na adresu 375 (hexadecimdlné)ulpzi hodnota 25.
3. Vyrazy a pﬁlfaznvaci prikazy

Vyraz v Jazyce PL/M se sklada z operandu a uperatnru. Piri zaplsu vyrazd
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v PL/M je nutﬁé si uvédomit, Ze hodnoty jsou uvaidvény.v pfimém kadu, a tedy.
plati: 0 - 1 = 255 v pfipadé konstant typu BYTE. Operandem mdse byt konstanta,
proménna nebo pdkaz na adresu proménné, tj.-napk. -identifikdtor. Pak vyraz:
A+ LB 4 (7 TOLJELPRIKLAD' )
nabyde hodnoty, ktera Jje dana souitem hodnoty promenne A, adresy proménne B
a adresy Feté&zce ’TO. JELPRIKLAD’, i
PFifazovaci pfikaz ma tvar:
proménns = vyrazs E resp. proménna := VYrazs tzv. vnoFené prifa~
zeni, které lze pouit kdekoliv, kde lze Zapsat vyraz. PFlkaz'
_A=A+(C:=D+F) -
lze vyjadrit méng efektivng prlkazy-
C=0D+ Ff ' A=A 4 Cs

4. Prikazy pro Fizendi programu

a) Prikaz DO - END slouzi jako zévorky a ma tvar:

oo, .
LFikazls' L - $ takto uzévnrkoVanyﬁi _Pfikazy
- o 1lze zachazet stéjnd Jako 5. Jednlm
prikaz h prlkazem
-END .

) N -
b) PFikaz DO WHILE — Enp je prlkazem cyklu a ms tvar~
- DD WHILE vyraz.

prlkaz1 . e Teélo cyklu se'bpaknvane provadi

= T pokud je vyraz hudnoty TRUE, tj.
pFikaznj ) R pravy bit vysledku vyrazu Jje 1.
END; - SO ’

- E) Iteraéni pitikaz DO 'je'ahalogii klasickych pfikazg cyklu a md tvar:
DO prom = vyraz1 TO vyraz SIEﬁpvyraz3 3

‘i NEad
pflkazl 4 oy . )
= . Cast SFEP'vyraz3 lze vynechar,
pfikazni ' Je-1i hodnota kroku 1,
END - i
d) PFikaz DD CASE - END ma tvar:
DO CASE vyraz. Po vyhodnoceni vyrazu, jehoZ hodnota K
prikaz o . e musi byt z intervalu {o,N- 1)se provede
= pouze pfikaz, . Neni-li hodnota Kke{o, N-1)
pFikazn3 : ; neni &innest pfikazu definovana.
END i

€) IF prikaz ma tvar: .

IF vyraz THEN prikaz, . Pokud Prikaz, by byl pFikazem prazdnym,

ELSE PFik6223 lze &4st ELSE prikaz, vynechat. Z davods

Jednoznaénost nesmi bytApFikagl 1F pfikazenm.

f) Pfikaz GOTO m& tvar: : '
GOTO na'vs -

- kde: nav je navésti, kterg Jje urfeno svym vyskytem v programu. Je zékézéno
skakat dp bloke, cykly

apod: RPiati zasady - sreJne Jjako v JazyCE‘Algoi]

P N

ORI IR~ CIPLT TS A
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5. Pudprograﬁy

beklarace podprogramu ma tvar:
Jmenu. PROCEDURE ¢ pary,....parg } typ.

prikaz 1% i Procedury jsou v PL/M volany
= hodnotou. Kafzdy parametr musi
prlkazn; i ‘ - - byt deklarovan. Praci podpro-

END Jmeno- ' gramu ulondi pfikaz’ RETURN. .

«Procedury musi byt definovéany pred Jejlch prvnim vyvolénlm, které ma.

tvar: ] ’ : ) :

CALL jmeno pafametfy );_ j&e—li D ﬁﬁoceduru'bez typu

nebo: jmeno ( parametry } jde~li o praceduru s typem ‘
Pokud potrebuaeme realizovat reentirantni podprogram ( mdZe byt rekur-

'711vn1 ) pak’ je nutné za typ dopsat dolozku . REENTRANT. Uvedme dva pflklady
CFAKT: PROCEDURE ( N ) ADDRESS REENTRANT. [ P: FRDCEDURE (X.Y) ADDRESS-

| DECLARE N.BYTE( -~ | beciare (X;Y) ADDRESS-
IF N = 1. THEN REfURN 100 | RETURN (X+Y)/2.
_ | ELSE RETURN N#EAKT(N—l) | EnD Py '
END FAKT; . - S

T 6. Zgracovéni-pﬁeruégni‘

i

Jazyk PL/M puskytu;e prostredky pro vyuzxti mechanlsmu prerusenl k
JB]lCh zpracuvanl;,Na prerusenl se pohlizi Jakn na asynchrnnni vyvnlénl
procedury, ktera zpracuvava prlslusne prerusenl. Prugramator ma mnznost ': 

napsat podprogram pro: zpracnvanl prerusenl ve tvaru'f'

. jmeno: PROCEDURE INTERRUPT n;

DISABLE; ..... ENABLE ; " kde: n je Zislo pFeruSeni 0 - 255,
END Jncnc- L ' neni-1i v syctému spec. pferufcvaci
obvod, pak ngl0, 7).

/. ZAVES

Y prcdlozencn DFLgpLVku byly uvedeny ZaLladnl knnstrukce @ vlastnosti -
p:ngramovac1ho ja zyka BL/H. A ]EZYCB jsou teZ pllkazy vatupu a. vystupu'
hnunut, mo¥nosti zpracevéni maker v dobé prciladu, inicializace prom&nnych
a fadou poskytovanych funkci, které umnanugl rotaci nastavovani CARRY. bitu
& pod. Na zaklad® experimentdlnich vysledku vychdzi efektivita generovaného
kédu esi 1:1.2 vadi dssembleru; Ne zakladd zislanych ‘zkudenosti lze jazyk

PL/I povazovat za vhodny k b&Znému systémovému programovani.

8..Literatura

[i] PL/M~B80 Programming Manual, intel Corp. 1976, Documerit No.98-200
f“] Skala v.PL/M —prngramovacl Jazyky pro mlkrupuc1tace CSVTb V3SE,Plzen
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KONCEPCE ,COMPUTER AIDED" (CA) & ALGORITMY
{ suroMATIZOVANE PROJEKTOVANS INFORMACNE-ffDICIcH sysTiut)
Ovod do penelové diskuse

J. Sedlék V. Skals
INQRGA Prehe VvSSE Plzen

E., Kindler E. Ondrdéésk
MFF XU Praha YUT Brno
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Computer sided je velmi ddleZity e bohaty pojenm, jehoe% bohatetvl vdek v
souteené dobE teprve “"krystelizuje®, tJ. vznikd, je rozvijeno a je jen pozvel-
na systematicky zpracovdévéno. Ty je sice pondkud ne Skodu yzdjemndému derozu-
pénf, ale zase to prozatim doveluje v&t5{ volnost v rozvijen{ a v splikevéni
¢ydr&feh principd, neZ kdyby bylo CA asvdzdne u% nynf do systému. Na rezdfl ed
alevs ,eutemetické"™ ped terminem . automstizovenéd” rezusime &innesti Elorvéka ve
speluprédci s sutematiza®nimi prostfedcy. Z teohets hlediaka je t¥eba chépat jak
seulasny stev & jeho tendence {ebraznd edpovidajfel derivecin soufasnéhe smtevu
pedle Zmzu), stejn® jeke te, ce bude déle uvedens.

Existujl eblmati, kde vypoletni techniks miZe bFt velmi efektivné epravdu
Jaiding", pomghejicf, a te tim, Ze ve smylce tlevEk-po&itad provddi velmi kes-
plexni medelovdni. Jinf podnét je v hierarchifch programevéhe vybaveni pre CAD
po¥{tatfi - od statickéhs medeloveni stejnoemérnéhe proudu k simuleci, od pre-
stéhe modelovdni k heuristickym algeritmiz zprecevdvejicim vysledky medeloveand
velpi netrividinim cpiscbem, od spejité ureva¥ modelovéni obvedl s vyuZitim
techniky F{dkfech metic e tuhgfch diferencidlnich systémd pfes diskréini medele-
vénf Yenstantnick atruktur na urevni logickgch funkei, pPemssu registrd s mi-
kroprogremevény, ef po diskréinil modelovén? nekonstantnich struktur ns drewni
eperanich syastémd & pefitefovych sitf, a ¥ dal&ich hierarchifich zamd¥enfch na
Pormu interskee atd. Je tieba upozornit ms velmi odliXneu techniku modelovéni
informmnich a Fidfefch mystémt v pFipads, Ze vipofetni technike ¥F{df v redl-
nén %ase, u v piipad®, Ze Fizen{ Jje CA. StejnZ jeko modelovéni je APIRS v meZ-
nostech neomezenoe ce de smplikeei.

Je t¥ebs pamstovet ne dvojf ¢lehu &lovEke - jeke fesitele APIRS a jake
uZiveteie APIRS, CA pek je tieba @&lit hlswvn¥ dle druhd aplikeci, mepi, pre:
politadevd (alektrenické)aystémy, vfrobu slofitfch strojnich soutdstf, fizent
technelegickych procesl, ¥Ffzeni vyrobmnich procesd, inforaafnf syatémy, ffdiedf
aystémy a programové systémy. Velmi jednedude lze prokdzat pffnes CA pfede-
v&fm ve zvibeni efektivnesti e snffeni pedflu lidské prdee pFi pouZiti CA. Ba-
da propedtd ukazuje, Ze ndklady ne hodinu provozu jednohe pracevi&t& CAD se
rovnaj{ zhrubs 0.6 - 0.9-ndsebku prim&rné hediny kenstruktéra. Te znamend, Ze
nagazeni CAD aystému je oprdvndne, dosdhne-li ae recionalizaZnihe fekteru as-
pon 2. Lze ukdzet, Ze tute hodnetu lze v rizafch pfipadsch vyssce pPekrofit,

®. MoZnost intersktivnfhe pffstupu k pei{te¥i s vhodnymi I1/0 prostfedky.
b. Vhedné programoveci prost¥edky pro styk s peiitelem.
c. Algeritmickd zralest denéhe odv¥tvi pro realizacl programoyé podpery.
d. Zéjem F{dfefch pracovnikd e zavedeni CA.
e. Eomplexn{ p¥{prave kédrd a sericznf eavits ve viech prefesich.
. Xvalitnf tdrZfba systému mutomstizevanéhe prejektovéni,
Nutneu podminkeu pfi zeveden{ sutemxatizovenéhe projektevéni Je interakZ-
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ni préce tlovika 6 poliislem. T{a je ddn i peiedavek na kvalitu v¥pslttevéhg
systému pre tento ti%el. Nz druhé strand z tehe plyne stéle yyeekd véha na r;z'-g_i 1

ei Zlevéka pfi vyulivéni systému. vidyt jde o sutezatizeveny systém prmjekt“é: 3 |

n{ a pregremevéni. Zde Je tFebs ~i uvédemit, Ze te bude &levik, ktery bude pryk
jektevat, nevrhevat rizné verienty, ty evéfevat, ziouiet ne zrudebnich pFikly.”
dech @ pek vyhedneccovat & velit findlni slgeritmus. Snaheu tedy bude spiie "py
s{tafev§" rezhever o Fedend, ne? predet uiivateli uzurfeny slgeritmus Pefent
preblému reap. lehy. Oprdvyngn& zde lze f{ci, ke piids e pestupné zevAadéai e
prvkld umElé inteligence de sutematizevenshe prejektevéni a pregramevéni,

el sutemetizevanéhe prejektevéni = pregramevéni nesptivéd pouze v pra-
esch ne technickém = prevdd&ciz prejektu, nybri musi mit edpevidejici dapad i '
na jehe zaveden{ de uZivédni u jehe ddribu. Fivetnf cyklus zprevidla pFeZijs u
systému nékelik generaci peditaZd. Odtud Je tfeba zabezpelit, eby napf. pre
deneu funkinif, infermeini a organizatni strukturu pfedm&tu #izeni byls meZnd
reletivn® snadne zm¥nit pfisluineu technickeu a pregremovou 8
vymEné petitatevéhe systému nebe p¥i velb® jiné tiidy potitadt, NapF. jiné pr ‘
gragmevd struktura bude pro JSEP a jind op&t pre SMEF. Pri implementsci autems _
tickéhe prejektovéni = progremevéni mifeme 5 dspéchem vyuZit zkusenentf z Jji-
njch eblaati autematizoevandéhe ndvrhu.

Pro debrou &innest CA Je potfebné zabezpadit:

i/ termindlevy peiitedevy systém s velkekapacitnimi pemEtmi pre moZnest
vytvéteni rezsdhlé benky tdeji e prejektech prisludnéhe druhu splikece 8 vjhla-.:
devym reziifenim (éi pi"*echndeuj k expertnimu systému, ktery by sleoufil projek-
tentevi; : '

41/ interaktivni reZim prdce s poﬁﬁaéem, graficky vetup a v¥stup - vedle
alfenumerickéhe - vhedny jezyk zam&fenf ne pledmétnd srientevené programevdni:
musl pevelsvat pejer tu strukturevanest algeritmi, ktersu atuduje atrukturnh-
né pregramevéni, ale i tu, kterd je ebrazena strukiurevanesti mime progfanvéni.

oA e

¢, Seulasny :al.'l*.avl probléay a srétevé trendy CA

0d pamdtiné Dijkstirovy prdce o strukturnim programevéni byls zavedens
#ads technelogii prejektevini e programevéni, NEkteré g nich se zebyvajl peuzt
infermasni struktureu, jiné funkdnf strukturou nebe legickeu struktureu systé-
mu, pripadnd kembinacemi t&chte struktur. SemezFejmd, Ze musi saZfovat ke atru-
ktufe procesni. ' _

Vyuiivéni petitage v JSSR pro ulely sutomatizevenéhe projektevéni je v po-
s&tofch, Lze uvést nikelik technelegii, kterd prispiveii k této dleze. U nda
se zatim vyjasnuje podstata problematiky & hledeji se vztehy mezi n&kterfami sp-
1ikeénimi slefkemi CA - napl. simulace versus CAD/CAM - cef Je sice ve ahed® &
n&kterymi trendy ve svitE, ale ne viechny svitevé trendy jesou u nés reflekto-
vény. Vzhledem k roztF{&ténesti technik a aplikeZnich t¥fd CA a vzhledea k ope”
trneati vytZené hmed v prvnim edstavei této atati Je vhedné soumstfedit se pfe-
deviim na eaencidlnf{ faktor CA, odpevidaejicl ped{tatevému medelevéni, = te J8-
ke vfzkumné meted¥® '(zkoumanj systém je nehraZen svym poﬁitaﬁeﬁm medelen & no
n&m "experimentéln&® zjistujeme vliastnosti zkeumeného systénu)’ i jeke ,proté-
ze" (tdst ned{ aktivity je nehra¥ens vypoltem ne poEitaEi). o

Daisi, ne tem zdvisly faktor se tykd interface mezi potitalen & uZivatelen
ktery je v CA velmi skcentovédn - interface gehrnuje prostiedky ‘pre pepis preo-
blému ve fermalizevené form& (v &irdim smyslu) i mapekty psychelogické, secie-
" legické a mspekty aplikujfeich v&d.
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fyte dve zékledni easpekty - medelevdn{ s interface - jeeu materializovdny
v t2zv. pradméing zeméfenéa preogramevéani ebject eriented pregremming , coi je
nejaktuélnéjéi fekter CA pro ty, kde ases zebjvajf elgoritmy.
Ja té% tfebs zdlreznit heuristické algeritmy, je% debfe pracujf, ale jejichZ

dei nelze dostatein maetematicky pedleZit: jde e elgeritmy, jeZ Zeste wmodelu-
54 prval pfistupy Flovidka ke zreumendmu meteridlu a JjeZ reflektuji pem&rné &i-
reké bohetetvi Jehe psychiky. Nelze ignerevet riizné oblesti CA, které si u¥ sa-
ay vytveFily své behetstvi technik (CAD/CAM, simulace apod.), 8 Jje nutné Jje
gynthetizovat, avdek ne tim, %e z nich ebstrehujeme jejich spcledné vlestnosti
(pek bY ndm mohly vznikneut pf{1i¥ chudé pojmy), ale tek, Ze budeme pracevet
ps jejich softesreevé synthéze; pffkladen velmi ilustrativnfm Jje vznik kombine-
yené simulece, coZ je dnes jedind technika ume¥nujfef zkeumat systémy s typicky
diskrétnimi i s typieky spejitymi fsktery, JjeZ je&t® navzdjem intersguji.

Zv1&8tni preblémy, které je tFfeba pleklenout, jeou tyts:
{. Nepechepeni kencepce CA 8 jeJdi zkreglend interpretace,
2. nedestupnest jif hetovéhe a z pohledu CA zpracevenche software,
3. nedestatek zobrazevacich jednotek, :
4. nedeststek velkekapacitnich pem#tl 8 pfimym destupem (magnetickgch diakovjc&
5, nedosteteind znalest Zivetnthe cyklu AIS,
6. reztFiitinest pFipravy systémé CA - vyprocevéni tskovéhe syatému je véEei
celeatatni.,

Svétevé trendy v Ch edrdZeji celosv&tevé kenference, které ve velkém rezsahu
prebihaji {nepf. Brighton 84, Berlin 84,...) g vyatavy vfrebed specielizevané-
he hardwere s ssfiware. 7a zdsadni irend lze oznalit systematické, dlaledné a
integrevené vyuiivéni pefitafe jeke pemecnike Zlevidks v tvirsd{ prédci ke zvyse-
nf jehe tvar&ich schopnostf. '
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COMPUTER GRAPHICS EDUCATION AND RESEARCH
IN FORMER CZECHOSLOVAKIA

Viaclav SKALA
Computer Science Department
University of West Bohemia
Americkd 42, Box 314

306 14 Pilsen

CZECH REPUBLIC

Tel. : +42-19-2171-212
Fax : +42-19-22-00-19
E-mail : skala@kiv.zcu.cz

INTRODUCTION

Several groups in the former Czechoslovakia
have been actively working in Computer
Graphics for many years behind the “Iron
Curtain” and they suffered from lack of
technology. There were many changes since
1989 and all groups are seeking collaboration in
teaching and joint research. There are many
activities in many areas in Eastern Europe,
especially in the former Czechoslovakia. Last
year the first Winter School of Computer
Graphics, an international workshop, was held,
having attracted more than 50 attendees. The
workshop will be held again this academic year
(see WORKSHOP section).

There are many projects in progress funded by
the TEMPUS Program and other financing
bodies. The following section includes
representative groups but is far from complete.

DIRECTORY

Ivan JELINEK

Department of Compuier Science

Czech Technical University

Karlovo ndm 13

12 135 PRAHA 2  CZECH REPUBLIC
Tel. : +42-19-293485

Fax : +42-19-298098

E-mail : jelinek @cs.felk.cvat.cs

Courses
* CAD Systems

Structure of CAD systems, engineering data-
bases, graphical data structures, CAD/CAM
interfaces, customizing of AutoCAD, ADS,
ASE, AME, engineering graphics, intelligent
CAD systems, standards in CAD/CAM.

Research Activities

Logical formalization of design process in CAD
systems.

Viaclav SKALA

(Contact as above)

Courses

» Fundamentals of Computer Graphics
Overview of computer graphics applications,
fundamental algorithms, raster graphics,
geometric transformations, projections, color

systems, introduction to interactive computer
graphics. e

» Algorithms for Computer Graphics I & IT.

Fundamental algorithms, dual space
representation, homogeneous coordinates,
geometric transformations in E? and E3,
projections, solution of visibility problems,



color systems, computer graphics standards,
rendering, scientific data visnalization.

Research Activities

Fundamental Algorithms for Computer
Graphics and CAD Systems, Digital Terrain
Modeling Systems, Color Systems, Scientific
Visualization, Medical Image Processing (CT &
MRI images), Data Structures for Computer
Graphics and Scientific Visualization.

Jiri SOCHOR

Department of Computer Science & Engineering
Technical University of Brno

UIVT FEI VUT

_ Bozetechova 2

612 66 Bmo CZECH REPUBLIC

Tel. : +42-5-41321226 ext. 245

Fax : +42-5-41211141

E-mail : sochor@dcse.fee.vutbr.cz

Courses
« Introduction to Computer Graphics

Survey of fundamental algorithms for 2D
graphics, introduction to image processing,
principles of interactive graphics.

» Computer Graphics 1

Elements and procedures of raster graphics,
color models, image processing, antialiasing,
polynomial curves, standards and formats.

» Computer Graphics IT

Solid modeling, object and viewing
transformations, sorting and searching in space,
visibility, rendering methods, advanced
rendering.

Research Activities

Rendering Algorithms and Architectures, Solid
Modeling.

Vojtech JANKOVIC

Department of Applied Mathematics
Faculty of Mathematics and Physics
Comenius University
Mlynska dolina

842 15 Bratislava
Tel. : +42-7-722430
E-mail : jankovic@fmph.uniba.sk

SLOVAK REPUBLIC

Courses

» Application of Computer Graphics in
Medicine

The course provides a general overview of the
most recent approaches to process, enhance and
visualize pictorial data for the purposes of
medical treatment. A short overview of image
processing (filtering, discretization, segment-
ation) and pattern recognition techniques is
given, The main goal is to present various
classic and up-to-date techniques for the
visualization of scientific data (ray tracing,
volume rendering). All methods are
demonstrated using real medical data of human
brains obtained by CT and MR scanners.

« CAD/CAM Systems

The course provides a general overview of the
state-of-the-art in the CAD/CAM area. Various
software/hardware platforms and methodologies
are presented with a focus on AutoCAD,
CADKey and MicroStation. The main goal is to
introduce an object-oriented programming
approach to CAD with emphasis on graphic
transfer formats and data structures. Special
attention is placed on CAGD and the object-
oriented structure of large software systems .
based on a unique geometric kernel. The ACIS
modeling kernel is the most recent approach.

General Interests
Computer Graphics in Medicine :
processing and visualization of medical data sets

obtained by various scanning techniques (CT,
MR, ultrasound).

Object-Oriented Graphics and its application in
visualization.

Physically-Based Modeling in Computer
Graphics.

Modern Architectures of CAD/CAM Sysiems.
Particular Interests
Discrete Space :

digital topology, theoretical approach to
representation and modeling of 3D objects.
Transformations, matching and correction of
spatial distortion among digitally represented
objects. :




Milos SRAMEK

Institite of Measurement Science

Slovak Academy of Sciences

UM SAV

Dubravska cesta 9

842 19 Bratislava  SLOVAK REPUBLIC
Tel. : +42-7-3782313

E-mail : miloss@umhp.savba.sk

Research Activities

Visualization of scalar volumetric data (surface
and volume rendering), interactive segmentation
of volumetric data, data pre-processing
(anizotropic diffusion filtering), recursive ray-
tracing of volumetric data, subvoxel precision
surface detection, ray-tracing speed-up
methods.

WORKSHOPS

The Winter School of Computer Graphics is a
workshop held at the University of West
Bohemia in Pilsen every academic year. The
next edition will take place on January 19 and
20, 1994, Further information can be obtained
by e-mail from wscg@kiv.zcu.cz.
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A Unifying Approach to the Line Clipping
Problem Solution

; % Vaclav Skala

I Computer Science and Informatics Dept.
Institute of Technology

B Nejedleho sady 14, P.0.Box 314

‘i 506 14 Plzen, Czechoslovakia

tg Abstract

. A new algorithm for 20 1line . clipping against naon
i' convex window that consistsof linear edges and arcs is
P being presented. The general algorithm was derived from

the Cohen Sutherland s and Liang- Barsky s algorithms and
I can be used especially for englneerlng drafting systems.
] The algorithm is easy to modify in order to deal with
holes too. The algorithm has been verified on IBM PC in
TURBO-PASCAL .

1. Introduction

packages. There are efficient algorithms as [6]
but not for non convex windows that consist of linear
edges and_arcs. Therefore new algorithms have been
developed [B] for clipping 20 1line against the general
windows. The below described algorithm enables to clip 2D
line segments against the windows +that are formed by
linear edges and circular arcs without need to orient
edges in the clockwise or anticlockwise order as some
known algorithms require. The algorithm can be easily
modified for the hatching. In this case some criteria can
be simplified. If the clipping area consists of some
holes it is necessary to apply the presented algorithm
fo- all given holes themselves and merge the obtained
intersection points together in a convenient way.
Particular care was devoted to handle all special
situations properly.

Clipping 1is an important part of all[ gra?hlcs

2. Non Convex Area Clipping

Provided a non-convex area is given by its vertices in
the clockwise or anticlockwise order and if the edge is
not linear then information whether +the right or left




part of the circle is to be taken from the actual vertex, g
see fig.2.1. It is also assumed that all vertices have
different coordinates, that no vertex lies on an edge or
arc and that two edges or arcs might have only a vertex !
as a common point ( for general conditions see (8] ).

Contrary to the clipping by convex window that consistis

of linear edges, the line w(qg) can intersect the arc edge _ 1
in two points. It partially increases the complexity of

the given problem.

i

orientation
to the left

orientation
to the right

Figure 2.1.

The line w(g) is described by the parametric eguation:
x (g)=xp + ({xg - %X¢) .Q q € (-o0,+o0)

Now in case of arc edge it is necessary to solve the
following equations:

x (g )=x + (xg - Xa ) . Q q & (-00,+00)

¢ x - xu)2+(y—yu)1—r7':0

where (x,,yy) is the centre of the given arc
2r is the diameter of this arc.

i
1



Solving these equations with regard to variable g the
quadratic equation

ag + bg + c = 10
will be obtained, where:

2 2
H:(Xs"xr)+(ys—Yr-)

b= 2 [(xe - xy) . Cxg = % )+
(yr—yu).(}fg—yr)]

2
Cz(xr—xu)z "‘(Yy- “Yu) -I'?.

In the case that the line w(g) intersects or touches the
given circle two solutions are obtained, not necessarily
different, as: » '

9,=¢ - D £ Y6 4ac ) / (22 )

Now it 1s necessary te determine which part of the
circle forms the boundary of the given area. Because the
border is oriented it can be discerned whether the arc is
on the right or on the left from the connection of x K XK 44
points. If the line w (g) is considered then it must  be
decided which intersection point ought to be taken. It is
obvious that only the point which lies on the proper arc
can be considered. It means that:

- if the left arc is considered then +the point x(qi)
will be taken into consideration if and only if

[ 54 x §y13 > 0 i=1,2

- if the right arc is considered then the point x(g.)
will be taken into consideration if and only if

[ sy x 55]z< 0 i=1,2
assuming that xk% x(q; ), Sy = Xypu~ Xg and S, = x(q;) - Xy

0f course some special situations must be solved
again, e.g. when the line passes or touches the vertex XK

In those cases +the tangent vectors 5y, Sz, -Sg are
determined as:

- for the arc s;= [ yy- Yy 5 Xu— Xk)
where (x,,yy) is the centre

for linear edge s,= [ ¥, ~fu~q, ¥k - Yi-1]



- for the arc sa= [ Yk~ Yw » Xw - Xy ]
where (x,,vy) is the centre

for linear edge S3= [ Yierq~Xx > yk+r YK ]
—for the line w(g) Sy = [ %o - Xr o ¥s ~ Yr ]

The possible situations are shown in table 2.1.

Table Z.1.
[s XSy |z [ssxsz]g type "touch"/"pass

< 0D - L0 pass
<0 >0 touch
> 0 >0 pass
> 0 <0 touch
< D =0 if —53.s£>0 then pass else touch
> 0 =0 if -545.5,>0 then touch else pass
=0 < 0 if —54.52>U then touch else pass
=0 >0 if -s4.5,>0 then pass else touch
= 0 =0 if -s4.5,>0 xor -s5,.520

+hen pass else touch

Tf the arc is oriented to the right then the sign of the
tangent vector s must be changed in some situations.

PROCEDURE COMPUTE_ TANGENT ( XA s Xg > T s t )
BEGIN
IF XA Xp is linear

. THEN BEGIN : [ J
S := Xg- Xp3; T := S X S ;
END B TA 22
ELSE BEGIN
s := £ yw Xw- Xkl 3
r := S X S, '
(¢ (xyw,Yw) 1% the centre of the arc %)
IF r=0 THEN IF t THEN r:=+s.s,ELSE r:=-s.5,
ELSE IF the arc is to the right
THEN r := -r
END
END (% COMPUTE_TANGENT x);
(% %)

k =n-1; i:=0;

21 Xg= Xpj (¥ operation with vectors %)
WHILE i < n DO
BEGIN

IF x, lies on the line w(g) THEN



BEGIN
COMPUTE_TANGENT(x,x; ,b,TRUE);
COMPUTE_TANGENT(xy_y ,xg,8,FALSE);
IF xgx; 1s linear THEN

BEGIN
COMPUTE_VALUE( q );
IF a.b > 0

THEN GENERATE( g , attribute )
ELSE IF a.bh< O
THEN GENERATE( q, g , attribute _, )
ELSE IF a = 0 THEN
GENERATE( g , attrihute sign b )
tLSE
GENERATE( g , attribute sign a )

s

END
ELSE (% x.x; is the arc =)
BEGIN

COMPUTE_VALUESC gy, qy);

IF a.b > 0 THEN*

GENERATE( a4, qs% , attribute _, )
ELSE IF a.b< 0 THEN
GENERATE( g4, g4, q,x , attribute )
ELSE IF a = 0 THEN
GENERATE( q,, attribute sign b )
ELSE GENERATE( Ay attribute sign a )
END
ELSE IF x,x; linear THEN
BEGIN
- COMPUTE_VALUE (q);
IF an intersection point is inside of (xyX;)
THEN GENERATE ( g with attribute _, )
END
ELSE
BEGIN .
- COMPUTE_VALUES( q,, 04);
IF an intersection point exists
THEN GENERATE( qgqx, q,% , attribute _, )
(¥ % means if the intersection point lies %)
(x on the required side of the xyx;arc x)
END
Kk i;

i =1+ 1;
END (% of while x);
SORT ( values g );
REDUCE ( set of g values according to table 2.2. ); )
SELECT ( subintervals as <€qj, Qju2N1<0 , 1) for all j );
COMPUTE ( the end points );

Figure 2.2.



Table 2.2. Basic possible situations for reduction

attributes
_____________ situation action
a; Q144 qi+2 __________________
% /Fﬁ l » save ( g; , q,ﬂ), 1:=1+2;

- /\,— —*/\' > ‘ i i i:=1+2;
+ /u - save ( Q3 Q|+l)

- - J\ change attribute of g to
Lo + \H - *77Z¢;save ( g7 , Qyep); 1:=1+2;
‘\/[ \V[ change attribute of g to

Qi » Qigq s 1:=1+1;
/f+ + Lﬁ& change attribute of g to
+ - ® //+ :\\ ! save ( a; q1+4), i:=i+42;

> Q; » Ojpq 3 L:=i+1;
/L e “A\ change attribute of q to L

¥ means all cases, e.Q. + -

The coordinates of the resulted points determined by
their g values can be obtained from the equation for the
line w(g): i

x(g) = xp + (Xg = % ) . 0




It 1is obvious that the presented algorithm for
clipping line by non-convex area can be easily modified
for a case when the area is formed by linear segments and
gquadratic arcs. In this case it is necessary +to define
conveniently the quadratic arcs. A similar approach to
the circle case can be chosen for this general case too.
Genprally all quadratic curves are described by the
function f£(x,y) together with their tangent vectors as:

£(x, y) = O 5= [ £y, - ]

2 . by2 + 2cxy + 2dx + Zey + g

where: f(x,y) = ax

If the given area consists of some holes it is
necessary to apply the presented algorithm for all the
given holes themselves and merge the obtained g values
together. '

3. CONCLUSION

The presented qigorithms are based on the principle of
the Liang-Barsky s algorithm. It is shown how the

algorithms become more complicated 1if the requirements

are more general. In general they do not need oriented

half-planes of the clipping window. The second algorithm

solves the situatiocn when the clipping polygen is non
convex. The increase of complexity is expressed in the
need to distinquish between different cases and fo sort.
the final set of intersection points. The last presented
algorithm solves the problem when the clipping area 1is
formed by line segments and arcs. This problem has not
been solved in the accessible literature as far as it is
known to the author. The algorithms are fast and all
specilal cases are properly handled.
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Hidden-Line, Hidden-8urface and Hlddcﬂ-—(:ontuurlng
Problam Bolutionm by ths Mod{fied Bruseanham’n Algoritha

) Vaclav 8kala
Computer Bcisnce Dapartment ,Tachniocal Oniversity,Mejsdleha nady 14,30614 Plxen

L. Imtroduction

Solutions of many engineasring probless result In functions of two variablem
which can ba givan eithar by an axplicit function dascription or by a table of
function values. Functions have usually bean displayed on & dieplay saresn or
have been drawn on a plotter in wevaral Sanners, The known asthods have baen
baswed wither on drawing contours drawn in axanometric prt;jqotlon 31 or on
drawiag functiona of twon variablas with respsct to visibility ((12]1-[14]). Lach
method of dimplaying must have its own spacialised algorithms, ‘which has not
basn wimple mo far. In all casen the problem of displaying has baasn complicated
nat only by an anormous volume of data but alio from the polnt of view of
programe and theic xkructurs. ‘Many algorithms have B.tn published in literature
but they difter from each athar. .

In  thea [following paragraphe a unifying approach to tha Hiddan-Line,
Hidden-8urface and Hlddnn—f:qntuurinq problems- will be shown., It im based on «
modification of the Brenenham-a algorithe for thae straight line drawing, The
advantage of the Buggentad molution is a simpla hardwarae ]nplnmntution.
enpecially with devices controlled by microprocessors. The proposed algerithes
are famt and thay do not use floating-point operations at all,

2. Hidden-Lina Problem Eolution

Lat us have an axplicit funation of twe variables x and » Yy =t (x ¢t 2}
vhare ! K€ ax , by > and EEC ax | bx
and we want tno dlaplay thir function by uvsing ¢ rastar device, wa.g. & ractaer
Taplay or a plottear, Far Rany salantifia problems it ig snough to ophow the
beahaviaur of the given functten by dreving funation zllcen caaording te the «

sod x© axer, s.¢. the curven:

y-f(r.r;) twly. . ii
whers | Ea< gr , he > rmd goeeldeld.,, , <np=hg
cid bhe oulver

AL ST Inlyiam

whara: RS < ax , bx > and  axmxl(x2<...,<{amebyx

The qiven functiomn gon be rapresented -u'.lu: by an explicit funation
apnoification or by a table of the function values for gri¢ points in the x-z
plane. If the function (m fathar compler tt can be very -difficult te isagine
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the bshaviour of the function because soma parts are invisible. The problem haw
been vary succesafully solved by ([6].[12]—(14]).Eolot{-an the mathod is callad
the Flaatlnq Horiront Method.

The principle of the known solutlon ls genarally simple. If two slices
parallel to the x-axis arse drawn then the space batwesn thems two mlices is a
atrip of inviwibility. The mtrip ila actusily part of a murface of tha given
ruriction. Let . us supposa That 'CUTVEN are dArawvn from the foragrbund Tt the
background. Now {f the third curve should bs drawn {far from the cbaatrver) it
im obviocus that thoms partm that pass through the strip of invieibility are
invimible and therefove they should not be drawn, see fig.2.1.

New MushkhTap

r!.
fy
Lt Q
Maskbottom
Figure 2.1.°
Furthar the follewing abbrevistions will be ussdi
.HaskTop KT MaskBottom MH

1f the problem is analyzad in detail, it is obvious that there is &
necessity to represent borders of the strip of Llnvisibility. It can be made by
introducing MaskTop and Kask8cttom functions. The real rapramantation of the=se
functions can be temporarily omitted. Wow, the problem of drawing tha caurvex
with respact to viwibility becomes very gimple & it im  shown in’ algoritha
2.1., becauas only thone parts of ths aurves, the polnts of which are lying
outgida the strip of ilnvicibility, ere dresm. In {6] tha problem is etralghtly
solved and the description of the eethod is ssey to understand.

shark wharet n iw tha number of slices af
’ tha function f
KT 1= -00 pin, max ars functions whoss
HE 1= 40 two argusents ara functions
L and the remultm ara
bk otw 1 functions too

L7

DRAM FUNCTION € ( = . :k)

with reapect to the
viailb1liLy for redan.bxd
Ktiemuzx { KT o & (x + ® } ] dov &1l x
MBimmin ( KB , £ (x , x 3 } for &ll x

- .. and . . -
Algorithms 2.1.
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The visibility problem has bean solved by Hatkins [1%] introducing mask
vectors for MaskTop and MamkBottom boundary representatione. Suvearsl problams
had to be molved becausa all computations were dons in the floating point

repregentation.

3. Proposed Method for Hidden-Line Golutlon

In (11] the functlons MamkTop ind MaskBottom are tepressnted by vectorx with
values in the floating point represantation. The whola process of drawving with
raspagt to vimlbility can ba imagined aw follows in fig.3.1.

REAL INTEGER
< o > A
usar Niddes DRAM algorithe draw raster
=2 funct. |-N Line =2 -2 for line - =
=pac, proac. LIME ganeration atap davidge
ugsr’'s leval ’ graphics systam level
< R . ——>

Figure 3.1.

Row a quamtlion sight arise i{f there are any polllbllltian of inareasing tha
sfficiancy of the h{dden-line problem molution, Onae Poseibility is to combine
the known Hatkins'm algorithm with tha Hresenham g algoritha far drawing
straight lines dirast on the phymical level. :

A molution of thae hidden-line prohlem becomes relativeoly vq}y eimple now
bacauss only éha ORAH ETEP procedure must be changsd. This procedurs must
generate code for physical mavament in order to take the lovieibility imto
account. Becaussa tha DRAM BTEP procadure draws one physioal wtep it pust only
be checked whethar the naxt end-point in the raster is ineide or ocutei{da of the
strip of Invimibility. The structurs of the proponed mathod ig ghown  In
tig.3.2, ’

REAL INTEGRR
SR ] - >
usier ODRAW élqorithn draw step raster
-¥% funck. for line with rempect b ’
Opaga, LN ganeratinn to violhil{ty devica
Heat ‘e Yeval Qrspthton eyeten Ycuel
o e )
figure 3,2,

It io obvigua that only integer reprasentatlon for MaskTop and HavkBottom
arraye ara acually nasded, The Eimplified wolution g shown in algoriths 3.1,
There area twa temporary errays M1T and K13 for'n-v maxks in order to gat rid ot
all very spacial probless with pear horixontal lines, Bpaces were inoluded into
identifiers far lagitbility and in thae actuai Implanantation will ba omitted.



: { GQlobal vmrisblam }
: COMET res=1023;
: VAR xp,ypi!INTEJER; { abmoluta coardinates )
1 at ,mbiARRAY [0..res] OF INTRGER;{ MaskTop & HaskBottom }
g ait,mlbiARRAY [0..res] OF INTRGER; { temparary &t & mb }
; UV, ixy 1yt IRTEGER}
{ Procedure for the first initlalization of sanks )
PROCEDURE initiaslixeq
; VAR {1 [NTEGER}
BRaIM FOR {(«0 TO res DO
h . BEGIN mlt(l} iw-maxintymlb{i) 1=maxint EMD
1 T | '
T { Procadure for manks setting aftar each mlice haw }
i { bean draown }
! PROCEDURE mat up manksy
: AEGIN ati=mlt;mbi=mlb ERD|
{ Draw smtep with respect to visibility ol the givesm point }
PROCEDURE draw stepj
BEGIM IF yp ¢ mhixp) THEM switch on (xp:¥yp))
IF yp > mtixp] THEW awitch on (xpyp)}
I7 yp > mltixp] THEW mit{xpl i=ypy
IF yp < mlb[xp] THEN mlb{xpli=yp

EHDy
{ Procedura for drawing wtraight line O<mabs{v)<wabm{u) }
PROCEDURE bresenhamj ' '
VAR j:dymibi INTRGER)
BEGIN IF u >= v THEW
BREGIM { 1.:4.,%.,8, cotant }

eimvividima-uibima-tu=-uy

FOR 3(=l TO u DO

GEQIH IF d < 0 THEHR di~d+a

ELEE BECGIN ypimyp+iy|di=d+b EHD|

gpraxping.
draw step

END
ELEER
ﬁEQIH ( 2.43.46.,,7. octant }
aimutujdimpa-vibima-—v-v|
FOR J1=1 TO v DO
) ERGIR IF & < 0 THEH di=dia .
: ' ELEE DEGIM xpiwxptix|di=dtb BED)
¥pleyp+iyy '
Erev nhep

£no
ENDY . _ _ .
PROCEDUTE draw ta { E,¥t IMTEGER )
{ drow linas with respeot to vimibility (Ep.yp)->(Z:y) )}
e BRIIE irs=zign {(x-xp)(lyr=siqgn{y-yP) :
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uie=abs (x—xp) } vi=aba (y-yp}1i

bresanham
' .
BEGIM ( now the drawipg ltuwelf — body of the main program V.
initialine|
T sat up masks; { masks must be set up for each slice )
draw to (x,y)| { drav the function elica }
goto 93
ENOD .

- Algoritha 3.1.

In the abaove presented algoritha it is assumed that the oydcr of the drawing
ix from the foreground to ths background. Eomstimes tha foraground and the
bsckground are altered in the publliehed algorithms, ae.g. in [12), and the
results are wrong, becauss the order in which the ourves are drawn cause a
violation af the given premises. Therafare tha problem is how to seluct tha
order of the drawing if soms transformations sre msde. It im also amsumad that
wa use only paralel projection and that vertical lines remaln vertical aftsr

all transformations too. ) -

4. Hidden-Surface Probleam Epecification

The problem of the hidden-surface eliminastion is very oftem nsolved (n a
quite differant ways in which many tricke are enployed. Becauxe all ths known
methads ( for dreiving functions of tvo veirizbles } do not use the advantage of
the msolution in the rester environnent o very =ipplea algoritha will be
deccribed. The preobles of the hidden-surtace olimipation will ba solved in a
very mimilar mannet to the hiddan-line elimination shown above. The glicas will

‘be drawn s&gein from the foreground to the background and after drawing the

first two mlices .two kasks for borders and two masks for intenmity lsvels will
ba set up, weas fig.4.1. . . '
Furthor the following abbreaviations will be ussdy

Mask Current Hc Intensity Current ] ic
Hask Previoun HP Intansity Previous e
Hask Top MT Hask Bottom NB

second curve

neuy HashFrevious IntensityCurrent
Hask Top p Hashlurrent
7
.,—.--\—-‘*';;‘—*q\_-_* HFOHI,IFT] &
L T e g Fos
S ATDS 7
e s '/" //
i - '
g:<<:<" /j//// Flgure 4,1,
) “‘&"‘L‘:{I <
new = MaakTap
Hrshholtom MCCx«1, ICCK] . =X HoshbBotiom
~ IntensityPrevinus
sirip of Y

Inuls!hlflty First curve
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Tha problam is that the invisible parts of the wurfacge must ba duleted and
an appropriste visible part of the wurfacs must ba fillead by an appropriate
grey lntensity laval. To do thli for all points of eaagh ourva an {ntenalty
level im nesded. The intenmity level can be domputed as a function of the
norsal vector of the given surface. In tha given occordinate system tha = part
of the normal vector must be taken, for details sea [&}.

start
start
MR 1= +@0 ’
T 1= -0 l
KB 1= +0O
k1=l NT 1= -0
W/
DRAH FONCTION f(x.x ) draw tha front
with rempect to thae nargine
vimibility for ¢ <ax.bx’
and for all x kK 1= 1
DRAN LIME from __-_—--—\l
(x.HC[x],LC{x}} té_ pt=1
(£ MP[x] , IP{x]) with }
respsct ta the visi{billty DRAW CONTOUR (p)
and change intesnzity with respesgt to
linearly from IC({x] vimibllity
to IP(x]
L pimp+l4——p = Ho of contours
MT 1= max ( NT , HC ') for all x L,,
HE t~ min { MB ., MC ) for all x set up masks MH, MT
IP 1= TC for xll x cccording to resr marqlne
HP 1= HC for el x of the procacsad grid
I . -
k = 0—————kimk+l ki=k+le——k = Wo of grids
! k
and ' end
Algorithe 4.1. Algorithm 5.1.

visible paris af filling

HC

HF | TF
HT

HE

i strip of
invisibiltity

Figure 4.2.
It wmeans that after drawing the first =slice tha functions MKaskTap.
HerkBottom (Mezkbottos is equei to the ¥askTop aftecr the first =slice was
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drawn) . HagkPrevioum and IntensltyPrevious are known. If the =sacond @slice im
drawn then ths functions HMaskCurrent and IntesityCurrent are known too. How (34
in nacessary to fi{ll the known part of the wurface that is definad by the
fundtions MaskPrevious and MaskCurrent with ‘an appropriate level of graey.
Becatuss all functionm will be rapressnted agaln by vactors for all pointe in
the mx—axis & modified Bremenham e algorithm can be employed in order to get
propnr‘lntanulty levels For al)}-points: It mexna that for the~ given x - the-.
intennity lavsl will be approximated far all po;Ilbll ¥y #.9. a lina wil} be
drawn from the poipt (x,MC{x]) to the point (x,MP[x})} and the intenmity lavel
will be alowly changing from IC[z] valus to IP(x] value. This must be.perforned
for all x. In this way wa will gat the =trip of invisibility. After that
MaskTop, MaskBattom are redefined again, ses fig.4.2. T

If a third ocurve is drawn thean it will ba drawn only outside the strip of
inviwibitity. But for tha hidden surface it isx necessary to fill tha area
outside the =strip of invisibility batwesn the pravicus curve craprassnted by KNP
and the current curve rapresanted by HC, s.g. Lt is necesmary to f£il11 in only a-
vimible part of tha 1line magment from the point (x.MC[x]} to the point
{(x\MP[x]) with a proper lntansity lavel from intensity ICix] to intanmity
1P[x]. The filling can be dons by a modifisd Bresanham's algorithm again in
order to ensura that the intensmity level will be properly chlﬁgcd. It ¢can be
seen that the propoesd algorithm does need zll the above menticned vectors. The
whale algorithm (schematically) is shown by algorithm 4,1.

If we omit for this moment all problems with the initilixatlion thsn we can
use all the procedures shown above but the procedures DRAH $fEP and &RT 0P
MAEXS wmust be changed am it is shown in algorithm 4.2.  The actual .
Implemantation Is slightly more complax. ‘ -

PROCEDURE draw =tapj
BEGIN ( draw ntep to the paint (xp,yp) with intenaity I}
flagi=x0=xpt x0t=mxp; ‘
IF yp » mlt(xp] THEN mlt(xpl imypi
IF yp < mlb[xp] THEH mlb([xp] 1=yp]|
IF yp (= mblxp]l] QR yp >= mt[xp] THEM
IF flag THEN f£i11(xp:yp.epirp].1.ip(xp]) .
{ from the paint (xp,yp) with an intenalty {.to }
{ thea point (epinp{rpl) with an intensity ip(xpl)
ELEE switch oh(np.yp.l);
mo(kpl t=ypt
loixp) 1=l
ey
PROCEDURE xeat up masks)
BEGIKR mti=mlt(mbi=alby
epiweciipt=ic
[ o]
Klgorithn &£.2.

The slgorithe thown s&bove (v very sicple smé olecr to umdorstand. (.  have
not dealt with the problesm how HF and IP arreys were originsliy st up. The
FILL procsdure (w adtu&lly the Ererenhas s zlgorithsn that is modified so that x
coordinate im conetant, y ocordinuste $m ochonged with the mtap 1 gEnd the
{ntensity devel I sppropristely oh;nﬁtd in order to gut the wvhole {Intenzity
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mgale from the current ilntenslty repreasanted by I[C[x] value to the pravious
intensity raprussnted by IP{z] value or vice versa. The procedurs itmelf musxt
draw only outmide the given strip of imviaibility that im glvan by MNT and K8

arrays,

8. Nidden-Contouring Problem Epacification

Tha hidden-contouring problem is demcribad in literaturs very raraly bscausa
it covers sevaeral non-trivial tasks. The (first ig the contouring probles
ituelf, the second ix the probism of hiddan-lina elimination. The knaown
algorithas are very complicated {3]. Tha main effort sasms to be z=pant on the
part that deals just with the hiddan linhe removal. The known algorithms Jjust
use the algorithm for dentouring and hidden line remaval in the *"pipe-line®
way, Tha problam can ba samily solvad again in a very wimilar mannar to the
hiddan-llne alimination desaribad sbove. If fi9.%.1, il anslyzed wa ocan .  use
that tha psfoblam gan ba eaasily describad as followx, Firstly two margins sust
be drasm and then for each grid all contaoucra must he drawn with reaspact ta the
vimibility. The centour drawing ordar is substantisl becausa the contours msuxt
be drawn mo that tha higher contours are drawn later on, «.9.1

contour {p} < contour {p+l) for all p
Whan all contours for the given grid have been drawn it i{s naceNsary to draw
"back margine® of the given grid., If any user neads smallar gridz or omoothly

.tnterpclate contours he can subdivide grid wmash or he can semploy the ssooth

intarpolation (eome kind of mmooth interpolation can bs done direat in the
rantar environment) . The whola problem is now -l-pli but. wa have to (find a
simples nathod which detarmines wilhouetting in order to gst the propsr outlook.
The s!lhouetting problem =molution 1is described in literature vary ratvely
becauce of high complaxity of computation. FAetually 1t s & problen of
daterrlning whather the partlal derilvettaon of the glven {unctlon according to

the sheerver’s nye dfrection is moro. The hidden-contouring problem molution

(vithout the peluticn af sllhouettlng) can be schomatically dascribed by the
algoritha 5.1. .

Figure 5.3,
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6. Conulusion

The above presentad algorithmes are based on the Breasenhaa"s algorithm for
drawing straight linss in the raster environment., The algorithms for drawing

functlions of two variables are intended for the ﬁnq in the rastar anvironaent,
e.g. for raster displays cor digital plotters. The presentad algorithma for

hidden-line, hiddén-surface and hiddan-contour removal are very fast, eamy to
implament and they do not nasd cperations in the floating point represantation
!n} ths dctqfnlning whether the line segwent or its part e visible or not,
' All menticned algorithes wera implementsd on the #8-bit migrocomputar with
8080 microprocessor running at 3MHs. Prasented results wers drawn in 2 gac.
approximately including the visibility solution with the resolutian 156x256
points with 8 colours. The time of function coaputstion, aceling and rotation
ie not included, bacause a host gomputar wvas used. The drawing was nbouF 15%
slowar than drawing without the solution of the vimibility.
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Fig.2.1i.

All intersections of the line w with edpges
: . af the
obizined by solving the following HH:mmm mu:mﬁwo:mwu:<mx polygon  are

ge {0, 1)
x(p) = x¢ + ( x4y - %1 ) . p ped0 , 1) i=0,1,..,.,n-1

x(o) = % + (% - x ) .nq

where ® means addition modulo n and point Py has coardinates Xy

The interval for parameter i i i
_inter ) p is not closed in order ¢ :
ambiguities in case that the line segment is :ummmw:mm mm%wmmusznume;

on:&u:n:M:m=ﬁHH3mzﬁnuVmuow<mo:<mn&mxa .
Mummﬁ»ﬁja is based on M:m mmn% that a line segment wm: UMWWMWmmmwcmu
mmw<mw~nnwmmo: anly in two points. The algerithm finds the g values
r all intersection points of a line on which the given line sepment
ies with the edges of the convex polygon and then the proper part of

the line segment that is inside the co
1 : : : nvex polygon can be found. The/
algorithm is shown in fig.z.2., It is necessary, of course, to solved

special cases when a line segment t
: 1 ouches ar passe
it lies on a polygon edge. 7 S 8 vertex or when

The algorithm given in fig.2?.2. is faster than the Cyrus-Beck’s

algorithm ( it doesn’t need an inner i :
: : normal computation ) and r 3
rectengle polygon is equivalent to the Liang-Barsky algorithm H:mnnmmmm

that computation of all intersections is simplified for polygon edges

parallel to the axes. The algorithm can be easily generalized omu

modified for a case when t i i
Same Tine Skasa Croonl” wo edges of the given polygon lie an the

. 5. NON-CONVEX POLYGON GLIPPING .

Mn.m:nnmmm:m edges do not 1
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s INTEGER; (x end points of the oolygon edges x)
INTEGER; {x_counter x)
ARRAY [1..2] OF REAL;

j:=0;k:=n-1; (% set gnd points far the first edge xvm
AT

IF an intesectien point exists far the edge %, x4

AND the line w(g) so that pe¢0,1} THEN

SEGIN j:=3j+l; t[3l:=q (x save the g value x)} END

ELSE

IF the edge x,.x; lies on the line w(g) THEN

gEGIN t[1]:= a value q that corresponds to the

vertex x,;
t[2]:= a value § that corresponds to the
vertex xg;
ji=2
END;
ki=i; i:=i+1; {x take the next polygon edge %)
UNTIL € 3 =2 ) 0R ( 3% n )5
3¢y O THEN
BEGIN

TF § = 1 THEN t[2]:=t[1} (» the line w(g) "touches"
a vertex x)
ELSE IF t[1) > t[2] THEN t[1] swar t[2];

t{1):= max € 0.0 , t[{1] J; (x maximal value x)
t[21:= min ¢ 1.0 , t[2] ); (x minimal value )
LINE ( x (t[11) , x (t[2]) )
END
“END;
Fig.2.2.

b2 an algorithm for non-convex polygon clipping is ‘based ‘on the

parametric equations that express linear segments. In this case the
glgorithm must be more complex, because the line w{g) can intersects
the palygon in many points, Assume that a non-convex polygon is given
by its vertices in clockwise or anticlockwise grder. Further that two

jg on the same line, that all vertices have
different coordinates, that not a single vertex lies on any edge of
the given polygon and that two edges might have only a vertex as a

common point.
let us consider again some situstions thet mipht ocour if & line

segment with end points P. and P. ought to be clipped, see fig.3.l.
The given line segment that ought to be clipped can be expressed by:

nedd, 1)

and the edges of the non-convex polygon can be expressed by:

x(q) = % + (x5 - % )} .q

x(p) = xg + ( %u@q - Xi ) - P ped0 , 1) 1i=0,1,...,n-1

Then we will look fer azll intersectien points of the line w{g) and
non-convex palygon. The parametric egquation:

x(q) = %, + ( xg -~ % ) . @ QE (oo ,+o0)




SHt 4w Sunt B oag o uUDLE fY U G@IEEA AQ ATUG 10U PBUTWIB}AD B ™

U0I3285333UT 8y} 8aojaizayl *( arbuetiy e st :cmxwwuncmmﬁmfﬁumw“m
g 2500 ietoads @ ) torge¢-B1r mas ‘14 iutod ayy ah mncaamm._uunu YoTyMm
§ anTeA b Atuo ajelrattsB o3 AJessaosu st 3T uayy ‘swes ayy age bary cady,
¥ siutod IT -sanTea b @58yl 103 -- J0 e+ 583109133118 AgQ =2dd1 ayy usamMiag
| nmﬂ:m:ﬂmﬂue 0} AiBssagal ST 3T ing -pajelauafl 8q }SnW S53sEeD 253Y] UT
Y&y pue ¥y si3uiod ayy bl puodsaiian 18yl siajawesed b Jo sanyea mch

.a.n.m.: |

fon3
Z+i=11

1'% THRNFRN uw t oo _u XEw ) 3ABS NIHL e
te ¢t m_\.T.,_w F,_Hm.a m o na ¢ WU = cMc ) xew 41 NIS3E . 5 ¢'¢*B17z ®9s ‘suoTieniTe atqresod oMy =ie aisy) -uofiTod ay:
00 1- uoTiSBsIAIUT IO ON =» T ITTHA 30 BUPS U UQ S8TT (b)# aUTT ayy uayw ST UOTENITS QuaTazITP 83fnb v

3 [] v
oL +I=t%
*juTod UDT3985I81UT AJeuTplo us Se passasoad gIe 5iutod

asayl sases yjon ul -pajelswesl st juind uoTaoesaajut atgnap ‘gz te-BT
uUr 81Tym ‘juiod uwDTiDASaslUT  AUD ATuo pajeaausb MM_ .mlmmmmmmw “.."w

-y ¢+Ory sas ! AH [ cv TEAIRRUT “Zoc-B1y
jo satdnoo [IE FO UOT1085I33UT ayew 0} AJE55308

U of{npow UoT}dellqns sueall © ‘U ofnpow UDT1t
St e S R np T}I1PRE SUBBW @ EREIN

syl yjTM sanfea b a8yl

bym BUT ayy Jo s3aied futgaeb
mw ..i _mm_w_mmm mmma m__”__« 70 3ied aie 3}2Yyj Pue 8pIsuT aie 1By} (b)m 3UT (a e
d"d n.# siied @soyy sutwiajap 0} "G-a ‘upfitod uaath ayj spisutl mam.w uSnog. s
ayy ¢ 1 n_.mu.umu yoTym auTwiaiap 01 Aiessagau ST 17 38_. ém& _

534y Tjuswfas auty 8yl I
-ganTeAa b jo safdnos age uabA1od?

fd @sauyy suiwaazap 18y
T5uT ade yatym (B)m aurf ayiy Fo 51Ie
mwﬂmmmmﬁ.wmw mw_“_m__. o3 Gutpapooe passaonold ag TTTM SENTEA b 3o 313s m_._.h.

P

--- sayngrazie ro7 ApIETTUIS

“uin

|

{

|

“ 5
)

_

!

"M
- +  t
(A N 10 e
_‘Qvn_.
:gafauanbas 0y paaaegsuer} 2q 3SMY

| _ ] f'g'¢*B1z ass ‘saTyTiTqQissad
L. oo anv aie  azayl -ueBATad  Byy o xa1lan B saydnoy 1o .Mm.,mmmn
h %ot 10 b ‘b .A JM aufT ayl uaym saseq 1eTaads Butmorioy ey: uoTileaapisuan oluT syel

01  Aaessaoau sT 3T 1ng ‘b asiswesed s &
. sa1dnodlR t ¥ Ul J0 Bnfea 3y) Aq pauiwlaisp ag
:satouanbas -B-a ‘371ds ag 30U u.ﬁ:azwaummwwnwmmmwwmwmwum mwﬂumm m_m.:m.. % S3utod  UOTI08S183UT TT€ JO SA3BWIPI0E] “(b)m AuTl By} Sassaldxe

B
B 05 583NqQTI13E IT8yl YTk 1ayis oA
wcuy foadAl aTayl- YIim zayiabnl punog aie sjuTod voT3on@siajul 1T . ,w e
!
B
(2 (a oy ( R} |
gseo TeE1oads - X
| d@ﬂ n
=Y L 1\\\ )
_ /
- /
_msn_. \\
Povey ™ =7
\\
_.m.H.nr M P
.nm.u,..nr 4 - La. .
&u 1
H
- bym aull 51 _
(g pe aseo aBpa uo 5811 ( ST : : _
- saT bim ' 0 R
(e pe ased afipa uc 1 n_._w_nuw 30 ﬁ.ars
u
ssed adAl  ayj} }0 weljossiaiul tafipa yiim uoT138513% T
bEL

5et




126

Table 3.1. Possible situations

attribute T
B - situation action
o Digq
. / m W ( ..
— x vy save Q4 5 O4q Y i:i=i+2
% Fis. )
o + i bl save ( O; , Oy, ) i:=i+d
e :--.#..\.@E:-m._.m
o - /. — 4?& u save ( gq; , Oigp ) 1:=143
e VI N
- S\ 1 S
e . save ( Qg , g:.,,) i:=i+3
e %V N T Lo
] m. t .4ﬂMt TTTTTTTTTTTTE s
o = Lirl H+z  vertex touches an edge

+ -+ -
W 5 /Q
(L4}

impossible situatian

- impossible situation
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(x counter of g values x}
I;
! g n-1 DO )
.mm Mrm adge x.x; lies on the line w{q) THEN
N BEGIN determine the type;

IF %, €» %@, (x not a triangle x)

THEN IF type = "+  THEN generate {( q, , 0,
+ +
n

ELSE generate ( q, ,

)
)

ELSE generate ( a, )

ELSE IF the line w(g) passes or touches the vertex
THEN IF type is touch THEN pgenerate ( g, , g,
- )

e ¥

ELSE generate { g, )

ELSE IF the line w{g) intersects edge xgx;
THEN generate ( g, J; .

Dn
ux* ( values g Y;

EQUCE ( set of g values )
-.mmmmna ( subintervals as o s n_x@._v ) Ac , Hv )s
ROMPUTE ( the end points )

L CONCLUSION

4:@ presented glgorithms =are based on the principle of the
ttiang-Barsky 5 algorithm, It is shown how the algorithms become more
gnpliceted if the requirements are more general, The presented

§lgorithms were verified in TURBO-PASCAL on IBM-PC. The algorithm for

the clipping line against =& convex pelygon is mwamwmm &rmq the
tiang-Barsky ‘s, if it is simplified for a rectangle clipping window,
and in genersl it doesn 't need orientesd half-planes of the clipping
swindow. The second algorithm solves the situation when +the elipping

polygon is non-convex. The increase of complexity is expressed in the
need to distinguish between different cases and to sort the fipal set
@of intersection points. The slgorithms are fast and all special cases
re handled properly. Both algorithms might be used for hatching, too.

The coordinat i . . Biiv'0f course, in that case it is convenient to rotate the clipping ares
can he oaﬁmwamm Mwuh:mrmmwcwwmn uaw:&m&ﬁmﬁmnapzma by their q values¥WStigy that tne hatching lines are horizontal, find intersection points
quation for the line w(g) 3 and then rotate their coordinates back. In this ease all algorithms
x(g) = can be significantely simplified. The presented algorithms can be
4 Xp+ {xg - %) . 0 mw:mnmuwwmn for non-convex areas when the clipping area is formed by
R ne segments and arcs Skala 1988 ).
The whole algorithm can bhe described as follows in fig.3.5. The. ’ ﬁ V :
mwmmm:ﬁma algorithm enables to ,clip a given 1line segment against : N !
z.ﬁ:nmz<mx palygon. The assumptions stated above are not substantial 3. ACKNDWLEDGMENT
mwmuﬁwwmscmwm mxnmnﬁww: that edges may not intersect one another and . . . i
s besed on w:mmmwmwwm< amnumwma for these assumption. The algorithm wzm author would like to express his thanks to Prof.L.M.V. FPitteway,
olvaon in non r idea as the previous gane and because the . B, J.P.A, Race ( Brunel Univ., U.X.), Dr. J.E. Bresenham ( Winthrop
ya pn-convex some additional operations must be employed. College, U.5.A.) and Or.R.A. Earnshaw { Univ. of Leeds, U.K.) for
~ thieir helpfull discussions during his stay in U.K., to Miss I.
> Kolingerova {Inst. of Technology, Plzen ) her interest, comments and
v the fipal implementation on IBM-PC, who enabled +to find unspecified
.. 8pecial cases and errors, and to students of Computer Graphics course

that stimulated this work.




*S8ToUatog Jo Awapeay HBAOTSOYIEZ] 8yl uryzim
dnoly swaisds Qyl pus sotydeag Jsinduog Jo UBWITBYD ‘sotiauzagdhy
I0o A38T308 By} 3o Jaquew e pue Aiataog Testuyoa] pue JTITiuatag
YBADTSOUDBZ] IO Jaquauw g BT 8H °satydeag Jasindwoj PuE =wajlsds
eseqejep ‘safenbuey ButwwegBoad Butyosay juawiaedaq B3T18UI8g4g
8yl 1B JI8Injoat Jotuas se uotitsod dn jooi ay TEET uT ‘ugpuo ug
{11s8I9ATUN  Taunag 3e sotydexs asindwog ¥B-¢RET
Ieal  oTwapeoe: ayy ut pue MODSO0WY UT [3W 3B Taamw : Mmmr
83U8Ta5  JIajnduog PaTpnis ay g4t uJl -IaysJgeasag ! B
2 SBE PajIODM By TBET 03 GLET woIy -anfeay
UT A3TsIaATun Teatuyos) 8yl 1e swajyshg aseqezeq
ut ButsteToeds @aaflap guyd e Aq pamortO: |auaTag
1gindwo] ui asafep 131SBUW B NqOOY Ay $/4T uj
'uazTd ut Afetouyse) jo 91N1Tisul ayy je souatag
asindwo) pue  sartjsulagin TEOTUYIB) pBBIpN}s ay
*ABoTouyoa) 70 83N171SUT 8U} 3B aauatos Iatpndwoa
J0 3osssyoad  sjefoosse B8 5y BTENS ABTOEA

"uazT4 ‘AfoTouysal Jo'psuy ‘*31dag ssuatag zaynduwog BB-TI-50Z-Y1
J1Y  yitm sealy pue suoBATod Ag Butddirg BUT]  (BBET) A EBIBENS
‘29Z-cgg-dd ‘ATnr frycoN f1z'top ‘Batydels
aindwog pWay 'sTsATEUY pue jusudoraasg 527 :Butddirg 8UT1 0z
0 wyirtaeBiy maN jusTITII3 uy (LBET) VY TI0YSIN ‘10 @871 ‘WL TTOUaTN
"MIOA maN ‘TTTH Me1gop ‘-pa puz ‘sotydeag
#indwoy satjoeIajul o Sa1dTauTly (6/61) 44 TrAROIdg ‘WM uBWHMap
R ‘Z2-T17dd ‘-1-oN ‘*¢-Top ‘soTydels uo UBT1DESUBT] WAV
Burddtig suty aog Pouiay pue 1dsouo] maN v (yBAT) vd Axsieg Qi Buet;
©9Lg-878°dd ‘(1agusaoN) TI'oN ‘92 WIyd ‘Butddiqa
uoBATo4 aop suyyTIoBiy pue sysdTeuy uy (£R6T) "v8 Axszeg ‘g4 Buetq
. ‘seel ‘Butpesy ‘AaTsap-uostppy ‘satydeag
181 ndwon 8ATI0BIAIUT 10 STBRUBWEPUNY (ZBET) Y WEJ UBA ‘ac Aatoy
"BZ-€Z'dd ‘:1'oN ‘¢"Top ‘soTydeag pue sIayndwog ‘Butddrig
Buntsusuwtg 8814l " puE -omM| pazyreasuag (BL&T) € aag ‘W sni4kn

JUNLYHILIT *9







- 1539.=

. co v,,

Ivana Kolingemva _ ... Vaclav skala
xatedra. inrcr-matiky a vypocetni t.echn.lky.
Vyacka skola. atranI a elektmtechnicka. Plzen

_“:-,.—‘ - - . B - e L;"'

anoha apl.lka.cich Je'nutno resit problem. kdy Je dan - dleitallzbvany

_obraz o 2 arovnich, sed!. (nebarevny) a_ Je treba Je.j zobmzit 7.1 vyst.upn:tm
zarizeni (obrazovee. tisk&rne) kterd¢ ma k dlspozic.l 2" arovni sedi, - ko< m
: (k m Jsou pr-irozena CIslaJ pr‘iéemz Je pozadovano.oaby ztr&ta mformaoe pr‘l
redukci poctu Jasowch u.rovni byla. -] nejmensx.;‘ R ;o ;,- .

Ve vetsine pripadﬁ Je nutj,ne 3& omezlt na. k # 1, tedy vysttu:nx zar-.tzem: 8o
;:!VEma. nrovnemi Jasu (cemou é h.tlou}. _ O et Tine )

Diglt&lni obraz bude pr-i wkla.du metod chapam Jako oelocxselna matice
1ntenz.lt Jasu v jednotliWch obrazovych bodech - (pixelech), tedy 1I[x,v],

X = xmln, xm1n+1 -5 Xmax, vy = ymin. ymin+1. cens ymax. Hodnoty v matlici sa '
mohou pohybovat od O odpovida.ucl cerng do I 2 - 1 odpovida.j.tcz .b_11e
barv&.. S e o ’ N - TR Sy

'rechnlky r‘esicx tute problema.tlku se nazyva.l.t paltcnovani. Jsou za.lozany
na nasledujiczm principu .. oo : .

Nasledkem omezendé rozlisovaci schopnosti olca, dang mozaikovou strukturcu
sitnice, Integruje oko J.ntenzity svétla v cblastech mensich nez Je mez
rozlisensi. S}cupiny cernych a bilych boda Sesthvene podle urtitych pravidel
prote pri destatecne Jemném rozllaeni mohou vytvaret dojem Sedé barvy.

2, METODY POLYGNOVANT

Je nutné zdaraznit, ze z&dnou z dale uvedenych metod nelze Jednoznacn&
prohlasit za nejlepsi, Dosazene vysledky se znacné 1151 podle rozsahu a
rozlozeni Intenzit v pavodnim obrazku, druhu pcuziteho vyat&mniho zarizeni. a
v neposledni rade 1 podle aub.iektivn.lho nazoru uzlvatele a ugelu wvytvarensgho
obra.zu ;

Prahovdﬁi ) . ] .
NeJJednodussx moZnou metodou feseni uvedené, ulohy Je - prahovéani.

' Presahna—li 1ntenzita. pixelu uréltou prahovou hodnotu. plxel se Zobrazs Jako

bily, v. opacnem pripade - jako <carny, viz ‘ald. --1. -. Prahova - hodnot.a 'I‘ - Je
naato.vena na vhodnou hodnotu, napr. priblizné na etr'edni hoednotu. -

6(3“

-z
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{ rozsah ragtru pro am&r X Y

const xmin = 01 Xmax = 1023
{ rozsah rastru pro smer ¥ )

ymin = O Ymax = 10233
for y t= ymax dovnbo ymin do
for x := xmin to xmdx do
. begin ir I[x,y] > 'r then plxel(x,y) 1= bila
. elge pixel(x,y) 1= Cerna;

Dlsplw plxel(x ¥y

ed;
kde LXK, Y] Jo 1ntenzita pixelu (x, y)

.;.,,<.,....- .

Alaoritmus 1

pak puvodnich 2™ urovni: Ja.su je t.re

Je—li k dlspozici vice urovni sedi.
“odpovidala Jedna arovef. "

sdiuzit do 2% trid tak; by kazde tridé
Kvallta. vysledneho obrazu. u této met.ody zavisi prodevsim ‘na’ zpﬁ
sdruzeni 1ntenzi+. do trid Napr pro k = 1 Je mozné volit prah’ oddelu)

tridy uprostred 1ntervn1u ‘intenzit, ‘kters‘se v obraze vjékytuji."-~

volba vede k uspéchu pouze u obraza s rovnomérnym zastoupenim vsech

Pro volbu prahu’’ reapektu.!lci s*peclﬂka konkretniho dialtal!.zovan

e spocit&t ‘cetnostl vyskytu - Jednotuvych odst:lnu -a---,«.,z
oznaélme-—li tetnost 1-teho

eho odstmu v cbraze,’ pa.k vmny p

obr-azu Je vhodn
urclt. vazeny prﬁmer intenzity v obraze.
a chapeme-1i Ji Jako pocet vyskytﬁ dan
1ntenzity v obraze je dan vztahem
: . N 11mu‘_.
Ip = ‘n T ci* ;u
1 = o

kde 1 nabyva vaech . hodnot '1nt‘enzj.ty Jasu.. ktere se v obraze mohou vyskyvt

celkovy pocet obrazovych elementd (plxelu) .
ctu odstint na V?stupnim zar'xzeni

ni odvodl - viechny poaadovano "

(0 a2 Imax)’ n Je
2 iskana hodnota se podle moZného po

primo pouzlle jako prah, anepo se  Z

Jednotlivyceh trid. : . . ! :
Metoda prahovani Je vellce Jednoduch& avsak ani pri peclive volbﬁ prah

ne jsou vysledky uspokojlive.
ztratu obrazove informace, nebot dochazt k pomérné velkym chyb#am

_zobrazovani Jednotlivych pixeld. _Metoda prahovang vede k potlacenx detalld
) velmi tvrdym kontraatﬁm mezl plochaml jednotlivych odsting. ‘

pPouziti prahovych funkci prinasi priils velk

‘Floyd - Stelnbergav algoritmus -
Jedna ge ' v zasade o© adeptivnt algoritmus dvourovndv&hd
intenzita v kazdém bods obrazu se srovnéva S prahovou
pixel nastavi na cernou nebo na bnou
ascusednich ' pixeld, kterd
1) seo lze setkat 8é dvema

avsak zvolone oy

8 korekel.
Podle vysledku testu se dany
Chyba vznlkl& prahov&nzm se ‘rozle2i do tach
nebyly zpracovany. V literature (11,081,107
dlatribuoe chyby, viz cbr. 1, ize navrhnout 1}’ dalsi,

koorlcient.y by maly mit soucet roven Jedné.
Prah se cbvykle voli Jako ‘aritmeticky promér maxim&lni ~ & m‘n

1ntenz1ty, protoze Jeho presnsisi - atano ven.t nema na kva.litu obra

vyrazny vliv Jake u metody prahovéani.
Pak algoritmus Pro praho_wqu - hodnotu T =

ch,ma

(corna+b1 1a) /2 a
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dietribuce chyby 2 obr. 1.1 ma tvar:

.

const xmin = Oy xmax = 1023; ( rozsah rastru pro smér x }.
ymin = 0; ymax = 1023; { rozsah rastru pro smér y }
var T, Error: real;
X, ¥: integer;
begin T := ( Cerna + bila ) / 2;
for y := yma.x downto ymin do
for x := xmin to xmax do
begin { ur¢eni hodnoty pixelu pro. prah T a chyby EN‘OI" }
if IIx,v1 < T then . .
begln Pixel(x,y) :=.-.cerna;. )

;15 5, EPTOP = I[%, ¥l = &erna Co ST P
- else . . B S Sae Lo
‘pegin Pixel(x,y) 1=.bilsy . ... vl
s, ErFOr. 1= IIX,¥] - bil& - S | a

 end; . . '

‘Display Plxel(x.y}; : -

- 1f x < xmax then I0x+1,y] 1= T0x+1,y1 + BRErTOr/8;

“If. y > ymin them I[X,y-1} t= I(x,y-11 + B=Error/g;

If (x < xmax) amd (y > ymin)
then Iix+1,y-1] 1= I[x+1,y-11 + Error/d

end
ema LT _
-Algoritmus 2
viivem distribuce chyby Je vysledny obraz slozen =z tecek, _usppradanﬁch_ _
prevazné dlagonalne. Jsou-1i Jednot-l,lve tecky dosti malé, oko Jejich: jas
integrule, takZe vysledny viem Je . velmi dobry. Cbraz zpracovany uvedenym
algoritmem vykazuje lep3si zobrazeni v detallech oprotl Jednoduchému pouziti
prahove funkce pri zobrazovani. .

Hlavnim nedostatkem metody je JejI sérlovost — zpracovani soucasnsho bodu
zavisi na vysledcich predchoziho postupu. Kevyhoedou Je take potreba operact
v pohyblive radové c&arce pro nascbeni  vahovyml  koeflclienty. Dalsim
nedostatkem je obcasny vznik "duchar, tj. sting v okoli velml svetlych nebe
velml tmavych chlasti. Tento  Jev lze =zcastl ellminovat 'v:?bélfem takovych
vahovych koeficlenta distribuce chyby, jejichz suma Je mensi nez Jedna. Jinou
moznosti Jje neahradit pavodni  hodnoty intenzity  IIX,y] hodnotaml
0,1 I+ 0,8 I[x,¥}; kde I Je maximalni mozna hodnota intenzity v obrazu.
Tato uprava vetsinou dava dobre vysledky, nebot oko Je cltlivelsi na kontrast
nez na absolutni Uroven Jjasu. Predpokladem Jejiho pouzlti Je vsak obraz,
v neémz spektrum intenzit nenf ochuzeno o mezni hodnoty. Pro Jehe poscuzeni Je
vhodné zkonstruovat histogram (tJ. zavislost cetnosti na hodnoté intenzity) a
sledovat, zda Jsou 'ne.'jmenSI ‘a nejvetsi hodnoty  intenzity do_stq.tecne
zastoupeny. '

Fres uvedene ‘nevvhody dava Floyd - stelnberzﬁv algorltmus ve vEtLEins
pripadad velmi dobré vysledky, i
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Dithering .
Tato mctoda. .je zalozena na princlpu vliozeni nahodnych chyb do obrazu na ;
zaklade porovnani prahové runkce a hodnoty intenzity pixelu. Pridavani- zcela ";
nahodnych chyb ned&va dobré vysledky, ex{stuje vsak uspokojlvy adaptivni’
vzor. Rozhodnuti, zda aktlvovat dany pixel, Je zavisleé . nejen na hodr‘:ote‘
prislusné intenzity Ilx,yl, ale ‘tez na matlcl (M5 rozmefu n x n, Ktera -
obsahuje hodnoty od 0 do n@ - 1. Je-11 [x,y] pozice pixelu. pak po urceni .
odpovxdajiciho prvku ve vzoru o souradnic.lch 1, 1, kde - o '
J-xnodn+1 . 1nymun+1

- Je da.nsr pixel aktivovan jen tehdy, Je- 11 ' : B

()
nij< I[x}']

T ge

1

{n), () o

PN 40 .
(2n) L 4.7_, n+..a._ .u]
kde . . ' ST : k
(n)u=[1 1]
: [ I P |

a n je rozmér matice. Pro n = 4 pak dostavame:

. 0 ) 2 10

. Tkl ey 2\ hryrll o e !
P N T T e D A S L T E TR g CaT 2 i %
UK N B T T  es e

my |- 1z 4. 14 B,
a2 .11 - 1 '8

s 7 13 5

cely postup Je znazornén algoritmem 3 :

1}

const xmin = O; Xmax = 1023; ( rozliseni ve sméru x )
' ymin = O; ymax = 1023; { rozliseni ve smeru ¥ )
n = 4; { velikost matlce } ' ' = :
var ¥, v, i, J: Integer; .
p: array .l 1..n, 1..n ] of Integer;-
' becln READ(D);{ prectl maticl vzoru nebo Ji u.r‘ci }
for v 1= ymax downto ymin do - ’
_for X 1= xmin to xmax do
" pegin { urceni pozice {i,}) v maticl D)
Ji=xmod n + 1} 1==y-udn+1;
: lf pi1,3]1 < Ilx,¥) then Pixel(x,y} = bila
. . else Pixel(x ¥y := cerna-

.. dlsplay plxel(x,y}

' . Algoritmus 3

'
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Js zrelmé, 2e pro spravnou funkcl algoritmu 3 Je treba, aby se intenzits
poehybovala v Intervalu 0 az na. Toho docilime sdruzenim Intenzit do n2+ 1
trid. Pro volbu mezi Jedriotllvych trid je opat moz2ne vyuzit vazeného pramsru,

Metoda vytvari ve wélednem ohraze pravidelnou texturu, které Je pro oke
obvyvkle ponekud Jednotvarna. Pro prijatelne vysledky Je nutne vollit n nelmene
4. palsi nevvhodou Je, 2e tento algoritmus ms tiendenci pavodni ostre
kontrasty ponekud rozmazavat, coz vyslednému vjemu neprosplva.

Velkou vvhodou je vsak Jeédnoduchost metody, nebof se cbejde bez operact
v pohybllive radove &arce, a predevsim leji paral_elnost - Je-ll k dispozicl
vice procesord, lze zpracovavat vice boda najednou. Vysledek v _bbdé_ [x%,vl]
totiz =zavisi na intenzlte tohoto bodu, na Jeho poloze a na _hodnote
odpovidajiciho prvku matice. Protoze nent zavisly na ostatnich bo-dech obra.zu.
porads’ zpracovanf. boda mza byt libovolne. -

Algoritmus dithering. pr'edpoklada pouze 2 V}J’Stupnl odstiny barvy, 'obGykle _
&ernou & bilou, 1ze vaak navrhnout Jeho upravu pro k> 1 (L. pro vystupni
zarizeni, kde Je dostupna' seda Skala). Pro -4 odstiny sedl na ="graﬂckém _
monitoru s adapter-em EGA~ byl algoritmus modifikovan tak, 2e 1nter~va1 " mozZnych
intenzit v obraze se rozdel_li na tr!l mensi. v kazdem z nich Jsou mozn& hodnoty
intenzity sdruzeny do n2 trid a nezavisle na ostai:nich lhtervaléch‘-‘ apii_kovan
'dithering. v kazdem Intervalu vsak k reprezentacl obrazovych elementa - slou2i
_Jina dvojlce odsting ‘sedi - cerna - imavesdeda, tmavoseda —-. svatleseda &
" svatleseda — bila. Timto zpﬁsobem Je mozne reprezentovat :‘-m + 1 odstinﬁ sedl,

- zatimeo klasicky dvoubarevny ‘dithering ‘s me.tici tehoz radu poskyt.u_]e

reprezentacl pouze pro n2+ 1 odstina. .
2

Poznamene jme, 2Ze rozdéleni intenzit na n"+ 1 trld v Jednom intewalu u
popsané modifikace ditheringu neni vhodne, nebot sousednt tr‘idy - patrict do
. raznych 1nter-va.10 .tntenzit by byly reprezentovany plochou stejné nebo velmi
- podcbné barvy. & . : . :

" Pri pouziti uvedené metody lze 1| s nizkym rédem matice D dosahnout
zajimavych vysledka za ~cenu vétsl slozitostl urcovani &isla tridy a
odpovidajict dvolice odstind sedi, s .

Pouzitil vzorkda )
zakladni myvalenkou Je pro reprezentacl sede skaly uzit vzorkd sloZenych

z Cer-nych a bilych boda. Obsahuje-11 pouzity vzor n boda, pak pro =zobrazenit
intenzity i, © € 1| < n, bude 1 bodd mit billou a n-i bedt Cernou barvu.
Napf. pro 5 urovni sedi Je zapotrebi pouzit vzor 2 x 2 boda, tJ.:

vzory typw

nemohou byt pouzity, nebot vytvéreji nezadouci vodorovné nebo svislé CAry.
Je-11 vrzor konstruovan tak, 2e s rastem { o 1 pribude vady do vzorku
dalst sktivoveny plxel a pixely 2z predchozich ‘arevni J1z zastavaji beze
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. zmény, lze vzor vyJjadrit pomocir‘mat.ic-:e, v niz'v pdiici (1,11 je cislo arovns,
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pri niz je stejnolehly pixel ve vzorku poprvée aktivovan. Napr. pro vzor 3 x3

m& matice tente tvar:

'r ._.l._ 9 ) © - 'B'
@Dy |2 2 a4
. Ls a8,

Pro danou Intenzitu se -aakt.'!,vg_l.l vaechny plxely ,yzoﬁu, Jelichz hodnota
v matici-je mensi nebo rovna pozadované intenzité, a tedy pro danou matick

dostaneme VZOTVi

Yoo - S 2 3.
- i ] .| 8
‘4 5 & 7
' [ E " [ ] [ |
| |wlw s ([w|lew | |win]u mjm|m
n . tfmlw|., s|m
: K .
a ‘g '
" . ‘B BN E
mlw | = w|m|m
alw |l . |m]w]|m

Drive uvedeny vzor 2 X 2 bod 1ze pak reprezenté}vdt matict 1

y 3 - i
@y - [ ]
2 al

Pro vice urovni Je nékdy vyhedny vzor 4 X 4 bodda, Jehoz matice Je-

definovana:

1 g 3 15
., , 13 5 14 7
a 10 2 12

16 8 11 &

v nekterych pripadech je nutné nebo vhodne pouzit vzory, které Joo
reprezentovany obdélnikovou matici, nepr. pro 7 arovni sedl je vzor definovan

matici:
q 5
(3,2 _ [ 1.
, - B 3 2
-V _pripads néktergch zarizeni je ‘mozne zobrazit rozng velke body. _mal
m velky bod). Pak lze pouzit napf. vzor 2 x 2 boda k reprezentaci. 8 ure

gedid




a 1 2 a a
D o o!o o|o
L o a o |:o
5 [+ r g
‘m oo olw| |m|nm I ml .
ol I a] L) i e

Jsou-1f k dlspozici napr, 2 bity na p.‘lxel (lze pripadne reallzovat

r‘-etiskem) pak vzory mohou m.tt tvar (c.tsla oznacu.!.t lntenzlty
neuvadi) ; ’ :

1 1 1|1, 1)1
1 S I O R

N - ‘g -
1 |2 ) 1 i 2 |e 2 | a
1)1 2| 1 J 2z 1. 2|2 2| e
10 11 12
2| 3 a|a. a|.3
alea 3|2 al.a=s

‘Vice bitd na pixel nebo vetsL' VZOry
wstupnych urovni intenzit,
" Pouzits vzZora opst predpoklada
kud Jelich rozsah 2 POCet hodnot
da vzoru. |

Vyhodou techniky vzora Je opet

Platit poklesem rozliseni

z orkem o delece hrany mlnimalne 2
lml .malé obrazky nebo vy¥rezy,

vodni rozllseni neni dostateen

a2dy bod v pavednim cbraze Je totiz nahrazen

Plxely. Metods Je proto  vhodna apiﬁe Pro
kde poslouzi zaroven ke zvatseni. Pokud vaak
& Jemne. Zviétsenl boda pasobl dosti rusive,

RN, P .

¥raznsni hran
‘Eoritmus nekdy take dithering obe _vSak maji1
azdvat, Jarvis a A Roberts ([41, [3]) ) obJevlli

statne lepsag, pokud vV Pitvadnim  obrazku pr'edem
',Yl hodnota 1ntenzity v bode [x,y1,

tendencl obraz pongkud
.. 2@ vysledny obraz bude

zvyramxnie hrany. Je-11
pak tuto hodnotu nahradxme 1ntenzltou '

Ilx,¥y] - & IP[x,yi ) :
‘I'[x,y] = ' (1)

e RENERIL nsjlepsl  vysledky Floyd - Steinbergav -

- nula ae '

vzory” vedou k odpoﬁdd.j.tcmu zvysen.t .

--_"sdruzeni lntenzit v obraze do tﬂd
neodpovxda pouz.lt.emu rozsshu a poctu-

JeJI Jedno-duchost za n.lz v&a.k Je nutne
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" promarna intenzita v obrazu tedy zastava zachovana, avsak volbou & > O

vzrasta rozdil Jasu bodu [x,y]l od Jjeho souseda,
Napr. volbou o= 0.8 A dosazenim t2) do (1) doatAVAme 1

1*ix, y] = g9 I[x.y] -¥F I{u,v]

: _O((u—-x)-i-(v——y)(a .
v:t.ahy (1) a (2) uvedene v [8] nejscu ve .stavajici podob# vyhovujicl,
protoze znacns rozairujl pavodni interval moznych hodnot intenzit. Protoze ve
. vetsing prxpa.da Je treba ‘meze i.ntenz.'lt za.chova.t, ize doporucit naalodujici .
upravu : z 1 [x,y] urcone ze vztaha (1) a (2) g vypoct.e hodnota I"ix y]

V'ma.x{o I’[xy])} S ¢ )

i*'[%,y] = min {7 Ima.x' '

. kde - ax,resp. 0, Je maxlmalni. resp._minlm&lnx moma hodnota 1ntenzity
v pavodnxm obraze. ol - . ke N '
zduramen.t hran vyzaduje pr‘epo¢et celeho- obrazu, ooz pr‘edevsm v pripade
: obrazovych dat uloZenych ‘ve vnéjsi pamet!. ‘vede ke mnmemu zdrzsni. Wsledky :
Jsou vsak vice nez’ pt‘ekvapu.‘lzci Jak Je videt. i z obr 2. . : R
T Dalsi ‘techniky tohoto’ dr'uhu . lze nalezt v 11tera.ture t?ka..! Ici sa
' zpracovani obrazu, napf. {21, ES]. P : :

: é.‘ ZAVER

 yvedene algoritmy mohou prlapet ke zlepseni kvality gra.rickeho vystupu
digitalizovaneho obrazu, nektere z nich pokud nejsou sérioveho charakteru,
1ze pouz::t i pro zlepseni kvality obpazu v generatlvnl gratice. L

/- algoritmy byly implementovany - V- Jazyce Turbo _ Pnsca.l _:v.'s.d na’
mlkropocﬁacxch rady AT s monitorem EGA. R : B
, ‘Zadnou z uvedenych metod nelze prohlasit jednozna.cne za nejleps.t : nebéﬂ‘
vsrsledky se vyrazné 1is1 podle  charakteristlk vystupn.tho zar‘;[ieni.', k
digitalizovaného obrazu apod. , avsak u vsech algoritma byly uvedeny iy JeJ.‘lch »
“vlastnostl, ktere¢ jsou na vystupnim zarizeni nezavislé a mohly by napomocl ‘
pri volbe konkretni metody.
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[x+1,¥1 ' 7416 [x+1,y¥]

[X-1,y+1] - [X,y+1] [x+1,y+1]

[x,v+1] [x+1,v+1]

obr.1.1 . . .. S . bRz o
Schemata distribuce chyby ve Floyd-Stelnbergove algoritmu

gitalizovany. obraz s 16 urovnémi Jasu, se zvyraznénymi hranaml a snIZenym
‘ kontrastem, zobrazeny Floyd-Steinbergovym algoritmem

\
Thé article Is concerning methods which are suitable for ,displaying “the
8hes with more gray levels than the avallable graphlcal device can support.
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noIntersection?

20 50 no =0 <0 . yes
>0 =0 yeu [43] >0 you
20 <0 yes . <0 =0) yes
P =0 30 you <0 <0 no
=0 =0 no
Table 1

In comparison wlth C-[ algorithm Lhe pruposed algorlthm only

detects whether the given line Intersgects the glven polygon and

,:ms computes intersection points, while C-B algorithm doeg

compute all possible intersection points wilh all edges.

.maonmacdm Clip 2D ( x

A ¢ ¥g b
Figure 1 gin { 111! all veoctors Mp are precomputed (141}
k:=0; 1 := N-1; J 1= 0;
2. Proposed algorithm m 1= x :

mlx_}- mu"—muﬂm_._.h._

while (J ¢ N) and (k ¢ 2) do

af
1t is obvious that the line p intersects the edge XgXy o,
the given polygzon if and only if the vector 8 lles between two
vectors 8, and 84, see fig.1. begin n i= [ s x mu_N“
Let ug define E and n as the z—-voordinate of the cross

if (£ * n) < 0.0 then { Intersecllon exists ]
products as follows

begin
= =0,...,N-1
E=18x mw_& n=1s8x m»+H_N 1 H:nmx: = 13 { save vdee Indux having intersecllon |
where N is a number of edges. ) . K 1= k + 1; £ = n;
1t is possible to show that the line p glven N ond

end-point x, and by the vectaor s intersects the edge X Xy 49 ir

else if ( € * 1 )= 0.0 then Specinl cases { E=0 or n=0 1}

I ocasex 1 - m |}

and only if the expressions

( E>0 })xor {n<¢<0O} , resp. £*xn <0 else Intersection does not exist;

{ pases v -
have +value true, see tab.1 and fig.i, The above mentioned s © 0

. 1= )5 J =3 +1
expressions are indepsndent on polyzon orientation. It means
that edges can be clockwise or anti-clockwise oriented. . end;
lch is
Now, it is possible to specify a new algorithm wh if K=

0 then { intersection dows not oxisl | EXIT;
pased on the presumption that a line can intersect a convex

polygon only In two points, see alg.d, if special cases are not -
considered. 8pecial cases should be handled carefully, [331,

fael.

s 1 k =2 intersections exigl - edges suved In lndex, )

k

L - ; {for line segments wsh:“n o“wsmx"u i;

148
149
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Algoritmy zobecnénéha ofezavanit

Vaclav Skala
Katedra informatiky a vypocetnit techniky, VSSE, Plzen

velm! dalezlitou easti kazdeho programového vybavenl
grafiku Je orezavani tech c¢asti sceny,

pro poéitacovou
ktere Jsou mimo zZcobrazovanou oblast,
Ne j Jednodusaim pripadem Jje orezavan! v dvourozmérném prostoru viac!l obdélniku
plochy. Tentc pripad je nejcastajal, zeimeéna pri
zobrazovan! plosnych objekta, Nicméneg v technicke praxl Jéou zepotrebl

{1 operace ofezavanl nekonvexnim n-thelnikem ¢l oblasti, tvorenou kruhovymi

zobrazovact v praxt

oblouky.

A. Algorltmy zobecnEnebho ofezavani

Algoritmy pro ofezavani

nekonvexnimi n-thelniky byly publikovany

J k' v dostupne literature [111, aviak ugpokojlve nereslly ptoblematiku
ééh— ; singularnich pripada, kdyz. orezavanéd usecka ¢i primka prochézi vrcholem nebo
d"ar, " se ng dotyka nebo kdyz .  hrana n-uhelnika lezi na orez&yane primce.
'i S rozsirenim aplikaci pocltacove graflky vyvstava stale castell pozadavek na
Acﬂ, orezavani uszcek obhlastm!, jejlehz hranice Jjesou tvoreny nelen udseckemd, ale
| 1 kruhovym!i oblouky nebo &4stmi jinych ku2elosecek. Oblastl samotné pak mohou
Jmia obsahovat i diry. Predkladaneé algoritmy pro orezavani pnekonvexnim n-uhelnikem

¢l oblesii Jsou zalozZeny na parametirickem vyladreni usecek.

é : Predpokladejme{ ze hrany nekonvexnliho n-uvhelnika Jsou opét dany ve sméru
g anebo protl smeru hodlnovych ruclcek, a 2e¢ se vzalemneée neprotinaji. Pro
1 tusk Jednoduchest predpokléedelne, 2& pouze hrany sousednI mali  spoledny bod,
% : souaednl hrany naleri na seolecngd primese a vrcholy  J=son navzalem  rdzne.
l..: Uvedeny clgoritius lze modifikoval | pro n-tthelniky nesplnujict vyie uvedené

predpoelledy.

; + Qunecms x(g)  souradnlce  bodd  orezavane primky  wiq) a vyladreme Je
5 persmetricky Jake
»{g) = ®, ( X=X Y . q d € { - , o)
& souradnice boda x{p) kazdé hrany n-uhelnika jako
ey = rl w s T 95 Y .o pDw <o, 1} L =0,...,0~1
Budeme zelim hledet praseciky hran n-chelnike s primkou  wiqg), na Kiere
lezi orezsvans Usecia Prps' Rrome prasedcikun i rimky 3 hranou musime rozlisit

- pripady, kdy hrana n-theinika lezi na primce w(g) a kdy primka wi(g) prochazi
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3 e

povazuli z hlediska dalsiho zpracov&ni Za prﬂseClky s hranou, Ve Bkutecnosti C
se generuji pouze hodnoty parametru q, ktere odpovidali poloze bodu Pk né et

'gﬂwi

primce wi(ql.

L s, X S ]z.[ 85 X Sy ]z >0 [ 8y X s, ]z.[ 85 X s, ]z <0
Pk+1 Pk-l Pk+1
Pk . Pk wiq)
a) »prachod” b} »dotyk”
kde + ,resp — V indexech znacl soutet, resp. rozdil modulo n
& BEX, - X g - Sp T ¥y T % 3 % Mpar T %k
obr.1 '

VvV pripadé, ze'na primece wiq) le2l néktera hrana, mohou nastat sltuace,

ktere Jsou =znazorneny na obr.z. v techto pripadech nenl mo2né jhned

rozhodnout, Jaké hodnoty parametru g majl byt genercvany. 2 tohoto davodu
ktery Je urcen znamenkem

musi byt generovan speclalni atriput parametru q,
Prﬁsecﬂc

souradnice z vektoroveho soucinu vektora’ 8, a sag resp. S5 a sB .
bude urcen nejen hodnotou q, ale tez hodnotou atributu, ktery je dan AE-UGT R |
_ (mezera) pro prasecik s “hranou., SRR |
+ nebo -~ =znamenko souradnice =z vektorového soucinu [s1 % sal,
[s % 8, } pro "dotyk” nebo ”prachod™ vrcholem.
Po n&lezeni v9ech prasecika, veetné urceni Jelich atributa,
mnozina hodnot g setridena spelu 3 airlbuty. v naaledujicim kroku
provést redukcl =z kanych hodnot gq podle tab.1; uplne tabulke vaetne pripadd
pro obecnéjsl predpoklady viz [81. VYsledVem Je pak mnozina dvoiic hodnot 4,
ktere urculi useky primky w(q) lezicI uvnltr n-uhelnika.. Pro urcenl usekd
usecky P P_. ktere lezi uvnitr n-uhelnika, Je nutné vyhodnotit pmnu_: !.
intervalu <0 1y = Jednotllivymi intervaly, ktere jsou dany po  sobé Jdoucimi
postup moze byt reallzovan oznacenyml castml ;

resp.

musi byt ziskana
e nutne

-

dvojiceml hodnot q. Cely
slgorltmu 2.

f‘r”(a{“’
. By //wq.) B Ty Wig) £
P > o -~ s
/ ﬂ- .C}’ / 3" q‘\ -\\\
¥ ) \
\
\L
vlewo Y
\_PH X TPyt Wila) \? o W ff’/: /
/J

P

obr. 2 - obr.3 ) .




i‘r :
s

T T e BE T enitil ARyl SRR X

PR

- 217 ~

pPrikaz pro vybeér podlintervala moze byt reallzovan napr. algoritmem 1.
fr=1;
while 1 < pocet prasecika - 1 do
begin 11 max(o.qusmln(l,ql+1) then u;oz(max(o.ql).mln(l,qi+1))p
1i=1+42
end; A
Algoritmus 1

AZ dosud v llterature publlkovane algorlimy umoznovaly orezavani usedek
¢i primek vzhledem k ﬁ—uhelniknm, tJ. vzhledem k oblastem, Jejichz hranice
byly tvoreny useckami. Nicmeéne existule pomérne siroka trida uloh, kde Je
vhodne orezavat usecky vtéi oblastl s hranlcemi tvorenym! oblouky.

. atributy .

qy 941 Fyup situace : ¢innost

ulOZ(ql‘qi+i); 1:=442

el et *

uloz(q,,q, ;i 1:=1+3
o+ + . } {427

uloz(q,,q,,.); 1:=142
St 4 - PR i '1+_E '_

zmen atribut ql na a
: ‘ulezlq,,q, ... ¥; t:=i42
Lo s ety el
’ zmen acribut q, na o

ulrz(qi.q1+2); Y:=143
s - -

uloz(q,,q Y; f:=%+41
+ EX » 177t

zmen atribut q, na W

. ule(qi,qi+1); 1:=1+42

+ - # ‘ '

. _ . . i_ +j ulo'z(qi,q;;!_l); el

J/\ ulozlq,q; ) Lr=i+a

- - & e}
i ALY
;f \ amén atribput G, na
- cnamengd vaechny pripady, t§. o + -
Tabulks 1
Predpolisde ime nymi, Ze chlest je dana posleoupnosil vrenholto ve smérg nebo

protl smaru hodinovech rucicelk. Heni-}1 hrana linearni, pak krom& polomeru
& peelee siredu cklicuku fe dane i informace o tom, ktera cast krufnice (prave
nebo leva vzhleden ke spojnicl pocatéecntho  bedu  krihoveho coblouku a  Jeho
stredu) ma b¥t vzala v uvahu. Pro zjednodusen: algoritmu uvazme omezenl, 2e
vEechny vircholy maji navzalem razne souradnice; 2adny vrchol nelezi na hrane
nebo kruhovem oblouku, dvé hrany se nedotykajl, pokud nejsou sousedni, dve
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sousedn! hranlice oblastl, t). hrany ¢1 6blouky, mohou mit pouze vrechol
spolecny bod.

Na rozdil od predchoziho algoritmu maze mit primka w(q)
obloukem dva?prﬂseéiky coZ ponékud komplikuje reseni problemu.

kruhoveho oblouku musime totiz reait nasledulici soustavu rovnic vzhlede;
K proménne g

x(g) = x. + ( Xg ~ X ) . g q € { - , 400 )
( x - X )3 + (y - Yu )E - rzz 4]
kde (xu,y } Je stred kruznice a r je Jelds1 polomer.
Reﬁenim obdr2ime kvadrat!ickou rovnicl pro gq
aq + bg +c=0
_ 2 _ _ 2 _ 2_ 2
kde a (xs xr) + (ys yr) c = (xr xu) + (yr yu) r

b =232 [(x - % ).(x ~ XL ) 4+ (y - y ).(y - y )]

V pripadé, 2ze primka w(q) danou kruznici protina nebo se JI dotyka, obdrzime
resenim rovnice obecné dva reaine koreny,

Nyni Je nezbytne urcit, ktera praseciky le2i na ¢&astl kruznice tvorici
hranlecl dane oblastl. To lze zlistit pomoct testu, zda prasecik le2s vpravo'
¢l vieve od spolnice poc&teCnIho a koncoveho bodu kriuthoveho oblouku. Torl
Znamen&, 2e . , : P .

= Je-11 oblouk orlentovan doprava, bude bod x(qi) uvazovan_.tehdy a jen~f1“«.
tehdy, Je-1i [s1 x salz <o 1=1,2 ) )

—~ Je-11 oblouk orientovan doleva, bude bod x(qi) uvazovan tehdy a Jen
tehdy, Je-11 [s1 % s212.> v} I=1,2

pricemz xk x(qi) &, = xk+1 =X S, = x(qi - X
Je zrejme 2e opel must byt reseny speclalni pripady, kdy napr. primka “w(q) 3
prcch&zi vrcholem xL. Vv techto pripadech budou vyhodnoceny wvektory S4» Sy ;
takto: . . - . 7 1
T
- pro cblouk & = [ Y — Yy o X, - xk 17, kde (xufyu) Je stred kruznice i
: T _ _ i
Pro hranu sy= 0 %, - Xp-1 0 Y " ¥, 17, LI 8y =X - X, o
= - _ T '
- pro obhlouk $,= [ yk Y VX xk 10, kde (xw.yw) Je stred kruznice
. T
Bro hranu s3 = [ xk - xk—l s yk - yk_1 ] , £J. s, = xk - xk—1

vV tabulce 2 Jsou uvedena pravidla pPrao vyhednocovanimoznych situact,
podrobne )51 ilustrace viz 53, [81. Je-11 oblouk orlehtovan doprave, pak nusi
byt zmencno znamenko souradnice z prislusneho vekitoroveho soucinu. Palk mazeme
definovat hodnety premanych  a » b pomoci sckvenci:

a:=[s1 ]Z b:=[s3 ® 5 1]

8 .
b M = ¢hloul then o = =311 1= - .
b1 Sk Je ckloud 4 0 then a . 8

ir

F=4
else if orlentace oblouku je CORrave Lhsn & 1= -z;
ir Xy 4%, Je oblouk then If b = 0 then b 1= S5, 5, - ,
' else If orlientace oblouku le doprava then b ;= -b; )

Cely postup orezavani usedky nekonvexni obl&ﬁtl Je mozné resllizovat napr,
algoritmem 2.



typ
[slx SE}Z [sax SEJZ dotyksprachod
< 0 <0 prached
<0 >0 dotyk :
> 0 >0 prachod
> 0 <G dotyk )
< 0 = 0 ir sa.sam then prachod else dotyk
>0 = 0 1r 53.s2>0 then dotyk else prachod
= 0 <o ir sl.sz>o then dotyk else prached
= O >0 ir sl.sz>0 then prachod else dotyk
= 0 = 0 ir si.sz>0 xor £..8.20 then prachod else dotyk

Tabulka 2

procedure Comp ( X,, X;: Vector; var r: real; t: boolean );
 begin 1ir XX Je linearnt .
thenbeclns:=xa—xA; r:=[8 xs< ]_ e
elce begin s 1=[ yk_wa xw—xk] i r:=[sxs]z
If r=0¢then if ¢t thenr 1= s , s, elser:--—s.sa
elge If oblouk orientovan doprava then r := —
end - '
end { Comp };
( telo vlastntho algoritmu }
K:=n - 1; 1= 0; By 1= Mg = X
viiile 1 < n do
begin
it X lez1 na primece wiq) then
begin Comp ( Xy o X, B, Wrus ); Comp ( X 4
i xkxlje linearni then
begln Vypolet hodnoty { g ); ( predpoklada se, ze xk = ulq) }
\ ‘ If anb > 0 then Generu)( q s atrlbutem o )

,xk,b.fnlse);

else Lf akbh ¢ O then Generul( q, g s atributem o )
else If a = 0 then Generuj(q s atributem sign b)
' else Generullq s atributem slign a)

end .
else { predpoklada se, 2e Xy, = x(ql) }
| berin Vypocet hodnot ( Q0 A5 )5

i* =
L. if asb > 0O
e ' then Generujl( q, s atributem )

l , elze §f s« ¢ O

then Generul( q,, q, s atributem .. 3

el (1 o = 0 4Lhen ét:l’lf:r‘i.lj( 9, 8 alributenm =lgn b }
l : else Generuj( Q = atributem sign a );
-a; Generult q; & atributem ),
! : erd
enud

. eise 1r XXy Je linearn: .

E then begin Vypocet hodnoty ( g )3
‘ it prosecik fe uvnltir (xk,xi) then Generul(qg s at:ibutem o)

e
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else beglin vypocet hodnot ¢ q; a, ¥y
If prasec¢ik exlstule then Generuj( q:, q; 3 atrlbutepy
" Znaci, 2e prasecik lezl na pozadovane strane oblouku xk"
end;
k1= 4, I s= 1 4+ 1
el { whlle };
SORT( ziskané hodnoty q ); REDUKUJ ( hodnoty gq podle tabulky ),
VYBER { podlintervaly jako (qJ.qJ+1> n<o.1> ¥4,

3

Algorlitmus 2

a. Zaver

Pro skutecne pouzlti kuzelosecek jako grafickych primitiv- jJsou nezbytne
tez algoritmy Jejlich orezavan: konvexniml & nekonvexnim! oblastmi. Poupls
techto operaci lze nalezt napr. v [9], resp. [10]. Tyto algoritmy ve spojent
8 Weller-Athertonovym algoritmem crezavani cbecne nekonvexni oblastl oblasts
tez nekonvexni poskytuji moznostl pro zaveden! kuzelosecek jJako zakladnich
grafickych primitiv. Na tomto mista _je nutne zddaraznlt, 2e aproximace
kuzelosecek linearniml Qseky maze wvest k podstatnemu sniZeni rychlostl

provadenych grafickyech operact, zelmena pak pri orezavani a geometrickych
translformacich,
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REIPERKTOVARL VIDITILMOSTI - ZAKLAONT QRAFICKS INLTRUKCE

Véclav Skala
Katedra technické kybernetiky, VI3E , Plzen

1,0vod

ReZeni mnoha technickych problémt mé jako vysledek funkce dvou proménn?bﬁ

“teré jsou bud vyiddfeny explicitnim popisem nebo tabulkou funkénich hodnot:
Funkce byly obvykle kresleny bez recpektovdni viditelnosti. Podprogramy pro
kresleni funkci dvou proménnych s respektovénim viditelnosti nebyly prava
iednoduché ( viz (6] - [8] ), ackoliv viditelnost maZe byt FeSena pomdrng’
jednoduse na fyzicke Urovni kresleni, pokud pFfedpokladame rastrové grafické
vystupni zafizeni. Bresenhamiv algoritmus pro kresleni pifimek m@Ze byt jedn
dufe modifikovéan tak, abychem mohli kreslit funkce dvou proménnych s ohlede
na viditelnost,

vii1lliamson [7] Fe3il dany problém s tim,¥e neump®huje obecnou rotaci,
Watkinson [5] puukézalrpouze, 2e pro nékteré kombinace nateteni nebude jim°
nfedloZeny algoritmus sprévnd eliminovat neviditelné &dsti a Boutlandova

matoda [1] je zaloZena na pevném natolfeni. V pFedklédané metndé je podstatn
pofadi kresleni a v [3]. L4] je uvedena obecnd metoda nalezeni spréavného
poifadi kresleni pro obecné natodeni. '

2.Uvod do problematiky

M&jme explicitné vyjadifenou funkci dvou promdnnych x a vy
z=f(x.,vy)

kde: x e {ax,bx) y { ay,by>

a chtéjme zobrazit tuto funkeci pouzitim grafického rastrového displeye. Fro
mnoho technickych problémi je postadujici ukdzat -chovani této funkce kreslenim
funkénich Fez& vzhledem k ose x a ose y, tj. kitivky : . '

z=Ff{x,v) i=l,...,n

kde: x € {ax,bx?9 a ay=y<y,< ... Ly, =by
a kFivky:

z=Ff(x,v) j=t,....m

kde: y e {ay,by)> a ax=x <X < ..., <xq=bx .

Dana funkce miiZe byt reprézentovéna bud specifikaci funkce nebo tabulkou
hodnot pro uzlové body sit& v roviné x-y. Je-li funkce sloZitd, je obtiine
si pfedstavit Ghovani funkce,nebot”jsou kresleny i &ésti, které jsou neviditel
ne pFi daném natoleni. Uspééné&entu problém fesili Watkins[ﬁ],Williamsnn [7]
a Boutland [1]. Princip FfeSeni je obecné velmi jednoduchy.Jestlife -nakreslime
prvni dva fezy rovnob&Zné s osou x, pak se nam mezi témito kifivkami vytvedi
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eViditelnusti.F‘f—'edpoklédejme,
i pak vzdalen&gjsi.
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Redeni viditelnosti Je nyni velni jednoduchg, nebot musime Pouze mﬂdifik
vat metodu proceduru DRAVW UGTIEP, kterd generuje kod pro Fyzicky pohyb kurzg f
r L]

Frocedura ORAY STEP kresli pouze jeden fyzicky krok a tudi’ musime Pouzg kui
- - . Pl n
trolovat, zra koncovy bod kroku je uvnitf nebo wvna pasu nEUldltElnDsti_ Piteg.

'y
klddand meroda je zndznrnéna na obr.3, -

e [EAL N INTEGER
. - il
uzivat.! | hidden- i_{ Bresenhamv | [lresiz [ . )
def. fce tllne Broc.. | algoritmus krok | Zafizeni
.—wn--——-——-.__‘_ !
i, uZiv. droven N SYSTEmova Uroven
I }-lq ————— 'H
Obl‘.é,
RiZal INTEGER
L A — e e AR ——— :ﬁ
. ¥ i (]
uZivat, Bresenhamiv kresli krok s phleden: P ,
. . S w—-zafizeni
def, fce) alocoritmus na viditelnost - * lg
o UEIV. I o
" droven systémova droven

Je zfejvé, Ze nyni potFebujeme pouze celo&iselnou reprezentaci pro maskovs
ci vektory MASKTOP a MASKBOTTOM, Zjednodusens feSeni je zndzornéno algoritmen2, 3

[ cLoBALN® PrOMENNE )

VAR xo,yo: REAL ; {Absolutni soqudnice}
masktop,maskbottom: ARRAY [G..1023] oF INTEGER;

) PROCEDURE DRAWSTEP (dx,dy,i: INTEGER );

o VAR flag: BDOLEAN)

. BEGIN x t=xo+dx;

Yo :i=yo+dy

s,

flag::i:i;{posuv nebo &ara ?}
IF flag THEN
BEGIN flag:=FALSE
IF masktnp[xo]q:ya THEN
BEGIN masktop(xo] :=yo} flag:=TRUE; END.
IF maskbottom [xol5>=yo THEN
BEGIN maskbottom[xn]::yoi flag:=TRUE; END

Tl

BT e

END
IF flag THEN physline(dx,dy)
ELSE physmove(dx.dy);
. END; ’

Algoritmus 2.




B - 231 -
4. Faver

predlpieny algoritmus pro kresleni funkci dvou proménnych s respektovanim i
yiditelnosti je uréen pro implementaci v perifernich zafizenich rastrovaeho typu,

nebgt’algoritmus 1ze realizovat asi 20 strojovymi instrukcemi bez pouZiti pohyb- ‘

‘1ive fadové Garky. Nyni lze rozdifit soubor instruked grafickych periférii rastro-

yeho typu © instrukce:
_ inicializuj maskovaci vektory
. kresli &ary s chledem na viditelnost

v [3],{4] 1ze nalézt uplné FeSeni i s algoritmem pro obecné nato&eni pFi do-
drizeni spravného pofadi l.resleni a modifikace zalkladniho algoritmu.které elimi~
nuje chyby vznilklé skladanim dvou obrazh je2 vznikly kreslenim rezd paralelnich
s osou % a y. Podstatnou vyhodou uvedeného pristupu je, Ze se usivatel nemusi
zabyvat volbou vhodného kroku spod, Dany algoritmus byl implementovan na mikro-

puéitaéich Crommenco Z2H a Azple IT, pitidemi byl postatné rychlejsi nez Watkinso-

- pnov algoritmus a williamsov algoritmus. Pokud dana grafickd perifériec bude vyba-

vens mikroprocesorem & panéti, neni problémem soubor instrukci periférie roz&i-
git o instrulci:
_ Kresli funkci dvou prom&nnych s ohledem na viditelnost pfi daném natoteni

pro Uhly daf (v tomto ptipadé by asi fukce byla dana tabulkou hodnot funkce

v uzlovych bodech sité&).
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Program by mé&l b " snadno oviadatelny, pokud mofno pomoci
obecrnd uzivandch kléaves {nepf. <CR>, <ESC) apod.) - =8vojl
tvaréi invenc!l napiems jinym smérem neZ Je vymysleni novych,
*nentlfelych” kombinacl klidves. Pl kaZdém poladavku na
interaktivn{ vstup by mdla byt k dispoziel pfahlednd a
Jadnoduchd nabidka moZnych odpovedi, ne)lépe formou menu. Pokud
mozna sa vyhybime pirimym elfunumerlckym vEtupam,

vzdy Je nutno pPedpolladat, Ze uzivatel buda zkouset 1 Jine
varlianty, nat lsou mu nabizeny. nelze tedy po2itat s bezchybnou
obeluhou. Je nutno predejit zhroucen{ programu pil chybném
ovladani, a tedy chyby ofetfovat pifimo v preogramu; noogatiand
chyby, kterd se "propracu){” a% na drovef operaéniho systému a
vyvolall adekvatni systémové hnlédseni, Jsou nept{pustnd, Je
trebae dokazat zpracovat i cvwwo<w:m nespravng odpovédi a
blokovet urdité klavesy. PF1 chybnéd reakel uzivatele umoZnit
volbu navratu do posledniho spravndho kroku nabo na zadatei
programu, dovolit opravu preklept a zménu jen te ¢asti dat,
Yterd byla zadana chybnd, Na kazdou platnou uzivatelovu volbu
Ja tieba adekvatnd reagovat, dat najevo, e byla sprévné
pechopena a ie se realizuje.

Prl navrhin dislogu se vyhybime poditafovému slangu a
snatime 6B o0 srozumitelnd a kratké Tformulece.

Jako stali uzlvatelé poditatové grafiky musime potvrdit
opréavnénost pozadavkd vyhybat se pii navrhu grafického Fedeni
programu utivan{ v&t&(he wmnozstvi barev, ostrym odetinim a

piilié kontrastnim barevnym kombinacim unavujicim zrak. THL -

vzA]amnad sladénd, dobte odligitelné, ale ne pirehnané
vontrastu}lci barvy nbvykle postaci. Také blikani éé4sti{ obrazu
Je zalimavé pouze pfl Jednordzovém uXit{ programu, ale pri
casts)slm zachdzen{ pascbi nepfijemna. :

Podobna stiidm st je Zadouci i pro zvukové efekty. Pokud sl
Jako autorl programu tento typ poskazovdanl Zivotniho prostiraedi

nedokazema odepiit, m&li bychom alespofi umocinit vypnuti téchto
efektl,

4. Programové vybaveni pro vyuku algoritmizace

Ne2 prejdeme k podrobnéj#imu popisu realizovansho programovehoc
vybaven{, Je tteba znovu zdfraznit, %e Je zamysleno Jako

T lac {kovanych algoritme,
podpurny prostiedak pro sviadnut{ publ -~
nikollivy pra tvorbu noviuh. Juho sutory Jjsou grudentl : .
roéniku oboru Elektronlekd pacitace ZCU v Plznl. Je napdano
pievadiné v Jazyes C, mensl chst v jazyee Pascal.

Jedna sa o nasledujici pdresafe s programy @

ARABRIM - plevod &lsel ¢ epabské do pmekd soustavy

DAMA — gpoledenska hra

DIAG - cyklicka TAmaNL diagonélnich prvkt matice

GENIUS - spoletenskd hrs

HANGOJ - problén henojskych vz

- grovo scheme

M“M”MM |Ioﬂwvommn uréttdnha integralu pomoc{ 1ichob&Znikové
metody & metodou gaussovych vahovich xomnwn»mwno

INTERPOL - vypocdet interpolaéniho polynomu <.zmtﬂo:o<m tvaru
MAXPRVEX - gtanoveni vektora radkovych mexim = <wrﬂ01:
sloupcovych maxim Vv ranc! Jadiného pruchodu danou obdélnikovou
matic{ ’

NASPOLY - nasobeni dvou polynos

NEVILL - Nevillav algoriluuy pro vypodet hodnoty interpolatniho
palynomuy pro dané X

NULMAT - nalezeni najvétsl nulove givercove submatlice Vv matlecl
OBVMAT -~ souget hodnot prvks matice Bo obvodech véech
goustfednych atverct a vypotet vﬂaqus%nr hodnot prvkd matice V
tachto ¢tvercich .
POSUV - posun dat V¥ matlel : v lichyeh padkdenh vpravo, V m:n&ns
vlieve, data, ktera “pleiekla” z Fadlku, vowncvcuh do uvolnéného
mista nasleduliciho padku, data Z pogledniho fadku pak do
uvolnéného mista v L, radku

PRUNIK — pranik uspufidung o zm:mﬁowpam:m mnoiny

PRUNIKi - prunik dvou setridénych mnoZin

PRUNIKZ - prunik dvou nesetfldényeh wnozin

PRVCIS - nalezeni prvoéisel

RIDMAT - pievod ridke watlice na tabulku

RIMARAB - prrevod gisel z Flmské do arabské soustavy

RUBIK - skladani Rublkovy kostky

SPLINE -~ jipterpolace spline - funkci

SNEK - magickd matice

TELESA - algorltmy pro <4w1mmwo<nbu tales
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Obr.!1 : Ukdzks grafrického vystupu programu VEXTOR =15%3-
. Formalizdcia oplsu Struktiry hesiel

Krétkeho Slovnika Slovenského Jazyka (K8SJ)

Eduard Kostolansky :
Laboratérium potitadove] lingvistiky
PdF UK, Moskovskd 3, B1l3 24 Bratislava

1. Ovod

ciaTom tohoto materidlu je: 1. podat vysledky analyzy (X55J7);
2. zaradit jednotlivé komponenty vystupujice v heslach KS5SJ do
prijatej taxonomie lexikografickych ddajovy 3. opisat gtrukta-
ru hesiel, alebo ich éasti pomocou vhodngho formalizmu (pojma-
mi formalmych bezkontextovych jazykov). - :

_za udelom kowpaktnosti materiilu v prvej éasti uvedieme
prijaty taxondmiu pre lexikografické Gdaje, pomocou ktorej sa
pokusime charaktarizovat informacéné komponenty hesiel KS5J. Ha
zdklade dostupnych materialov obsahujucich rézne Struktiry
slovnikovych hesiel, ich vyhodnotenie a porovnavanie [2, 3}
povaZujeme pre nas ciel za vhodnd taxondmiu, ktord vypracovali

dénski autori [3].

dek larace

2. Taxondmia lexikdlnych udajov

[

UvaZovana taxonomia obsahuje nasladovné informaéné typy:

vrojektovo-dpecitickd informacéné typy -

3
%
ga:
-
2.
oy

3

: W e
;e m y ~ o] Jazyk -~ narodny jazyk
: & " H ﬂ - spciolekt
2 x Y - dialekt
X v e . m ) . - jazykovy stupad
[ S o [T . .
> v w - > £z Metdda tvorby slovnika - semaziologicka
- \ - 2 v m. - pnomaziologickd
c [ a o] .
o oo \ £ o~ w § vyjadrovacie médium - rec .
“m_ - o n c m .w_.. - : .~ pismo
O % v ow VoS . - obrazy {grafy} -
2 w L. 1l 1% |
m ' - m o \ v .m u u viaobecnd informaédné typy
Al
e w ¥ w ﬂ - " m - m hlavnd skupiny kategarie padkategérie
_ m .m___ o @ 2 ﬂ ..n Etymolegické
T ) LI Y . ymolegic - paralely
TER o X v £ E " 0 Q 5 -
i A g ~ Y o - o ) o o Humogwn.“_.m povod
Ao o [ 5 W w Q - £ X X . R
B I o W w 0 8 U | Grafickéd - ortografickéd -
= W v g - - w e > 2 £ informicie informicie .
w,,,. Q 3 = = ot “ - graficky symbol
i ~ ® £ v - .
:W T emeve— Gramatickeé - slovny druh
L T informicie -
S

STEP
B3
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Je-11 barva ¢ v Esystému Opponent uréena polohou- {p,q)
v diagreamu RYGE a Jasem L, pak Jje poloha barvy ¢ .v n%namnm.
CiE-xy urdéenz Uhlem f, vzddlenosti od bodu reprazentujliciho
bilou barvu 8 Jasem. Uhel B8 je delflnovan vztahy, viz tab.1.
Vzdélenost od bodu x_ Je pak uréena vztahew , o

R =¥ ﬁm + DMII

Pek soufadnice barvy ¢ v systému CIE-xy Jesou pfibliZnd urdeny
takto:

x =x_ + R cos B

- ' . xIXIaYmﬂPwJ“

z=1-x-% .

V goufadnés systému XYZ md barvs ¢ soufadnice

. L
Xo=x o= Y=1 7wz ol
v

4mﬂnouwwuo@mﬂummwnmﬁoamﬂzosﬂcu%.awmqu<wwpnmﬁp<5o
sprdvnou  eproximaci fyzlologlického vizudlnfiho systému. ‘Pro

pripadné srovndvani je vhpdné piresnd deflnovat ﬂm&eﬂmsmsu.uamw
systému Opponent. .o

Cbr.2

I kdy? tento systém vysvdtluje mnohé jevy, Je viak vypoletnd
pomsérnd narodny, prides: gamut barev pro apnvmww Je nalinedrni
2 systém neposkytuje Jednoduch4a pravidla pro msiseni barev,
7 tohoto divodu byl zaveden systém RGYB.

: -217-
3. System RGYB

Systém RGYB byl zaveden pro sdetraneni nduteryeh vad systamu
Opponent. Jeaho princip Je gnazernén  nd o obr. 2. 7 obrazku J@
ziajmé, Ze achromatické burvy, ©j. hild, seutiny Sedé a Garyn,

jsou urcéeny boden FE=0,6,1-= G,5 , el A uréuje - oron-f
jusu, tj. sed.
Pro systém RGYB pleil tyuo pieveon i vavahy pro pfravod 1o

systému RGB
~N‘.M> [

B ={ L - maxi{f , 0}l n .
kde
Ee <0, L R ne<o, 1z , AE <D, 1 .
Z hlediska wvypocetni narocénostl  juou  poaEudlaviy zanedbatel: &
Uvedeny systém vykazuje navic i jing dolird vlastnostl, ni .
%z hlediska misenl barev, kdy pravidiz aedl Linedrnl charakt:

Pro A € € 1-, 2 > system respektuje L viiw saturace.
Systém RGYB lze td% modifikovat tak, Zze
Ra2E&E-AE+A-1 ,
. Gm2n=-An+A-1 .
B = max (E,n) ta — 2) + 1 .

Pak “horni vrstva®, tj. A = 2 , Jjuo cela pild,  zatimco ~doini
vretva", t3. A =0, Jjo culd Cerns a “prosueednd yrstva”, iJ.
A = 1 , cbsahuje uplnou paletu baruv.

A2 dosud byly predlozeny Fazg  DLiuvad  systémy o Jal .2h
vzhjennd WWmdoam. Pri pouzitl wodernich Larevnych vystupnich
zarizeni Je zajisténi etelnzho
barevného vjemu Jak na obrazoves, tak 3 b yystupu z bharewne
tiskarny. Uspokojiveé fegeni tohotn prosléey Ja velml narosne

techniky.

nezbytnéd zkouwat | aciazku

a zeela prekradujict moZnosti dostdpne

4. Systém AC,C,

Systém >n»nm odvodil Meyer, ktery duflnoval pravodni vztehy
takto
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k~tou plochu, resp. téleso, Je ekvivalentni vysledku operace

m»_x_ and 0, [kl

i d
Bitove vektory Mp a nu Je moZnd vyhodnd vylvorit piedem ve
fé4zl deflnice zobrazované scény. Navic operacil and nad bitovyml
vektory Je moZznd provaddt podstatnd rychlejt ne2 porovndvéni na

minmax box test, viz tab.l,

PC 486 O33MHz 84KB cache

m = < , + - =z ¥
int ) g 3 1 28 44
rloat a3 B0 18 18 20 114

Casy jsou v 1/10 sekundy a pro & 0G0 000 copekovan{ operaci.
Tabulka 1

Uvedeny zptsob navic umoZfuje i kontrolu konzistence zobrazované
gcény, nebotf Jje mozné Jednodufe kontrolovat, zda bude kaZdy
objekt na scénéd vyhodnocen z hlediska v¥sledného zobrazeni na
scéng, tJ. lze detegovat, Ze paprsek se “nedotkne” télesa, Lze
ukazat, 2o pokud plati A

Nz, et 107 nebo na, #I1,...,117

1 3 4

palk sxistuje g-té téleso, kterdho se nedotkne 24dny papreek
a buda ve vyhodnocovin{ vysledné scény opominut, pro kterd plati

f,lal =0 V! nebo Dmnnu -0 VY]

Uvaedeny princip lze rozsifit {1 o tretd zavedenim
bitového pole T\, Pak vlestnéd celou scénu "uzavieme do® kvédru.

dimenzi

V princlpu jde tedy o urychleni pomoc{ rovnomdrného rozdé&lenf
prostoru s tim, 28 neudr2ujeme seznam aktivnich té&les, resp.
ploch, pro kazdy subkvddr, sle pouze odpevidejici bitové mapy.
Podobny pristup lze zvolit i pro perspektivni pripad primdrnich
paprska.

.Bw:BNX box test

. V&achny algoritmy byly realizovaiy nhs Py 88 s

~209-
3. Experimentdlnt vyslodky

Pro porovndni byl reellzovan wlgorlowds, ktery vyuZival
u a ktery Jje Vv tabulkuch ownacen jako matode 1.

Jako metoda 2 Je oznale&na reallzacy pouzf{va){cl pouze dva bltové

Pro metodu 3, Kterd yyuziva 1 deléenf do

vaktory bH a 0O, .
: ! daéleni do hloubky.

hloubky prostoru, Je wvidy uvedon puliet
koprocesnranm

16 MHz pro pro 268 x 258 plxeld. Scénm da yestavala z ndhodné

genarovanych trojahelnikovych plosek, Jajleh velikost & poiet,
ktery byl velen, Jeouuvedeny Juako pardwsLry. yzhledem k& dostupné
nevrzuny peistup pro viece Jalk
(v desslinach sec.) zahrnuj i
podet praseéika papraku

tachnice nebylc wmoZno otestovatl
8300 trojuhelnikd. Uvedena cagy
v sobd 1 ¢as nezbytny pro viastn{ vy

g t&losem. a

Velikost hrany boxu 10

1000000

100000

3
5
e ]
&
>
[ ]
g 100003 A=
m - _
| T L T
1000 "7 1000 2500 6300 16000 40000
630 . 1600 4000 10000 25000
. © pocet boxu
—— Metoda 1 —— Metoda 2 —— Mefoda 3 - 4

~&— Metoda 3 ..m.. —— Moioda 3 — 16 —#&— Metoda 3 — 32

Obr. L
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Yelikost hrany boxu 100

10000000
2 1000000
0
[n]
a
s
S
H
3 1000004
ﬁOOODl i T T T T T ]
T T 1 T
400 _oo.o 2500 6300 16000 40000
630 1600 4000 10000 25000
pocet boxu
Obr.6
4. Zivar

Z cdosezenych vysledkl vyplyvd, e uvedeny pristup ke
zrychleni <%30ndonm:H primirnich paprskd Je vyhodnd zejména
v pfipadéd velkého poftu objektit, a to i pres velkou jednoduchost
pouzitého minmax box test ve tvaru Xoin =x £ X ax ° Uvedeny
Je moZnd ptipad rfesenl obacnsha
primarniho peprsku. V pripadé& pouZit{ procbecny pfipad sledovdn{
paprsku je nutné pouzit metodu 3 a specldlni{ algoritmus’ pro
detegcl incidence paprsku a *subkvadru® prostoru scény. Uvedeny
algoritmus umo2fuje pift pouZiti zpmmmﬂnr»or%n: struktur vytvorlt
efekttvni fedeni 1 sloZzitych scén. Z vysledkd testd Jje ziejwmé,
28 pro =ald trojuhelniky bude navrZzeny zpbsob rychlel}sil pro
valkd malych trojdhelniki, ptidenz pro vétsi
trojthelniky je slgorttwmus vyhodnéji{ jiZ pro mensi podet.

algoritmus pouzft 1 pro

mnozetvi
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protinid pitimka p hranu?

* - anoc

- * ano

- - ne
Tabulka 1

Zavislost definovanou tabulkou tab.1 lze vyjddrit pomoci virazu

{E>D )Y xar {( n € 0} nebo £ xq {0
piticems tabulka 1 vzorec plati nezavisle na orlentacl vektoru s
& orientacl hran dandho n-dhelnika (poznamenelma, 2e druhy
Zplsob vyhodnocen! podminky je rychlejdi, viz tab,2).

Nyni 1ze speclfikovat apiny algoritmus, ktery Je zaloZen na .

tom, Ze pfimka p mi2e protinat konvexni{ n-ihelnik pouze ve dvou
bodasch. Porovndnim navrzeného algoritmu, viz alg.2, s algoritmem

Linng-Barského @ Cyrus-Beckova lze nahlédnout, 2e misto vypodtu
n~thelnika. se

prusetiku pfimky p & ksidou hranou daného
u navrhoveného algoritmue poditd priigedik pouze pro dvé hrany,
pokud proseéik vibec existuje, kteréd byly uréeny vide uvedengam
testem. Je nutné zdiraznit, e doby provAdénl Jednotlivych
oumqrnh (=, ¢, %, =, /) jsou i pfl pouziti koprocesoru
pro rizn¢ poditade pomdrovée razné, viz tab.2. Navic Je
pfedpoklidddno, 2e hednoty vektorf =, & n, Jeou pledpodteny V¥ 1,
nebof{ oblast orezdvin! =me obvykle nemdni pro velkou skupinu
ofezdvanych Usedel,

PC 386DX / 387 25MHz

: . A + u . \
o 14 42 10 10 10 68|
Huomd 204 280 80 80 82 154"

PC 488 33MHz 684KB cache - yybrdn pro vyhodnocosni tesmtu

= < + - x R
int 5 "] 3 B | 28 44
float 83 ] i8 18 20 M 114

Casy Jsou v 1/10 sekundy a pro § 000 000 opakovan{ ‘opermci.
Tabulksa 2

Navrseny nunom»ﬁscn Jo yvyhodné)si asl pro

¥

. o Srovname—11

Oznactme N pocet nran  doadho ! o

vipodetni nérodncstl pedllve taplomentovandho e

ttmu [8]1 a algorltwu navrhovanghe, Dpak oo
MWM”“immnﬁD< slotitost ve (pro P

protindni n—ihelnika pimkoul:

n—dhelnika.

tvaru
algorltnonus

5. 0)+(8,3,7,6,1)*N

a4 K (N je pocet vrcholdl

(11,3, 9,
a dag vypodtu t Je pak Gmérny pettu krok
K = 877 + #74 = N

'Pro navrhovany algorltmus Je alozitost ddna:

. *.z.
(16 , 16 , 14 , 16, 2y+ (1 ,1,1., a,o)

s tas vypottu t je pak (wdrny podtu krokd K

| K = 2050 + 160 w N :

N x 2:3.

2e pro N x 4 Jo nevrhovany algoritmus

dvat
T et : Oznadiwe—11l n koaficient urychleni

rychlejsf v kazdém piipads.
definovany Jjako: :

ﬂnkﬂcmlmmo:

Rﬂﬁ<1wm=%

n=

hodnoty M, VvIZ
Pak lze urdéit teoretické hodnoty 1 pro raznd . :

.tab 3.

2ik neexlstuje
— prasedik exletuje — prase

4+ 10 » o
N 4 10 »w _ "
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34 V. Skula [ Modification 16 the Bresenhaim Algorithm

1t we anulyse the problem iw dernil we will realize that
we need o reprosent the bonders of the strip of invisi-
bility. It ean be donc by the MASKTOP und MASK-
BOTTOM functions. The aanul representation af the
MASKTOP and MASKBOTTOM  functions s
deseribed luter, Now the prublem of drawing curves
ith respect to the visibility beromes simple (see nlgo-
rithm 1), bectiuse we wilk draw the next function slice if
and only if the curve points are outside of the strip of
invisibility.

‘The invisibility problems was solved by Walkins!
by introducing mask vectors for the representation of
the MASKTOP and MASKBOTTOM bounds. Several
problems had io be solved boesuse all computation was
done in the Aoaling point reprcsenlation:

o the first siep s w0 deside if we have sel up
MASK{i|] or MASK|i +1] if the coordinnle x is
between valug d and JHEeg i<x<i+1

s . the sccond problem is w st up the MASKTOP
and MASKBOTTOM mrays for ull points on the
curve, This meuns thai an interpolation procedure
has 1o be cmplayed, with some suitable interpola-
tion step length,

® the third step is to handle the special casc when
the vurve is paraliel with the z axis, and the usual
fine segment slope comptation can fail.

Algirithun L
MASKTOPR = -00
MASHECGTTOM = +w
K.=1

WiIILE k < n [0 BEGIN
DEANY FUNCTION Hx, ya)
wilh respoct 1o the strip
af wrssibilty foe x £ i, e
MASKIOR (= max |MASICYOP, Kx, Y. }}
MASKBOTTOM =~ mn (MASKBOTTOM, 10k, ¥4 )}

2. Proposed Metlod

In Watkins! the functions MASKTOP and MASK-
BOTTOM uarc represented by vectors with values in
flonling point represeatation. We can imagine the
whole process of hidden-line drawing as follows in
figure 2.

Now we usk oursclves il there is any possibility of
increasing the cfficiency of the hidden-line solution.
One possibility is to combine the complele Watkin's
algorithm with the Bresenham algorithm directly at the
physical level, Becanse we are dealing with the raster
devices at the physical level we bave got rid of all these
above mentioned problems,

The solution of the hidden-line problem is now
relatively very simple, because we have to change oaly
the procedure DRAW.-STEP thal geaerates code for the
physical movemeni, in order to take account of the
strip of invisibility. Because DRAW-STEP draws only
oue step we have 10 check only if the next end-point in
the raster is inside of the strip of invisibility or not. The
structurc of the proposed methed is shown on figure 3.
Il is abvipus Lthut we need ooly inleger representation
for the MASKTOP und MASKBOTTOM masking
arrays, The simplified solution is shown in algorithm 2.

It was found ihat the lincs (on the physical level)
which are parallel to y axds capse some problems with
setting of the masks arrays, see figure 4. Suppose that
we have defined the sirip of invisibility and we wanl 10
draw the line segment x)x;. The problem is that if we
wanl 16 draw the scgment between the points 1 and 2
we have o change the strip of invisibility, so the future
points 3 snd 4 become inner points in the suip of
invisibility; but that is not wrue. Therefore in the com-
plete algorithm the content of the mask’s arrays is
ehanged only if dx<>0. The whole algosithm can be
found in an carlier paper, where Lhe clipping is real-
ized too.

Walkin's original method and propased solution
have onc comunon previously unpublished problem.

b bt Becuuse of rotation sometimes the foreground and
END background can be altered and the order in which the
REAL ENTEGER
—— - e em e e o ] = e e e e — —
tlriaw Bresenham i 3
o — . — e} duvice
ling digorithin s1ep
w3 [eval graphics system leval
et e Vl_u‘llli.... e e e

Figure 2.
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MEAL INTEGER
—————— | s e e e v rm e e — —— — —-—
usar raw Hrasanham wlraw step
funetlon | ] - with raspact |—=f duvica
spec. Ine alyarithin 10 vislility
user ‘s lovel graphics systam leval

Figure 3.

curves are drawn caase & violation of the masking ci-
teria. The second problem is how o sclect the scales
for scaling in order oot to lose any part of the picture
and use the full screen area. The first problem seems to
be more complicated apd it is more fundomentat, The
proposed solution is presented below. The second prob-
km can be solved casily by finding maximal and
minimal values for the screen coordinates,

Algorithm 2.

{ GLOBAL VARABLES )
VAR x0,y0: REAL;
maskiop maskbatiom:
ASAAY [D..1024] OF INTEGER;

PROCEDURE oraw (dx,dy: INTEGER );
VAR tagh: BOOLEAN;
BEGIN 2} ;= el cha; y0 1= yO+oy,
tlags .~ FALSE;
IF masktop{x] <= y0 THEN
BEGM liag5 .~ TRUE;
masktop{x0] := y0;
END; R
IF maskbatiom{x0] >= y0 THEN
BEGIN flag5 = TRUE;
maskbovorm{x0] :~ y0;
END;
IF lags THEN
physlinaidst, dy)
ELSE physmove{dx,dy)
END,

PROCEDURE tresenham [u,v; INTEGER);
VAR j,c.a,0: INNEGER;
BEGIN @ 1= v+v; d 1= a-u; b ;= 3u-y;
FGFl =1 TOuw DO
F d<0 THEN
BEGIN draw{1,0); di=d-ta; END
ELSE BEGIN deaw{1,1}; d.=d-b; END
ENLx

*1

G
74

Fipure 4.
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3. Design of the Drawing Order

If we rotate the function or have a look =t it from
differeat points, we hiave lo keep the basic drawing
nules. First we have to draw the function slices thai are
ncarer. Walkins! pointed out this problem, but the
problem solution has not been previcusly published
and many us=rs have real difficulties (0 cnsure correct
solutions. Therefore when the funclion is rolated many
pictures are drawn incomrectly, To find the solution
assume that the points:

X, = {ax,ap,0) Xy = (bx,bp, 0}
X, = (bray, 0) Xy = {ax,bp, 0)

are the corner-points of the grid in the x —y plane. We
want to know Lhe order of the druwing slices.

Assumes that the points:
Xy o= T(X) Xy = T(X,)
X = T(X) Ko = TIX)

arc the corer points of the grid afier the rolation
Uensformation. Now we have to pick up two murgins
from which we will start lo draw the picture. We have
to select the end-paints of these marging that has the
smallest 3" coordinales, We will mark that poiot by the
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Interesting Applicotions al tha Bresenhoa’s Al garithe

Vaclaw Shola
Computer Sczience Deportment
Institute of Technology
Ne jedleho sady 14
308 14 Plzen
CZECHOSLOVARIA

{. Introduction

Splutions of many engineering prohlecus resul t in
functions af two vorieobles which can be given eithar by on
enplicit Function description or by o toble af function
values. Functions have usudlly been displayed an o display
sereen or have been drawn on o plotter in  several mamners.
The linown methods hove been based either on drawing contours
drawn in axonomeiric prajection €31 or on drawing functions
of two variobles with respect to visibility (LI21-C140).
Enizh method of displaying smust have Its own specialized
olgorithms, uhich has not been simple spo far. In all <oses
the problem of disploying hos been complicatecd rot only by
on anormous volume of data but also Trom the puint of  view
of prograas wpd their structure. Hany olgorithms have been
published in literature but they differ from each other.

In the Following paragraphs o wnilfying eapprooch to tihe
Hidden-Line, Midden-Surfoce and Hidden-Contouring problers
will be shouwn. It is bosed on a modificantion of its
Bresenhamts algarithm For the stroight line drading. Tha
acdvantage of the suggested solution is 4 simple harduware
implementation, especially with devices controlled ty
microprocessurs. The proposed algorithms are Fast and  thay
do nat use fleoting—-peint operations ot all.

2. Hidden-Line Probluem Solution

Lat us have on erplicit function of tuo variaobles x and =

yal w2z}

ahere: wnEd ax , Wx ) and z&( nz , bz )
wid we wost te displny this Function by wusing o rastar
device, @.g. u raster displuy ar o plotter. For’ many
scientifis problems it is enough to show the bebaviour of
the given Tunction by drowing funclion slices accarding to
the » and = owes, w.g. the curves: -~

y = L,z } i=l,_.,n

ubizre: nal an , by ) and az=zi(=22{....{zn=bx

and the curves:

y = Cngyp 2 ) j=1,-.,m

uhere: zef{ az , bz } and  ax=rl{x2(....{amw=bx

The given Function con be represented elther by an
esplicit Function specification or by o toble of the
function values for grid points in the x-z planz. If the
functlon is rother complex It con be very difficult tno
.:nmmnm the behaviour of the Function because some ports are
_uc_mnuHm. The problem hos been very successfully solved by
{247,0121-C14]) .Somet ines the method is called the Flooting
Hor{zont Method. . u

The peinciple of tha kneown solution is generolly simple.
I tuo slices parcliel to the x—axls ore drawn then the
Epace betwueen these two slices Is o strip of invisibility.
The strip is oactually port of o surface of  the given
Tunction. Let us suppose thot curves ore draown from  the
foreground to the background. Mow iP the third curve should
ba draun (far from the observer) it is obvious that those
mnﬂﬁm.nrn« pass through the strip of invisibility are
mq<qm_wwn and therefore they should not be draun, sce

ig.2.1.

New HashkTop e

HaskBottom

Figure 2.1.
Further the following abbreviations will be used:

MaskTop M7 MoshbBottom [x}:]

IF the problem is anolyzed in detall, it is ebvious that
m?mwm mm a necessity te represent borders of the strip  of
invigluility. It con be mode by introducing HaskTop and
HaskBottom Tfunctions. The renl representation of these
Fusctions cpn be tempororily omlitied. Now, the piroblem  of
draving the curves with respect to visibillty becemes wvery
siople ns it is shown In olgorithm 2.1., boacouse only thopse
parts uw the curves, the points of which are lying outside
Mﬂ”nwﬁﬂm% of Mzchm*umpmnf- are drawn. In [&1 the problem is

g solved and the i
© c:nnﬁmmnan. n description of the method is easy
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{ Globul variobles ]

COHST res=1023;

VAR wp,yp:INTEGER; { obsolute coordinates ) - .
mt,mbrARRAY [0..res) OF INTEGER;{ MasiTop & HoskBottom )
mll,mib:ARRAY LO..res] OF INTEGER; { temporary mt & ab )}

U, K

iy: INTEGER;

{ Procedure far the first initlalization ol masks }
FROCENURE 1nitial jze;
vak i: INTEGER;
REGIN FOR i:=0 70 res DO
BEGIN millil:i=—monint;mibEfl:i=maxint END

END;

{ Procadure

for masks setting after each slice has }

{ been drawn J
PROCEDURE set up mashsy
BEGIH mlz=mlitimbz=milb END;

{ Orow step with respect to visibility of the given point )
FROCEDURE drouw step;

BEGIN IF yp
IF yp
IF yp
IF yp
END;

{ Frocedure

¢ mbCxpl THEH switch on (xp,yp!
Y mtCxpd THEN switch on (xp,yp)
Yy mltExpl THEH mltLwpli=ypj;

{ mibCxpd THEN wmlbCurplz=yp

Far drowing straight 1ine 0{=abs(v){=abs{u) }

FROCEDURE hresenham;i
VAR j,d,o,b: IN1EGER;
REGIN IF u »= v THEN

BEGIH

EHD
ELSE
BEGIN

ERD
EHD;

{1.,4.,5%.,8. octant )
a:=vtv;di=n-wibhI=a-u-u;
FOR j:=1 TO u DO
WEGIN IF d ¢ O THEN d:i=d¥a
ELSE DEGIN yp:=yp+iy;dr=dth ENI;

HPi=nptiK;

drow step
END
{2.,3.,8.,7. octant }
pr=uty;di=o-v;bi=a-v-v;
FOR j:=1 TO v DD
UEGIN TF d ¢ O THEN di=d+o
FLSE BEGIN wp:=wp+in;di=d+b EMND;

ypI=ypriy;
draw step
EMIt

FROCEDURE Jraw to { w,y: INTEGER }j

L

f drou Yine wilh respect to visibility ep,ypl =Y Gt yd )
BEGIN inz=sign (H-xpliiyi=signly-ypl)j;
ut=abs (x=npl;

vi=ahs{y=-yp);

bresenhom

EHD;

BEGI: { now the drawing itsellf - bady of the mcin progrom }
initialize; )
s set up mosksy { masks must be set up For eoch slice ]
nﬂmb.wn tx,y); { drow the runction slice )
goto 9;

END.
Algorithe 3.1.

In the above presented algorithe it is assumed thot the
order of the drowing s from the foregroupd tao the
bacHground. Somztimes the foreground and the bochground are
altered in the published olygorithms, e.g. in C121, and the
resuits are wrong, becouse the order in which the curves ore
draws cause @ violation of the given premises. Therelfore the
prablem is how te select the arder of the drowing if some
transforwations are mode. It is olso aossumed thot we use
only paralel projection ond thot wvertical 1lines resnin
vertizal after oll transformations too.

The problem of the hiddep-surfoce eliwmination is  wvery
after solved in o quite different ways in which many trichks
are smployed. Becouse oll the known methods ( for drawing
fun-iions af iwc voariobles ) do not use the sdvantage of the
solutian in the roster environment o very simple algorithe
will be described. The problem of the hidden-surface
elimination will be solved in o very similar manner to the
hidden-line eliwsinotion shown gabove. The stices wWwill be
drawr agaln from the foreground te the bachground apd after
drawing the Tirst tuo slices two moskhs for borders ond  tuo
moshs for intensity levels will be set up, see Fig.4.1.

Further the follouwing abbreviotions will ba vsed:

Hasl Current HC Intensity Current IC
Hask Frevious HP Intensity Previous Iip
Mask Top MT
Hosk Bottom HB

The problem is that the invisible parts of the surface
must be deleted and on appraopriate wvisible port of the
surface wmust be filled by an appropriote grey [Intensity
level. To do this far uall points of each curve an  intensity
level js peeded. The intensity lavel ¢an be computed os o
function of the normal vector of the given surface. In  the
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IT uwe omjit for this woment all problems with the
inttilization then we con use all the procedures shoun above
but the procedures DRAW  STEP and SET UP HASKS wmust be
chonged  as it is  shown in olgorithm 4.2, The actual
implesentation ts slightily more complex.

FROCEDURE draw stepj
REGIN { draw step to the peint (xp,yp} with intensity i}
Flog :=u0=np; KOI=HpP;
IF yp 3} w1tCxpl THEN mitOxpl:z=yp;
IF yp ¢ mlbCxpl THEN mlbLxpl:=yp;
IF yp (= mbCxpl OR yp )= wiCxpl THEN
IF Tlag THEN Fill {xp,yp,mpExpl,i,ipCxpl)
{ from the point (#p,yp) with an intensity i to )
{ the point {up,mpLxpl) with an intensity iplLxpl}
ELSE suwitch ontxp,vp,id;

END;

PROCEGURE set up mashs;
DEGIH at:=mnlt;mb:=nmlb;

api=mczipi=ic
EHU;

Algartthm 4.3,

The algoritfm shown abiave is very simple ond ¢lear to
vnderstand. He hove not dealil with the problem how HP and IF
corrays were originally set wup. The FILL procedure s
aztwally the Bresenhom's onlgorithm thot is modified so  thoat
# zoordinote is constont, y coordinate is changed with the
step 1 and Lthe intensily level is approprictely changed in
vrder to get the whole intensity scale from the courrent
intensity represented by ICCx] wvolum to  the previous
inlensity represented by IPCx] wvolue or vice versa. The
procedure itself wsust drow only outside the given strip of
invisibility that is given by HT and ME arrays.

. Hidden—-Contouring Prablew Specificatian

The hidden—contouring problem is described in literature
very rarely becouse It covers several non-trivial tasks. The
rirat is the <conlouring problem itsell, the suecond is the
prubles af hidden-line elimination. The lnown algorithms are
vy complicoted C33. The woin eflfort seems Lo be spenl  on
the port thol deals just wilh the hidden line remaval. The
hnoun algoeitims just use the algorithm Ffor  contauring ond
hidden line removal in the “pipe-line” woy.

The problem can be ensily solved again in a very similar
munner to the bhldden-line elimination dJdescribed above. IT
fig.5.t, js ononlyzod we can sea thot the probles con  he
ensily doscribed os follows, Firstly two morgins must be
drown and then lor each grid oll contours aust be drawn with
raspact to the visibility. Tha contour drawing order is
substantial bacouse the contours must be drawn so  that the
highar contours are druwn loter on, c.g.:

contour{p) { contour (p+l} for all p

khen all contours for the given grid have been drawn it is
necessory to draw “hock morgins® of the given grid. - If  any
user peads smaller grids or smoothly Interpolote caontours he
can subdividé grid mesh or he can employ the smooth
interpolation (soxe kind of smooth Interpolation can be done
direct In the raster environment).

The whole prablem is now simple but we have to find o
cimple method which deternines silhouvetting In order to get
Lhe proper outlook. The silhouwettlng problem solution s
described in 1literoture very rarely because of bigh
complexity of computation. Actusliy 1t is a problem of
determining whether the partial derivation of the given
function acczording to the observer’s eye direction is zero.

The hidden-contouring probles sclutlon {(Withoot the
solution of silhtouwetting} con be schematically described by
the olgorithm 5.1.

draw the front
wargins

DRAU CONTOUR {(p)
with respect to
visibility

}

pi=ptld————p = No of contours

|+
set uvp masks MB, MT
according to reor

margins of the
pracessed grid

}

tul] - k = No of grids

, y

end

Algorithm 5.1

iu
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Filling swand Hotching Operations Ffor Hon-Convex Acecas
witlh Conic Edges for the Roster Enviconwant

Vaclayv Shala

Departsent of Technicel Cybernetics
Institute of Technolouy
- Hejedleho sody 14
304 14 Plzen
Czechoslovakino

Abstroct

The paper describes « Fllling and hotching methods f[or
non-eonvex arcas with conic edges in ganernol without wusing
the Floating polnt representation. The method s aimed os
part of a raster grophic workstation For the GKS support.
The proposed method tokes full advantage of a special data
stiructure thal wos developed For storing the geomatrical
pruperties of tuo dimensional abjects.

Keywords: filling, hatching, roster devices, conics, two
— dimensional objects

1. Introduction

Filllng and hatching eperations are very often usad in
compuicer gruphlcs especially within machanical enginecring
applications ond within CAD systeas. The hatching operatiaon
is mostly used within pen-plotters while the filling
operation is usad within raster displays. Knoun algorithas
publ fshed In literature wsuolly deal with soae types of
polyqons, B.g. convex ar non-canvex hut without :QHWm atc.,
assuming thot edges are straight lines. But especially in
tte machanical englineering opplicotion case it is necessary
to include ut least circles or parts of circlas If ot
conizs in general. Unfartunotely the GKS supports neither
filling and hotching oreos with heoles nor Filling and
hatching areas bounded by circles and  conlas. In so far
pubtished literoture algorithms  Tor filling differ From
ulyorithms FTor hatching especially within raster devices.
Thwe seed Fill algeeithm is usuolly wsed Tor Filling In  the

rasber envicoamenl,. For hatohing the algorithms ara ususlly
bosad on point-in-pulygon lesl. Published ulgorithms wvepry
of tan rotote the whole polygon sa that ihe hatching  lings
are porollel to w—oxis and the points of intersection with

edges arg computed. Afler that the inverse rotation is
applied fap the points aof intersection. Therefore It s
nacessory to use fleouling polnt operotions.

The proposed wsethods actoally wnify algoritbms for
filling and hoiching and the tests such as point-in-polygon
are pot necassory. The below described simple method for
Filling ond hatching is part of the ruster: grophic
workstation with operations with the. two disensional
ob jects. These sathods con be applied only within the raster
enviransent .

2. Altuernative Area Representation

The problem that is to be solved is very simple in
itseli. Let us have an oren with heoles and the sdges are not
necessarily straight lines, see fig.2.1.,

Figure 2.1.

and we went to Full or hoteh the given area sa  that the
holes are not fillzd or hatch:d. This swemlngly gasy tash is
not wotually os easy ns it ezons tp be. This problem s
supported neither sy the JKS #ar  other grophic libraories.
Hevertheless it is a very freguent tosk.

Let us suppose the hypathetical raster workstotion with
the following hypothetical ned operations:

~ define drea nol ngcessarily bounded by straight adges

— define area os a vnlon, intersaction or subtraction of two
areas

~ define area os o cosplesent of an oreon

In this cose the arga shown in fig.2.1. con he easlly
defined os the lorgest ares and the smoller ones ore
subtracted froe ¥t, see Fig.2.70, Vaery complicated arcas can
be enslly defined in o siellar manner.

It is necessaery to specify how to  iwmplement algorithms
Far the obove mamtionced opevotions. The basic requirement is
thot flooting point operations must not be used ot oll. OF
course, it is possible Lo reatize these aoperotions in o
straightforward sanner bot In order to be able to datermine
the points of intersection the loating point processor must
be used. It could be convenient IFf such a problaem should be
golvad together within the GKS.
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FRGCEDURE define areos(n:INTEGER;

¢
{
¢
{

1
H
5

X,Y:ARRAYLL..n:INTEGER] OF INTEGER) §

ta conformant array specificetion is wsed }
1% wnd HAX are standort functions for the )
gloctian of the minimal or soximal velues 3

n the given list }

VAR 1w, yy: INTEGER; .
BEGIN

{ set up the list of anumber af pairs }
FOR 1:=0 TD RESY DD
FLi1:=0;
mpimXCnlyyyi=YEnl;
FOR i:=1 TO n DO
BEGIN
bresenham Guo, vy, X011, Y013Yy
Yrins=HIN{yy,¥Ymind; .
Yooni=HAX (yy, Yuax) ;
wns=XCEdsyy:s=YLI]
END;
IF ODD(FCyyl) THEN

BEGIN
meﬁﬁntt.Hu"uIHznxpmﬁpn(t.wu.XHmn#nttuﬂnxfuuum

x1_wjﬁnfx.wuuuszaxumwrﬁnff.au- ¥rightfyy ,FEyyll};
FLyyli=FLyyl-i :
ENL; ,

SORT { any methed that sorts lists for mnnrnu:u

EXD;
Algarithm 2.1.

¥ F ( ¥left - Xrlight } pairs
11 a ¢85, 5 - {510

10 ] {5, ) - (11,17}

? 2 { 4, &Y - 17,17

B2 (A, &) - (17,17}

Yy 4 (3,3 -4¢8,8 (8, § - (17,17
& 4 i3, 3 -6, N (10,11} - (17,17)
5 i (2, 23 - (4, 5 (12,13) - (17,17)
A 4 L3, - L&, D (14,15 — (17,17
3 4 (1, 1y - (8, v (14,17) - (17,127)
202 (1, 1) - (10,15}

1 2 (0, 7 - {(12,1®)

0 2 {H, 1T - (14,19

Ymin Ymon

]

11

Flgurae 2.4.

gparctiens such as .nicn, interseciioa, subiraction or
complement con be easily implegented withput wusing the
flpating point processor. It is quite obviocus thai the above
shoun method for the pclygon representation can be wasily
general ized for the arecs with conic edges. In this case
algorithes for the conic generotion without wusing 'the
fleating point processoe should be amwployed, see [101.' If
oll edges of the given orea ore processed the lists of Xleft
and ¥right volues for cll ¥ values ore obtaolped. Then each
list for o particular ¥ sust be sarted; similorly to scon
line wethod. Polygon shown in Fig.2.3. is represented by the
data structure shoun in fig.2.4.

In the case of sequential processing it is convanient to
store the minimol and the maximal values af y coordinates in
order to speed up ihe set oparations with the two
dimensiaonnl objects. These aperations are described in
detail in €133. The area itssllf con be disployed by
ologorithe 2.2,

FROCEDURE display aregos

{ prucadure for displaying the given area }
{ by wire—-framse wodel - on smonochrome wonitor )]

VAR vy, i, k? INTEGER;
BEGIN

FOR yi=Ymin TO Yuax D&

HEGIN

FOR J:=1 TQ FLyl LD
FOR Wi=Xleftly,j3 TO ¥Xrightly,jl DO
SCREENCy,42:= 1

END

END;

13

3
i

Algorithm
where: the orroy SCREEN represents screen frame buffer.

The ohaove given givean procedure can be easily Bonﬁﬁ;mn
for the case when a colour wmonitor is used. In that case the
stutenent: '

SCREENLY k1z= 1
should be modified to:
SCREENLy, 2= colour
Now it is possible to gisplay arcas with dirferent colouvrs

in order to distinguish several oreas. The problem of
averlapping of two oress will not be discussed here.
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FROCEVURE F1LL PATTERN L, H2,y2 LHTHGER) ;
VAR i: INTEGER;

OEGIH
IFf y0()y THEN
BEGIH
ROTATE (Q,r);
y0z=y
ENID;

FOR iz=wul TO =2 DO

SCREEMHCy, E3:=0C011; .
[ this con be done by the only one instruction COPY }
{ we GCREENLY,#1..x21:=00x1..x21 in Algol 48 style }

END;

Algprithm 3.4,
where: ROTATE (Q,R) pruecedure rotates the array 0 to the
pight or to the left; R denotes the nuaber of shifts,

SCREEN represents frame buffer.

The copylng of the pottern into the SCREEN that
represents the wmemory the contents af wuhich 1s acteally
displayed con be performed by only one £OPY instruction ibot
is avalloble withlp many processor.

4. Concluslon

The octual implementation of the above ment i oned
algorithms for filling ond hatchling are slightly more
camplicated due to unusual data structure for storing Kleft
ond Xright wvolues. The proceduvre for ifilllng can be
implemented by FILL PATTERN procedure with the speciol
pottern T1it...111f, If the FILL FATTERN procedure s used
with dynamicolly changed pattern, it s possible to
implement all operations for FILL AREA prialtive of the GKS
gquite easily.

Algor)thms have been verified on aicrocomputers and there
ore no svhstontinl differences between Filling and hotching
nlgorithms as far as tise is concerned. Therefore in the
prepared workstation the Filling and iha hatching aprroations
will ba implemented os the FILL PATTERN procedura. The speed
af tha filling and tho hatching oparations depends only on
the generatad length of all the edges of the given area. The
spucified FILL FATTERN pracedure can be pasily implaesentoed
In o specialized harduare with the pipe-line architectura.

The detailed description of those eperations can be found

In C143.
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Fig.2.1.

tions of the lins v with ~edges of tha convex
uowfpnm che following linsar egquations:
qE< 0 . 17>

x(p) = xp + ( Xigy ~ xy ) - p PES 0 .1) i=0,1,...:0-1
where @ msans addition module n and point P, has coordinates X,
~ The interval for paramalter p is not clesed in ordsr Lo get
ﬂwnhoﬂ all amblgulitles in canse that the line segmant Ls
{ line wo (g} } or *touching® ( line tahnv ) a polygon
n algorithm is based on the fact that a
vex polygoa only in two pelints.
intersaction polnts of
edgas of

ALl msnwmuoa
polygon are obtained by
x{q) = xp+ Cxg = 2¢ ) + 9

*passing”
vartex. The bellow glive
line megment can intersect a con
The algorlthm findm the gq valuas for all
n which the given line uomin:n.H—ou with the
n and then the proper part of the line segment
ex polygon can be found. The algorithm
necossary, of coursza, to solve

a line o
the convex uowxmm
that is lnalde the conv
is shown in flg.2.2. IT Ls
apacial cases when a llne segmen
when. it lies on a polygon edge.

, 'The "algorithm mk<a=»=num.u.u.»unaunnn n:oanrn
Fon nesd an  lnner ' noreal

t touchas or pamses a vertex or

4
n%ﬂcuMmmnw‘n.uHmoﬂpnrl ( it doesn’t

%e._kmwm tioh.) and for & rectangle polygon,i

[ ] nnmpxmwonn to the

Liang-Barsky algorithm in case that computacion of all
Intersectlons is simplified for polygon edges parallel to the
sxes, Ths algorithia can be oasily gensralized or modified for a
cama when nfo adges of the given polygon lie on the same line.
sas [7].
VAR L.k: INTEGER; {( end points of the polygom adgs 1
j: INTEGER} { counter }
t: ARRAY [1l..2) OF REAL;
BEGIN
u.lo_PuJo-x.lslw“ { sot end points for the first edge }
REPEAT
IF an intasection peint exists for the edge X, X5 . -
AND the line w(q) so that pe€ <0.,1) THEW
BEGIN Ji1=3+l; t[3):=q { save tha q valus } EHD
ELSE ’
IF the adge x, x; lies on the 1ine w{q) THEH
BEGIN t[ll:= a value g that corresponds to the
vartax X,;
t{2):= a valua q that corresponds to the
vertex xi;
Ji=2
END§
kimly Pt=l+l; { take the next polygom edge }
UNTIL () =2) O0R (12>n);
IF 3 <> 0 THEH
BEGIH .
IF 3 = 1 THEH t(2]1=t[l) ( the llne w(q) *touchas"®
a vertex } .
ELSE IF t(l] > t(2] THEN t{l} SHAP t[2];
€11 := max { 0.0 . tll) };
tizj:i= min { 1.0 . ©l2] };
LIRE ¢ x (£[11)» ..x (021} )
END
EHD; ’
. rig9.2.2. :
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g

parameters that gorrespond- ta the points Pg and
nacessary Lo

The values of g
Pimy Ln these cases must be ganarated. But it is

distinguish between the type by attributes ++ or — for these q

values., L[f polnts Pimer Pigy are the sama, then Lt is necessary

to genarate only g value which corresponds to the point Pg. see
nrmwu.m.n. ({ a s=speclal case when the given polygon is a
triangle ). Therefore the intersection point will be datermined
not only by value q but also by a type of the intersection as

hDHHD:u 1
— Pannﬂnonnpos with edge. Punonnonn*o1 of the typa pans

- or touch ) ; )
+ 'llns w(q) lie= on edge — case ad &)
— 1ine w{g) lies on edge — case ad b)

Hhen all intersactlon points ara found togethsr with thelr

the given set of g values is .sorted together with. their

types,
should not

attribotes so that couples wlth attributes ++ or —

be split, e.g. saquencies:

q 9 9 or q, 9, 9z

+ o ¥ + o+
‘must be tranaferred to seguencles:

q, 9, 93 or . 94 9y 9

w + o+ + ot a

similarly for acttributes -—. .
The set of g values will be procemsed according to table

3.1. Results that determine thase parts of the 1ine tnmv “'which
‘are inslde the glvan palygoen ara couples of q values.

Now It is necessary to determine which parts of thes 1line
asgment P,Pg; are inside the given polygon, e.g. to determins
thosa parts of the line w(f) that are instde and that ara parkt
of the line segmant PpPg . Accordlng to tha process of getting
parts of the line w(g) it is necessary to make Lptersectlion of

all couples of the g values with the Lnterval ¢ ¢ . 1 », sea
f1g.3.4,

Mo of Lntarsectlon -1 DO .
"y o

BEGIN IF max '( 0 % qf ) <= nin {1 apy}
THEH save ( max ( 0 gy ) » min (1 .+ digd 23

L1=142 .
END| .
Fig.3.4.
attributes
situation actlion
Q Uiy T i
— - save { q; + nw+.v =it
— + save na... ' n?uy Lr=i+d
L - save ( q; » ...EV La=i+3
- - save ( g P nm*Hv Le=i+3
- - vertex touches an edge
+ + save ( Q. a_..Iv Li=i+2
+ b impropar polygon
- + ‘impossible situation
+ - impossible situation
-

Table 3.1,
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arlentation:to the left

&rientation to the tight

Fig.4.2.

The line wigq) is described by the parametric equation:

xnn:.._:..+nxu|x..u.n q & {(~oo,+=")

The procedure for finding all intersection points is similar to
the previously stated algorithm. but now in the case of arc

*

edge it is necessary to splve esguations:
x(g) =®kp+ ( Xg= X)) - q q €& (—%.+2)
2 2 2
;nin:v...nw..lwcglnlc
" where (xq1¥,) la a centre of the given ara
r im a dlameter &f this arc.

. golving these oquatlons wlth regard te variable q a

. quadratic equation
‘aq*+ bg + & = 0
LPHH be ovnu»:on.pcwono. )
“am (g - ¥xe) Vg - Ved . , :
b=2 [ X, - XKy) - ...uunx_.v+n<....<cv . ﬂ<m..<_.:
n- Ax._.xs_._up +::.J:._vu |n._. ,

a 1 the case that the line wi(q) jntersects or touches the given
clrcle two solutlons are cbtained, not necessarily dlffarent,

4
ani

A

Dy ™ g
2a

Of course soms speclal situations must be. solvad again. 6.g.
when the line vmunnu or touches a vertex or when the line is
passing the start and the end points of the arc.

 Now 1t is nacessary to determine which part of tha circle
forms the boundry of the given area. Becauss the border L=
oriented 1t canbe distinquish whether-che arc is m: the right
ow.oz the left from the connectlion of XX ypmy points. If the
line wo(q) -is considered then it must be decided which
intersection polnt ought to be taken. Ir ix obvious that tha
only point which lies on the proper arc will ba considared. 1t
means thati

- if the laft arc is considered then the paint x(q{} will ba

taken 1f and only 1if

det | ~=—————————u >0 j=}.2
wigy) — uy
- Lf tha right arc Is considered then the point x(q.} will be
taken if and only if
Tyt~ ¥x
dot | ————————— <0 i=1.2
x{qp) - xy
Now the situatlons when tha line w(q) passes tha vartices xg
and X g, must bes molved, see fig.4.3. .
Provided :
¥ { gy )} = ¥g x{ qg ) = Xy,
then the intearsection points muast be generated according Co
the type of intaersectlon Ln the polnts x\ and Xy See table
4.1.

It is nacassary to express explicitely that the sacond value
qy will be genesrated in the next step, when the intearssction
point will be computed for the :rabxumn border. a.g. for the
line msgment or arc.
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The conditions that detsrmine
point must be spacified.

tha

typa

'

of

the

lntersection

Fis

A

It is obvious that if the lina w(g) lies in tha filled part.
ses flg.4.5.. than the 1llne .w(g} “pamses® the vertex x,
otherwise the line w(g) "touches" the vertex x,. If the Uﬂb:&ﬂ<
is formed by &n arc its ls necesary to 'take tanget to this arc
in the point x. otherwise the line segment is taken itself. Of
courase. the arc orlentation must be taken Into account, see

.f1g.4.6.

.Hn m_:. uowaan betwean X101, and Xx is formed v%.. an arc with
the centre at x, then the .squation for its tangent t, in the
point x, has the form: ‘ C

(x —x5) o (Xp—Xp) + (¥ =Yy :;lf.ulqw..a
where r, is ths radius of the given arc and
H._w.l (xy - nnuu.... ( ¥o— ¥}
If the eguation for the tangent t, is expressed in, the form
fg (x) =0

then the inequality

fpo (X2 &0 and fo Cxy) <O
axpresses a half-plane whose border 1s made by the rtangent €,
and which cover the centre of the glven arc. &imilarly for the
arc betwesen .xxm_..:u LI points with the center at xk,. The
equation for the tangent t, has the form:

(= Xy) + (Xp— Xy) + 0¥ =y - nwxlwtgl...nno
where r. Is an radlius of the givan arc and

..w- xy- uxvu... { ¥Yw <av_.
The equatlon tangent t, can be expressed Ln the form

. - fy (x) =0
and the inequality

£, (x) g0 and £, Cxyw) <0
expresses a half plane whose border i{s made by the tangent =€,
which cover the centre of the given arc.

Now it is possible to define a condition for the touch of
the line w(g) in the vertex Ryr whare the line w{q} 15 daflned
by equationt

] 2 (g ) = Xp+ (Kg—-Xp) o g
The line w(g) toucheas the vartex at n.—..n..w.un point if and only 1if

qQE (- tw)
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5. Cancluslan

The presented algarlithms are basaed on the principle of the
Liang-Barsky’s algorithm. 1T is shown how the algerithms bacome
mora complicated if the requiraments are more ganaral. The
vﬂnuobnum algorithms wera verified in TURBO-PAECAL on 18M~-PC.
% The algorithm for the clipping line agalnst a convex polygon L=
. simpler than the Liang-Barsky”’s. 1f it 1= simplified for a
¥ rectangle clipping windov. and in general it dossn’t need

oriented half-planes of the clipping window. The second
‘algorlitha solves nuo.unnzunwoz when the meﬁvpna polygon Ls
non—ceavex. The increase of conplaxity 1s exprossed in the nead
U‘no distlnqulsh patweeh different cases and to sort tha final
W.uon of intersection points. The last presented algorithm solves
the problem When the clipplng area Ls formed by Line sagments
and arcs. This problea has pot been solved *in the accessible
literature as far as to the m=n50m knowledge is concerned. The
algorithms are mmun.wum all special cases are handled properly.

All algorlthms mlght be used for hatehlng, teo. of course, in
that case it is convanlent TO rotate the clipping area 50 that
the hatching linas are herirontal, find Lntersaction points and
then rotate thelr coordinates back. In this case all algorithms
can be slgnificantely simplifled. In general ~thase algerithms
nL: be sasily modified_ for muua chat: the area contains holes or

tor case of tha set operations with areas [10].
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