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LOI CAM ON

Trude hét, em xin chan thanh cam on thay gido PGS.TS Ngb Qudc
Tao di tan tinh hudng dan, chi day gitip d& tin tinh va tao moi diéu thuan
loi dé em hoan thanh bao céo tot nghiép ctia minh.

Em ciing xin chan thanh cam on trung tdm nghién ciru va phat trién
cong nghé phan mém, noi di tao diéu kién tét trong sudt thoi gian thuc
tap.

Em ciing xin chan thanh cam on quy thay c6 khoa cong nghé thong
tin truong dai hoc dan lap Hai Phong da tan tinh gidng day, trang bi cho
chung em nhiing kién thtrc can thiét trong sudt qua trinh hoc tap.

Va em cling xin goi long biét on dén gia dinh, cha, me,ban be da
ung ho, giap do va dong vién em trong nhirng ltc kho khan.

Du d3 hét strc cd gang hoan thanh dé tai nhung chéac chan sé khong
thé tranh khoi nhirng thiéu s6t nhat dinh. Rét mong nhan dugc su thong
cam va déng goép nhitng ¥ kién vo cling quy bau cia cac thay cd, ban be,

nhiam tao tién dé thuan loi cho viéc phat trién dé tai trong twong lai.
Hai Phong, thang 07 ndm 2009
Sinh vién thuc hién
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LOI NOI DAU

Tai sao mon hinh hoc dugc xem 1a "kho cung" va "lanh 1€0"? Mat
trong 1y do co ban nhat 1a vi né khong thé mo ta dugc thé gidi tu nhién
xung quanh ching ta. Nhitng ddm may tréi lo liing khong phai 1a nhiing
qua ciu, nhiing ngon nii nhap nho khong phai 1a nhitng chép nén, nhing
bo bién tho mong khong phai 1a nhitng dudng tron. T cam nhan truc
quan nay, nha toan hoc thién tai Mandelbrot nay sinh ra y tuéng vé su ton
tai cua mdt mon "Hinh hoc cua tu nhién", Fractal Geometry. Tt day, to1
va ban c6 thé mo ta mot dam may mot cach chinh xac nhu mot kién tric

su thiét ké can nha cua ho.

Fractal Geometry mo ra moét 1anh vuc mdi cua toan hoc va cod
nhing tién bo dic biét trong vai chuc nim gan ddy, 13 mén khoa hoc tré
dugc rat nhiéu nha khoa hoc quan tdm & trén thé gi6i cling nhu & Viét
Nam. Nho vao cong cu chinh 13 may tinh c¢6 sy phat trién nhanh chéng vé
toc do ma viéc biéu dién Fractal tré nén dé dang hon nén hinh hoc Fractal
dd duoc dong dao moi nguoi cht y va thich tht nghién ctru,cac hinh
Fractal dugc sinh b&i may tinh ¢6 hinh anh kha dep va rat tha vi. Vi mot
nguoi tinh cd quan sat mau sic cia cau trac Fractal s& bi 16i cudn boi
hinh thirc dep hon nhiéu 1an so véi cac doi tuong toan hoc da tung duoc

biét dén
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Viéc phat hién ra cac hién tuwong hon don hay cac fractal, da tao ra
mot “khoa hoc méi”, khoa hoc vé cdc hé théng phirc tap, va nhin truéc
rcing dé sé la khoa hoc cua thé ky 21. Thé gioil tw nhién va xa hoi hién ra
trieée mat ta phirc tap hon rdt nhiéu nhing gi ma “khoa hoc” da hinh
dung truée do, day nhimg hon tap thién nhién va cat bui tran thé, va hinh
nhw chinh trong nhitng hon tap va cat bui do ma con nguoi tim ra dugc
vé dep chdn thuc ciia cudc song va 1€ song cao qui ciia minh. Roi sau
nhitng cam nhdn ban dau nhw vdy, nguoi ta da nghlem tuc nghi den viéc
phai xdy dung mot khoa hoc mdi, khoa hoc vé cdi phike tap, hay vé cdc hé
thong phicc tap, dé lam co sé chung cho nhitng nhén thirc méi ciia minh.

»

— trich loi cua GS. Phan Dinh Di¢u dang trén bao xaluan.com
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Chuwong 1

TIM HIEU VE FRACTAL
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1.1. SU HINH THANH VA PHAT TRIEN CUA FRACTAL

“Khoa hoc hién dai” vén dugc phat trién tir ky nguyén Khai sang
(Enlightenment) & thé ky 17, khoi dau boi nhitng phat minh cua Kepler,
Galilei va Newton vé cac dinh luat cta van dong vat chat va boi sy thic
day manh m& cua cudc cach mang cong nghi¢p. Vi nhiing phat minh do,
lan dau tién con ngudi tim duogc mét cach nhén thirc thé gi6i bang

“phuong phap khoa hoc” ma khéng can dua vao mot sitc manh than
thanh nao hay phai vién dén nhirng lién cam huyén bi nao giita tri tué con
nguoi vi mot tinh than hay linh hon cia tu nhién. Va ciing do d6, “khoa
hoc” da dugc phat trién trude hét va manh mé & cac linh vuc nghién clru
tu nhién nhu co hoc, vat 1y hoc, thién vin hoc, v.v... Cudi thé ky muoi
chin cac nha vatly da coi vat ly la linh vuc dong km va day du. Moi su
viéc, hién tuong co tam quan trong trong linh vuc vat ly déu di duogc
phat hién. Do do6 chi can lam rd nhiing sy kién thiéu chat ché sau do
danh d4u "hoan chinh". Vi thé trong khi sép xép mét s6 su kién khong
chat ché Schrodinger da phéat minh ra co hoc lugng tir va Einstein da tao
ra thuyét twong doi. Do d6 cac nha vat ly rat hoang mang vi xuit hién
nhiéu van dé can giai quyét hon trudc. Pdi voi Whitehead nha toan hoc
va triét hoc M¥ thi mét trong nhimg khia canh ¢6 y nghia nhit cua tién
bd nay la quan diém triét hoc vé vat ly “tu nhién khong dén voi ta sach
s& nhu ta nghi vé n6”, va khoa hoc, trong tinh than qui gian cta co gidi
ludn, v6i viée lam sach ty nhién d6 da “hat do ca daa bé cung véi chau
nude tim” . Ta trd lai ddi mat véi mot ty nhién va cude doi nhu nd von
c6, ddy cat bui tran gian, 16 nho khac khuyu, giy v& quanh co, chir dau co
thang bang, tron tria nhu cac hinh v& cua khoa hoc hinh thic. Ta nhén ra
diéu do ca tr trong chinh ban than phé‘m ¢t 15i tri thie cua khoa hoc, ca
tir nhitng linh vyuc tng dung khoa hoc dang c6 nhiéu htra hen thanh cong.

Nén tang dau tién cua Fractal da duoc nha toan hoc va vat li hoc
Leibniz dua ra cung khoang thoi gian d6 1a self-similarity (tinh ty tuong
tr) mic di chua hoan chinh nhung d3 mé ra budc tién dau tién. Nhung
né chi dugc biét dén véi cai tén hinh hoc Fractal dau tién vao nam 1872
khi Karl Weierstrass dua ra mét vi du vdi chirc nang khong truc quan cua
thudc tinh hién than khap noi lién tuc ma khong phu thudc vao khong
gian. Vao 1904, volt Helge Koch khong hai long voi két ludn cia
Weierstrass, dua ra mot dinh nghia hinh hoc cao hon vé chirc ning twong
tu, ma bay gio duoc goi la duong cong Koch. Dya trén thanh qua do ,
Waclaw Sierpinski da xay dung véi tam giac vao ndm 1915 ma sau nay
goi 1a tam giac Sierpinski. Ban dau cac Fractal hinh hoc di dugc mo ta
nhu 12 nhitng dudng cong hon 13 hinh 2D ma ta duoc biét dén nhu 1a
trong cac cong trinh hién dai ngay nay. Vao 1918, Bertrand Russell da
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doan nhan vé mot " vé dep ti cao " bén trong nay sinh trong toan hoc
Fractal.Y tuong cta cac duong dong dang dugc cam xa hon nita boi
Pierre Lévy Paul, nguoi ma, trong 1938 di dua ra kién gia vé mot duong
cong fractal méi, duwong cong C Lévy. Georg Cantor ciing d3 cung cip
cac vi du vé cac tap con cau thudc tinh bat thuong thuc sy phu hop — tdp
Cantor bay gio cling dugc cong nhan 1a fractals. Nhitng ham 1dp trong
mit phing phitc dugc diéu tra vao cudi thé ki 19 - dau thé ki 20 bai
Henry Poincaré, Felix Klein, Pierre Fatou va Gaston Julian. Tuy nhién,
khong c6 sy giap do cua dd hoa may tinh hién dai, ho thiéu nhirng
phuong tién dé 1am cho truc quan vé dep cia nhiéu ddi twong ma ho
kham pha. Vao nhimg nim 1960, Benoit Mandelbrot bat dau diéu tra self-
similarity (tinh ty tuwong tu), ma trudc d6 dugc xay dung trén cong viéc
ciia Lewis Fry Richardson. Cudi cung, vao 1975 Mandelbrot dua ra tir
"Fractal" dé biéu thi mot d6i twong ma c6 mién Hausdorff- Besicovitch 1a
16n hon so v&i cac mién trude day. Ong ta minh hoa dinh nghia toan hoc
nay boi may tinh nhiing tryc quan hoa. Nhing anh nay bét dau tro 16n nodi
tiéng dua vao phép dé quy, dan toi hinh thanh thuat ngit  "Fractal" ngay
nay.

1.2. CAC UNG DUNG TONG QUAT CUA HINH HOQC
FRACTAL
Hién nay c6 3 huéng tng dung 16n cta 1y thuyét hinh hoc phan
hinh, bao gdm:
. Ung dung trong van dé tao anh trén may tinh.
. Ung dung trong cong nghé nén anh.
= Ung dung trong nghién ctru khoa hoc co ban.

o UNG DUNG TRONG VAN PE TAO ANH TREN MAY TiNH:

Cung voi su phat trién vuot bic cia may tinh ca nhan trong nhimng
nam gan day, cong nghé giai tri trén may tinh bao gém cac linh vuc nhu
tro choi, anmation video... nhanh chong dat dinh cao cua no. Cong ngh¢
nay doi hoi sy mo ta cac hinh anh ctia may PC voi sy phong phu vé chi
tiét va mau sic véi sy ton kém rat 16n vé thoi gian va cong sic. Ganh
nang d6 hién nay da dugc giam nhe dang ké nhd cac mo ta don gian
nhung day du cua 1y thuyét Fractal vé cac dbi twong ty nhién. Vi hinh
hoc phan hinh khoa hoc may tinh c6 trong tay mdt cong cu mo ta tu nhién
vO cung manh mé.

Ngoai cac ing dung trong linh vyc gii tri, hinh hoc phan hinh con
c6 mat trong cac ung dung tao ra cac h¢ dd hoa trén may tinh. Cac hé nay
cho phép ngudi st dung tao ldp va chinh sira hinh anh, dong thoi cho
phép tao cac hiéu ung v& rat ty nhién hét sirc hoan hao va phong phu, vi
du hé phian mém thuong mai Fractal Design Painter cua cong ty Fractal
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Design. H¢ nay cho phép xem cac hinh anh duéi dang hinh hoa vécto
cling nhu str dung cac anh bitmap nhu cac d6i tuong. Nhu di biét, cac
anh bitmap hién thi hét sttc nhanh chong, thich hop cho cac tmg mang
tinh téc do, cac anh vécto mat nhiéu thoi gian hon dé trinh bay trén man
hinh (vi phai dugc tao ra bang cach vé& lai) nhung doi hoi rat it ving nhd
lam viéc. Do d6 ¥ tudng két hop uu diém cua hai loai dbi tuong nay sé
gitip tiét kiém nhiéu thoi gian cho ngudi st dung cac hé phin mém nay
trong viéc tao va hién thi cic anh c6 d6 phtrc tap cao.

o UNG DUNG TRONG CONG NGHE NEN ANH:

Mot trong nhitng muyc tiéu quan trong hang dau cia cong nghé xir
1y hinh anh hién nay 1a su thé hién hinh anh thé 8161 thue voi day du tinh
phong phu va song dong trén may tinh. Van dé nan giai trong linh vuc
nay chu yéu do yéu cau vé khong gian luu trix thong tin vuot qua kha
nang luu trir ciia cac thiét bi thong thudng. C6 thé don ctir mot vi du don
gian: 1 anh c6 chat lugng gan nhu chup doi hoi ving nhé 24 bit cho 1
diém anh, nén dé hién anh d6 trén man hinh may tinh c¢6 do phan giai
tuong ddi cao nhu 1024x768 can xap xi 2.25Mb. Vi cac anh “thuc” 24
bit nay, dé thé hién dugc mot hoat canh trong thoi gian 10 gidy doi héi
xap xi 700Mb dir liéu, tirc 1a bang stc chira cia mot dia CD-ROM. Nhu
vay khoé c6 thé dua cong nghé multimedia 1én PC vi n6 doi héi mot co s
dir liéu anh va am thanh khong 16.

Dbung trude bai toan nay, khoa hoc may tinh da giai quyét bang
nhimg cai tién vuot bac ca vé phan cimg 1dn phan mém. Tét ca cac cai
tién d6 dua trén y tudng nén thong tin hinh anh trung lap. Tuy nhién cho
dén gan day, cac phuong phap nén thong tin hinh anh déu c6 1 trong 2
yéu diém sau:

e Cho ti 1€ nén khong cao. Pay la truong hop cia cac phuong
phap nén khong mat thong tin.

e Cho ti I¢ nén tuong d6i cao nhung chat lugng anh nén qua kém
s0 vo1 anh ban dau. bay la truong hop cua cac phuong phap nén
mat thong tin, vi du chun nén JPEG.

Cac nghién ctru 1y thuyét cho thdy dé dat mot ty 1& nén hiéu qua
(kich thuéc dir liéu nén giam so v&i ban dau it nhat hang trim lan),
phuong phap nén mét thong tin 1 bat budc. Tuy nhién mot van dé dit ra
1a 1am thé nao c6 duoc mot phuong phap nén két hop ca tinh hiéu qua vé
ty 1& nén 1an chéat lugng anh so v6i anh ban dau? Phuong phap nén anh
phén hinh duoc ap dung gan day bai Iterated System dap ung dugc yéu
cau nay.
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Két qua nén cho bdi qua trinh ndy rét cao, c6 thé dat ty 18 10000: 1
hodc cao hon. Mgt ing dung thuong mai cu thé cua ky thuat nén phan
hinh 1a b6 bach khoa toan thu multimedia v6i té€n goi “Microsoft Encarta”
dugc dua ra vao thang 12/1992. Bo bach khoa nay bao gom hon 7 gio am
thanh, 100 hoat canh, 800 ban dd mau cung voi 7000 anh chup cay coi,
hoa qua, con ngudi, phong canh, dong vat,... Tét ca duoc mi hoa dudi
dang cac dit liéu fractal va chi chiém x4p xi 600Mb trén mot dia compact.

o UNG DUNG TRONG KHOA HQC CO BAN:

C6 thé noi cung véi 1y thuyét topo, hinh hoc phan hinh Fractal da
cung cip cho khoa hoc mot cong cu khao sat ty nhién v6 cing manh mé
nhu dé trinh bay trong phan I.1, vat Iy hoc va toan hoc thé ky XX d6i dau
v6i su xuat hién cta tinh hon don trong nhiéu qua trinh co tinh quy luat
cta ty nhién. T sy d6i dau do, trong nhiing thap nién tiép theo da hinh
thanh mot 1y thuyét méi chuyén nghién ciru vé cac hé phi tuyen goi la ly
thuyét hon don. Su khao sat cac bai toan phi tuyén doi hoi rat nhiéu cong
suc trong viéc tinh toan va thé hién cac quan sat mot cach truc quan, do
d6 su phat trién cua 1y thuyét nay bi han ché rat nhiéu. Chi gan day véi su
ra doi cua ly thuyét fractal va sy hd tro dat luc cua may tinh, cac nghién
ctru chi tiét vé sy hon don mai duoc déy manh. Vai tro cua hinh hoc phan
hinh trong linh vyc ndy thé hién mot cach truc quan cac cu xir ky di cta
cac tién trinh duoc khao sat, qua do tim ra dugc cac dac trung hoac cac
ciu tric tuwong ty nhau trong cac nganh khoa hoc khac nhau. Hinh hoc
phén hinh da dugc ap dung vao nghién ctru Iy thuyet tir tinh, 1y thuyét cac
phtic chat trong hoa hoc, 1y thuyét tai dinh chuan va phuong trinh Yang
& Lee cua vat ly, cac nghiém cua cac h¢ phuong trinh phi tuyén dugc giai
dua trén phuong phap xap xi lién tlep cua Newton trong giai tich s0,.
Cac két qua thu duoc gitt vai trd rat quan trong trong cac linh vuc tu:0’ng
ung.

1.3. CAC KIEN THUC TOAN HQC CO BAN
1.3.1. Khong gian Metric :

a,Khong gian
Dinh nghia 1:

Khoéng gian X 1a mot tap ma cac diém cia khong gian 14 cac phan
tur cua tap do.

Pinh nghia 2: (khéng gian Metric) :

Khéng gian (X, d) 13 mot khong gian metric néu ham  d:XxX—R
thoa mén cac diéu kién sau véi d 1a khoang cach gitta 2 diém x, yeX:
*dXxy) =d(y,x) Vx,yeX
*0<d(X,y)<oo VX,yeX X#Yy
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*d(x,x)=0 VX € X
*d(xy)<d(x,2)+d(z,y) VX, y,zeX

ham d dugc goi 1a metric .

Dinh nghia 3:
Hai metric d, va d, duoc goi 1a twong duong trén X néu ton tai cac
hing s 0<c,, C,<o0 530 cho:
Cidi(X, Y)sda (X, y)sC2 di (X, y)  V(X, y)eXxX

Dinh nghia 4: o
Hai khong gian Metric (X4, d;) va ( X5, dy) 1a trong duong néu ton
tai ham h: X;—X; la song anh sao cho metric d; trén X; duoc dinh
nghia béi cong thirc:
d (X, y) = dz(h(x), h(y)) V (x,y)eX,

la tuong duong voi d;.

Pinh nghia 5:
Ham f:X;—>X, tur khong gian metric (X, d;) va khdng gian metric
(Xa, dp) 12 ham lién tuc néu voi mdi € >0 va xeX; 38>0 sao cho:
di(x, y)<8 = dyf(x), f(y))<e

b) Day Cauchy, tdp déng, khong gian metric day du:
Dinh nghia 1:

Diy {Xn}n =1 cac diém trén khong gian metric (X, d) duoc goi 1a day
Cauchy néu V>0, IN 1a sb tu nhién sao cho:
d(Xn, Xm) <€ vn, m>N

Pinh nghia 2:
Diy {Xn}n =1 céc diém cta khong gian metric (X, d) duoc goi 1a hoi
tu t6i diém xe X néu voi moi €0, IN 14 sb tu nhién sao cho:
d(Xn, X) < g, Ph<N
x dugc goi la gidi han cta day va: X = lim,_,,, X,

Pinh ly:
Néu day {X,}, =1 trong khdng gian metric (X, d) hdi tu téi diém xeX
thi day {X,}n =1 1a ddy Cauchy.

Pinh nghia 3:

Khéng gian metric (X, d) 1a day di néu moi diy Cauchy {X,}, =1 trong
X ¢6 gioi han xeX.
Vi du: cac khéng gian sau 1a khéng gian metric day di:
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(R,d) (R%d), véid lametric Oclit.

Dinh nghia 4:
ScX 1a tap con cua khong gian metric. Piém xeX la diém gidi han cua
S néu ton tai day {X,}n =1 cdc diém x,€S\{x} sao cho:  Limy_.X,=X

Dinh nghia 5:
ScX 1a tap con cua khong gian metric (X, d). Bao dong cua S (ky
higu: S) dugc dinh nghia nhu sau:
S= S U{céc diém gi6i han cua S}
S 1a tap déng néu nod chira moi diém gidi han clia né : S= S
Vi du: S = {x=1/n; n=1, 2, ...} la tap dong trén ([0, 1], d), d Ia metric
Ocolit.

c¢) Tdp compact, tap gioi noi, tap mo
Pinh nghia 1:

ScX la tap con cta khong gian metric (X, d). Tap S 1a compact néu moi
day v6 han {X,}, =1 trong S déu chira diy con hoi tu trong S.

Pinh nghia 2:
ScX 1a tap con cua khong gian metric (X, d). S 1a tap gidi ndi néu ton
tai diém aeX va s6 R>0 sao cho:
d(a, X)<R VXeS

Dinh nghia 3:

ScX 1a tap con ctia khong gian metric (X, d). S 1a gidi ndi toan phan
néu véi moi >0 ton tai tdp hitu han cac diém {yi, Yo, ..., Yn}<S sao cho
khi xeS thi

d(x,yi) <& voiye{yy Y2 .. Yo}

Pinh ly:

(X, d) 1a khéng gian metric day da ScX. S la tip compact va dy du
néu nod déng va gi6i ndi toan phan .
Pinh nghia 4:

ScX 1a tap con cua khong gian metric (X, d). S dugc goi 1a tap mé
néu véi mdi seS >0 sao cho B(x, €)={yeX:d(x, y)<e}cS.

1.3.2. Khong gian Hausdorff (H(X), h):
_Phan nay trinh bay mét s6 khai niém vé khong gian Hausdorff la co so
deé xay dung fractal.

Dinh nghia 1:
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(X, d) 12 khong gian metric diy du. Ky hiéu H(X) 1a tdp cac tap con
compact cua X.

Dinh nghia 2:
(X, d) 1a khong gian metric day du , xeX va BeH(X). Khi do khoang
cach tir diém x t6i tap B dugc xac dinh nhu sau:

d(x, B)=Min{d(x, y):yeB}.

Dinh nghia 3:
(X, d) 1a khong gian metric day du A, BeH(X) khi d6 khoang cach tir
tap A t6i1 tap B duogce xac dinh nhu sau:
d(A, B)=Max{d(x, B):xeA}.

Pinh nghia 4:
(X, d) la khong gian metric day du. Khoang cach Hausdorff gitta céc
diém A, BeH(X) duoc x4c dinh nhu sau:
h(A, B) =d(A, B)vd(B, A)

Pinh nghia 5:
ScX vaI>0 thi S+I'= {yeX :d(X, y) < T voi xeS}. Ta goi S+I" dugc
goi 1a dao déng ciia S bai hinh cau ban kinh T,

Bo dé 1.
Cho A, B € H(X), (X, d) la khéng gian metric, €>0. Khi d6 ta cé
khing dinh: h(A, B)<e < Ac B+e va BcAte.

B6 dé 2: (bd dé mo rong)

(X, d) la khong gian metric, {A, : n =1, 2, .., o} la day Cauchy, cac
diém trong (H(X), h), {nj};°- 1a ddy vo han cac s6 nguyén
0<n;<n,<ns<...

Gia su c6 day Cauchy {Xy € Ay ; J=1, 2, ...} trong (X, d) thi ton tai day
Cauchy {x,€A, ; n>1} sao cho
Xnj=Xnj Vj=1,23, ..

Pinh Iy: (V& tinh day du cta khong gian fractal)

(X, d) 1a khong gian metric ddy du thi (H(X), h) ciing 1a khong gian
metric ddy du. Hon nita néu {A,eH(X)},"=1 1a ddy Cauchy thi A=
lim,_., A, eH(X).

C6 thé mo ta gidi han cua diy nhu sau:
A= {xeX: {X, € A, } la diay Cauchy hdi tu dén x}

Pinh Iy :
(X, d) la khong gian metric, {X,} la ddy Cauchy hdi tu té1 xeX
(liMn_wd(X, X,)=0). néu ham f: X — X lién tuc thi lim,_,., f(X,)=f(X).
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1.3.3. Anh Xa co

Dinh nghia 1:
Bién d6i f:X—X trén khong gian metric (X, d) duoc goi la co hay anh
xa co néu ton tai hing sé6 0<s<1 sao cho:
d(f(x), f(y)) <s.d(x, y) VX, yeX.

Khi do6 s dugc goi 1a hé so co cua f.

Pinh ly: (dinh ly anh xa co)

f:X—X 1a 4nh xa co trén khong gian metric ddy du (X, d). Thi f ¢6
diém cb dinh duy nhat x;e X, VxeX day {f*"(x) : n=0, 1, 2, ...} hoi tu t6i
Xs tuac la:

liMpse T (X) = X; d6i véi mdi xe X .

Bo dé 1:
Cho khéng gian metric (X, d) va anh xa w tir X 1én chinh né. Néu
w:X—X la anh xa co trén (X, d) thi w lién tuc.

Bo deé 2:
w:X—X la anh xa lién tuc trén khong gian metric (X, d) thi w l1a anh xa
tor H(X) vao H(X).

Bo6 dé 3:
W:X—X 13 4nh xa co trén khéng gian metric (X, d) v6i hé sb co s. Ta
xéc dinh bién d6i w:H(X)—>H(X) nhu sau:
w(B) = {w(x): xeB} V BeH(X).
Khi d6 w 1a anh xa co trén (H(X), h(d)) v6i hé sb co s.

Bo dé 4: ’
Cho (X, d) 1a khong gian metric.Néu h 1a metric hausdorff thi
h(BuC, DUE) < h(B,D)v h(C,E) VB, C, D, EeH(X)

Bo dé 5:

(X, d) la khong gian metric, {W,:n=1, 2, .., N} la cac anh xa co trén
(H(X), h) voi hé sb co twong mg cua wy 1a s,. Anh xa W:H(X)>H(X)
duoc xac dinh bai:

W(B) = w,(B) U W, (B)..ow, (B) = Uw, (B)

véi mdi Be H(X) thi W la anh xa co vdi hé sb co s=Max{s,:n=1, 2, ..,
N}.

1.3.4. Dinh Iy cit din (COLLAGE)
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Dinh nghia 1:

Cho (X, d) 1a khong gian metric, bién d6i wo:H(X)—>H(X) dugc xac
dinh wo(B)=C véi moi BeH(X). Thi w, duoc goi 1a bién dbi c¢6 dong va
C duogc goi la tap co dong.

Dinh nghia 2:

Cho {X;W,, n=1, 2, ..., N} 13 hé ham l3p hyperbol v&i hé s6 co 0<s<I.
Néu wo:H(X)—H(X) 1a mét bién d6i c¢6 dong thi {X;wy, n=0, 1, 2, ..., N}
12 hé ham lap hyperbol c6 dongvéi hé sb co s.

Pinh Iy:
Cho {X;W,, n=0, 1, 2, ..., N} 1a hé ham lip hyperbol c6 dong v6i hé sb
co s thi bién d6i W:H(X)>H(X) dugc xac dinh nhu sau:

N
W(B)=UJw,(B) VBeH(X)
n=0
13 anh xa co trén khong gian metric day du (H(X), h(d)) voi hé sb co s.
Khi do:
h(W(B), W(C))<s.h(B,C) VB, CeH(X)
diém ¢ dinh duy nhat AeH(X) thoa méan:

N
A=W(A) = U W, (A) trong d6 A=lim,_,W*'(B) vé&i BeH(X).
n=0

Pinh ly(collage) :

Cho (X, d) 1a khong gian metric ddy du.Cho tap LeH(X), va sb £>0.
Chon TFS{X;w,, n=1, 2, ..., N} (hodc IFS c6 dong) véi hé s6 co 0<s<1
sao cho

N
h[L, U W, (L)j <g¢  voih(d) la metric Hausdorff

n=1(n=0)

thi
h(L, A) <g/(1-s) v6i A 1a tap hut cua IFS
A=lim,_,., wy(L)
A=Low(L) UWA(L) L...=w"(L)
tuc la :
N
h(L,A) < (1-9)* h(L, U w, (L)] YLeH(X).
n=1(n=0)
Tap A va A cho truoce A, AgeH(X), hé wg, Wy, ...., W, tao thanh hé
IFS hyperbol thi: h(A, W(A))uw?(Ag)u...u...)< &/(1-s) Néu dau tién tap
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xuét phat A khac tip cho truéc A 1a € thi sau 1an 13p s& khac 1a €/(1-s). Y
nghia cua dinh ly cat dan nham dénh gia sy hoi tu cua thuat toan lap.

1.4. SO CHIEU FRACTAL

Gia su rr:ing ching ta bat dau voi bo khai tao dang hinh hoc don
gian gdm mot sé doan théng lién thong. N6 c6 thé 1a tam giac, hinh
vuong hay tham chi duong thang Chung ta hay xac dinh mot bd tao sinh
gém N doan thing, mdi doan thang c6 do dair, O day rla mot phan cua
doan thing dang dugc thay thé. Viée sap Xep N doan thing sao cho
khoang cach tur tao sinh toi diém cudi cua nd giong nhu d6 dai cua doan
thang dang duoc thay trinh thay thé lap lai vo han 14n va mdi 1an thay thé
mdi doan théng cua truoc boi doan théng cua bo tao sinh c6 co dan ti 1€.
Diéu do c6 thé thudce Hausdorff Besivitch cua duong cong fractal 1a:

= log N/log (1/r)

Viéc so sanh s6 chiéu nay véi sé chiéu Ocolit cho chungta mot sd
tinh chét cia fractal. Chang han, D ¢6 gia tri 1.0 chi la doan thang thong
thuong, con D ¢6 gia tri 2 ¢6 nghia la duong cong phu hoan toan mét
phang.

1.5 CAC HE HAM LAP IFS(ITERATED FUNCTION SYSTEM )
Dinh nghia 1:

Mot hé ham lap gém mot khong gian metric dﬁy du (X, d) va mot
bo hitu han cac 4nh xa co wj, véi hé s6 co tuong ing s, n =1, 2,..., N. Ta
ky hi¢u IFS thay cho cum tir ham 1dp. Mgt IFS duoc ky hiéu béi [X; wy, n
=1,2,...,N]vah¢ sbcos= max s,

1<n<N

Pinh 1y sau tom tat cac két qua chinh ctia mot IFS:

Pinh ly IFS:

Xét mot IFS {X;wp,n=1,2,...,N} véi hé s6 cos.Khi d6 phép bién doi W :
H(X) — H(X) xéc dinh bdi:
N
WB)= U wy(B)

trong d6 B € H(X) 1a mot 4nh xa co trén khong gian metric day di
(H(X) ,h(d)) v6i héso cos, ticla:

h(W(B),W(C)) < s.h(B,C),V B,Ce H(X)
Anh xa nay céduy nhat mot diém ba't dong A € H(X) véi :

N
A=WA)= U wy(A)

va dugc cho truc bdi A= lim W™ (B) v4i bat ky Be H(X).
n— o
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Dinh nghia 2:

Piém bat dong A € H(X) mo ta trong dinh 1y IFS dugc goi 1a hap
tu cua [FS do.
1.6 PAC TRUNG PHO BIEN CUA HINH HQC FRACTAL
1.6.1. Tw dong dang

Qua cac hinh da xem xét nhu duong con von Koch va duong cong
Minkowski , Tam giac Sierpinski, Bot bién Menger , ... nhimg hinh ma
Maldelbrot goi 13 “hinh Fractal” , ching ta thdy d6 13 nhitng hinh rat khac
la. Chung rat khac véi nhing hinh ¢ dién trong hinh hoc Euclid (tam
giac , da giac , hinh tron , ...) Nhing hinh Fractal ¢6 céu trac nhin bé
ngoai rat phuc tap ,du xét & bo phén nho dén dau ciing c6 nhitng chi tiét
hét stc tinh vi. Thé nhung nhiing hinh phtrc tap nay lai hinh thanh bing
cach thuc hién 13p di lap lai “quy téc sinh” kha don gian.

Dic trung phd bién cua nhiéu hinh Fractal 13 c6 thé phén tich ra
thanh nhimg bd phan nhé tuy ¥, ma mdi bd phan nay 1a mot ban sao thu
nho clia toan thé Fractal. Mandelbrot goi d6 13 tinh #w dong dang.

1.6.2. Thir nguyén phdn so

Trong hinh hoc Euclide ta coi diém la dbi twong khong c6 “kich
thude”, khong ¢ chidu dai, chiéu rong 14n chiéu cao, diém c6 sb chiéu la
0 (hay tha nguyén 0). Buong thang chi co chleu dai , khéng c6 chiéu
rong, khong co chleu cao, dudng thing c6 sb chiéu 1a 1 (thtr nguyén 1).
Mit phing c6 sb chiéu 1a 2 ( thir nguyén 2), vi chi co chiéu dai va chiéu
rong, khong c6 chiéu cao. Khong gian c¢6 sb chiéu la 3 (thtr nguyén 3)

Thtr nguyén cia mot ddi tuong hinh hoc ¢c6 thé hiéu theo mot cach
khac

Xét cac hinh: doan thang, hinh vuéng, hinh lap phuong. Co thé
chia mdi hinh nay ra N phan dé cho mdi phan déng dang véi hinh ban
dau. Goi ty sd dong dang 1a 1/K thi ta ¢6 N=k dbi v6i doan thang, N=k*
dbi voi hinh vudng va N=k> d6i véi hinh 1ap phuong.

Nhu vay téng quat N=k?, d 1a sb thtr nguyén

Tir N=k®=> d= logN/logk

Vi du: Pudng cong Minkowski. Tép sinh ctia né sau lan dau tién
ap dung quy tic sinh gém c6 8 doan thang (N=8), mdi doan thing déng
dang v6i hinh ban dau theo ty sb Y (k=4), do d6 tht nguyén ctia Puong
cong Minkowski la

log8/log4=1,5

Tam giac Sierpinski c6 thtr nguyén d=log3/log2=1,585... vi tap

sinh gdém 3 phan (N=3) , mdi phan dong dang vdi tam giac ban dau theo
ty s6 ¥ (k=2)
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Chuong 2 .
MOT SO PUONG FRACTAL CO BAN

Dé Tai : Tim Hiéu Phuong Phap Sinh Anh Béng Fractal
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21 HOQPDPUONG VONKOCK

Trong phan niy chiing ta s& cing nhau théo luan cac fractal dugc
phat sinh bang cach str dung d¢ qui initiator / generator véi két qua 1a cac
hinh ti d6ng dang hoan toan. Céac hinh nay c6 sb chiéu tu dong dang, sd
chiéu fractal va s chiéu Hausdorff-Besicovitch bang nhau.

S6 chiéu dugc tinh theo cong thirc sau:

D- log(N)
log [1j
R
Trong do:
N: La sb doan thang.
R: La sb chiéu dai cia mbi doan.

Chung ta bat dau bang mot initiator, nd c6 thé 13 mot doan thang
hay mot da giac. M&di canh cua initiator dugc thay thé boi mot generator,
ma 14 tap lién thong ciia cac doan thang tao nén bang cach di tir diém bat
dau dén diém cudi cua duong thay thé (Thong thuong cac diém cua
generator 13 mot ludi vuéng hay mot ludi tao bai cac tam giac déu). Sau
d6 mdi doan thang ctia hinh méi duoc thay thé bai phién ban nho hon cia
generator. Qua trinh ndy tiép tuc khong xac dinh duoc. Sau day 1a mot s6
duong Von Kock quan trong:

2.1.1. Pwong hoa tuyét Von Kock - Nowflake

DBuong hoa tuyét dugc xay dung boi nha toan hoc Helge Von Kock
vao nam 1904. O day chung ta bat dau véi initiator 1a mot doan thang.
Con generator dugc phat sinh nhu sau:

EEDZ NI

Generator cua duong von kock

Chung ta chia doan thang thanh ba phan bing nhau. Sau d6 thay
thé mot phan ba doan giita bang tam giac déu va bo di canh day cta né.
Sau d6 chung ta ldp lai qua trinh nay cho mdi doan thang méi. Nghia 1a
chia doan thing mdi thanh ba phan bang nhau va lap lai cac budc nhu
trén.
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Ta t}léy qua trinh xdy dyung 1a tu dong dang, nghia la mdi phan
trong 4 phan & budce thu k 1a phién ban nho hon 3 lan cia toan bd duong
cong & budce thir (k—1).

Nhu vay mdi doan thing ctia generator ¢6 chiéu dai R = 1/3 (gia sir
chi€u dai doan thang ban dau 1a 1) va s6 doan thang cta generator N = 4.
Do vay s0 chi€u fractal cia duong hoa tuyét la:

p-log(N) _log4 ;618
| (1} log 3
0g ﬁ

e Mot s6 hinh danh

(Bac 2) (Bac 3)

2.1.2. Duwong Von Kock - Gosper

Mot dang khiac cua duong Von Kock dugc phat hién bodi
W.Gosper. Trong dudng moi ndy, initiator 14 moét lyc giac déu va
generator chura ba doan nam tr,én mot ludi cua cac tam giac déu. Hinh sau
cho ching ta thay generator hA tri trén hirki-
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Ta thdy duong nay c6 chut khac biét so voi duong hoa tuyét & chd
doan thang duogc thay thé khong nam trén bat ky cac dudng nao cua ludi.

Pé tinh s6 chiéu fractal cua duong Gosper trude hét ta tinh chiéu
dai mdi doan cia generator. Gia st chiéu dai tir ddu mut ciia generator
dén dau mat khac 1a 1.

bat:

AC=R=>AE=3AC=3R
AB’? = AE? + EB® — 2AE.EB.Cos(60°)
Ta co:
MaAB =1 AE=3R,EB=AC=R

=1=9R* +R*-2%3R*R/2=T7R?

1
=>R=—
J7
EB? = AE? + AB? —2AEAB cosa
1+81
AB? + AEZ—EB? 1+9R?-R? 1+8R? 7 57
= CoSa = = - - =
2AEAB 2% 3R*1 6R 6i 14
ﬁ
~0-94491
= a ~19%'
Vi N = 3 nén sd chiéu fractal cua duong Gosper la:
p=193 11201
log /7
e M5t s hinh dnh ciia dwong
(Mic 1) (Mirc 2)

2.1.3 Duong Von Kock bdc hai 3-doan
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Mot vai duong cong ké tiép duogc goi 1a bac hai (quadric) vi
initiator 1a mot hinh vuéng (Tuy nhién diéu nay khong c6 gi bi mat vé
initiator 1a hinh vudng, né c6 thé 1a mot da giac). Hon nita ching ta sé& tao
ra cac generator trén ludi cac hinh vudng. Dbi voi duong cong dau tién
nay, mot generator cua 3-doan sé dugc str dung.

Hinh sau s€ cho chiing ta mot generator:

E E
r--- - - T T 7
| ,
; |
I ‘ |
£
Z : |
."I |_____
A D )
/ | |
! |
[
I’vf ! I
|
F 1
A

D¢ tinh so chiéu fractal cua duong nay trude hét ta tinh s6 chi€u
cua moi doan cua generator. Gia st chi€u dai tor dau mut cua generator
dén dau mut khac 1a 1:

Ta co:
Pit AC=R
AB? = AE? + EB?
MaAB=1 AE=2AC=2R,EB=R=>1=4R?*+R?
1
=R=—
J5
EB?=EA? + AB? — 2EA.AB.cosa.
1+31
2 2 2 2 2 2 —
- cosy - EATHABT-EA® 4R*+1-R® 1+3R’ """ :2\/§z0_894427
2EAAB 2.2R.1 4R 4i 5
J5
= a ~ 25°56'
Vi N = 3 nén s chiéu fractal 1a:
log 3
D=_—29° 13652
log /5
e M0t s6 hinh anh ciia dwong
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(Mirc 3) (Mirc 5)

2.2.HQ PUONG PEANO
2.2.1 Duong Peano nguyén thiiy

Hinh sau cho chung ta thiay generator cia duong Peano nguyén
thuy:

O day initiator rat don gian. N6 chi 1a mot doan thang. That khong
may, tat ca déu tu cit, nén hau nhu khong thé x4c dinh cach thirc ma theo
do duong Peano dugc vE, ngay ca cac mili tén dugc thém vao trong hinh
v&. Nhin vao hinh v& nay ching ta thiy generator dugc hinh thanh nhu
Sau.

Pau tién chung ta dyng doan thang dung vé phia trén, roi dung
doan thang ngang vé bén trai, r01 dung doan thang dung vé phia trén, roi
dung dung doan thang ngang vé bén phai, 161 dyng doan thang dung vé
phia dudi, r0i dyng doan thang ngang v€ bén phai, roi dung doan thang
dung vé phia trén, rdi dung doan thang ngang vé phia trai, va cudi cing
dung doan thang dimg vé phia trén.

_ Nhu vay generator chira 9 doan thang (nghia la N = 9), chiéu dai
moi doan cua generator 1a R = 1/3 (Gia sur chiéu dai doan thang ban dau
l1a 1). Do d6 so chiéu fractal la:

log9

D=
log 3

=>D=2
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e Mot s6 hinh anh ciia dwong

(Mtc 1) (Mtrc 3)

2.2.2. Puwong Peano cdi tién

Néu khong cé su ty giao cua generator d6i voi dudng Peano thi
viéc di theo vét cta nd va quan sat cach thtc vé sé dé dang hon. Vi thé,
duong Peano cai tién dugc phat trién theo kiéu 1am tron cac goc dé tranh
su tu giao. Két qua chung ta dugc generator nhu hinh sau:

J_
[

Tuy nhién, generator cdp nhat nay chi c6 thé s dung & mirc thap
nhat trude khi thuc v& duong cong. Néu str dung né ¢ murc cao hon, bang
ky thudt dé quy chiing ta c6 gang thay thé generator d6i véi mdi duong
chéo dugc 1am tron & mot goc, cling nhu dbi véi cac doan thang déu. Do
do generator cho duong Peano nguyén thuy duoc st dung 6 mure cao. Vi
generator st dung 1an dé quy cudi cung c6 do dai ngan hon so voi duong
Peano nguyén thuy, ta co so chiéu fractal D nho hon 2. Khi s6 1an dé quy
tang 1én, s6 chiéu fractal s& thay doi va tién vé 2.

e Mt s6 hinh anh ciia dwong
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(Mtic 2)

2.2.3. Tam giac Cesaro

Hinh sau cho chiing ta xem mot generator rat don gian (initiator 13
doan thang nam ngang):

Generator chira hai canh cua mét tam giac can. Do do, s6 doan
thang 1a N=2 va chiéu dai cua moi doan la:

1
R=—
V2
Gia str doan thang ban dau c6 chiéu dai 1a 1. Khi d6 sb chiéu fractal
la:
log 2
D= =D=2
log /2

Phu thudc vao céac diéu kién cu thé, generator nay s€ dugc dit bén
trai hodc bén phai cia mdi doan thang ma né thay thé. Nhiéu dudng cong
khac nhau hoan toan c6 thé dugc sinh ra tir generator nay. Cac duong ndy
dugc kham pha bdi Ernest Cesaro vao nam 1905.

Cac hinh sau la cac mirc khac nhau cua tam giac Cesaro:
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(Mtrc 1) (Mtic 5)

2.3. PUONG SIERPINSKI

DBuong Sierpinski dugc trinh bay sau day la mot duong cong rat
dac biét, bot vi co rat nhiéu cach phat sinh ra n6 voi cac khoi dong ban
dau hoan toép khac nhau nhung lai két thuc & viéc sinh ra mdt loai duong
cong duy nhat.

Chung ta dd quen voi phuong phap dau tién dé phat sinh ra tam
giac Sierpinski bang cach sir dung k¥ thuat initiator / generator dugc mo

ta & cac phan trudc. Poi v6i duong nay, initiator 1a mot doan thang.

Generator doi voi duong cong nay va cac duong dugc sinh ra &
murc 1, 2 va 3 dugc minh hoa nhu sau:

Muc 1 Muc 3

Muc 4 Muc 8
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2.4. CAY FRACTAL

Trong cac phan trudc, chung ta di tao ra cac dudng fractal bang
cach thay thé mot cach 1ap lai ctia cac doan théng vGi cac mau thu nho
cia mot generator mau, két qua 1a cac duong co tinh ty ddng dang. Bay
gi0, chung ta s tao ra duong cong theo mot huong khac. Ching ta s& bét
dau voi mot than cay tai ddu mut cta nd ching ta tach than cay thanh hai
huéng va v& hai nhanh. Ching ta s& ldp lai qua trinh nay tai cac dau mut
ciia mdi nhanh. Két qua chung ta s& duoc mot cay. Trude khi ching ta
biéu djén cac cdy tu nhién, dau tién ching ta thao luan vai diéu vé cac ciy
thuc te.

2.4.1. Cdc cdy thwe té

Chung ta phac thao qua trinh tao cay duogc cho ¢ trén. Tai mdi nht
trong qua trinh tao cy, ching ta tach lam hai huéng. Két qua ta duoc mot
cdy hai chiéu. Ching ta hy vong n6 c¢6 mot sd quan hé voi cay thuc té 3
chiéu. Trudc khi di xa hon, chiing ta quan sat mot vai cdy ty nhién. Pau
tién, co hai 16p cdy 1a 16p cay rung 14 (deciduous) mdi nim va 16p cay
tung bach (conifers). Hai 16p cay nay hoan toan khac nhau. Cay tung bach
c6 khuynh huéng c6 cac vong ctuia cac nhanh & tai cac do cao khac nhau
vong quanh trung tdm cua than cay. Piéu nay duong nhu khong thich hop
Vi tat ca cac qua trinh 1& nhanh nhj phan va ching ta s& thdy cac cdy sau
day do chung phat sinh khong bao gid giong voi cay tung bach that sy.

Tht hai, d6i v6i cay rung la mac du sy xuat hién ctia chung rat gan
v6i mo hinh ctia ching ta, thé nhung van con rat nhiéu phirc tap trong cau
truc cua chung. Trong khi do, viéc r€ nhanh nhi phan thuong c6 qui luat
va don gian hon nhiéu, chi ngoai trir mot vai than cay c6 kha nang tach ra
nhiéu hon hai nhanh.
2.4.2.Biéu dién todn hoc ciia cdy

Theo Leonardo da Vinci quan sat, két qua do 1a do téng s6 céc
Vung cat ngang cua cac nhanh cdy & mét do cao cho trudce la hang so
biéu nay khong gay ngac nhién vi cay doi hoi chuyen dinh du:0’ng tur goc
den la va cho trudc mot Iu’O’ng dinh du:ong, mot ngu:0’1 ngh1 rang th1et d1en
can thiét cho sy van chuyen s€ khong ddi bat ké chiéu cao hay s6 ong
dan. Khi ching ta chuyén su quan sat nay vao cac duong kinh (hay céc

Dg:Df+Dg

chiéu rong khi chung ta v& thanh cay hai chiéu ) thi chiing ta c6 duoc biéu
thirc sau:
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O day Dy, D1, D, 1a duong kinh ctua hai nhanh chia cay lam doi, o
= 2 theo da Vinci. Do d6 cac dang cac dang ciu trac giéng cay, md hinh
don gian dugc cho & trén c6 kha ning ap dung cho cac hé thdng séng t6t
hon cac cay, vi thuong c6 nhiéu hon hai con séng nhanh cua mot hé
thong song sé nbi v6i nhau & cung mot noi. Cac cay khac dugc tim thay
trong co thé con nguoi 14 hé thong dong mach va cuong ph01 dung dé van
chuyén méu va oxy, trong d6 o ddi véi hé thdng cudng phoi 1a 3 va dbi
vo1 dong mach 1a 2.7.

Khi chung ta xay dung cdy chung ta sé& str dung biéu thirc:

-1

B, ,=2%By (a)

n+1

O déay By 1a duong kinh ciia nhanh ¢ mitc thap hon. By biéu dién
duong kinh moi nhanh con khi B, tAch thanh hai nhanh.

Chung ta ciing can xem xét chiéu dai mdi nhanh. McMahon nghién
ctru céac loai cay kiéu mau khac nhau va dua ra cong thirc nhu sau cho
chiéu dai:

3 (b)
_ 923
L1 =2 1n

Véi Ly 1a chiéu dai cua nhénh trude d6 va Ly chiéu dai cua mdi
nhanh trong hai nhanh ké sau khi nhanh truéc dé duoc tach ra lam hai.
Sau day 1a hinh minh hoa mdt cay fractal voi Level = 14, Height =

80, Width = 20, Left_Alpha = 2.0, Right_Alpha = 2.2, Left_Angle = 20,
Right_Angle = 28.
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2.5. HE THONG HAM LAP (IFS)
2.5.1.Cdc phép bién déi Affine trong khéng gian R’

Cho phép bién d6i w: IR = IR® c6 dang:
w(X,y)=(ax + by + e, cx +dy + 1)
O day a, b, ¢, d, e, f1a cac hé s6 thuc, duoc goi l1a phép bién dbi
affine (hai chiéu).
Phép bién d6i co thé viét dudi dang:

LI GHG e
e ol

Bang cach biéu dién phép bién doi trén dudi dang tach cac phép
quay va vi tuy ma tran A c6 thé viét dudi dang:

rcos@ —ssin
S §

Véi:

rsin@ scos¢g
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Véi:
r: hé s6 vi tu trén truc x.
s: hé sb vi tu trén truc y.
0: goc quay trén truc X.
¢: goc quay trén truc y.
e: hé sd tinh tién trén truc x.
f: hé sd tinh tién trén truc y.

2.5.2.IFS ciia_cdc phép bién doi Affine trong khong gian R’

Mot IFS 1a tap hop cac phép bién ddi affine co tuc la:
IFS {IR?;w,:n=1,2,...,N } v&i w, |a phép bién déi affine.

Vi du:
Mot IFS cuia ba phép bién ddi wi, Wy, Ws 12 IFS { IR? ; Wy, Wo, W3 }
vGi W1, Wo, W3 x4c dinh boi:

()5 as3)+(o
()5 0so) G
(-5 o5l o

Trong d6 mbi phép bién doi affine lién két vdi mot xac xuat P,
quyét dinh d¢ quan trong cua nd so vai phép bién doi khac. Bé y rang:

N
> P, =1P, >0(n=1..N)
=1

Vi du:
Mai IFS dbi véi tam giac Sierpinski
w a bc d e f p
1 05 0 0 05 0 O 033
2 05 0005 1 0 033
3 05 0 0 05 05 05 034

2.5.3.Gidi thudt lip ngdu nhién

Cho IFS[IR? :w,:n=1,2, ...,N ], mdi w, lién két voi xac xuét
P,.
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Trudc khi trinh bay thuat toan, chiing ta tim cach chon cac xac XuAt
Py thich hop.

Khi chdng ta xac dinh cac phép’ bién dbi, chiing ta cin chon cac xéac
xudt cho chung. Viéc chon cac xac xuit khac nhau s& khong dan dén cac
hép ttr khac nhau, nhung chiing anh huéng dén toc do & cac mién khac
nhau hay thudc tinh ctia hap tr duoc lam day.

MBOi phép bién ddi affine w, twong tmg voi hap tir J 1a:

{6 2o

S6 l1an ma diém nhay mot cidch ngau nhién dung trong hap tir con
Wy, xap xi voi:

s@n _
sq_
V61 S(A): Dién tich cua A
Néu detA,, # 0 thi viéc chon xac xuét P, nhu sau:

|detAn| landp —bncp
> ety igl\aidi_bici\

Néu detA, = 0 thi P, dugc gan cho mot s6 nho nhét va kha gén 0,
vi du nhu 0.001. Sau day la cac bang ma IFS:

* M3 IFS cho 14 duong xi:

WA b C d E [f |p

1 [0 |0 0 016 |0 |0 |0.01
2 |02 [-026 [023 [022 [0 [1.6 |0.07
3 |-0.15/028 [026 |024 |0 |0.44]0.07
4 085 |0.04 |-004 |08 |0 |16 |085

Tuong tu ching ta ap dung thuat toan nay d6i voi IFS cua phép
bién dbi affine trong khong gian ba chiéu c6 dang:
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ax+by+cz+n
dx+ey+ fz+q
gx+hy+mz+r

w | A B D E |f h m niq P

110 0 0 0.1 0 0 0|0 0.001
2 1083 |0 0 §.8 0.1 -0.12 1 0.84 |0|1.62 0.901
3 |0.22 |-0.23 0.24 2.2 0 0 0.32 | 0]0.82 0.049
4 10.22 |0.23 0.24 2.2 0 0 0.32 | 0]0.82 0.049

Sau day 1a cac hinh v& minh hoa giai thuat lip ngau nhién tuong
ung voi bang ma IFS duge trinh bay ¢ phan trude:

L4 duong xi 2 chiéu La duong xi 3 chiéu

2.6. TAP MANDELBROT
2.6.1.Dat van dé

Trong nhiéu thap nién ciia thé ky XX, cac nha toan hoc da dé tam
nghién ctru dén mot loai biéu thurc phuc tap xac dinh boi:

Zn+1:Zn2+c,tr0ngdézi eC,VieN &ceC (1)
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Pé don gian hoa van dé, trudc hét ta xét trudng hop ¢ =0 va z; €
R. Khi do6 c6 3 trudong hop sau:

+ 2p=1:khiddoz,=1,Vn=>1.
+ 79<1:khid6z,— 0khin — .
+ 7p>1:khid6 z, = oo khin — oo.

O day toc do tién dén 0 hay tién dén o cua diy (z,) duoc quyét
dinh boi gid tri ban dau z, cua ddy. Trong trudng hop zo < 1, gia tri zg
cang nho thi diy (z,) tién dén 0 cang nhanh. Nguoc lai khi zo > 1, gia trj
Zo cang 16n thi ddy (z,) cang tién nhanh ra oo.

Trong truong hop tong quat, ddy (z,) dugc xac dinh boi cong thire
(1) & trén rat kho khao sat vé mat 1y thuyét. Chi d¢én nim 1979,
Mandelbrot méi thanh cong trong viéc quan sat day ndy véi su hd tro cua
may tinh dién tir. Két qua duoc Mandelbrot quan sat thay 1a mot trong
nhing cdu tric fractal phirc tap va dep. N6 da dugc dat tén Mandelbrot dé
ghi nhé cong lao cua tac gia, nguoi da khai sinh ra 1y thuyét hinh hoc
phan hinh.
2.6.2.Cong thirc toan hoc

Ky hiéu z, = ( X, , Yn), ¢ = (p.q), trong do:

= Re(zy), p = Re(c), yn = Im(z,), g = Im(c), Vn = 0 thi h¢ thirc
truy h01 xéac dinh & (1) ¢ thé duoc viét lai theo dang don gian hon nhu
Sau:

Xn+1 = an - Yn2 +p
Yt = 2Xn.Yn + 0 (2)
Ngoai ra khi khao sat diy (z,) ta tim dugc tinh chat sau:

Tinh chét vé sy héi tu cta day (z,):

- Néu ton tai k € N sao cho | z| > 2 thi ddy (z,) hoi tu dén vo
cuc.

- Néutdontaik e Nsaocho |z | <2 Vt:k<t<1,véilla
hang s6 hitu han thi cling ¢6 | z, | < 2, ¥n > k. (Ky hiéu | z |
chi modul cua s6 phuc z).

2.6.3.Xay dung thudt toan

36

Dé Tai : Tim Hiéu Phuong Phap Sinh Anh Béng Fractal



Db An Tt Nghiép SVTH: Vii Thé Huy

Téap Mandelbrot Ia hinh anh cua day (z,), v6i gia tri khoi dau zo =
0. Khi d6 man hinh may tinh s& chuyén d6i thanh mot mit phang phirc
thu hep voi:

+ Truc x biéu dién phan thuc cta sb phirc ¢ (gia tri p duoc néu &
phan 2/).

+ Truc y biéu dién phan 4o cua sd phirc ¢ (gia tri q duoc néu &
phan 2/).

Tt tinh chét vé sy hoi tu cua diy (z,) ¢ phan 2 ching ta c6 thé chia
tap cac gia tri cua c trén mat phang phuc thanh 2 16p:

Lop 1:

Gom cac gia tri ¢ 1am cho diy (z,) khong tién ra vo cuc ma duoc
gi61 han trong mot vong tron ban kinh 2. Mot cach cu thé, do 1a cac gia tri
¢ sao cho khi xuét phat tir chiing, ta luén ¢6 |z | < 2, Vi=1, 2, ..., 1,
trong d6 1 do ta chon trudc. Dé y 1a gia tri 1 cang 16n thi tinh hoi tu cua
day (z,) twong ung véi mot gia tri cu thé cang duge kiém tra chat ché va
chinh xac. Tuy nhién khi d6 thoi gian tinh toan dé xac dinh tinh hoi tu s&
tang 1én gap nhiéu lan.

Lop 2:

GOm céc gia tri phuc ¢ 1am cho day (z,) hoi tu vé vo cuc. Cu thé d6
la cac gié tri ¢ khéi dau dan dén | z, | > 2 & mot ngudng k hiru han nao do.

Van dé dit ra ¢ day 1a can quan st tinh hdn don cua diy (z,). Do
d6 ching ta tip trung cic quan sat vao cac gia tri ¢ thudc 16p 2. Mubn
nhu vay cac gia tri nay phai dugc thuc hi¢n mot cach ndi bat trén man
hinh may tinh boi cic mau khac nhau. Ching ta s& t6 mau mit phing
phtrc man hinh theo qui tic sau:

+ Cac gia tri ¢ thudc 16p 1 duoc t6 mau den vi khong c6 tinh chét
gi dang chu y.

+ Cac gia tri ¢ thudc 16p 2 dugce t6 bang cac mau khac nhau tmg
v6i cac ngudng tién ra vo han k khac nhau. Do s6 lugng mau c6 thé hién
thi trén mot man hinh db hoa 1a hitu han, viéc t6 mau cac gia tri ndy s¢€
duoc thuc hién theo ky thuat t6 mau xoay vong duoc chi ra ¢ cac phr:in
tiép sau day.
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Tap Mandelbrot co dién véi cac gia tri khao sat nam trong ving
gié’i hal’l bé’i Xmm = '2.0, Ymm = '1.2, Xmax = 1.2, Ymax = 1.2 Vé.
Max_Iterations = 512, Max_Colors = 1.6.

2.7. TAP JULIA
2.7.1.Dat van dé

Dbi voi biéu thic zp., = 2> + ¢, ngoai huéng da khao sat nhu da
trinh bay trong phan tap Mandelbrot, con c6 huong khao sat khac bang
cach cho ¢ c6 dinh va xem xét day (z,) tmg v61 moi gid tri khac cua z.
Theo hudng niy ching ta s& thu dugc 1 16p cac doi twong fractal méi
duoc goi 1a tap Julia.

Tap Julia va tdp Mandelbrot 13 hai 16p cac d6i tuong fractal c6 mbi
lién hé rat chat ch& voi nhau. Mot tinh chét dang chu y 1a tap Mandelbrot
c¢6 thé xem nhu mdt loai “ban d6” Mandelbrot c6 thé cho ra cac dang tap
Julia day stc 16i cudn. Céc vi tri nhu vay dugce quan sat thdy ¢ gan bién
ctia tip Mandelbrot. Nhit 1a gan cac chom nhon. Ngoai ra khi phéng to
mot phﬁn cua tap Mandelbrot, ta s€ thu dugc mot hinh rat giéng Vol tap
Julia dugc tao boi gia tri cua tim phan dugc phong to.
2.7.2.Cong thirc toan hoc

Dé thé hién tap Julia trén man hinh may tinh, ta vin st dung céc
cong thirc nhu trong phan tap Mandelbrot, nhu la:

Xn+1 = Xn2 - yn2 +p
Yn+1 = 2Xnyn +(

Ngoai ra cac tinh chat dd néu vé gidi han cia ddy (zo) van duoc st
dung cho tap Julia.
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2.7.3.Xay dung thudt todn

Piém khac biét so véi tdp Mandelbrot ¢ day 1a gid tri p va q duoc
giit ¢6 dinh, mit phing man hinh bién d6i thanh mit phang phuc thu hep
biéu dién cac gia tri ctia xo vVOi:

- Truc x biéu dién phan thue cua sO phirc zo.
- Truc y biéu dién phan o cta sd phirc zo.
Ngoai ra con c6 su phan 16p cac gia tri ciia zy nhu sau:

Lop 1:

Bao g0m céc gia tri (zo) €O |2z [<2,v6i 0 <k <N trong do N la
hang s6 hiru han. Tuc 13 16p 1 gdm cac gié tri zo lam cho day (zo) khong
tién ra vo cuc.

Lép 2:

Bao gom céc gia tri (zg) €0 | z, | > 2, voin >k, k € Z*, tirc 1a gdm
cac gia tri lam cho day (z,) tién ra vo cuc.

Nguoc lai véi tap Mandelbrot, khi thé hién tap Julia trén man hinh,
chung ta quan tim dén cac gia tri zo 1am cho day (z,) khong hoi tu dén vo
cuc. Do d6 k¥ thuat t6 mau cua tap Julia van 13 k¥ thuat xoay vong nhung
hoan toan ngugc lai voi k¥ thuat t6 mau tap Mandelbrot. Trong k¥ thuat
t6 mau nay:

- Céac diém anh tuong tmg véi cac gia tri zo thude 16p 1, s&
duoc gan mau tuy thude d6 16n cta | z| voi 1 1a ngudng quyét
dinh hoi tu cta diy (z,) da néu trong dinh nghia vé 16p 1.

- Céc diém anh tuong Gmg voi gia tri zo thudce 16p 2 s& dugc gan
mau trung voi mau nén cua bang mau dang sir dung.
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Hinh minh hoa tap Julia

2.8. HQ CAC PUONG CONG PHOENIX

Ho cac duong cong Phoenix do Shigehiro Ushiki ¢ truong dai hoc
Kyoto tim ra. Phuong trinh ctia duong cong dugc xac dinh boi:

- 2
Zn+1 =Zy + p + 0.Zp1

Trong do:
Zie C Vi,N.
p=(p,0) eC.
q=1(q,0) € C.

Phuong trinh dugc khai trién thanh céac phﬁn thuc va ao cua z, €O
dang:

Xne1 = Xn© — Yoo + P + 0. Xn.1
Y+l = 2Xn.Yn + 0.Yn1
VOi:  Xpe1 = Re(Zn+);
Vo1 = 1M(Z441).

Khi d6 viéc thé hién dudng cong niy 1én man hinh gan gidng voi
viéc thé hién tap Julia. Tuy nhién c6 hai diém thay d61 quan trong:
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Thay doi 1:
- Truc x cia man hinh biéu thi phr:fln 40 cua sb phuc z,.
- Truc y ciia man hinh biéu thi phﬁn thuc cua sb phtc z,.

O day chung ta dao nguogc cac tryc thyc va do ciia mat phang phuc
thong thuong la dé thé hién hinh anh theo chiéu dimg cht khong phai
chiéu ngang. Hinh 14.1 trinh bay 1 loai duong cong loai nay voi yéu cau
rd rang 13 phai ddi vai tro cta truc x va y dé hinh anh c6 thé dugc thé hién
t6t trén man hinh. Do d6 tuwong Gmg véi mot diém anh (Col, Row) trén
man hinh s& 14 s6 phuc z = (x, y) ¢6 dang:

X = Ymax — ROW * AX;

Y = Ymin — Col * Ay;

Véi: A Ymax = Ymin
~ Max_ Row
9 Ay = *max ~ *min

Thay déi 2: Max_Col

Thay doi vé thuat toan t6 mau. O day voi cac diém thudc 16p 1
(theo dinh nghia da néu ¢ phan vé tap Julia) ching ta s& st dung 3 loai
mau tuy theo ngudng hoi tu:

Mau 1: duoc sir dung dé to cac diém zq cho ra gid tri | z | < 2 véi
t61 da k = 32 lan lip.

Mau 2: dugc st dung dé t6 cac diém zq cho ra gia tri | z | < 2 voi
s6 1an lap tir 33 dén 64.

Mau 3: dugc st dung dé t6 cac diém zq cho ra gia tri | z | < 2 voi
s6 1an 1ap vuot qua 64 lan.

Con d6i voi cac diém thudc 16p 2, chiing ta s& t6 chung bang mot
mau khéac v&i mau nén hién tai.
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Duong cong Phoenix

2.9. KET LUAN

Hinh hoc Fractal méi xuét hién khoang 1 thap ky nhung d3 nhanh
chong tré thanh mét cong cu nghién ctru ly tha va ¢6 hiéu luc manh mé &
hau hét cac linh vuc khoa hoc , k¥ thuat , nghé thuat: tur toan hoc, vat ly,
thién van, sinh ly hoc , tam Iy hoc, ngon nglt hoc cho dén cong nghé
thong tin va truyén thong, kinh té tai chinh, kién trtc, xay dung, ngay ca
dén am nhac, hoi hoa , vin hoc ciing tim thdy ¢ Fractal nhiéu diém tuong
dong.

Hién nay trén thé gioi Fractal rat phat trién. Thi truong tranh fractal
va phan mém sang tac fractal cling khong hé nho, n6 ¢6 gia tri gan 1 ti
USD trong ndm 2004. Tim hiéu sau hon vé fractal hdy truy cap nhiing dia
chi sau: www.les.stclair.btinternet.co.uk

www.biofractalevolution.com
www.fractalism.com
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The Pant Tree

Con mudn tao ra nhitng hinh hoa fractal nhanh chéong va dé& dang
nhat, hiy sir dung cac phan mém mién phi:

- Aros Fractals: Dung lugng chi 165 KB, tuong thich v&i1 moi moi
truong Windows hién hanh, giai nén vao mot thu muc réi st dung ngay
ma khong can cai dat. Tai vé tir dia chi www.arosmagic.com.

- Double Fractal: Cua tac gid Joao Paulo Schwarz Schuler. Dung
luong 676 KB, khong can cai dit, taii vé tr dia chi
www.schulers.com/fractal.

N M elcome to...
) i,
~ % ’ o

AR

/ § O LES SO Clakrs ¥ l)(&l Fanornnin S
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Chuong 3 .
CHUONG TRINH CAI PAT THU

Dé Tai : Tim Hiéu Phuong Phap Sinh Anh Béng Fractal
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DPé ¢o thé cai dit mot sd dudng va mat fractal ching ta co thé st
dung ngdn ngir 1ap trinh Visual C**. Day 1a mot ngdn ngit 1ap trinh hd tro
kha manh cho d6 hoa.

3.1. KET QUA CAI PAT

Trong phan nay gi6i thiéu cach sir dung céc tac vu trong viée thuc
hién v€ cac duong va mat Fractal.
3.1.1.Giao dién chinh cua chwong trinh

Giao di¢n chinh ctia chuong trinh nhu sau:

'+ Fractal - [ Fracta
ZlCH Edit Line Surface Other ‘Window About Fractal...
O New Chrl+N

Open... Ctrl+0O

Close

Save Ctrl+5

Save As..,

Print... Ctrl+P

Print Preview

Print Setup...

Exit

3.1.2.Két qud mét s6 dwong va mdt cai dit dwoc

» Cac duong thudc ho duong Von Kock nhu:
= Pudng hoa tuyét Von Kock.
= Duong Gosper.
* Puong Von Kock bac hai 3 doan.
» Cac duong thudc ho duong Peano nhu:
* Puong Peano nguyén thuy.
= Pudng Peano cai tién.
= Tam giac Cesaro.
Duong Sierpinski.
Cay Fractal.
Cay duong xi 2 chiéu va ciy dwong xi 3 chiéu.
Tap Mandelbrot.
Tap Julia.
Puong cong Phoenix.

VVVYVYVY
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3.2. HAN CHE
Hinh hoc Fractal bao gém rat nhiéu cau tric dudng va mit khéac
nhau. Do thoi gian ¢6 han nén chuong trinh vin con mot sé dudng va mat
van chua kip cai dit. Bén canh d6 chuong trinh chua thé hién duoc cac
hiéu g nhu Itra may v.v...
¢ Hudng phat trién dé tai:
Hinh hoc Fractal c¢6 thé cai dit thém mot sb duong va mat nhu sau:
- Tao duong Hilbert.
- Tao duong tron Apolo.
- Tao duong cong Dragon
- Tao cac hi¢u ing nhu Itra, may...
- Tao céc day nui...
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