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GOM CUM CAC POI TUONG TRONG CO' SO DU’ LIEU
HUGNG BDOI TUONG SU DUNG MA TRAN KHOANG CACH

POAN VAN BAN!, TRUONG NGOC CHAU?

L Vién Céng nghé thong tin, Vién Khoa hoc va Cong nghé Viét Nam
2Truorng Pai hoc Bdch khoa, Pai hoc P Ning

Abstract. In this article, we focus on researching the types of the objects relation in the object
oriented database before we cluster them in the secondary storage. Based on the distance matrix of
the objects joined in the relations, we propose an algorithm to order the objects into a sequence with
the shortest sum of the distance of these objects. After this sequence is built, we map it into the

continuous blocks in the secondary storage.

Tém tit. Bai bdo tap trung nghién ctru céc loai quan hé gitra cdc déi tuong trong co sé dir liéu
hwéng ddi trrong trirée khi gom cum chiing dé luru trit vao bé nhé thit cdp. Dua trén ma tran khodng
cich gitra cdc ddi tuong tham gia trong cdc quan hé, téc gid da dé xuat thuat todn sip xép thi tur
céc doi twong vao diy sao cho tong khodng cach gitra ching 1a cuc tiéu truede khi lru trir chiing vao
b6 nhé thir cap.

1. MO PAU

Gom cum dir liéu trong lwu trir 13 mot van dé quan trong trong thiét ké co s& dir lieu vat
Iy néi chung. Céch thitc lwu triv cdc dit liéu cé lién quan dén don vi luru trir thit cAp nham
nang cao hiéu suat cho cac truy van dit liéu la rat can thiét. Do dé, gom cum c¢é thé cai tién
hiéu suat cia cic hé thong co s& dir lieu va day duoc xem 1a van dé can gidi quyét chinh
trong cdc hé quan tri co s& dir lieu. Trong cdc hé théng co s& dir lieu hudng ddi twong, viee
gom cum la phitc tap vi ton tai nhiéu méi quan hé gitta chiing. Mot déi twong cé thé vira la
thé hién cia mot 16p vira 13 thanh phan cia déi twong phitc hop. Bén canh céc quan hé két
nhap (aggregation) va khai qudt héa (generalization), cac quan hé cau tric khiac nhw phién
ban (version) va cau hinh (configuration) ciing c6 thé song song ton tai. Trong trwomg hop
nay, cic doi twong c¢6 nhiéu maoi quan hé chit ché véi nhau. Diéu nidy dnh huwdng dén céc
phurong thitc gom cum céc doi twong. DE gidi quyét van dé nay, ching to6i dé xuat mot gidi
phdp nham dan xép cdc quan hé cé thé gitra cac d6i twong va sau dé sap xép cac ddi twong
nay vao mot day gom cum. Sau khi day dwoc xay dung, ching t6i 4nh xa day cdc doi twong
dwoc gom cum vao don vi lru trir thit cdp ma van bdo toan cdc quan hé gitra cac doi twong.

Bai bdo dwoc t6 chitc nhw sau: Muc 2 trinh bay mot s6 ky thuat gom cum d6i twong
trong co s& dir lieu hwéng déi twong va deé ra gidi phap tiép can khdc bang ma tran khoang

cach; Muc 3 dua ra khdi niém va ciach xay dung ma tran khoidng ciach dua trén cac méi quan
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hé gitra cdc doi twong; Muc 4 dé xudt mot thuat todn gom cum céc déi twong dwa trén ma

tran khoang céch, va cudi cling 1 két luan.

2. MOT SO GIAI PHAP GOM CUM CAC POI TUQNG

Pé thuc thi truy van dit liéu trong hé théng moét cach hiéu qua, thong thuong phu thude
vao nhiéu yéu t6, nhu: toc do cia CPU, bo nhé, chi phi vao/ra (I/O) dia va cdc tai nguyén
truyen thong. Deé t6i wu héa truy van, thong thidmg ngudi ta chi trong nhiéu vao viec toi
wu héa ngtr nghia cia cau truy van [8] va it khi dé cap dén viéc t6i wu hda céc chi phi 1/O
va cdc yéu to khdc. Khi thwe thi mot truy van thi trude tién dir lieu dwoc truyen tir dia vao
b6 nhé chinh theo don vi khaoi (block) va viéc truy xuat dir liéu trén dia thudng cham hon
nhiéu so véi truy xuat dir liéu trong bo nhé chinh. Do dé, can thiét moét chién lwge nham
nang cao truy xuat khéi dia déi véi cdc co s dir liéu 1én khong thé lwu trit & bo nhé chinh.
Mot trong nhirng chién Iwgc hiéu qua 1a lwu triv cde thong tin cé lién quan véi nhau vao céc
khéi ké nhau, chién lwoc nay con duwoc goi 1a gom cum dir lieu. Thuat todn gom cum dwoc st
dung pho bién la thuat todn K-Means [3], thuat todn nay thuc hién phan cum dwa vao cic
yéu t6 do ngudi ding cung cap nhu s6 cum, k diém dwoc chon lam trong tam. Thuat todn
nay khong phit hop cho viéc gom cum cac ddi twrong trong méi truomg ton tai nhiéu méi quan
hé. Mot tiép can khic dwoc dé xuit trong [9], cdc téc gia dwa ra cdc ky thuat gom cum dir
lieu nham cue tidu thoi gian truy cap, cach tiép can gom cum déi twong dua vao céc t6 hop
X4c sudt va c¢é thé gom cum céc doi twong trong céc lien két boi. Ngoai ra, céc téc gid trong

[1,2,5,7] ciing da dwa ra nhiéu gidi phadp dé lra chon chién lroc gom cum cac ddi twong:

1. Gom cum tat cd cdc doi twong thudc cing mot 16p vao trong cing phan doan (segment)

cua céc trang dia theo quan hé thanh vién instance-of.
2. Gom cum tat ci cdc doi twong thudc cing mot phan ciap 16p theo quan hé is-a.

3. Gom cum tat cd ddi twong ¢é cing tham chiéu bén trong theo quan hé bo phan part-of.

Trong trwong hop nay cic doi twong ¢é thé thude ve cac 1ép khiac nhau.
4. Két hop ky thuat gom cum cia 2 va 3.

Mobi cach gom cum cé thé la t6i wu cho loai truy van nay nhung khéng téi wu cho loai
truy van khéc. Vi du, gom cum tat ca cdc doi twong theo quan hé part-of vao cing 1 khai
(block) sé gay ra truwomg hop cdc doi twong cla cing mot 16p sé dwoc lwu triv trai ra trén
nhiéu trang thay vi lwu trir ching trong cling mot khoi. Tuy nhién, tinh chdt quan hé boi
gitra cdc doi twrong ¢6 nhiéu mdi quan hé 14 mot rang budc von c¢é trong cdc hé thong hwéng
doi twong. Do dé, can ¢6 mot phwong phap xit 1y hiéu qua cho viéc thuwe hién gom cum céc
déi twong c¢é céc quan hé boi, nham nang cao hiéu suit cho cic truy van cia nguoi ding la
can thiét.

Steven Yi-Cheng Tu va Daniel J. Bueher [6] da dé xuat céch sit dung khodng cich dé do

mitc do quan hé cia cac doi twong. Moi doi twong theo phan loai cila cac quan hé ma né ¢
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thé tham gia, c6 thé dwoc trinh bay bdi n-bo nhw sau: (category 1,, category n), néu c¢é n
quan hé trong hé thdng.

Vidu 1. Cho co sé dir lieu doi twong duwoc minh hoa nhu sau:

define class GTAOVIEN: define class KHOA:
type tuple( hoTen: String; type tuple( tenKhoa: String;
hocVi: String; truongKhoa: GIAOVIEN;
khoa: KHOA; giaoVien: set(GTAOVIEN);
) )
end GTAOVIEN end KHOA

Gid str ching ta cé céc d6i twong dwoc thé hién trong co s& dir liéu trén nhw sau:
01 = (i1, atom, Tran Van Nam)
= (i2, atom ,Tién si)
(i3, tuple, <hoTen: i1, hocVi: iy, khoa: i5 >)
04 = (44, atom, CNTT)
Os = (i3, tuple, <tenKhoa: i, truongKhoa: i3, giaoVien: ig >)
Og = (ig, set, i3)
va tap cde doi twong phite GIAOVIEN ki hiéu 1a COgy,, KHOA ki hiéu 13 COpppq, 16p chita
céc thé hién cia doi twong cé gid tri nguyén thiy ki hiéu la C. Khi dé, d6i twrong Oz 13 bo
(GIAOVIEN, COkhoa), 6 thé dwoc hiéu doi tirong nay 1 mot thé hién cia 16p GIAOVIEN,
va thudc d6i twong phitc COkhoe. So d6 mo ta ddi twong O dwoc mé ta nhuw trong hinh 1.

CHTT hoTen hocWi khoa
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Hinh 1. Biéu dién déi twong Os duéi dang do thi

Van de 1a hau hét céc gid tri trong moi category trong n-bd 1a nhitng dit liéu dinh tinh
vA rod rac. Vi vay, dé tinh khodng céch gitta cac cap doi twong ta can phai cé phwong thitc
dé chuyén doi n-bo vao dir lieu kicu s6 twong rng, dé tir dé ta cé thé do dwoc khoang céch

gitta chiing. Cé hai rang buoc co ban phai dwoc théa man khi chuyén déi n-bo vao dir liéu
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kiéu s6:

1. Bat ky mot cau tinh todn nao ciing phai bao dam rang cdc doi twong cé lien quan chit

ché véi nhau hon thi ¢6 khodng céch gitra ching gan nhau hon.

2. Néu hai déi twong 13 khong thé so sanh dwoce méi lién quan bén trong thi khong nén ¢é

’ Ry N . s ’ . . A
sur so sanh bat ky nao ddi véi khodng cach sau khi bién doi.

C6 thé hinh thitc héa céc rang budc trén qua cdc ky hiéu nhw sau:

©: quan hé ngit nghia gitta hai d6i twong, thé hién méi quan hé gitta cic ddi twong.

o todn tir lién quan chat ché hon hay than thién hon.

Rang buoc 1: néu ©(01, O2)a®(01, O3) thi d(O1, O2) < d(O1, Os).

Rang buoc 2: néu not(0(01, O2)a®(01, O3)) thi not(d(O1, O2) < d(O1, O3)).
Vi du 2. Xét co sd dir lieu trong Hinh 1, ta c6 hai déi twong Oy, O ciing 13 thé hién cia
16p C va cling thudée COgy, nhung Oy va Oy chi cling thé hién cia C, nén:

O(01, 02)a®(01, Oy) suy ra d(O1,03) < d(O1,O4) (d 1a khoang cich).

DPé biéu dién do do gitra cdc doi tirong néu trén ta cé thé sir dung ma tran do do khoang

’ ~ S
cdch dwge mo ta & phan sau.

3. MA TRAN KHOANG CACH

Mot tap quan hé dwoc dinh nghia 14 tap céc doi twong ¢6 rang budc trong quan hé dé va
kich thwéc cia tap quan hé 14 s6 cdc doi twong tham gia vao quan hé nay. Vi du 16p KHOA
trong vi du 1 dwroc xem la mot tap quan hé, kich thwéc clia né la s6 cdc thé hién cia 16p nay.
Mobi tap quan hé dwoc ki hiéu la R,,, kich thuéc cia quan hé nay 1 |R,,|.

Ma tran khodng cach 13 ma tran xac dinh do do khoing cich gitra cdc cip doi twong.

Khodng céach gitra moi cap doi twong dwoc xdc dinh nhw sau:

- 1 1
d(0s,05) = Y P # (31 R, * 5 ¥ 1Bl x5+ Bijr, + 5 L) ¥ wi (1)
m=1

trong d6, n- s6 cac tap quan hé; s- kich thwéc d6i twong. Ching ta gid sir rang, trong hé
théng moi déi twong déu cé kich thwéc nhwr nhau va bang s; L- tong kich thuéce cia tat ci
céc doi twong va b gid tri L = k x s, v6i k 1 tong s6 cac doi twong trong hé théng: P,,- xac
suat ma tap quan hé R,, duoc hé thong gom cum, xdc suit nay ¢é duwoc tir phan bé xéac suat
clia cdc mau truy van, néu cac mau xdy ra thwong xuyén hon thi xdc suat twong ting sé 1a
16n hon. Chiing ta gia st rang xdc suat cia moi tdp quan hé la giong nhau va bang }—l

Khi dé, khodng cdch d(O;, O;) 1 tong cta tich xdc sudt va khodng cdch trung binh cia
cac doi twong dwoc gom cum trén moi quan hé R,,, R,, 1a quan hé thit m hay category thit

M 03 5 R B3R V& Wi j la cac ham dat trung cé gid tri la 1 hoac 0, dwoc xac dinh nhu sau:

5. ~ [ 1 néu O; va O; thudc trong cling tap quan he R,
b, Fm 0 néu O; va O; khong thuoe trong cling téap quan he R,

(2)
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[ 1 néud;jgr, =0
Bij Ron = { 0 néud; g, =1 (3)

[ 1 néuO; #0;
Wi Rm { 0 néuO; =0; (4)

Pinh 1y 1 . Khodng cdch duwoc dinh nghia trong cong thite (1) la @9 do khodng cdach metric.

Chitng minh.

d(O;,0;) = 0 khi va chi khi O; = O; (hai doi twong dong nhat)
Ta ¢6, d(O;, 0;) = 30 1 Py X (054, m,, X 5 X |Rin| X s+ Bij Ry X 5 X L) X wy

Vi O; = O nén w; ; = 0. Do dé, d(O;,0;) =

2. d(0;, 0;) = d(0Oj,0;) (tinh giao hodn)

d(0s,05) = 301 P X (81 j,Rpy X 5 X |Rin| X 5+ Bij R,y X 5 X L) X wi
= > P X (85,0, Rp X 5 X | Rin| X s+ Bji R, X 5 X L) X wj;

3. d(O;, Op) +
d(O;, Op) +
+> 0 | Pn

_ T

d(Oy, O;) > d(0;, O;) (bat déng thitc tam gidc)
d(O4, 05) = 30 P X (05,4, R X 3 X | Rin| X s+ Bit,Rpn X 3 X L) X wiy
X (Oj, R X 5 X | Rl X S+6t7]7Rm T X L) X wy

(0it, R, + 5t,j,Rm) X |Rp| x s JF (Bist,Ron + Btj,Rim) X 5 X L] X w;

x| 2 J
>zn71P X (0i Ry X 5 X |Rinl ><s+6l,],Rm X & x L) X w;j = d(O;,0;)

T 1, 2 va 3 ta ¢6 khoang céch dwoc dinh nghia trong cong thite (1) 1a khoang cdch metric.

|

Bay gid, gid str chi c6 hai quan hé instance-of va part-of ton tai trong hé thong, gia st

quan hé instance-of dwoc chi muc nhw Ry va part-of dwoc chi muc nhw Ry. Ching ta chi ra

cach tinh khodng céch gitra hai d6i twong 4p dung cong thire (1) trén. Giad st xdc suat P; va

P5 13 nhw nhau va bang %; kich thuwéc cdc déi twrong bang nhau va bang 1 (s = 1 va L = k);

C}, 16p chita tap cdc doi twgng; COp, 16p chira tap cdc doi tuwong phitc (h = 1,2). Khi dé
khoang céch gitra hai déi twong O; va O; dwoce xde dinh nhu sau:
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- Truong hop 1:

R1 R2
1
P1><(1><§><|Cl|) + 0x=x1L)

1
+P2><(O><§><|001| + 1x=x1L)

1 1 1
néu O; va O; trong cung 16p C1(9; ;,r, = 1, B j,r, = 0) nhung khong cling

doi twong CO1(6;5,r, = 0, Bij,r, = 1).

Tinh twong tw cho céc truong hop 2, 3 va 4

- Truong hop 2:

- Trwong hop 3:

- Trwong hop 4:

1 1 1

§X<§XL + §X|001|>

néu O; va O; khong cung 16p € nhung cling déi twong phite COy
1 1 1

5 X (5 X |02| + 5 X |COQ|)

néu O; va O; cing 16p Cs va cling d6i twong phite CO;

1 1 1

- X (=xL —xL

2 <2 + 2 )

néu O; va O; khong cung 16p va khong ciing doi twong phic

Vi du 3. Xét co s& dir lieu dugce cho trong vi du 1. Trong lwge do nay chi ton tai hai loai

quan hé la instance-of va part-of. Khi dé, khoang céch gitra hai d6i twong O; va O, trong 16p

KHOA sé la:

N =N =

1 1 1 1 1
><(1><§><|KHOA|+O><§><L)+—><(O><§><|KHOA|+1><§><L):

2

1 1
X (5 X |KHOA|+§ x L)

néu ching khong c¢é tham chiéu dé quy. Néu O; va O; duoc tham chiéu dé quy thi khoang

cach sé la:

% X (% X |[KHOA] +% X |COkhoal)-

Ta c¢é thé thay rang khodng céch cia cdc truomg hop trén luén théa man cic bat dang

thirc sau:
d(Trudmg hop 3) <
d(Trudomg hop 3) <

d(Truong hop 1) < d(Trudmg hop 4) va
d(Truwong hop 2) < d(Trudomg hop 4),

1 1 1
trong d6, d(Truomg hop 1) = g % (5 x |Cy| + g % L),

d(Truong hop 2) =
d(Truong hop 3) =

d(Truong hop 4) =

1 1
X (§><L+§ x |CO)),
(

1
><(1><L+12><L)
2 2 ’

| =N | —
X

1
5 X |02| + 5 X |COQ|),

=N

Vi |R;| < L théa man cho moi tap quan hé trong hé thong. Piéu nay chimg td né théa man

rang buoc 1 néu trén, vi hai doi twrong cé lién quan chat ché hon thi ¢6 khoang cdch nhd hon.

Tuy nhién, khodng céch cia Truomg hop 1 va Truong hop 2 1a khéng thé so sanh, vi né phu
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thuoc vao kinh thudce cia tap quan hé |C| va [CO;|. Piéu nay cing thdéa rang budc 2 vi do

quan hé lién quan khéng thé so sanh duoc.

O |v— o1
Kkhoing cdch

Class 1 o tjﬁogﬁhﬁ?m*\cmsu*s CoOy | & S

khoing cdch
Class 2 | tmng binh: 142 * |1

co | |4
uan hé part-of

Class m e °F

Quan hé instance-of _
Hinh 2. Céach tinh khoang cich trung binh gitra hai d6i tuwong

Muc dich cia ching ta 1a 1am roé mitc do cdc mai quan hé gitra cdc doi twong duoc lwong
héa trong cong thite tinh khodng cdch (1). Néu hai d6i twong O;, O; thudc trong cling 16p
va ching ta gom cum chiing theo quan hé instance-of, thi khodng cich sé la trung binh kich
thwée cia tat ca cdc ddi twong trong tap quan hé. Hinh 2 gidi thich cich tinh khoing cach
gitta O; va O; dat duoc trong truwong hop 1.

Ma tran khodng cich cia k doi twong {O, ..., O} 1a ma tran c6 kich thuéc k x k dwoc

dinh nghia nhu sau:
M = (d(Os, O5))kxk

Ma tran M ddi xiing qua dudmg chéo chinh va cédc phan tir trén duong chéo chinh ¢é gid
tri bang 0. Do dé, dé tinh ma tran M ta chi can tinh cdc phan tic M(7, ) véi j > i.

4. THUAT TOAN GOM CUM DPOI TUQNG

Vi can phai sap dat tat ci cdc ddi twong vao bo nhé lru triv thir cap, nén cich tot nhét
la sap xép tat ca ddi twong cia hé théng vao cau tric dir lieu mot chidu, sau dé anh xa cau
tric dir lieu mot chiéu nay vao bd nhé lwu triv thit cap. Do dé, thuat toan cia ching toi ¢é
két qua dau ra la day gom tat ca céc ddi twong cé trong hé thong, sao cho tong khodng céch
gitta céc doi twong trong diy 1a dat cuc tiéu. Véi thuat todn nay thi tat cd céc tinh chédt cia
quan hé boéi van duwgc bdo toan. Qua trinh xit 1y cia ching t6i ¢6 the dwoc khéi quét héa
trong Hinh 3.

Sau khi ma tran khodng cach M = (d(O;, O;))kxk duwge xay dung bang cach tinh khodng
céch gitta mdi cap déi twong, thuat todn gom cum déi twong duwoc sit dung dé sap xép cac doi
twong vao day. Pau vao cia thuat todn 14 ma tran khoang cich M va W = {Oy, O, ..., Ok}
la tap cac doi twong cé trong hé thong, moi ddi twong trong dé ¢é thé tham gia vao hon mot
loai tap quan hé. D& don gidn, ching ta c6 thé xem M la 1 ma tran trong s6 (ma tran ke),

W & tap céc dinh cia do thi lién thong manh!. Xudt phét tir ¥ twdng nay, thuat todn de

Ha d5 thi v6 huéng ma giita hai dinh bt ky cia né luén ¢ canh néi.
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xuat sé xac dinh mot dwong di qua tat ca cdc dinh cia do thi mot dinh ding mét lan, sao

cho tong khoang cich gitra moi hai dinh (déi twong) trong dwomg di (day) 1a cuc tiéu.

Xdy dung ma trin Ap dung thudt todn gom
khodng c:cicl& cum € tao ddy
|
[ =70 ;
(Ot O} —— > M=(d(0,0))uxi L P[00 0l
(déy céc doi twong c6 tong
khoang céch la cuc tiéu)

A{ih xa diy vdo cde Fhdi ___
& nhaw trén dia

(Tap céc déi twrong c6 trong hé théng )

0, .0 | o O

{Céc khéi lwu trir ké nhan)
Hinh 3. Tién trinh thuc hién gom cum cdc doi twong

Thuét todn
Input
- Ma tran khodng cach M = (d(O;, O;))kxk = (dij)kxk
- Tap tat cd céc doi twong can duoc gom cum W = {Oy, Os, ..., Ok}

Output
Day gom tat cd céc doi twong {01, Oa, ..., Ok}, sao cho tong khoang cich gitra cic cap

doi twong trong day la cuc tiéu.

Method

(1) t := O;; {chon ngau nhién mot doi twong O; € W}
(2) h:=1;

(3)  plh] =1

{mang p lru trir day céc ddi twong trong W, théa man dieu kién 1a tong khoang cich
gitta moi cap déi twong trong day p cuc tidu}
(4) W :=W —{t}; {loai b6 d6i twong t da xét ra khoi W'}
(5) While (h < k) and (W # @) do

begin

(6) d = oo;

(7) for each O; € W do

8) if (d[t,0;] < d) and (d[t,O;] > 0) then
begin

9) d:=dlt, O]]a

(10) plb] i~ Oj;
end;

{khi két thiic vong 1ap nay ta cé d 1a khodng cdch bé nhat tir doi twong ¢ dén déi twong
Oj, va O; sé la doi twong duoc chon & bude duyét tiép theo}
(11) t == plhl; {O; 1a d6i twong duoc chon cho bude duyét tiép theo}



186 POAN VAN BAN, TRUONG NGOC CHAU

(12) h = h+1;

(13) W =W —{t};
end;

(14)  return P;

Do phitc tap tinh todn cia gidi thuat phu thuoc vao hai vong lap (5) va (7) long nhau,
moi vong thuwe hién t6i da k Ian, nén ta cé s6 lan thuc hién vong lap (7) la O(k?). Do vay,
gidi thuat c6 do phitc tap la O(k?). Két qua dau ra cia thuat todn phu thudc vio viéc chon
doi twong O; ngau nhién trong W ban dau.

Vidu 4. Xét co sé dir lieu huéng ddi twong dugce cho & Hinh 1, ta ¢é:

k =6 (c6 tat cd 6 doi twong),

n = 2 (hai quan hé la instance-of va part-of),

a:&:é

Gia str kich thuéc ciamoi ddi twong la bang nhau vabang 1 (s = 1), khidé: L = kxs = 6.

Buée 1. Tinh ma tran khodng cich: M = (d(O;, O;))exe. Vi ma tran M doi xing qua
duong chéo chinh, nén ta chi can tinh céc phan ti d(O;, O;) véi j > . Ma tran khodng céch

M tinh dwoc duwa trén cdc doi twong da cho nhuw sau:

O Oy Oz 0Op Os O
O; |1 0.00 150 225 3.00 3.00 3.00
Os 0.00 225 225 225 3.00
O3 0.00 225 225 3.00
Oy 0.00 225 2.25
Os 0.00 2.25
Oe 0.00

Buéc 2. Ap dung thuat todn gom cum trén, véi doi twong dwoc chon xuat phat 14 Oz, ta

c6 day dai twong véi tong khodng céch cuc ti€u la 10.5 nhw sau: Oz, Oy, O3, Oy, Os, Os.

5. KET LUAN

Dua vao ¥ tudng st dung ma tran khodng cach, ching toi da xiy dung cong thic tinh
khoang céch tong quat gitta moi cap doi twong c¢é trong hé théng va chirng minh dwoc do do
khodng cdch nay 1a metric, tir dé dé xuat mot thuat toan tao day chira tat cd cic doi twong
trong heé thong dua trén ma tran khoang cach, sao cho tong khoang cach cia cic déi twong
trong day dat cuc tidu. T dé, anh xa day cdc d6i twong nay vao bé nhé lwu triv thir cép.
Véi @6 phite tap tinh toan 1a O(k?) va trong mot s6 truwomg hop, thuat toan cé thé khong
cho 1& gidi t6i wu. Tuy nhién, véi s6 doi twrong 16n va cdc doi twrong tham gia vao nhiéu mai
quan hé khac nhau thi thuat todn nay van dp dung dwoc mot cach hiéu qua.

Thuat toan gom cum da dé xuat luon cho 1oi giai toi wu va cé do phike tap t6t hon so véi
cdc thuat todn da de xudt trong [4] va [6]. Do phitc tap cia thuat toan trong [6] 1a O(k?),
trong [4] 1 O(k?), nhung nhwoc diém cia thuat todn dé xuat trong [4] 1a tai méi bwéc lip,
chon ngau nhién mot déi twong chra dwoe xit Iy 16i chen vao day p tai mot vi tri dat biét ¢é

khoang cach m& rong dat cuc tieu. Do dé, day p thu dwoc ¢ thé ¢é tong khoang cich c6 thé
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khong dat cuc tiéu. Nguoc lai, thuat toan néu trén duyét tat ca cdc doi twong chua dwoc xi

Iy dé tim ra khoang céch cuc tiéu.

Phan 4nh xa day cac déi tirong vao cac khoi trén bé nhé thit cap sé duwoc trinh bay trong

nhirng nghién citu tiép theo.
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