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UNG DUNG KHOANG CACH HAUSDORFF TRONG PHAN TiCH
TRANG TAI LIEU

LUONG CHI MAL DO NANG TOAN

Abstract. This paper dealts with a method for using Hausdorff distance to analyse the page layout based on
bottom-up approach through Qg relation. Firstly, objects were isolated by out-contours. Then, the objects
have the size smaller than a given tolerance would grouped by nearest Hausdorff distance to create a region.
The other, which has smaller size, would be analysed as a document image.

Tém tdt. Bai bio niy dé cip dén phan tich trang vin bin hdn hop thanh cic thanh phin theo tiép cin
du6i 1én nho vide st dung khodng cich Hausdorff gita cic d8i twong dnh théng qua quan hé p. Ban diu
cdc d6i twong dnh dwoc tdch bdi chu tuyén ngodi. Sau d6, cdc d8i twong cé kich thwée hinh chir nhit phd
nhdé hon mdt nguwdng ndo dé sé dugc nhém véi nhau theo lan cin gin nhit dwa vio viée st dung khodng
cdch Hausdorff théng qua quan hé Qg dé tao ra cic kh&i, con céc d8i twong 4dnh con lai s& dwoce tiép tuc
phin tich nhw 13 d8i véi mdt trang vin bdn kich thwéc nhd hom.

1. GIOT THIEU

Mbt trong nhitng nhiém vu co ban cda nhin dang cic trang vdn bdn ndi chung va cic trang vin
ban ¢6 14n cic d8i twgng khic nhw dnh, so d5, bi€u dd v.v. (hinh 1) 13 phdi tich dwgc ching.

Trong bai bdo nay ching t6i dé cap dén cich phan tich vdn bin theo ti€p cin duwéi 1én [4,5]
nho viée st dung khodng cich Hausdorff gifra cdc d8i twong dnh [1]. Ban diu c4c d8i twgng 4nh sé
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duoc téch bdi chu tuyén ngoai [2, 3, 4], cdc d8i twong cb kich thuéc hinh chi nhit phd nhd hon mét
ngudng ndo dé sé dwoc nhém lai véi nhau theo lan cin gin nhit dwa vio viéc st dung khodng cich
Hausdorff d€ tao ra cic khdi, con cac ddi twong 4nh con lai sé duwgc tiép tuc phan tich nhu 1 déi
véi mot trang vdn bdn.

Nbi dung cia bai bdo dwgc thé hién qua cic phin tiép theo nhw sau:

Phin 2 dwa ra céc khéi niém va chi'rng minh mét s& tinh ch4t lién quan dén chu tuyén. Phin
3 trinh bay nhirng tinh chit co bdn cda khong gian Hausdorff véi khodng cich Hausdorff va khodng
céach Hausdorff giita cdc d8i twong dnh. Phan 4 trinh bay ki thuit phan tich trang vin ban theo tiép
can duéi 1én nho st dung khodng cich Hausdorff gitra cac d8i twong dnh. Cudi cing 13 nhirng két
luin vé tng dung khodng cich Hausdorff trong phéan trang tai liéu.

2. CHU TUYEN CUA MOT POI TUQNG ANH

2.1. Mot s6 khdi niém co bdn
Anh va diém 4nh

Anh1a mét méng s8 thuc 2 chiéu (a;;), kich thuéc (mxn), trong d6 mbi phan ti a;j,¢ = 1,...,m,
7 =1,...,n bi€u thi méc xdm cda 4nh tai vi tri 4, 7 twong @ng.

Modt 4nh duwogc goi 1a nhi phan néu cac gid tri a;; cda né chi nhan gid tri 0 hodc 1.

Moét dnh bit ky cé thé dwa vé dang nhi phin bdng phép cit ngudng. Ta ki hidu J 13 tip céc
di€m 1 (di€m ving) va J 13 tip cic di€m 0 (dim nén).
Céc dié€m 4- va 8-ling giéng

Gid st (¢,7) 1a mdt di€ém 4nh, cic di€m 4- ldng giéng 1 cdc di€m truc tiép bén trén, dwéi, trai,
phdi cia di€m (s, j):
N4 = {(Z - 1).7.)) (" = 1).7.)’ (2:] - 1); (7').7 +: 1)})

va nhitng diém 8-ling giéng gom: 312 |1
Mg =N , . : . : 4| Plo
{r-1,7-1),(F-1,74+1),(+1,5-1), t+1,7+1)}.
Vi du trong hinh 2 céc di€m 0, 2, 4, 6 13 céc 4-ling 516 |7
gieng cda di€ém P, con cac diém 0,1, 2, 3,4, 5,6, 7 1a
cac 8-ldng giéng cda P. Hinh 2. Matrin 8-ling giéng cda P

Déi tuong dnh

Hai di€ém Py, P, € E, E C J hojc J dwogc goi 1 8-lién thong (hay 4-lién théng) trong E néu
ton tai tip cic di€m dwoc goi 13 “dwdng di” (0, 7) - - - (in,Jn) sao cho (40, Jo) = P1, (¢n,Jn) = Pz,
(¢r,7-) € E va (ir,7,) 12 8-14ng giéng (hay 4-ling gi€ng) cda (2,—1,Jr—1) Véir=1,2,...,n.

Quan hé “k-lién théng trong E”, k = 4, 8, 12 mdt quan hé phdn xa, d8i xing va bic ciu bdi
vay 13 mét quan hé twong dwong. V& sau ta sé goi mdi 16p twong dwong cda né 13 mdt ddi twong
dnh.

2.2. Chu tuyén cda mét déi tuong dnh

Dinh nghia 2.1. [Chu tuyén]

Chu tuyén cia mot ddi twong dnh 13 diy
cic di€m cda d8i twong dnh Py, ... P, ..., P,
sao cho P; vd P, ; 1 cdc 8-ling giéng cda
nhau (z = 1,...,n — 1) va P; 13 8-ling giéng
cda P,, Vi 3Q khéng thudc ddi twong dnh va
Q13 4-1dng giéng cda P;. Kihidu (P, Py... P,).

Téng cic khodng cich giira hai di€ém ké  Hink 8. Vi du vé chu tuyén cda mét déi twong dnh
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tiép nhau cda chu tuyén 13 d dai cda chu tuyén vi huéng P;Piy; 13 huéng chin (1) néu Py, 14
diém 8-14ng giéng chin (18) cda P;. Ki hiéu db dii cda chu tuyén C 13 LenC. Hinh 3 biéu dién chu
tuyén cda dnh, P 13 di€m khéi diu chu tuyén.
Dinh nghia 2.2. [Chu tuyén d8i ngiu|

Hai chu tuyén C = (PP ... P;... P,) va C*+ = (Q1Q2...Q; ... Qp) dwoc goi 12 d&i ngiu cia
nhau néu va chindu Vi 1 =1,... ,n—1) 35 (=1,...,m), 3k (k=1,...,m) sao cho:

1. P; va Q; 1A 4-14ng giéng cda nhau.

2. P;y1 va Qg 13 4-1dng giéng cda nhau.

3. Q; va Qy 13 8-14ng giéng cda nhau.

4. Céc diém P; 13 ving thi Q;, Qk 13 nén vi nguoc lai.
Pinh nghia 2.3. [Chu tuyén ngoai]

Chu tuyén C dwgc goi 13 chu tuyén ngoai (hinh 4a) néu va chi néu d dai cda chu tuyén C nhd
hon 6 dii chu tuyén ddi ngiu C* cda né.
Dinh nghia 2.4. [Chu tuyén trong|

Chu tuyén C dwoc goi 1 chu tuyén trong (hinh 4b) néu va chi néu dd dai chu tuyén C 16n hon
d6 dai chu tuyén ddi ngdu C* cda né.

Chu tuyén C Chu tuyén C*

Chu tuyén C*

Chu tuyén C

M

a) Chu tuyén ngoai b) Chu tuyén trong
* Hinh 4. Chu tuyén trong, chu tuyén ngoai

Dinh Iy 2.1. Gid s¢ E C J ld mét d6% twong dnh va C ld chu tuyén ngodi cia E. Khi @6 C ld duy
nhdt.

Chiéng mink. Ta ki hiéu in(Q, C) d€ chi diém Q ndm trong chu tuyén C, va out(Q, C) dé€ chi diém
Q ndm ngoai chu tuyén C. Vz € E, ta ching minh in(z, Cg). Thit viy, gid st out(z,Cg), viz € E
nén ton tai mot diy z; € E (¢ = 1,...,m) sao cho z;,z;41 13 cic 8-léng giéng cda nhau, z,, 1a
8- gidng giéng cda z va in(z;, Cg). Vi z ndm ngoai Cg nén 3k sao cho out(z;, Cg) (Vi > k), khi dé
hoic z; € Cg, hodc in(z;, Cg). Vi Cg la chu tuyén ngoai cia E goi Cgy 13 chu tuyén léng giéng
twong ing cia Cg, Cg nim trong Cgry nén trong cd hai trudmg hop ta cé in(z;, Cpy). Mt khic,
out(z;+1,Cg) nén out(z;4+1, Cen).

Do d6 theo diéu kién Jordan vé di€ém trong thi z;z;4; sé cit Cg tai mot s8 1& Ian (> 1). Nhu
viy giita z; vi 7,4, sé c6 mdt s3 diém (> 1) xen giira, nhung z; va z;4; 13 2 di€ém ling giéng cda
nhau didu d6 din dén mau thuin. Viy in(z, CEg).

Gid st ton tai chu tuyén C}; cling 13 chu tuyén ngoai cda E ta di chimg minh Cg = Cj. Thit
vy, gid st ton tai z € C; ma z € Cg, vi Cfp C E mid Cg 1a chu tuyén ngoai nén theo chirng minh
trén ta ¢6 in(z, Cg) tir d6 suy ra in(z, Cg) (Vz € CY), twong tu ta ciing céin(z, Cy)(Vz € Cg), didu
d6 din dén mau thuin.

Viy Cg 13 duy nhit.
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3. KHOANG CACH HAUSDORFF GIUA CAC POI TUQONG ANH
3.1. Khodng cach Hausdorff

Dinh nghia 3.1. [Khodng cich t¥& mét di€m dén mét tap]

(X, d) 1a khéng gian metric day dd, ki hiéu H(X) 13 t4p c4c tip con compact cda X. Goi z € X
vd B € H(X), khi d6 khodng céch tir di€m z t6i tdp B dwgc dinh nghia 1a: d(z, B) = min{d(z,v) :
y € B}. »
Dinh nghia 3.2. [Khodng céch gira 2 tip hop] :

(X, d) 13 khong gian metric diy dd, A, B € H(X), khi d6 khodng c4ch tir tip A t4i tap B duoc
dinh nghia bédi: d(A, B) = max{d(z, B) : z € A}.
Dinh nghia 3.3. [Khodng cich Hausdorff]

(X, d) 1a khong gian metric 43y dd. Khodng cich Hausdorff gifra cic di€m A, B € H(X) dugc
xdc dinh nhw sau: h(A4, B) = max{d(4, B), d(B, A)}.
Pinh ly 3.1. h ld metric trén H(X).

Ching manh.
(i) h(A, B) = max{d(4, B), d(B, A)} = max{d(B, 4), d(A4, B)} = h(B, A).
i) A# Be H(X) = cbthé tim dwgc a € A, a ¢ B: d(a,B) >0 = h(A,B) > d(a,B) >0
(i) h(A, A) = max{d(4,A), d(4,A)} = d(A, A) = max{d(a, A) : a € A} =0.
) Va € Atacéd(a,B) = min{d(a,b) : b € B} < min{d(a,c) + d(c,b) : b€ B} Vee C
(a,C) + min{d(c,b): be B} Vz € C
) S d(a,C) + max{min{d(c,b) : b€ B} : c€ C}
(a,C) + d(C, B).
) = max{d(a,B) : a € A} < d(a,C) +d(C, B) < d(A,C) + d(C, B).
d(B, 4) < d(B, C) + d(C, A)
h(A, B) = max{d(4, B), d(B, A)}
< max{d(4,C) + d(C, B), d(B,C) + d(C, A)}
< max{d(4, C), d(C, A)} + max{d(C, B), d(B.C)}
< h(4,C) + h(C, B). D
3.2. Khodng cidch Hausdorff giira cac ddi tugng dnh

M3&i d6i twong dnh trong tip 4nh I3 tip k-lién thong va 13 tip hitu han di€m nén né chinh 1
t4p compact trong khéng gian cic di€m dnh. Do viy ta c6 thé 4p dung khodng cich Hausdorff d¢
tinh khodng cich giira cdc d8i twong 4dnh.

Viéc tinh khodng cich Hausdorff gifta cic d8i twong dnh 13 phtrc tap va t8n kém do cic déi
twong ndy c6 thé chiva nhiéu di€m khdc nhau. Dinh 1y sau gidp ta gidm bét viéc tinh todn.

B8 deé 3.1. Gid si E C J ld mét d6% twong dnh va C ld chu tuyén ngodi cda E, Mo ld mét diém
ndm ngodi C (Mo & E). Khi @6 khodng cdch tir My dén 1 @iém dnh cida E dgt cyc try tar C.
Chitng minh. Goi di€m dat cuc tri 13 P, cin phdi chimg minh P € C. Thit viy, néu P ¢ C thi do
C 13 chu tuyén ngodi nén P 13 di€ém trong cda C. Ta xét cic trwdng hop:

+ P 13 di€m cuc tidu

Vi P 13 di€m trong cda C nén PM, s& cit'C tai mdt s8 18 dlem Gid st N 13 mét trong nhirng
giao di€m khi dé r5 rang ta cé:

d(My, P) = d(Mo, N) + d(N, P).
Vi P # N nén d(Mo, N) < d(Mo, P). ‘
Do dé P khéng phai 13 di€m cuc tidu. (*)\
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+ P la di€m cuc dai

Vi P 13 di€m trong nén phin nira dudng thing My P kéo dii vé phia P s& cit C tai mot s8 18
diém. Gid st N 13 mdt trong nhitng giao diém khi dé rd rang ta cé:

d(Mo, N) = d(Mo, P) + d(P,N).

Vi P # N nén d(Mo, N) > d(Mo, P).

Do dé P khéng phdi 13 di€m cyc dai. (%)
T (*) va (*) suy ra P khéng phdi 13 di€m cwc tri, diu ndy trai véi gid thiét. Do d6 bd dé
dvgc chimg minh. O

Dinh 1y 3.2. Gud s U,V C J la cdc d6% twgng dnh va Cy la chu tuyén ngodi cda U,Cy ld chu
tuyén ngodi cda V. Khi @6 h(U,V) = h(Cy, Cy).

Chitng minh. Yz € U, theo dinh nghia ta ¢é d(z,V) = min{d(z,y) : y€V}. Vi U,V 1a 2 d&i twong
dnh khdc nhau nén z nim ngoai C; theo B3 dé 3.2 ta cé:

d(z,V) = min{d(z,y) : y € Y} = min{d(z,y) : y € Cy } = d(z,Cv).

Do d6
d(U,V) = max{d(z,V) : z € U} = max{d(z,Cv : z€ U} =d(U,Cy. (1)

Mit khéc, Vy € Cy, theo dinh nghia ta c¢6 d(U,y) = min{d(z,y) : z € U}, y nim ngoai C nén
theo B3 dé 3.2 ta cé:

d(U,y) = min{d(z,y) : z € U} = min{d(z,y) : z € C} = d(C,y).

Do d6
d(U,Cy) = max{d(U,y) : y € Cv} = max{d(C,y) : ye Cv } =d(C,Cv). (2)
T (1) va (2) suy ra d(U, V) = d(C, Cy).
b (U, V) = d(U,V) v d(V,U) = d(C, Cy) V d(Cy, C) = h(C, Cy). D

4. UNG DUNG KHOANG CACH HAUSDORFF TRONG PHAN TiCH
TRANG TAI LIEU

4.1. Quan hé Qy

Dinh nghia 4.1. [Lién két Qo]
Cho truéc ngudng 6, hai d8i twong dnh U,V C J hofc J dwgc goi 13 lién két theo 6 va ki hiéu
Qs(U,V) néu ton tai diy cac ddi twong dnh Xy, Xo,... , X, sao cho:
i) U=xi,
(i) V=X,
(111) h(X,',XH_l) <fV:y 1<1<n-—1.

Ménh dé 4.1. Quan hé lién két Qg la mdt quan hé twong dwong

Chiéng manh.
(i) Phdn xa: U C J ho3c J ta ¢6 h(U,U) =0< 6.
(i) D&i xirng: Gid st ¢6 Qo(U, V), cin phdi ching minh Qy(V,U).
That viy, theo gid thi€t ton tai day ddi twgng dnh X3, Xo,... , X, sao cho:
U=X1, V=2Xn, h(X;,Xiz1) <OVi, 1<i<n—L
Khi 46, v6i day d6i twong dnh Y3, Yz, ... ,Y, mi: ¥; = Xn_ip1 Vi, 1 <i < n ta cé:
V=Y, U=Y,, h(Y;, Vi) <0 V5, 1 <0< n—1.
Suy ra Qo(V,U) (dpcm).
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(i) Bic ciu: Gid st ta c6 Qo(U,V) va Qo(V,T), ta cin chirng minh Q, (U, T).

Thiat vay, vi Q¢(U,V) nén ton tai diy d8i twong dnh X3, X5,..., X, sao cho
Us=Xy, V=2Xn, h(XyXip1) <0V, 1<i<n— 1.

Qo(V,T) nén ton tai diy ddi twong 4nh Yy,Y5,...,Y,, sao cho:
UsY,, T=Yn, h(Y;, Yip) <6 Vi, 1<i<m—1.

Khi d6, diy cic d6i twong dnh Z1, Za, ... 2, Znsty-or s Znom S day: Zi= X, Vi, 1<i<n
va Zp4+i =Y; V2, 1 <1 < mcb clc tinh chit:
UEZ]_, TEZn+m, h(Zi,Zi+1) <0V’L, 1§‘L§n+m—1.

Suy ra Qy(U, T) (dpcm).
4.2. Phan tich trang tai liéu

Théng thudng, viéc tién hanh phan tich dinh dang trang thudng duwoc ti€n hanh sau khi dnh
duoc x4c dinh géc nghiéng va quay veé géc 0.

Phan tich dinh dang trang cé thé thwc hién tir dwéi 1én hay tir trén xudng. V&i phan tich tir
trén xudng, mot trang dwgc chia tir nhirng phan Ién thanh cic phin con nhd hon. Vi du né cé thé
dugc chia thanh mét s8 cot vin ban. Sau dé mdi cot c6 thé dwoc chia thanh cic doan, mdi doan
lai dwgc chia thanh cédc dong vdn ban... Ti€p cin theo cidc hwéng ndy cé cac phwong phéap: st dung
céc phép chifu nghiéng, gdn nhin chitc ning, phan tich khodng tréng tring v.v.. Uu di€m 1én nhit
cda cic phuong phip phan tich tir trén xudng 12 né ding ciu tric toin bd trang dé gidp cho phin
tich dinh dang duwgc nhanh chéng. Piy 1a cich tiép cin hiéu qud cho hiu hét cic dang trang. Tuy
nhién, véi cic trang khong cé céc bién tuyén tinh vi cb so do 1in cd bén trong va quanh vin bdn,
c4c phwong phédp ndy cé thé khong thich hop. Vi du, nhiéu tap chi tao vin bin quanh quanh mét
so do & gifra, vi thé vin ban di theo nhirng dudng cong cda ddi twong trong so d6 chir khéng theo
dudng thing.

Phén tich dinh dang tir dwéi 1én bit diu véi nhitng phin nhé va nhém chiing vio nhitng phin
1é6n hon k& ti€p t&i khi moi khéi trén trang dugc x4c dinh. Tuy nhién khong cé mét phuong phap
tdng quit ndo di€n hinh cho mét ki thuit phan tich dwéi 1én. Trong phin nhd niy, ta mé ti mét
céch tiép cin dugc coi 1a duéi 1én nhung s¢ dung nhirng phwong phap truc tiép rat khac nhim dat
cing muc dich. Phin ndy ciing dwa ra y twédng vé hé thdng phan mém hoan chinh d€ phan tich dinh
dang trang.

Duéi diy ching tdi dic t4 bing ngdn ngir RAISE (Rigorous Approach Industrial Software
Engineering) thuit todn pageANALYSIS phén tich trang tai liéu theo ti€p cin dwéi 1én nhd st dung
quan hé Qp di néu & muc trén. D& ti€n hanh djc td bing RAISE chiing t4i dung cic ki€u co' bdn nhw
Nat - s8 tu nhién, Unit - ki€u réng, Bool - kiéu logic, Point - ki€u di€m triru twong, Point-list -
kiéu danh dich va Orient - ki€u cic s8 tw nhién nhd hon 8.

Céic bién s dung trong thuit todn

StartPT, NeztPT Dié€m cuit phit va di€m tiép

StartDir, NextDir Hwéng khdi tao va huémg ti€p theo chidu xét duyét chu tuyén
nWhate, nBlack D6 dai cla chu tuyén va chu tuyén ldng giéng

ArayDest M4ng lwu giir chu tuyén trong (tip hop cic di€ém NeztPT)
nCount S8 céc di€m cida chu tuyén trong thu dugc

fLag C& x4c dinh xem d8i twong hinh cé phdi 1a d6i twgng tdch dugc hay khéng.
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Céc ham st dung trong thuit toin

Init Thiét 14p c4c tham s& ban diu

FindNexzt Tim diém ké ti€p va hudng trong chu tuyén

Len White Tinh dd dai cia chu tuyén ling giéng dén di€m ké ti€p

LenBlack Tinh d5 dai cda chu tuyén dén di€m k& tiép

PutDest Luwu gitt chu tuyén vao mét méng khac ding céc thd tuc Isolate OBJECT

va Simplification

Isolate OBJECT Ham c6 lap cac d3i twong trong 4nh bang cach do theo cic chu tuyén
trong va ngoai cda ddi twong.

Classification ~ Phéan d&i twong vira tach vao nhém da cé nhd quan hé Q. Trudng hop
khong phan dwoc, tao ra 16p méi va b sung ddi twong vira tim dwoc
vao 1ép dé

pageANALYSIS Céc buéc cda thuit todn pageANALYSIS dwgc tién hanh nhu sau: Khéi
tao cdc tham s8 bdi thi tuc Init, réi ¢d 14p cdc d8i twong hinh hoc bing
thd tuc isolateOBJECT, sau dé phin d6i tuwong vira tdch vao nhém di cé
nhd quan hé Q. Trudmg hop khéng phin dwoc, tao ta lép méi va bs sung
déi twong vira tim dwoc vao 16p dé.

Thuit todn duge xic dinh trong so dd sau bing ngén ngir RAISE

scheme PAGEANALYSIS =
Class
type Oreint={|n:Nat: - (0 < n) A (n < 8)|},
: Point, Object,
Area = Object—set
Point=Nat><Nat, Object,
Area=Object—set,
Image,
PageStruct
variable
StarPT  : Point:=(0,0), NextPT : Point :=(0,0),
StartDir : Orient:=0, NextDir: Orient:=0,
nWhite : Real:=0.0, nBlack: Real:=0.0,
ArayDest : Area-list:=(...),
nCoint : Nat:=0,
Im : Image,
PgStruct : PageStruct
channel [: Image, PgStruct _c: PageStruct
value
Init: Unit - in I
read Im, StrarPT, NexPT, StartDir,
NextDir, nWhete, nBlack, ArayDest, nCount
write StarPT, NextPT, StarDir, NextDir, nWhite,
nBlack, ArayDest, nCount
Unit,
FindNext: Unit — write NextPT, NextDir Unit,
LenWhite, Lenblack: Point — Real,
PutDest : Unit — write NextPT Unit,
Classification: Unit — write ArayDest, nCount Unit,
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isolateOBJECT : Unit — in I
read StartPT, NextPT, StarDir,
NextDir, nWhite, nBlack, ArayDest, nCount, Im
write StartPT, NextPT, StartDir, NexDir,
nWhite, nBlack, ArayDest, nCount, Im Unit
isolateOBJECT() is
Im:=17;
do
FindNext(); nWhite :=nWhite + LenWhite (NextPT);
nBlack :=nBlack + LenBaack(NextPT); PutDest()
until (NextPT=StartPRANextDir=StartDir)

end,
pageANALYSIS: Unit —
inI
read StartPT, NextPT, StarDir, NextDir, nWhite,
nBlacjk, ArayDest, nCount, Im
out PgStruct ¢
write StartPT, NextPT, StarDir, NextDir,
nWhite, nBlack, ArayDest, nCount, Im
Unit
axiom
pageANALYSIS() is Im:=17; /*Doc dnh vao*/
Init() ; /*Khéi tao tham s6*/
isolateOBJECT(); /*Cé lap cdc d8i twong*/
Classification (); /*Phén loai tai liéu*/
PgStruct_c!PgStruct /*In ciu tric trang*/
end

Ménh dé 4.2. Thudt todn page ANALYSIS gém cdc budc cé ldp cdc d6t twong, phdn I6p cdc ddi
twong dwa vao khodng cdch Hausforff theo quan hé Qo ding vd cho két qud ding.

Chitng mink. Vi s8 di€ém cida chu tuyén va d8i twong xic dinh bédi chu tuyén 1 hitu han nén buéc
xét duyét chu tuyén 13 dirng do dé buéc ¢ 1dp céc dSi twong sé dirng. SG cac ddi twong thu dugc
13 hitu han nén viéc phan 16p céc ddi twong dua vio khodng cach Hausdorff theo quan hé Qg ciing
dirng va do viy thuit todn pageANALYSIS la dirng.

Buwéc phéan 1é6p cac ddi twong dua vao khodng cich Hausdorff theo quan hé Qp sé cho ta két qui
13 cac 1ép dGi twong twong ma trong dé cac ddi twong thudc cing mét 16p sé cé khodng céch giita
chiing nhé hon ngudng 6 cho truéc. Qp 12 mdt quan hé twong dwong, tir Muc 4.1 ta thiy tinh ding
ddn cida thuit todn.

T8ng hop cac buéc & trén ta cé thuit toin pageANALYSIS 1a dirng va cho két qud ding. O

5. KET LUAN

Trong bai bdo nay chiing t5i dé cap dén cach phan tich vin bidn theo tiép cin duwéi lén nhe vik
st dung khodng cach Hausdorff giita cdc d8i twong dnh. Ban diu cdc d&i twong dnh sé dwoc tach
bdi chu tuyén ngodi. Céc d8i twong c6 kich thuéc hinh chir nhit phd nhd hon mét ngudng nio df
sé dwoc nhém véi nhau theo lin cin gin nhit dwa vao viéc st dung khodng cidch Hausdorff dé tao
ra cdc khéi, con c4c d&i twong dnh con lai sé dwoe tiép tuc phin tich nhu 13 d8i véi mdt trang vin
bdn.

Dinh 1y 3.2 di chi ra ring khodng cich hausdorff gifra hai d&i twong 4nh chinh 1d khodng cach
hai chu tuyén ngoai cda cic d8i twong. Hon nita, Dinh 1y 2.1 con chi ra ring ton tai duy nhit m@t;
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chu tuyén ngoai cho méi ddi twong 4nh. Viéc st dung chu tuyén ngodi sé gidm déng ké thoi gian
cho phén tich trang tai liéu theo ti€p cén duwéi lén.

Loi cdm on. Ching t6i xin chan thinh cdm on GS TSKH Bach Hung Khang da tin tinh gidip d&
trong cdng viéc nghién ctru. Ching t8i ciing bay té 1ong bi€t on dén TS Ngb Qudc Tao da déng gép
nhing ¥ ki€n qui b4u gidp cho ching t6i hoan thanh bai bdo niy mét cach nhanh chéng.
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