Tep chf Tin hoc vA Didu khién hgc, T. 15, S.8 (1999), 66-72

XAY DUNG CHUONG TRINH THIET KE ANH
FRACTAL TRY'C QUAN |

NGUYEN XUAN HUY, NGUYEN XUAN HOAI

Abstract, Fractal geometry ls considered to be one of new flelds In mathematlcs with many appll-
cations, This paper proposes a method to bulld a program (called VFDESIGN) in order to help the
process of designing fractal images visually on computer screens. Also, we explain how this program
can help users to find out fractal codes for natural objects (to solve the Inverse problem).

1. GIOT THIRU

Hinh hoc fractal bdt dBu dwgc bidt ddn tir n¥m 1975 qua mét bai bdo mA sau ndy tré thinh
mét cudn sdch cda Benoit Mandelbrot [6]. T dé dén nay, chi trong mdt th¥i gian ngén d& cé nhidu
ttng dyng cda hinh hoc fractal dwge tim ra (xin xem trong (3], [8]). M&t trong nhitng fng dung dwgc
nhi¥u ngudi biét dén 1d khd nfng md phdng cdc d&i twong thidn nhidn véi A8 phie tap cao nhu cly
c8i, hoa 14,... (bAi todn xusi) vA khd n¥ng nén dnh (bAi toén ngwgce). Néu nhu vige vé hinh trong
hinh hoc Euclide twong d8i don gidn, ching ta chi cBn ding compa, bt chl va thuéc ké, thl d8i véi
hinh hoc fractal chi c6 mdy tinh méi cé thé giip cho chiing ta th€y dwge hinh dnh hinh hoc (x&p
xl) cla mét t4p fractal do khéi lugng tinh todn lén. Trong bai bdo ndy ching t8i xin dwa ra mét
phuong phép x8y dyng mét chwong trinh h trg thiét ké fractal tryc quan phuc vu cho cdng téc
mé phéng hinh hec trén mdy tinh v gitp & cho ngudi ding tim ra mé fractal cda mét d&i twong
bt k¥ (gidi bai todn ngwge). Phln 2 duéi diy sé trinh bdy vé 1y thuy@ h§ him 1§p 1am co sé cho
vi§c v& hinh fractal. Phiin 8 48 cip téi vige thift ké chwong trinh VFDESIGN, mét chwong trinh h8
trq thidt k& dnh fractal trén mdy tinh véi chc phép bién d8i fractal 1A céc phép bién d8i afin. Phlin
4 bao gdm mét 88 nhin xét, két lugn vA huwéng phét tri€n. Trong phlin ndy cling c6 md td cdch st
dung chwong trinh VDFDESIGN d¢ trq gitp cho vifc gidi bai todn nguge.

2. €O’ 8¢’ LY THUYET Vi Hf HAM LAP

Cé nhi8u mé hinh cho vigc tao dnh fractal, tuy nhién ni dung bai bdo chi giéi hgn trong mé
hinh h§ ham 1§p (IFS - Iterated Function System) vd m8 hinh h§ him lip cé gén x4c suflt (FIFS -
Fortune Wheel Iterated Function System) [2]. Phin ndy & lin lugt trinh bdy v& nguyén 1y diém bt
déng cda dnh x3 co - co 8¢ todn hoc cho céc h§ him 1¥p, m8 hinh IFS FIFS vA céc thuft todn tgo
sinh (vé hinh) fractal twong ¢ng.

2.1. Anh xa co ([10))

Mgt dnh zg f : (X,d) — (X, d) trong d6 (X,d) ld mét khéng gian metric dwge goi ld co néu
Js, 0 < 8 <1 sao choVz,y € X: :

d(f(2), () < & x d(z,y), (1)

8 dwgre goi 1A A8 co cda f.

2.2. Nguyén ly di€m bét dong cda dnh xa co ([10])

Gid st (X,d) ld mgt khdng gian metric ddy dd, £ 1d m§t dnh zg co trén (X, d), khi d6 ton tgs
duy nhdt mgt did'm bdt ddng z; sao cho:
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ay = f(z7) = lim 1™ (o) Yo € X, (2)

trong 46 f(") (z0) = z,, véi z; = f(2i-1), 1 =1,2,...
Chiéng minh, Xem trong [10] ho¥c [(4]. 0

2.8. Dinh 1y Collage ([1])

Gid st (X, d) ld mét khéng gian metric ddy dd, f 1d mgt dnh zq co vés 4§ co & vd zy Id diém
¢d dynh cda f thi ta cd:

dle,2) < 71 % d(a f(2)) Va € X. ®

Chiéng minh. Xem trong [1] hoc (4] O

2.4, Mb hinh h¢ ham ljp (IFS)

2.4.1. Dinh nghia khéng gian (X(X), h) ([1])
Cho khéng gian metric (X, d) ta ky hidu X(X) ld tdp tdt cd cdc tdp compact khde rdng cda X.
Anh zg h 2 X(X) x X(X) = R dwqc djnh nghia nhw sau:

h(A, B) = max (d(4, B),d(B, A), trong 44 d(4, B) = max (mmd{a b). (4)

Trong (4] Michael Barnsley di ching minh ring h 1 mét metric trén ¥ (X) vd hon thé nia
néu (X, d) 1A mét khéng gian metric diiy dd thY (¥(X), h) 1A mét khéng gian metric diy du.

2.4.2. Dinh nghia IFS ([1))

Cho mét khéng gian metric ddy dd (X, d), ta dinh nghsa mét IFS = {wl,wg, oWy} trong dd
cde w; ld cde dnh zq co trén (X,d) vdi d6 co s;, 1= 1,2,.

Khi d6 todn td Hutchinson W : (¥(X), h) — (X(X) h) du'q'c dinh nghia nhw sau:

W(4) = |J wi(4). ()

=1

Dinh 1y 2.4.1, Todn t¢ Hutchinson ld m¢t dnh za co trén khong gian (H(X), h) véi d¢ co

& = max §;
1<isn

Chiéng minh. Xem trong [1] holic [8]. 0

Nhu viy theo phlin 2.2, W ¢6 mét di€m b&t déng 1A A € ¥(X). Lic dé ta goi A 14 didm bft
déng cla IFS, hay A 1A tip fractal tao sinh bdi IFS vd nguge lgi IFS 1A ma fractal cda A.

2.4.3. BAi todn sinh
Cho mét IFS, hdy tim @ié'm bd't ddng (tdp fractal) A.

Theo phlin 2.2 ta thiy d& gidi bai todn sinh ta chl vide thm A = Ag = lim Ay, Trong d¢

A € X(X),1=0,1,2,..., A; = W(Ai=1), t = 1,2,..., Ap chon bft ky, véi W 1 todn tit Hutchinson
dai dién cho IFS. Tuy nhién trén mdy tinh ching ta khéng th€ tim Ae thay vio dé ta tim Ay véi
M nio 6 (trong thye té 14p trinh thudmg chen M € [8...15]). Vige v& dnh fractal dya trén IFS (theo
bdi todn sinh) dwgce thyc hign bdi thuft todn dé quy sau diy:

+ Thuft todn v& hinh fractal vé&i IFS: (véi X = R? hofc X = R3).

Vido: IFS = {wy,ws,... ,w,}, mét d8i twgng xuflt phdt Ob bt ky thudc ¥ (X), D (43 shu 4§ quy,
qué trinh d§ quy dirng khi D = M),
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Ra: Hinh v& Ay x8p x 4,
Procedure Generate (Ob: Object; D: Interger);
var i: integer;
Begin
if D = M then
Draw (Ob)
else
for 4 :==1tondo
Generate (w; (Ob), D +1);
End;
P& vé hinh fractal tao sinh b&i IFS ta chi cBn goi Generate (Ob,0). (Thd tyc cé 4§ phirc tap
th¥i gian mii theo 88 phép bién 48i).

2.4.4. Bai todn ngugc
Cho A € X(X), tim IFS nhin A ldm dié'm cd dynh.

Viéc gidi bAi todn ngwge ¢é ¢ng dyng trong vige nén dnh vi 43 phic tap théng tin dé lwu triv
IFS thudng nhé hon rét nhidu Iin so véi A phic tap cla dnh A. Vige gidi quyét bai todn ngwgre ]
th€ dwgc h8 trg bédi dinh 1y Collage cho IFS:

‘Dinh 1§ 2.4.2 (Djnh Iy Collage cho IFS) ([1]).
AA, A) S T2 x h(4,W(4)) VA € H(X). (6)

Nhu vy d€ tim IFS ¢ diém c8 djnh A xip xi A cho truéc ta chi cBn tim IFS sao cho h(A, W(4))
1a dd nhd (vé&i dfu kign 1/ — &) 1a nhd). Néu coi A 1a mét dnh thl thay vi phdi luu trik A ta chi
clin lru trit IFS c6 diém c& djnh x&p x1 A (do 46 phwong phép nén dnh fractal thugc 16p cdc phuong
phép nén m&t mét).

2.5. M6 hinh h¢ ham l§p cé gn xdc suft (FIFS - [5])

2.5.1. Dinh nghia khéng gian (P(X),du) ([5])
Gid st (X, d) 1d mdt khdng gian metric compact, ta dinh nghia: P(X) = {u|u ld mét 4§ do
chudn héa trén o-dqs 88 Borel B(X) cda X}. Anh x dy : P(X) % P(X) — R dugqe zdo dinh nhw

du(p, v) =lup{fx fdp— [y fdv|f: X — R, f lién tyc vd |f(z) - f(y)| £ d(z,y), Y=,y € X} (7)

Hutchinson trong [5] d& chéng minh ring dy 13 mt metric trén P(X) hon thé nita (P(X),du)
1A mét khéng gian metric compact.

2.5.2. Dinh nghia FIFS ([5))

Cho khéng gian metric compact (X, d), ta djnh nghic mét FIFS = {wy, wa, ..., Wn;P1,P3) —y
‘trong dd: véi s = 1,2,..,n, w; ld dnh zg co trén khdng gian metric (X, d), ps la zde sudt gdn vés
n

w, 0<p; < 1|‘21Pi =1,
Khi @6 ta dinh nghia todn t Markov M: (P(X),du) — (P(X), du) nhe sau:

M(v):f:p‘xuow;". (8)
i=1

Dinh 1§ 2.5.1 ([5]). Todn t¢ Markov M ld mét dnh z¢ co trén (P(X),dy) véi ¢ co s cda IFS =
{w1,wa, ..., wn}. Do 46 ton tas mgt d¢ do bdt bién u* sao cho M(u*) = pu*.
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Chiéng minh. Xem trong (1] ho¥c [5).
Dinh 1§ 2.5.2 (Djnh Iy Collage cho FIFS) ((5])
dulvy 1) € T dul M(V)). (9)

+ Thuft todn vé hinh Fractal véi FIFS:
Viao: FIFS={wy, W3, ..., Wn; P1, P2y o Pn }, didm xuflt phédt (zo,yo) bt ky thudc R?, 8 lin lip N.
Ra: Hinh Fractal Ay xfp xI A cda IFS.

Begin

(2, y) 1= (20, ¥o);
Fori:=1to N do

Begin
chon w, véi xdc sullt py;
(2 y) = wy(z,y);

if § > M then {Bd qua M diém dBu khéng vé}
Vé (z,y);
End;
End;

(Thuft todn cé 48 phic tap tuydn tinh theo 88 lin l§p. Trong thyc t& N thudng dwge chon khodng
'80.000, M khodng 200).

8. XAY DUNG CHU'ONG TRINH THIET Kff FRACTAL TRU'C QUAN

Trong phin ndy chi xét dén énh xq afin trong khéng gian dinh chufn R™. Ching cé dang nhw
sau:

f(X) = AX +b. (10)

Trong 46 X vi b 1A cdc vécto trong R™, A 1A todn tik tuyén tinh trén R", C6 thé bidu din A bling
mdt ma trgn (a)i=1,...,n;7=1,...,n.

Ménh dé 8.1, Néu ||A|| < 1 thi dnh zg afin f Id co trén (R",d) (trong 36 d(z,y) = |l —y|| Y=,y &
R
Ching minh. Hi€n nhién, 4nh xa afin 1A co khi vA chi khi todn ti tuyén tfnh A 1A mét 4nh xa co.

Theo k&t qua v8 todn ti tuyén tinh ([10]) ching ta cé: Vx,y € R"d(A(z), A(y)) = ||A(z) — A(y)|| =
|A(z = y)|| < |A]l % ||z = y|| = ||A]| % d(z,y). V1 vly néu ||A]| < 1 th)ta ¢é dnh xa afinldco. O

C6 nhidu cdch xdc djnh [|A]l, vt dy: Al = max (3 o).
1SJSII =1
Trong trudmg hep n = 2 (10) cé dang nhu sau:

(#)-[246)+ () o

Ménh d@ 8.2, Gid s A = [3 fl] ld ma trdn cda phép bién A% tuyén tinh khong suy bién trén

R3, khi @6 ta cd:
A=A, Al A, Ap. (12)

Trong dd:
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A, = ; 2] (ma trin cda phép gidn) véi s = \;%’
A = (1} (:] (ma trin cda phép gidn theo tryc y) voit = % a
Au = ; ¥ | (ma trin cda phép kéo nghiing theo trye =) véiu = 25,
A = .:;:g —;:i!naﬂ} (ma trin cda phép quay) vé4 § = arccos (x/?d??’)
Chitng minh, Dung phép nhin ma trin théng thudng. =

Nhu vy mét phép bién ddi afin trén mit phing cé thé coi 1A twong dwong véi 5 phép bién
d8i: gidn, gidn theo tryc y, kéo nghidng theo tryc z, quay va dich chuyén (h§ s8 ¢, f).

V1 viy mét chuwong trinh hé trg thidt k& fractal tryc quan trén R? véi cdc phép bign d8i afin
8é giip ngudi diing thidt ké ma (hinh dnh) fractal nhw sau:

- Ngudi thift ké chon mét d8i twong xuft phdt, goi 1A d8i twgng g8c. Mic dd d8i twong gl
c6 thé chon bt ky nhung trong chwong trinh VFDESIGN ching t8i lya chon 1A hinh vudng don vi:
0,1] x [0, 1.
i - lNgtréri thiét ké nhfp céc phép bién d8i afin 8 bi€n A8i d8i twgng gdc (tpo ra che ddi
twgng con). Chwong trinh cho phép ngudi thit ké nhip dir lidu trye tiép tir ban phfm (cdc hé s8
a,b,¢,d, e, f), hofic chon mét phép bién d8i dé cé s&n trong n¥m phép bién d8i trén. Khi mét phép
bién d8i dang dwge thyc hign thl kit qud luén hign ra (tinh tryc quan).

= Sau khi ngudi thiét ké nhip xong cdc phép bién 48i (481 tweng) chwong trinh cho nguwdi thift
k& xem két qud (hinh fractal) bing vige kiém tra tinh co cla IFS (theo Ménh d% 8.1) sau dé thye
hign mét trong hai thuft todn dwge ndu trong myc 2 (véi d§ siu dé quy tir 8 dén 15 cho thuft todn
IFS. 88 lwgng di€m 20.000 - 40.000, di€m xufit phdt (0, 0), bd qua khodng 200 di€m d%u adi véi
thuft todn FIFS). Cdc gid trj xdc suflt p; (¥ = 1,2,...,n) cho FIFS dwgc lya chon nhw sau:

pi = max jz.-‘:]-d——"—t-'-‘-d— y 0,001) (cde phép bidn d8i suy bidn dwge gdn xdc suflt = 0,001 va phdi nhip
. |dot Ajll

j=]
chc h§ 88 a, b, ¢, d, ¢, f tir ban phim (gid trj 0,001 dwgc chon dya trén thyc nghi¢m).

- N&u ngudi thift k& nhin thdy hinh tao ra chwa ding véi yéu ciu mé phdng thl ho cé thé
ding phwong trinh dé sida lai cde phép bién d8i (thém phép bi€n d8i, x6a phép bidn 48i, thay d8i
phép bién d8i) va ti€p tyc tao sinh cho dén khi dat yéu chu,

- Khi thiét k& xong hinh fractal chwong trinh cho phép ngudi thi€t k€ ghi lgi hinh fractal (dwéi
dang vin bdn - cdc h§ 88 cda IFS - do d6 dung lwgng lru trit cho dnh 8& r&t nhd so véi vide hru gifr
che di€m dnh).

Tao d8i twgng gdc

!
Soan thdo céc phép
bién d8i afin
|

Tao hinh fractal
l

Ghi lai mi IFS
duéi dang viin bdn

pre=e

Hink 1, Qud trinh thi€t k€ fractal
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4. KBT LUAN, NHAN X£T, HUONG PHAT TRIEN

Chuong trinh VFDESIGN phién bdn 1.0 dwge x8y dyng trén h§ didu hinh MSDOS c6 khd
ning cho phép sogn, sita vd xem céc hinh fractal mét cdch tryc quan. Chwong trinh cho phép ngudi
diing lwu trir lai dnh fractal tgo sinh dwéi deng vin bdn va dang dnh bit map. Vi dy sau ddy 14 14
dwong xi cda Michael Barnsley bén phdi 14 mé fractal vd bén trdi 1A dnh twong @ng dwece phédt sinh
bdi chuwong trinh véi thuft todn FIFS, s8 Iin 1§p 14 30000,

P& v& mé hinh mé phéng d8i twgng trong hinh hgc Euclide ching ta phdi quan st d&i twong
46 (nhé todn bg) r8i diing thuée ké, compa va bit chl sao chép lai nguydn bdn theo tirng dwdng nét,
chinh vl vy md hinh hoc Euclide glip khé khin trong vigc mé phdng céc d8i twong phirc tap dic
bigt 1A trong thién nhidn nhw cly, 14 dwdng b¥ bidn... Vige vé hinh mét d8i tweng fractal ngodi mét
chwong trinh h8 tro thidt k& fractal nhw VFDESIGN nguwi thidt k& cdn chn bift cdch nhin cdc déi
twgng duéi con mit cda Djnh 1y Collage. V{ dy nhu khi nhin 14 dwong x1 néi trén ngudi thidt ké
phdi bidt thye chft 14 dwong xi ndy 14 sy chdp n8i cia 14 trdi, 14 phdi, 14 trén, cén cly 1 phién bdn
bién 48i t¥ chinh né (vfnh ty twong ty). Tir 46 xdc djnh cc phép bién 48i vd ding VFDESIGN aé
chinh sta va ki€m tra vi do 46 ¢é thé tim ra ma fractal tgo sinh 14 dwong xi (gidi bai todn nguge).
Chiing t8i xin d% dat ¢8ng thic 48 tim ma tgo sinh fractal nhw sau:

Dinh 1y Collage + Sy tro gifip cda VFDESIGN = Tim ra mé tao ginh fractal.

Céc huéng phét tri€n cho chwong trinh VFDESIGN efp téi 1a: mé phdng fractal bing cdc md
hinh h§ ham lfp khdc nhw IFZS (h§ ham 1§p A€ tim fractal trén cdc tdp me), IFSM (h§ ham lip véi
chc d4nh xa mic xdm di kdm). Ty tim md fractal cho ngudi diing (nén dnh da cip xdm), thém céc
céng cy tfnh chidu, phin dogn 4nh fractal,
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