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TOM TAT: Cuéc cdch mang cong nghiép 4.0 da mo ra mot thoi dai cho
cong nghé s6, vi vdy hé thong dit liéu dwoc heu trit trén cdc hé quan tri co
dit liéu cang 16m va phikc tap. Moi twong quan gitka tinh chat hinh hoc va
co so dir lieu la phu’ong phdp chuyén doi cac ban ghi trong mot co so du’
lzeu thanh cdc diém trong khéng gian da chiéu va chuyen déi cdc truy van
vé cdc ban ghi thanh cdc truy van lén tap cac diém nay. Trong bai bdo
nay, chiing téi tdp trung dé xudt xdy dung cdu triic cdy pham vi bang cdc
ky thudt ciia hinh hoc tinh todn dé thiee hién truy van trén pham vi triec
giao, dong thoi ciing dé xudt giai phdp cdi tién thudt todn cdy pham vi
bang phwong phdp tdp diém chung. Pé chitng minh cho co so Iy da dé
xudt, chiing téi tién hanh xdy dung chwong trinh thir nghiém tinh hiéu qua
clia thudt todn trén cdc tdp dir liéu khdc nhau. Két qua thiee nghiém diroc
so sanh voi cay KD trén cung mot bo de liéu nham mmh chirng phu"ong
phdp dé xudt méi ciia ching téi dwoe t6i wu héa hon vé thoi gian tim kiém.

ABSTRACT: The Fourth Industrial Revolution is the trend towards
digital technologies to lead large databases and complicated database
storages on Database Management System. At first sight it seems that
databases have little to do with geometry. Nevertheless, queries about
data in a database can be interpreted geometrically. To this end we
transform records in a database into points in a multi-dimensional space,
and we transform the queries about the records into queries on this set of
points. This paper proposed an approach based on computational
geometry techniques for building range trees, two-dimensional range
search algorithm (search range trees algorithm) and general sets of points
to improve the algorithm. To prove for proposed theorem, we had
experimental research of Range-Tree structure on the different datasets.
The experimental results of an orthogonal range query evaluated with the
recently published method of KD-Tree on the same dataset. This proof
shows that our proposed method is more time-efficient in queries.

1. Giéi thi¢u vin dé nghién ctru

Hinh hoc tinh toan ndi Ién tir linh vuc phan
tich va thiét ké thuat toan trong cudi nhing
nam 1970 va phat trién thanh mot bo mon
khoa hoc. Su thanh cong caa hinh hoc tinh
toan khong chi trong nghién ctru va dwa ra
dugc cac giai phap dé giai quyét cac bai toan
hinh hoc, ma con duoc wng dung trong nhiéu
linh vuc nhu d6 hoa may tinh, cac hé thdng
thong tin dia 1y, nguoi may va céac linh vuc
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khac [1] [2]. Dé giai quyét cac bai toan c6
tinh chat hinh hoc cha yéu dya trén hai thanh
phan. Mot 1a sy hiéu biét thau dao céc tinh
chat hinh hoc cua bai toan, hai 1a ung dung
thich hop cac k§y thuat thuat toan va ciu tric
dir liéu. Cac budc dé xay dung mot thuat toan
hinh hoc bao gém: (i) Phan tich va thiét ké
thuat toan so bo ban dau; (ii) Hiéu chinh sao
cho thuat toan dung dan khi xuat hién cac
truong hop suy bién; (iii) Thuc thi thuat toan
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[3].

Déi voi linh vuc luu trir dit liéu, ngay cang
nhiéu kho dix liéu va cac hé thdng phan tich
truc tuyén duoc st dung trong nhiéu cong ty
dé lay ra va phan tich nhiing théng tin c6 loi
tlr cac co so dir liéu rat 16n nham dua ra cac
quyét dinh [4]. Cac ky thuat co so dir lieu
déng va thoi gian thue dugc st dung trong
viéc kiém tra céc tién trinh cong nghiép va
san xuat [5]. Vi vay cac hé co so dit liéu ciing
theo do tang 1én ca vé dung luong l3n tinh
phtc tap cua dit ligu. Luc nay nay sinh van dé
la 1am thé nao dé viéc tim kiém trén céc co s6
dix liéu, dac biét la trén cac co so dix liéu I6n,
truy van mot cach nhanh chéng, chinh xac va
t6n it tai nguyén? Day 1a bai toan luén dugc
cac nha khoa hoc ciing nhu cac nha ing dung
guan tam [6][7]. Xét mot co s& dir liéu phuc
vu cho quan ly nhén su, luu trir tén, ngay sinh,
thu nhép ... cia mdi nhan vién. Vi du vé mot
dang truy van thong thudng 1én co so di liu
néi trén 1a liét ké tat ca cac nhan vién sinh tur
nam 1980 dén nam 1985, c6 thu nhap hang
thang tir 3000 dén 4000 d6 la va c6 tir 2 dén
4 dtra con. Trong truong hop nay, xem mai
nhan vién la mot diém trong khong gian ba
chiéu: toa do dau tién dai dién cho ngay sinh,
toa d6 thir hai la thu nhap, va toa do thur ba la
s6 con. Két qua caa truy van chinh 1a di liét
ké tat ca cac diém nam trong hinh hop chir
nhat [19500000: 19559999] x
[3000: 4000] x [2:4], mot truy van kiéu
nhu thé nay duoc goi 1a truy van pham vi truc
giao trong hinh hoc tinh toan [8][9]. Thuc
hién truy van véi pham vi hai chiéu, khi thuc
hién trén cdy KD véi thoi gian tim kiém
0(vn + k) [10]. Trong cach tiép can méi cua
ching t6i, str dung ciu trdc cay pham vi dé
thuc hién tim kiém trén pham vi truc giao hai
chiéu vai thoi gian truy van tét hon 0 (logn +
k), ddng thoi dé xuat phuong phap tap diém
chung dé cai tién thuat toan trong trudng hop
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c6 mot sé nhan vién co nhitng thdng tin tring
nhau. Thuat toan dugc trinh bay chi tiét boi
cac budc va dugc minh hoa bang tap céc
diém trong khong gian hai chiéu.

2. Co s ly thuyét va phwong phap nghién
ctru

2.1. Phuwong phdp tim kiém trén cay phgm
Vi

Cho P la tap n diém trong mat phang va
pham vi tim kiém [x:x'] X [y:y']. Yéu cau
liét ké cac diém tir P ma nam trong pham vi
truc giao [x: x'] X [y:y'].

Thuc hién truy van pham vi tryc giao
[x:x'] x [y:y'] chinh 14 t6 hop cua hai truy
van con mot chiéu: mot theo toa do x va mot
theo toa do y cia cac diém. Diéu nay dua dén
¥ tueéng phan tach tap diém da cho lan luot
theo toa d6 x va toa d6 y. Nghién ctu tién
hanh tim kiém trén pham vi mét chiéu, 1a co
s& dé xay dung cay pham vi va thuc hién tim
kiém trén pham vi truc giao.

2.1.1. Tim kiém trén pham vi mot chiéu

Cho mét tap hop sé thuc 1a cac diém trong
khéng gian mot chiéu. Yéu cau ciia mot truy
vén dua ra la liét ké cac diém nam bén trong
mot pham vi truy van truc giao mot chiéu, tac
Ia nam bén trong mot doan [x: x'].

Goi P := {p;, Dz, ..., P} 12 tap céc diém
trén duong thang thuc di cho. Phuong phap
giai quyét bai toan l1a sir dung ciu tric dit liéu
cay nhi phan tim kiém can bang T[11]. Cac |4
cua T luu trit cAc diém ciia P va céc nit trong
cua T luu trir CAC gia tri phan tach dé chi dan
tim kiém. Ky hiéu gia tri phan tach dugc chira
tai mot nat v 12 x,,. Gia thiét rang cay con bén
trdi cua mot ndt v chia tit ca cac diém nho
hon hoic bang x,, va cly con bén phai chira
tat ca cac diém l6n hon x,.

Dé ligt ké cac diém trong mot pham vi truc
giao [x:x'], nghién ctu thuc hién nhu sau:
Tim kiémx va x' trong T. Gia sir pu va p'



tuong tmg 14 hai 14 noi ma viéc tim kiém két

thiic. Khi d6 cac diém nam trong khoang

[x: x'] 1a nhitng diém dugc chira trong nhiing
Vi du:

l4 nam gitra p va p’, c6 thé bao gém ca diém
duogc chura tai p va diém dugc chua tai .

Hinh 1. Tim kiém pham vi mgt chiéu trong cay nhi phan tim kiém

Thyc hién tim kiém véi khoang [18: 77]
trong cay ¢ hinh 1, tc 1a phai liét ké tat ca
cac diém duoc chira trong nhitng 14 mau xam
[12][13].

Lam thé nao dé c6 thé tim nhitng 14 nam
gitra u va p'? Nhu hinh 1 d3 goi y, d6 1a
nhiing 14 ciia cc cay con nam gitra cac duong
dan tim kiém t6i p va p’. Cu thé, nhiing cay
con ndy ¢ mau xam dam, con cac nat nam
trén cac duong dan tim kiém c6 mau xam
nhat. Bé tim nhiing nat nay trude tién phai
tim NGt Vphan tach MA tai do cac duong dan t6i
x va x’ phan tach. Thu tuc con sau day sé& thuc
hién diéu nay, voi gia thiét Ic(v) va rc(v)
tuong tng la nat con bén trai va bén phai caa
nat v.

Thi tuc: Tim_nut_phan_tach(T, x, x)

Pau vao: Mot cay T va hai gia tri x, x', voi
x<x'

Pau ra: Nat v ma tai d6 cac duong dan toi
x va x' phan tach, hoac la l1a ma tai do ca hai
duong dan tim kiém két thic.

Cac buoc:
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1. v < root(T)

2. WHILEv khong phai la mdt 14 AND (¥ < x,ORx > x,)

3. DOIFxX' <x,

4. THENv « lc(v)
5. ELSEv « rc(v)
6. RETURNy

Hinh 2. Thugt toan tim nat phén tach

Bét dau tir vppan tscn di theo duong dan
tim kiém x. Tai mdi n(t ma tai d6 duong dan
di vé bén trai thi liet ké tat ca cac 14 nam trong
cay con bén phai, béi vi cdy con nay la cay
con nam gitra hai duong dan tim kiém. Twong
tu, di theo dwong dan tim kiém va liét ké cac
l4 nam trong cay con bén trai cua cac nit ma
tai d6 duong dan di vé bén phai. Cubi cung,
kiém tra cac diém duoc chua tai cac 14 ma tai
d6 cac duong dan két thac, ching c6 thé
thudc hoac khong thuoc pham vi [x: x']

Trong thuét toan stir dung mot tha tuc con
Liet ke cay con dé duyét qua cdy con c6
gdc tai mot nt cho trude va liét ké cac diém
duoc chua tai cac 1a cua no.



Thi tuc: Liet_ke_cay_con(v)

‘Pau vao: Mot nit v cua cay nhi phan tim
kiem T.

Pau ra: Danh sach cac diém duoc chira tai
cac |4 cua cay con c6 gbc la v.
Cac buorc:.

1. IFu lamét la
2. THENLIiét ké diém duoc chira tai v.

3.  ELSE IFv khong rong

4, THEN Liet ke cay con(lc(v))
5. Liet ke cay con(rc(v ))
6. RETURNv

Hinh 3. Thudt toan liét ké cay con
Sau khi liét ké duoc cac nit 14 thi thuat
toan tim kiém trén pham vi mét chiéu thyuc
hién nhu sau:
Thuét toan:
TimkiemPhamvilChieu(T, [x: x'])
Pau vao: Mot cay nhi phan tim kiém T va
mot pham vi tim kiém [x: x']
Pau ra: Tt ca cac diém dugc chia trong
T va nam trong pham vi tim kiém.
Cac buoc:
Uphan cicn— Tim_nut_phan_tach(T, x, x)
1. TFU pan cich 3 mot 14
2. THENKiém tra néu didm dvoc chia tai Uphin icn 13 diém cin phai
dugc liét ké thi liét ké nd)
3. ELSE (*Di theo dudng ddn téi x va lidt ké cée didm trong céc cdy

con nam bén phai dudme din*)

4. Ul (Vphantich)

5. WHILEv khéng phéi 1a mét 14

6. DOIFx < x,

7. THENLiet ke cay_con(rc(v))

8. v lc(v)

9. ELSE v «1c(v)

10. Kiém tra néu diém dwoc chira tai 14 v 1 diém cin phii duoc
1iét ké thi 1idt ké nd.

11 Tuong tir, di theo duomg din téi ', lidt ké cac diém trong cac

cdy con nam bén trai dirong dén va kiém tra diém dwoc chira tai 14 noi
ma duomg din két thic c6 phai 1a didm cin phai duoe lidt ké hay
khong, néu phai thi liét ké nd.

Hinh 4. Thudt toan liét ké cay con
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2.1.2. Tim kiém trén pham vi truc giao hai
chiéu - cay pham vi

Cho P la tap n diém trong mat phang va
pham vi tim kiém [x: x'] X [y:y'].

Dau tién tap trung tim kiém nhiing diém
ma toa do x ciia N6 nam trong pham vi [x: x]
— tirc 1a khoang x cia vang chi nhat tim kiém,
con ddi voi toa do y sé tinh toan sau. [13][14]

Néu chi quan tim dén toa do x thi yéu cau
tim kiém tro thanh mot yéu cau tim kiém
pham vi mét chiéu va st dung mot cay nhi
phan tim kiém trén toa do x cua cac diém. Noi
mot cach khai quat thi thuat toan tim kiém
nhu sau:

Tim kiém véi x va x' trong cdy, cho dén
khi dwa ra dugc mot nut Uphan tach ma tai do
duong dan tim kiém bi phan tach.

Tur ndt con bén trai cia vphan tach tiéP tuc
tim kiém véi x, va tai mi nit v noi ma dudng
dan tim kiém x di vé bén trai, liét ké tat ca cac
diém trong cay con bén phai cua v.

Twong tu, tiép tuc tim kiém véi x' tir n(t
con bén phai cua vppan tach, Va tai mi nlit v
noi ma dudng dan tim kiém x’ di vé bén phai,
liét ké tat ca cac diém trong cy con bén tréi
cua v.

Cudi cuing, kiém tra nhiing 14 p va ' — noi
ma hai duong dan két thic — dé xem ching
¢ chua diém trong pham vi tim kiém hay
khéng. Dé c6 thé hinh dung nhitng gi mé ta &
trén, hay hinh dudi day (hinh 5):

Uphan tich

M T4
Hinh 5. Tim kiém mgt chiéu theo toa dé x
Két qua cua thuat toan trén 1a lva chon
dugc mot tap 0(logn) cdy con ma déu chira
chinh xé4c cac diém c6 toa d6 x nam trong
khoang x cta vuing chit nhat tim kiém.



Goi tap con cac diém duogc luu trir trong
cac 4 cua cay con c6 goc tai v 1a tdp con
chinh tac [12][13] cua v. Vi du, tap con chinh
tac cua goc cay la toan bo tap P, con tap con
chinh tic cua mot 14 1a diém duoc luu trit tai
1a do.

Ky hiéu tap con chinh tic cua nat v 1a
P(v).

Nhan thay, tap con cac diém ma toa do x
cua ching thuéc pham vi tim kiém c6 thé
dugc biéu dién nhu 1a hop roi cua 0(logn)
tap con chinh tic, day la cac tap P (v) cua cac
nit v ma déng vai tro 1a gdc cua cac cay con
duoc lua chon.

Nghién ciu tim hét tit ca cac diém nam
trong nhitng tap con chinh tic caa P(v) ma
chi mubn liét ké nhiig diém nao c6 toa do y
thuoc pham vi [y: y']. Pay 1a mot yéu cau tim
kiém mot chiéu khac, nén ching tdi s& st
dung cay nhi phan tim kiém trén toa do y cua
cac diém trong P (v). Diéu nay dua dén ciu
trdc dir liéu cho cac truy van pham vi truc
giao 1én mot tap P cua n diém trong mat
phang nhu sau:

- Cay chinh la mot cay nhi phan tim kiém
can bang T xay dung trén toa do x cua cac
diém trong P.

- Vi moi nat trong hay nat 14 cua T, tap
con chinh tic P(v) duoc luu trit trong mot
cay nhi phan tim kiém can bang Tjian ke (V)
trén toa do y cua cac diém. NGt v luu trir mot
con tro chi toi goc cua Tijen gec (V). Cay
Thien kee (V) ndy duoc goi la cau trdc lién két
cua v.

Céu trlc dit liéu trén dugc goi l1a mot cay
pham vi. Hinh 6 minh hoa ciu tric cua mot
cay pham vi.

Céy tim kiém nhi phan
theo toa d6 x Tyien kee (V)

theo toa dd y

H/_J
P(v)
Hinh 6. Mgt cay phgm vi hai chiéu

Cay tim kiém nhi |

Nhirng ciu truc dir liéu ma cac nat chia
con tro chi téi cac cau trac lién két thuong
duogc goi 1a nhitng ciu trdc dir liéu da tang.
Cay chinh T dugc goi la cay ting 1, con céac
cau trac lién két dugc goi 1 cac cy ting 2.

Mot cay pham vi c6 thé dugc xay dung Véi
thuat toan dé qui sau:

Lwu yp: Trong thuat toan nay, dau vao
duoc xem nhu tap cac diém duogc Sép Xép
theo toa do x va dau ra la goc cua cay pham
vi 2 chiéu T cua P. Ching tdi gia dinh 1a
khéng c¢6 2 diém nao c6 cling toa do x hay y
(gia dinh nay s& khéc phuc bang phwong phap
tap diém chung trong muc 2.2).

Thuéat toan Xay_dung_cay_pham_vi_2D(P)

Pau vao: Mot tap P cua cac diém trong
mat phang

Pau ra: Géc cua mot cay pham vi hai
chiéu.

Cac buoc:

1. Xy dung céu tric lién két: Xdy dung mét cdy nhi phin tim kiém
Tien ke trén tp P, (tip toa d y cla cdc diém trong P). Luu trir tai
cdc la cia Tjjen ke khong chi toa d6 y cua cde diém trong P, ma eon
¢4 chinh cdc didm nay.

2. Tf P chi chiza mét didm

3. then Tao mét 14 v hru trit diém nay va gan Ty e 1Am cu triic lién

két ciia v.

4. else Phdn tich P thanh hai tip con; mét tdp con Pny chia cde

diém cb toa dd x nho hon hodc bé_ng Xep, VA tip con Pppy

chira cde didm c6 toa d6 x 16n hon x;;, véi Xy, 1a trung binh

toa do x.
5. : Utrii & _ y_dung cay pham vi 2D(Pe)
6. Uphsi + Xay_dung_cay_pham vi_2D(Ppps)
7. Tao mét nit v chira Xy, g4 Vg 1AM con tréi cla v, vpps

1am con phii cia v, Tiisn ke lam cdu tric lién két cia v.

§. Return v

Hinh 7. Thudt todn x&y dwng cay pham vi

Luu ¥ 1a trong cac 14 cua cac cau trac lién
két khong chi luu trir toa do y cua cac diém
ma con ca chinh cac diém d6. Piéu nay la can
thiét, boi vi khi tim kiém céc cau trdc lién két,
can phai liét ké cac diém cha khong chi 1a liét
ké cac toa doy.

Tiép theo, ching t6i xay dung thuat toan
tim kiém cho cay pham vi hai chiéu, thuat
toan lya chon 0 (logn) tap con chinh tic ma
déu chira cac diém c6 toa d6 x thuoc pham vi
[x:x']. C6 thé thuc hién didu nay vai thuat



toan tim kiém mot chiéu. Sau d6, vai nhiing
tap con chinh tic nay s& liét ké cac diém ma
c6 toa d6 y thuoc pham vi [y:y']. Bé thuc
hién budc nay ching toi ciing str dung thuat
toan tim kiém mot chiéu, duoc ap dung cho
céc cau tric lién két ma luu trir cac tap con
chinh tic di chon. Cd thé thiy rang thuat toan
tim kiém IGc ndy hau nhu twong ty Véi thuat
toan tim kiém mot chiéu
TimkiemPhamvilChieu, chi khac & chd thay
vi goi tdi thu tuc Liet_ke cay con thi n6 s&
goi téi TimkiemPhamvilChieu.
Thuét toan
TimkiemPhamvi2Chieu_CayPhamvi(
T, [x:x'] X [y:¥'])
Pau vao: Mot cay pham vi 2 chiéu T va
mot pham vi tim kiém [x: x'] x [y:y'].
Pau ra: Tat ca cac diém trong T va thugc
pham vi tim kiém.
Cac buoc:
1. Uphantich < Tim_nut_phan_tach(T, x, x")
2. Uppan eich 14 mot 1
3. then Kiém tra néu diém lwu tri¥ tai Upnaneicn thudc pham vi tim
kiém thi liét ké no.
4 else (* Di theo dwdng din t6i x va goi TimkiemPhamvil Chieu trén

cdc cdy con bén phai cia dudmg din. *)

5. U & Ie(Vphintich)

6. whilevkhéng phai 13 mét 14

T doif x < x,

s thenTimkiemthnwlk?hieu(ﬂiénkg,(rc(n)), [y 1D

9. v« lc(v)

10. else v« re(v)

11. Kiém tra néu didm Lo trik tai uthude pham vi tim kiém thi liét
kéno.

12. Tuong ty, di theo duomg din tir r€(Vphantich) 161 %', gol

TimkiemPhamvilChieu v6i pham vi [y:7'] trén cac cdu tric lién két

ciia cac cdy con bén phai cia duomg din va kiém tra néu diém L trix

tai 1a noi durong dan ket thic thude pham vi tim kiém thi liét ké no.

Hinh 8. Thudt toan tim kiém trén cay phagm vi

Dé xay dung cay pham vi va tim kiém trén
cay pham vi tir tap P gdm n diém trong mat
phing thi can thoi gian luu triv 1a 0(nlogn)
va thoi gian tim kiém dé liét ké cac diém
thuoc pham vi truc giao 1a 0 (log®n + k) véi
k 12 s6 diém duoc liét ke.
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2.2. Gidgi phéap cai tién

Trong phan trude, khi tim kiém trén cay
pham vi gia thiét rang khong c6 bét ky hai
diém nao c6 cung toa do x hay y, day 1a mot
gia thiét phi thyc té. Vi dy, khi cac diém luu
trir théng tin vé muc thu nhap va sb con caa
nhan vién thi khong thé tranh khoi viéc co
mot s nhan vién cé nhitng thdng tin trang
nhau. D& giai quyét vin dé nay, nghién cau
dé xuét giai phap tap diém chung dé cai tién
thuat toan tim kiém trén cay pham vi, duoc
thuc hién nhu sau: thay thé cac toa do sé thuc
boi cac phan tir cua khong gian hop sb. Céc
phan tir caa khong gian nay la cac cap sé
thuc. Hop s6 cua hai s6 thuc a va b dugc ky
hiéu Ia (a/b). Pinh nghia thi ty trong khdong
gian hop s6 nhu sau: véi hai hop sé (a/b) va
(a'/b"):

(a/b) < (a'/b") ® a< a' hoac (a=ad’
vab < b").

Gia thiét P la tap n diém da cho trong mat
phang. Cac diém riéng biét, nhung nhiéu
diém cd thé c6 cuing toa d6 x hodc y. Thay thé
mdi diém p = (py,py) bdi Mot diem moi
D = ((Px|py), (Py|px)) sao cho c6 cac hop
s6 nhu 1a cac gia tri toa do. Bay gio dya vao
tap P hdy xay dung cay pham vi.

Gia st nhu mudn liét ké cac diém cta P
ma nam trong moét pham vi R := [x:x'] X
[y:¥']. Bé thuc hién diéu nay thi phai tim
kiém trén cay da xay dung cho P. C6 nghia
rang phai thuc hién viéc bién d6i pham vi tim
kiém sang khong gian hop s6 mai. Pham vi
bién d6i R dugc dinh nghia nhu sau:

R = [(x]|—00): (x'|+00)] x
[(y]=00): (¥'|+00)].

3. Két qua nghién ciru va ban luan

Cong cu lap trinh duoc lya chon trong
nghién ctu nay la Microsoft Visual Studio
2015.

bay la chuong trinh thuc nghiém tinh higu
qua cua thuat toan tim kiém st dung cau tric
dix liéu cay pham vi va cdy KD khi ap dung
phuong phép sir dung tap diém chung dé khic
phuc tinh hudng cac diém trong tap diém dau



vao ¢6 cung toa do x hoac toa do y.

Dir liéu vao 1a mot tap P chira cac diém
trong mat phang. Toa do x hay toa do y cua
mdi diém trong tap P 1a mot sé thuc ngiu
nhién trong pham vi tir O t&i 1000.

Nhiém vu cua chuong trinh 14 liét ké tat ca
cac diém thuoc tap P ma nam trong pham vi
tim kiém [x:x’] X [y:y’] da ap dung phuong
phap tap diém chung dé khic phuc tinh hudng
cac diém trong tap diém dau vao cé cing toa
d6 x hoac toa do y

Thir nghiéml: véi pham vi tim kiém
[0:100] x [0: 100] chung t6i thu duwgc két
qua nhu sau:

o Tim kiém pham vi 2 higu - Cay KD

| 5 |

Ban mufn tim kiém trong khodng R = [x: x'] x [y : ] nao?

Nhipx: 0 Nhipy: 0
Nhipx': 100 Nhgpy': 100
I
i Dhngy | [ Déi khodng fim kidm ‘ l Thoit ‘
Két qui:

(69,38)(31.1,174) (11.1,193)(211.21.5) (31.2,02)
(318,11.1) (37.7.11.6) (18.123.1) (23.1.24.2) (6.239.5)

(43,21.6) (44.3,27) (28.3,34.7) (50.9,9.5) (72.5.5) (67,11.8)
(85.1,5.9)(75.5,33.9) (79.5,21.1) (55.8.48.4) (90.1,33.2)
(
(

Thai gian

93238) (97.6,55) (18.5,712) (19.7,66.2) (28.9.59.1)

47.8,78.4) 00:00:00,0007449

Hinh 9. Két qud 1 - tim kiém trén Cay KD
= s

Ban mudn truy vén trong khoang R = [x : ] x [y : y'] nao?

& Tim kiém pham vi 2 chigu - Céy pham vi

Nhipx: 0 Nhipy: 0
Nhipx': 100 Nhipy': 100
‘ Déng ¥ ‘ l Déikhoéngtmyvfin ‘ I Thoat I
Két qua:
(31.1,17.4) (21.1,215)(23.1,24.2) (37.7,11.6) I Théi gian @

(318,11.1) (31.2,0.2) (28.334.7) (28.9,59.1) (19.7,66.2)
(18.123.1) (11.1,19.3) (18.5.71.2) (6.9,3.8) (6.2.39.5)
(44327) (755,33.9) (55.8.48.4) (67,11.8) (43.21.6)
(50.9.9.5)(72.5,5) (47.878.4)(90.1,33.2) (79.5.21.1)
(85.15.9)(93.2,38) (97.653)

00:00:00,0002433

Hinh 10. Két qud 1 - tim kiém trén Cay phgm vi

Dua trén két qua thuc nghiém trén cé thé
dua ra nhan xét rang ca hai thuat toan déu cho
két qua trong pham vi tim kiém [0: 100] x
[0:100], nhung toc do tim kiém cua thuat
todn st dung cau tric dir ligu Cay pham vi
nhanh hon. Dé kiém tra lai khing dinh nay,
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chung t6i ddi cac khoang tim kiém khac:
Két qua tim kiém véi pham vi tim kiém
[0: 500] x [0: 500]:

o Tim kiém pham vi 2 chigu - Cay KD o) e

Ban mun fim kiém trong khodng R = [x: x'] x [y : y'] nio?

Nhapx: 0 Nhipy: 0

Nhipx': 500 Nhipy': 500

| Diney | [néikhoangﬁmlciéml | Thoit ‘
Két qua:

(6938)(31.1174)(11.1193) (21.1215)(31202)
(31.811.1)(377,11.6) (18.1231) (23.1242) (6.2,39.5)
(43,216) (443,27) (28334 7) (509.9.5) (725 5) (67,11 8)
(85.1,5.9) (1043.1) (109,15 5) (75 5 33.9) (79.5.21.1)
(55.8.48.4) (90.1,33.2) (93.2,38) (97.6,55) (18.5,71.2)
(19.7,66.2) (0.6,100.9) (9.8,107.5) (28.9,59.1) (32.5,109.9)
(

(

(

(

Thai gian

217,111 (17,1124) (5.1,145.9) (7.9,168.9) (89,230.1) 00:00:00.0025097

23,1713) (114,2532) (478 78.4) (49,101 4) (87,128.7)
| (904,168.7) (100.7,140.3) (1144,173.5) (40.2,199 5)
57,175 8) (544,256 4) (69,209.3) (106.5,200.4)

Hinh 11. Két qua 2 - tim kiém trén Cay KD
- bl

Ban muén truy vin trong khodng R = [x : x'] x [y : y'] nae?

5/ Tim kiém pham vi 2 chiEu - Céy pham vi

Nhipx: 0 Nhipy: 0
Nhipx': 300 Nhipy': 00
| Déngy | { D khodng truy vin j \ Thoit j .
Thai gian &J
Két qua:

(43,21.6) (44.3,27) (90.1,33.2) (75.5,33.9) (93.2,38)
(55.8.48.4) (67,11.8) (109,15.5) (79.5.21.1) (85.1,5.9)
(50.9.9.5) (72.5,5) (104,3.1) (97.6,55) (47.8.78.4)
(49,101.4) (87.128.7) (100.7,140.3) (90.4,168 /)
(114.4,173.5) (57,175.8) (106.5,200.4) (69

(54.4,256.4) (66.3328.9) (31.1,17.4) (21 1“15)
(23.1.242) (37.7,11.6) (31.8,11.1) (31.2,0.2) (28.3.34.7)
(28.9,59.1) (32.5,109.9) (21.7,111) (23,171.3)
(40.2,199.5) (19.7,66.2) (1 )(11.1,19.3)
(18.5,71.2) (9.8,107.5) (11.4,253.2) (7.9,168.9) (6.9.3.8)

00:00:00.0011990

Hinh 12. Két qud 2 - tim kiém trén Cay phgm vi

Nhu vy, xét vé do chinh xac thi ca hai
thuat toan tim kiém trén pham vi hai chiéu sir
dung c4u trdc dit liéu Cay KD va Cay pham
vi 1a twong duong nhau. Nhung, nhu da danh
gia khi nghién cau ly thuyét, thoi gian tim
kiém cua thuat toan s dung cdu tric Cay
pham vi ngan hon, va tdc do6 tim kiém cua ca
hai thuat toan ti 18 thuan vai sé diém duoc liét
ké.
4. Két luan

Thuat toan tim kiém pham vi hai chiéu —
cay pham vi duoc dé xuat dua vao céc ky
thuat hinh hoc tinh toan. Nghién ctru ciing dé
Xuit phuong phap t6i vu thuat toan tim trén
cay pham vi dé khic phuc truong hop suy
bién cho tap diém dau vao cé cing toa do x
hodc toa d6 y bang phuong phap tap diém
chung. Huéng nghién ctu tiép theo cua bai
béo sé tlep tuc tap trung vao cac phuong phap
tim kiém trén mién truc giao trén co so dir
liéu twong Gmg dugc trinh bay trong nghién
ctru nay dé phat trién bai toan chuyén doi cac



ban ghi trong co sé dit liéu thanh tap cac diém
trong khdng gian nhiéu chiéu ma dap tng
dugc nhu cau ngay cang ting vé téc do trong
truy van thdng tin hién nay.
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