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Nowadays, the rapid development of science and technology leads to
the creation of enormous multimedia databases. Therefore, optimizing
database queries has much attention from communication research. 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
KD-trees, two-dimensional range search algorithm (search KD trees
algorithm) and general sets of points to improve the algorithm. The
algorithm also applies to data query optimization, a problem that is still
challenging today. Applying build KD-trees algorithm and search KD-
trees algorithm to build a search application on two-dimensional range
search shows the potential of this research for many real-world
problems related to database query optimization.
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Céu trac dit liéu hinh hoc

Ngay nay, vi su phat trién manh vé khoa hoc va cong nghé, co so dit
liéu da phuong tién ra doi v6i dung luong rat 16n, vi vy viéc t6i vu hoa
truy van dir liéu 13 mot bai toan nhan duoc Sy quan tim cua cac nha
nghién ciru. Hiy xem xét mdi twong quan gitra co s& dit liéu voi hinh
hoc bang phuong phap chuyén ddi cac ban ghi trong mét co so dit lidu
thanh céc diém trong khong gian da chiéu va chuyén dbi cac truy van vé
cac ban ghi thanh cac truy van 1én tap cac diém nay. Nghién ciru di tng
dung cac k¥ thuat ciia hinh hoc tinh toan dé xay dung cdy KD va thuat
toan tim kiém pham vi 2 chiéu - cdy KD, ddng thoi dé xuit phuong
phap tap diém chung dé cai tién thuat toan dwoc dé xuat. Thuat toan
dugc dé xuét s& ap dung trong viéc tdi uru hoa truy van dir liéu, mot van
dé con nhiéu thach thic hign nay. Ap dung thuat toan dé xay dung
chwong trinh tim kiém trén pham vi hai chiéu — cdy KD ciing cho thdy
tiém ning ctia nghién ctru nay cho nhidu van dé trong thuc té lién quan
dén bai toan tdi wu héa truy van dit lidu.
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1. Gioi thigu

Nhiing tién bo vé ki thuat trong nhitng nim gin diy tao ra cac co so dit lidu da phuong tién
¢6 thé luu trir hinh anh, phim va tiéng noi. Cac hé thong thong tin dia 1y c¢6 thé luu trir va phan
tich cac ban d0, cac dir liéu vé thoi tiét va cac anh vé tinh [1], [2]. Kho dx li¢u va cac h¢ théng
phan tich truc tuyén duoc st dung trong nhiéu cong ty dé lay ra va phan tich nhitng thong tin co
loi tir cac co so dit lidu rat 16n nham dua ra cac quyét dinh [3]. Céc ky thuat co s¢ dit liu dong
va thoi gian thuc duoc sir dung trong viéc kiém tra cac tién trinh cong nghiép va san xuat [4]. Vi
vay cac hé co so dit lidu ciing theo d6 ting 1én ca vé dung luong 14n tinh phirc tap cua dir liéu.
Luc nay nay sinh van dé 1a 1am thé nao dé viéc tim kiém trén céc co s& dit liéu, dic biét 1a trén
céc co so dit lidu 10n, truy vin mot cach nhanh chong, chinh xac va ton it tai nguyén? Day la bai
toan ludn dugc cac nha khoa hoc cting nhu cac nha ing dung quan tam [5]. Mot huong tiép can
khac 1a tng dung hinh hoc tinh toan de giai quyét bai toan nay. Dé xay /dung mot thuét toan ung
dung ki thuét hinh hoc tinh toan bao gdm cac budc: (i) Phan tich va thiét ké thuat toan so bo ban
dau; (ii) Hiéu chinh sao cho thuat toan dang dan khi xuét hién cac treong hop suy bién; (iii) Thuc
thi thuat toan [6]. Mot phuong phap hinh hoc tinh todn dé xuat trong nghién ctru nay 1a xay dung
thuat toan tim kiém trén pham vi 2 chiéu - céy KD, nhiéu nghién ctru dé ap dung thuét toan nay
nhu Madmood 4ap dung thut toan nay dé t6i wu hoa tim kiém trén ban d6 s6 ¢ Ai Cap [7], Otair
str dung ciu trac dir liéu cay KD dé phan cum dit liéu [8].

Hiy xem xét vi du vé mot dang truy van thong thuong 1én co s& dir liéu noi trén 1a liét ké tat
ca cac nhan vién sinh tir nam 1950 dén nam 1955 va c6 thu nhap hang thang tir 3000 dén 4000
USD. Dé thyc hién truy van co s dit liéu theo phuong phap hinh hoc, phai Chuyen doi cac ban
ghi trong mot co so dit liéu thanh cac diém trong khong gian da chiéu va chuyén déi cac truy Van
vé cac ban ghi thanh cac truy van Ién tap cac dlem nay [9], [10]. Bai toan s& su dung dai dién mdi
nhan vién boi mot diém trong mat phang, voi mdi diém luu trit cac thong tin khac ciia nhan vién,
chang han nhu tén va dia chi. Nghién ctru dé xuét sir dung phuong phép tim kiém trén pham vi
hai chiéu - cay KD. Tuy nhién, khong thé tranh khoi viéc co mot s6 nhan vién c6 nhitng thong tin
trung nhau. Vi vy, phuong phap tap diém chung dugc dé xuat dé cai tién thuat toan tim kiém
trén cay KD trong truong horp c6 cac tap diém tring nhau. Thuat toan duoc trinh bay chi tiét boi
cac bude va dugc minh hoa bang tap cac diém trong khong gian hai chiéu.

2. Xay dung thuiat toan
2.1. Phwong phdp tim kiém trén pham vi hai chiéu — ciy KD

Trong muc nay, xét bai toan tim kiém trén pham vi hai Chiéu

Cho P 1a tap hop cua n diém trong mat phéng, gia thiét rang khong c6 hai diém nao cua P
c6 cung toa do x hoic y. Gia thiét nay khong thyc té nhung sé& giai quyét nhitng han ché nay ¢
muc 2.2.
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Hinh 1. Truy vén trén pham vi hai chiéu
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MGt truy van trén pham vi hai chiéu 1én P, yéu cau liét ké cac diém tir P ma nam trong pham
vi truy van chit nhat [x:x'] x [y:y']. Mot diém p := (p,, py) nam trong pham vi nay néu va chi
néu p, € [x: x'] va py € [y:y'] (hinh 1).

Mot truy van trén pham vi hai chiéu 1a t6 hop cua hai truy van con mét chiéu, mot trén toa do
x cua cac diém va mot trén toa do y.

2.1.1. Thudt todn xdy dung cdy KD

Xay dung cay KD theo cach sir dung dé quy dé tao ciy nhi phan tim kiém can bang: tap cac
diém duogc phan thanh hai tap con, mot tap con chira cac diém nho hon hoic bang gia tri phan
tach, tap con con lai chira cac diém Ién hon gia tri phan tach (hinh 2). Gia tri phan tach dwoc luu
trix tai gbc va hai tap con dugc luu trir bang cach dé qui trong hai cay con [11], [12].

Trong truong hop mdi diém c6 hai gia tri 1a toa d6 x va toa d¢ y, trudc ti€n phan tach theo toa
do x, tiép theo 1a toa d6 y, sau d6 mot lan nira theo toa do x, ... qua trinh nay dién ra nhu sau:

- Tai gbc phan tach tap P bai mot duong thiang dung £ thanh hai tap con véi kich thudc gan
nhu trong duong. Buong thang phan tach dugc luu tri tai gdc. P4 13 tp con chita cac diém
nam bén trai hoac nam trén duong thang phan tach, Pyrsi duge luu trir trong cdy con bén trai.

Pphai 1a tap con chira cic diém nam bén phai duong thang phan tach, Ppnai duge luu trir trong
cdy con bén phai.
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Hinh 2. Phdn tach tp P boi dwong thang €

- Tai nut con bén trai cua goc thuc hién phan tach Py, thanh hai tip con bai mot dwong thing
nam ngang; cac diém nam phia dudi duong thing duoc luu trit trong ciy con bén trai clia nut con
nay, tuong ty thi cic diém nam phia trén duong thang dugc luu trit trong cdy con bén phai.
Puong thing phén tach dugc luu trit tai niit con bén trai ciia goc.

- Tuong tu, t4p Ppps; duoc phan tach boi mot duong thang nam ngang thanh hai tap con, hai
tap nay duoc luu trit trong ciy con bén trai va bén phai caa nat con bén phai cia géc.

- Tai niit chau ciia gbe, phan tach mot lan nira boi mot duong thang dimng, ...

Tong quat thuat toan, phén tach nhing nit c6 chiéu sau chan boi mot duong thang dung, va
phan tach nhimg nit c6 chidu sau 1é bdi mot duong thang ndm ngang, cay tao ra dugc goi 1a cay
KD. Viéc phan tach nay dugc minh hoa hinh 3.
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Hinh 3. Phdn tach tap hop va cdy nhi phéin tuwong ing (cdy KD)

Thuét toan Xay_dung_cay_KD(P,chieu_sau)
Pau vao: Mot tap diém P va chiéu sau hién thoi chieu_sau
Pau ra: Goc caa cay KD luu trir P
Cac buoc:
1. IF P chi chira mot diém
2. THEN RETURN moét 14 chtra diém nay
3. ELSE IFchieu_sau la chan
4. THEN Phén tach P thanh hai tdp con boi mot duong thing dung £ di qua
toa do trung binh theo x cua cac dlem trong P. Goi P; 1a tap cac diém nam
bén trai £, va P, 1a tap cac diém nam bén phai 4.
5. ELSE Phan tach P thanh hai tap con boi mot duong thang nim ngang £ di
qua toa d¢ trung binh theo y cua cac dlem trong P. Goi P, 1a tap cac diém
nam phia dudi £, va P, 1a tap cac diém nam phia trén £.

6. Uirsi < Xay_dung _cay_KD(Py, chieu_sau + 1)
7. Uphai < Xay_dung_cay_KD(P,, chieu_sau + 1)
8. Tao mot nit v luu trlr €, Ve 18 Nat con bén trai ciia v va Vppy; 12 nat con
bén phai cua v.
9. RETURN v

2.1.2. Xay dung thudt todn tim kiém trén cdy KD

buong thang phan tach luu trir tai gbc chia mat phang thanh hai nira mat phang Céc diém
nam nira mat phang bén trai dugc luu trir trong ciy con bén trai, con cac diém nam trong nua mat
phang bén phai dugc luu trir trong cdy con bén phai. Nhu vay, nut con trai cua gdc tuong (g voi
nra mat phing bén trai va nit con phai ciia gdc tuong ng Vi nira mat phang bén phai. Noi mot
cach tong quat viing mit phing twong ng v6i mot nat v 1a mot ving chir nhat bi chian boi duong
phan tach luu trit tai cac nut t6 tién cia v dwoc minh hoa hinh 4.

Ky hiéu vung mat phang tuong (g voi mot nat 1a vung_nut(v). Vung mat phang cua gdc cay
KD la toan bd mit phing. Sau déy, goi ving mit phing twong tng véi mot nat 1a ving nat cua
nut do.
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Hinh 4. Ving mat phdng twong g véi mét niit

Chu ¥ rang, mot diém dugc luu trir trong cy con c6 gdc tai nat v néu va chi néu né nam trong
vung_nut(v). Vi du, cdy con ciia niit v trong hinh 4 lwu trit nhitng diém duoc danh dau 1a cac
cham den. Theo d6, chi phai tim kiém nhiing cay con cé géc tai v néu vung tim kiém giao véi
vung_nut(v). Nhu vay cac bugc thuc hién thuat toan truy van sau:

- Cit cay KD nhung chi duyét nhitng ntit ma vung nit cua n giao vdi vung tim kiém.

- Khi mét ving nat nam hoan toan trong viing tim kiém thi liét ké tit ca cac diém duoc luu
trir trong con cua nd.

- Khi phan giao nhau c6 chira mot 14 nao dé thi can phai kiém tra xem diém duogc luu tri tai
1a d6 c6 dugc chia trong ving tim kiém hay khong, néu c6 thi liét ké né.

Thuat toan tim kiém dugc mé ta bai thi tuc dé qui dudi day, voi tham s6 1a gbc cua cay KD
va pham vi truy van R. N6 str dung thu tuc con Liet_ke_cay_con(v) dé duyét qua cay con c6 gbc
tai v va liét ké tat ca cac diém luu trit tai cac 14 cua no. Ky hiéu lc(v) va rc(v) tuong tng 13 nit
con bén trai va bén phai ctia nit v.

Thuat tean TimkiemPhamvi2Chieu_CayKD(v, R)

Pau vao: Goc (Mot cay con) cua mot cdy KD, va pham vi R

Pau ra: Tat ca cac diém tai nhimg 14 dudi v va thuoc pham vi R

Cac dong lénh:

1. Ifvlamotla

then Liét ké diém chua tai v néu né thugc R
else if vung_nut(rc(v))duoc chira hoan toan trong R

then Liet_ke_cay_con(lc(v))

else if vung_nut(lc(v))giao véi R

thenTimkiemPhamvi2Chieu_CayKD(lc(v),R)

If vung_nut(rc(v)) duoc chira hoan toan trong R

then Liet_ke_cay_con(rc(v))

else if vung_nut(rc(v))giao véi R
0. thenTimkiemPhamvi2Chieu_CayKD(rc(v), R)

Budc kiém tra chinh trong thuét todn nay 1a kiém tra xem ving tim kiém cé giao véi ving niit
ctia mot nit v nao do hay khéng. Bé thuc hién buéc kiém tra nay, co thé tinh toan vung_nut(v)
cho tét ca cc nut v & giai doan tién xu Iy va luu trit né, nhung diéu nay 1a khong can thiét vi co
thé xac dinh ving hién hanh thong qua cac 11 goi dé qui bang cach sir dung nhitng dudng thang

'—‘$°9°.\‘?’.0":'>P°!\>
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phan tach luu trir tai nhitng nat trong. Chang han nhu viing twong @ng véi nit con trai cua mot
nat v tai chiéu sau chin co thé duoc tinh tir vung_nut(v)nhu sau:
vung_nut(lc(v))= vung_nut(v) N £(v)T (hinh 5)
Vi £(v) 1a duong thang phan tach luu trit tai v va £(v)™! 1a nira mat phang nam bén trai cua
£(v) (bao gom ca £(v)).
£(v)

Y (U)tréi

vung nut(le(v))

vung nut(v)

Hinh 5. Cdch xac dinh vung nut hién hanh

Chu ¥ rang thuat toan tim kiém ¢ trén khong gia dinh rang vung tim kiém c6 dang hinh chit
nhat, cho nén n6 1am viéc tét véi moi dang pham vi tim kiém.
2.2. Gidi phdp cii tién

Trong phan trudc, khi tim kiém trén pham vi hai chiéu gia thiét ring khong c6 bét ky hai diém
nao c6 cung toa do x hay y, day 1a mot gia thiét phi thyuc té. Vi dy, khi cac diém luu trit thong tin
vé mic thu nhap va sb con cta nhén vién thi khong thé tranh khoi viéc c6 mot s6 nhan vién co
nhitng thong tin tring nhau. bé glal quyét van dé nay, nghién ctru dé xuat giai phap tap dlem
chung dé cai tién thuat toan tim kiém trén cdy KD, dugc thuc hién nhu sau: thay thé cac toa do )
thuc boi cac phan tir ciia khong gian hop s6. Cac phan tir cua khong gian nay 1a cac cap s6 thyc.
Hop sb cua hai s6 thuc a va b duge ky hiéu 1a (a/b). Pinh nghia thir tu trong khong gian hop sé
nhu sau: véi hai hop sb (a/b) va (a'/b'):

(a/b) < (a'/b") & a < a'hoic (a =a'vab <b).

Gia thiét P 1a tap n diém da cho trong mat phang Céc diém riéng biét, nhung nhiéu diém co
thé co cung toa d6 X hoac y. Thay thé mdi diém p = (Dx,py) bOI Mot diém m¢i pi=
((Px|Py), (Py|Dx)) sao cho c6 cac hop s6 nhu 1a cac gia tri toa do. Bay gio dua vao tap P hay xay
dung cay KD.

Gia sir nhu mudn liét ké cac diém cua P ma nam trong mot pham vi R = [x: x'] x [y: y']. Dé
thuc hién diéu nay thi phai tim kiém trén cdy da xay dung cho P. C6 nghia rang phai thyc hién
viéc bién d6i pham vi tim kiém sang khong gian hop s mgi. Pham vi bién d6i R dugc dinh nghia
nhu sau:

= [(x]—00): (x'[+00)] X [(y|=0): (¥'|+0)].
3. Két qua thuc nghigm

Cong cu lap trinh dugc lua chon trong nghién ctru nay la Microsoft Visual Studio 2015.
Pay la chuong trinh thuc nghiém tinh hiéu qua cua thuat todn tim kiém st dung cau trac dir
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liéu cay KD khi chua ap dung phuong phép cai tién thuat toan va khi ap dung cai tién thuat toan
bang phuong phap tap diém chung dé khic phuc tinh hudng cac diém trong tap diém dau vao co
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 cia mdi diém
trong tap P 1a mot s6 thyc ngéu nhién trong pham vi tir 0 t6i 1000.

Nhiém vu ctia chuong trinh 14 liét ké tat ca cac diém thudc tap P ma nam trong pham vi tim
kiém [x: x’] X [y:¥’] ndo d6 dugc ngudi sir dung nhap vao thong qua giao dién ngudi dung.

Thir nghiém véi pham vi tim kiém [0:100] x [0: 100] va [0: 200] x [0: 200] két qua thu
dugc nhu mo ta trong bang 1.

Bang 1. Két qua thudt todn tim kiém trén pham vi 2 chiéu — Cay KD

Pham vi S6 diém c6 cing SO diém nam trong tap  Sé diém nim trong
tim kiém toadpciatipP  PKkhichwacaitien TT  tip P khicaitien TT
[0: 100] x [0: 100] 5 26 27

[0: 200] x [0: 200] 9 39 45

Déi vé6i thuat toan Tim kiém pham vi 2 chiéu — cdy KD khi chua ap dung phuong phap tap
diém chung s& khéng liét ké duoc nhitng diém ma toa do x hodc y tring nhau cua tap P, sau khi
ap dung phuong phap tap diém chung thuat toan s& cho két qua chinh xac ngay ca khi tap P ¢o
diém trung nhau.

Qua thyc nghiém, thuat toan d& xuét cho két qua tim kiém chinh xac va khic phuc tinh hudng
cac diém trong tap diém dau vao co cung toa d x hoic toa do y, ddng thoi toe do tim kiém cua
thuat toan ti 1& thuan vai sb diém duoc liét ké.

4. Két luan

Thuat toan tim kiém pham vi hai chiéu duoc dé xuét dua vao cac ki thuat hinh hoc tinh toan.
Nghién ctru cling dé xuat phuong phép téi uu thuat toan tim kiém pham vi hai chiéu — cay KD
bang tap diém chung dé giai quyét truong hop suy bién cho cac diém c6 cing toa do va xdy dung
chuong trinh tryc quan bang thuc nghiém. Hudng nghién ctru tiép theo cuia bai béo sé tiép tuc tap
trung vao cac phuong phap tim kiém trén mién truc giao trén co so dit liéu tuong tng duoc trinh
bay trong nghién ctru nay dé xay dung mot co so dir liéu mai dap ang nhu cau ngay cang cao vé
téc do trong truy van hién nay.
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