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TOM TAT

Cdc co s6 dir liéu theo hai logi thoi gian vé co ban chi cho phép bé sung nén chiing
thwong c6 kich c& rat 1om. Mdt khdc, chiing thieong chita mét phan dang ké dir liéu theo hai logi
thoi gian ddng nén vin dé xir Iy va tim kiém dit liéu lai cang phikc tap va ton nhiéu thoi gian.
Mt trong s6 cdc phirong phdp givip truy cdp hiéu qud logi dit liéu ndy ld bé sung mét cdu tric
truy xudt phu, dwoc goi la chi muc. Bai bao nay gioi thiéu hai cau tric chi muc hiéu qua nham
cho phép truy luc dir ligu theo hai logi thoi gian, dac biét la thoi gian dong, do la GR-tree va 4-
R.

1. Giéi thi¢u

Thoi gian 1a mdt thudc tinh ctia cac hién tuong trong thé gidi thuc. Vi vay, phén
16n cac ing dung co so dir liéu (CSDL) hién nay déu quan 1y dit liéu thay ddi theo thoi
gian. Co6 hai loai thoi gian thuong dugc quan tdm 1a thoi gian hop 1€ (Valid Time) va
thoi gian giao tac (Transaction Time). Thoi gian hop 1€ ciia mdt su kién 1a thoi gian khi
su kién do6 xay ra dang trong thyc té, trong khi thoi gian giao tac 1a thoi gian lac su kién
d6 duoc luu trit trong CSDL. Dir liéu hd tro ca hai loai thoi gian trén duoc goi 1a dit lidu
theo hai loai thoi gian.

Bai béo tap trung trinh bay hai cAu trac chi muc hd tro dit liéu theo hai loai thoi
gian dong (thoi gian thay ddi theo thoi gian hién tai) d6 1a GR-tree [1], [5] va 4-R [2],
[5]. Bang cach sir dung cac bién NOW va UC, GR-tree ¢6 thé ma hoa chinh xac hinh
dang cac ving theo hai loai thoi gian trong cac nit 14 va cac ving giéi han cuc tiéu
trong cac nit nhanh. Cac vung gidi han nay tang trudng khi cac vung bén trong chung
tang truong. Tuy nhién, dé cai dat dugc GR-tree thi can phai can thiép vao nhan cua hé
quan tri co s¢ dir liéu (DBMNS). Dbé khic phuc han ché trén, chi muc 4-R duoc dé xut.
K§ thuét sir dung trong chi muyc nay 1a chuyén d6i dit liéu theo hai loai thoi gian dong
thanh dit liéu theo hai loai thoi gian tinh, sau d6 dung chi muc san c6 cho dir liéu da
dugc chuyén d6i. Cac truy van trén dit liéu ban dau ciing dugc chuyén doi thanh cac
truy van trén dit liéu da dugc chuyén doi tuong tng.

Theo d6, trong phan 2, chung toi trinh bay su két hop giita thoi gian voi dit liéu
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theo hai loai thoi gian bang cach sir dung cic ving hai chiéu. Cac chi muc GR-tree va 4-
R 14n luot dugc trinh bay trong phan 3 va 4. Cudi cing 1a phan két luan.
2. Biéu dién dir liéu theo hai loai thoi gian

Theo dinh dang bdn nhan thoi gian ctia TQuel, mdi bd cia mot quan hé theo hai
loai thoi gian c6 mot s6 thudc tinh phi thoi gian va bdn thudc tinh thoi gian: VTbegin
(thoi gian bit dau hop 18), VTend (thoi gian két thiic hop 18), TTbegin (thoi gian bit dau
giao tac) va TTend (thoi gian két thuc giao tac). Chang han, xét quan hé thoi gian
NV_PB duogc cho ¢ Bang 1.

Bang 1. Quan hé NV_PB

NV PB TTbeginn TTend VTbegin VTend
(1) Hung Quang céo 4/2009 ucC 3/2009 5/2009
(2) Nam Quan ly 3/2009 7/2009 6/2009 8/2009
3) Mai Kinh doanh 5/2009 ucC 5/2009 NOW
4) Hoa Kinh doanh 3/2009 7/2009 3/2009 NOW

Hai bién UC (Until Changed) va NOW dung dé biéu dién thoi gian hién hanh,
bién UC dung cho TTend va bién NOW dung cho VTend. Trong quan hé trén, d6 chi tiét
thoi gian 1a thang va thoi gian hién hanh (Current Time) 1a 9/2009.

B9 (1) ghi nhan thong tin “Hung lam viéc ¢ bd phan Quang c4o” dung tir 3/2009
dén 5/2009 va diéu nay duogc luu trong CSDL tir 4/2009 va van con hién hanh. Bo (3)
ghi ring “Mai 1am viéc ¢ bo phan Kinh doanh” tir 5/2009 cho dén nay (NOW), diéu nay
dugce luu lai tir 5/2009 va nd van con la mot phﬁn cua trang thai CSDL hi¢n hanh. Khi
x6a hodc stra d6i mot bo hién hanh, gia tri UC cua thudc tinh TTend s€ thay ddi thanh
gia tri ¢6 dinh khién cho bo d6 khong con hién hanh nira. Chang han bd (2) di bi x6a
logic.

M&i b c6 thé duoc biéu dién boi mot ving theo hai loai thoi gian trén mot hé
truc toa d6 gdm hai chiéu: thoi gian giao tac (TT) va thoi gian hop 1& (VT). Chang han,
cac bo (1) d&én (4) 1an luot twong tmg véi cac trudng hop tir 1 dén 4 trong Hinh 1.
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Hinh 1. Cdc viing theo hai logi thoi gian

Mot khoang thoi gian giao tac hién hanh cung cdp mot hinh chir nhat “ting
truong” theo chiéu thoi gian giao tac (truong hop 1). Néu khoang thoi gian hop 16 va
giao tac déu 1a hién hanh thi dwoc biéu dién bang mot ving c6 dang bac thang ting
truong theo ca hai chiéu thoi gian trén (truong hop 3). Pén mét lac nao do, néu mot bo
khong con 1a hién hanh nira thi ving theo hai loai thoi gian ngung tang trudng (truong
hop 2, 4).

3. GR-TREE

Trong phan ndy, trude tién ching toi trinh bay cau trac cua GR-tree, mot phién
ban mé rong cua R -tree [4]. Trén co so d6 dé x4y dung thuat toan bd sung mot dau vao
moai cho ciu triic GR-tree.

3.1. Ciu tric ciia GR-tree

Bang cach st dung bién NOW va UC, GR-tree c¢6 thé ma hoa hinh dang chinh
xé4c cac vung theo hai loai thoi gian (phan 2). V6i su mé rong ndy, mdi dau vao ctia mot
nut 14 chtra 4 nhan thoi gian biéu dién mot ving theo hai loai thoi gian va mét con tro
tr toi dir liéu theo hai loai thoi gian thuc sy dugc luu trit trong CSDL. Mbi dau vao cua
mot niit nhanh chira bén nhan thoi gian biéu didn mot ving gidi han cuc tiéu bao quanh
cac dau vao cia nut con, mdt co Hidden, mot cor Rectangle va mot con trd trod dén nat
con do.

Hinh 2 13 vi du vé mdt ciu trac GR-tree dbi v4i mot quan h¢ theo hai loai thoi
gian gom 9 bo.
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Hinh 2. Vi du vé cdu triic GR-tree [1]
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Co Rectangle nhiam chi ra bon nhan thoi gian ma hoa mot hinh chit nhat giéi han
cuc tiéu hay mot hinh bac thang gii han cuc tiéu trong truong hop gia tri VTend la
NOW va gia tri TTend 1a UC, nghia 1a c& Rectangle 1a can thiét dé phan biét giita viéc
biéu dién mdt hinh bac thang ting trudng v4i mot hinh chir nhét ting truong. Hinh 3
biéu dién cac ving theo hai loai thoi gian ciia ciy GR-tree twong tmg trong hinh 2. Khi
d6, néu mudn tim tt ca cac ving chong 1an vdi cira s6 truy van di cho trong hinh 3 thi
chi can truy luc nut 1.

Hinh 3. Biéu dién bang hinh anh cdc viing theo hai logi thoi gian [1]

Mot hinh bac thang ting trudong nho co thé dugce dat cing véi cac ving khac
trong mot hinh chir nhat giéi han 16n hon c6 diém két thiic thoi gian hop 16 ¢d dinh (16n
hon thoi gian hién hanh). DPén mot luc nao do, hinh bac thang s& vuot qua hinh chit nhat
gidi han ctia n6 khién cho hinh chit nhat nay khong con hop 18. Co Hidden duoc sir
dung dé xir 1y cac hinh béc thang nhu thé.

Luu ¥ rang néu goi M 1a sb dau vao t6i da ma mot niit co thé chira va m 1a s6
dau vao tdi thiéu phai co trong bat ky mot nat khong phai nat gde. Khi d6 chung ta c6 m
< 1% Ngoai ra, GR-tree con la cay can bang.

bé phuc vu cho viéc tao 1ap mdt ciu trac GR-tree, cling nhu vi¢e bd sung dir
liéu sau nay, ching ta can quan tdm dén thuét toan bd sung mot ddu vao cho cu tric do.

3.2. Thudt todn bo sung mét dau vio cho ciu triic GR-tree

Nhu ching ta d3 biét, thuat toan bd sung (chén) mot dau vao méi cia R’-tree [4]
duoc thiét ké cho cac hinh chit nhat tinh. Trong khi do, ddi v6i GR-tree, cac vung gidi
han cyc tiéu khong chi 14 cac ving tinh ma co thé 1a cic ving ting trudng theo thoi gian
nén cac tiéu chun nhu: chon mot nut 14 dé chén dau vao méi (ChooseSubtreee), chon p
dau vao dé xoa (RemoveTop), phan tach mot nat thanh hai nat (Splif) phai dugc cai tién
dé co thé ap dung cho GR-tree.

Thuat toan chén cua R-tree trudc tién goi thuat toan ChooseSubtree nhim tim
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mot nut 14 thich hop dé dat mot dau vao méi. Néu nat duoc chon d3 chira ti da M dau
vao thi thuit toan OverflowTreatment s& dugc goi. Néu trong sudt qua trinh chén dau
vao moi, day 1a 1an goi dau tién thuat toan OverflowTreatment tai mirc da cho cua cay
thi thuat toan RemoveTop cling dugc goi; trai lai thi thuat toan Split s€ dugc goi.

Thuéat toan RemoveTop cua R-tree thuc hién viéc x0a p dau vao cua nit duge
chon va chén lai ching. Trong truong hop xau nhit, tat ca cac dau vao d6 dugc chén lai
vao cung mdt nat hodc chung co thé lam tran mot s nat khac thi thudt toan
OverflowTreatment dugc goi lai, va bay gio n6 s€ goi thuat toan Split. Viéc phan tach
mot nit c6 thé giy ra qué tai tai nat cha. Néu diéu nay xay ra, thudt toan
OverflowTreatment dugc ap dung cho nut cha.

Tir y tudng trén, cac thuat toan cai tién st dung bdn kiéu vung gidi han theo hai
loai thoi gian cho cac nat nhanh nhu sau:

Hinh chir nhat tinh va hinh bac thang tinh
Hinh chit nhat ting trudng theo mot chiéu (sir dung bién UC)

Hinh bac thang ting truong (st dung cac bién UC va NOW, gia tri c& Rectangle
bang False)

Hinh chir nhét ting trudng theo ca hai chiéu (str dung cac bién UC va NOW, gia
tri c& Rectangle bang True).

Pé khong gian chdng lan gita cac ving giéi han cuc tiéu cta cac ndt tai mdi
muc cta cdy va khong gian khong dung dugc trong ving gidi han ctia moi nit (khong
gian dugc bao phu béi ving gidi han d6 nhung khong dugce bao phu boi bat ky ving
gi61 han nao bén trong no) 1a nho, ta can dat duoc cac kiéu nat nhanh theo tht tu wu tién
trén. Dua trén sy uu tién nay, mot quy tic heuristic tong quat duoc 4p dung 13: nhom céc
dau vao thanh cac nut sao cho kiéu nut thu duoc 13 tot nhat, dong thoi gitr s6 lwong nit
¢6 kiéu khong tot & mirc thap nhat c6 thé.

Cu thé, quy tac heuristic trén duogc ap dung cho céc thuat toan nhu sau.

Thuat todn ChooseSubtree. Thuat todn nay xem xét kiéu cta diu vao mai va
kiéu cua nat ma dau vao méi co thé dugce chén vao. N6 s& chon nhom gém cac nut co
cung kiéu sao cho khi ddu vao méi dugc chén vao bét ky nit nao cia nhom thi kiéu cua
nat d6 van nhu cii. Néu mot s6 nhom goém cac nut co kiéu khac nhau théa man diéu kién
trén thi nhom gdm cac nut c6 kiéu tot nhat s& duoc chon. Néu khong c6 nhom nao thoa
diéu kién trén, thi diu vao mai s& lam cho nat duge chon c6 kiéu xau hon trude. Trong
truong hop nay, thuat toan chon mot nhom gom céac nit cung kiéu sao cho khi chén dau
vao méi vao bat ky nut nao ctia nhom thi kiéu cta nat tré nén xau hon 13 it nhat. Néu co
nhiéu nhém nhu vay thi thudt toan s€ chon nhom gém céc nut ¢ kiéu x4u nhit. Sau do,
chuyén nhom nay cho thuét toan ChooseSubtree cua R’ -tree, thuat toan nay dua ra quyét
dinh dua trén sy mé rong pham vi chéng 14n va pham vi bao phu.
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Thuat toan Split. C6 hai huéng tiép can:

Tht nhét, thuat toan Split s€ duoc cai tién béng cach xem xét céac kiéu khac nhau
ctia cac ddu vao dé phan tach ching thanh hai nit sao cho mdi nit ¢ thé dwoc gidi han
bdi mot ving o kiéu tot nhat dong thoi han ché phan bd cac dau vao cung kiéu vao hai
nut khac nhau. Hai nat dugc tao ra sau khi phan tach cé thé thudc mot trong bon kiéu da
néu, c6 mudi kha nang két hop kiéu ciia hai ving gidi twong tng véi hai nut. Chung ta
wu tién cac cap do theo muc do tot cia ching (Hinh 4).
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Hinh 4. Cdc cap kiéu ving gidi han

Mot cap vung gioi han x; va x; dugc xem la tot hon cap vung gidi han y; va y,

(type(x1) # type(y1) Vv type(xz) # type(y2)) A ((type(x1) < type(yi) A type(xz) <
type(y2)) Vv (type(x1) < max(type(y1), type(ya)) A type(xz) < max(type(yi), type(y2))))

Tha hai, thuat toan Split cua R'-tree ¢o thé dugc stra d6i nham kiém tra thém
mot s6 phan bd dau vao bang cach bd sung hai cach sip xép. Cach thir nhit, cac dau vao
duoc sap xép theo gia tri VTend - TTbegin, gia tri ndy ty 1& véi khoang cach tir gbc trén
bén trai ctia ving gidi han (trong Gng voi mdi dau vao) dén dudng y = x. VTend duoc
thiét 1ap boi mot gia tri ¢6 dinh thich hop néu ving giéi han d6 1a mot hinh chir nhat
tang truong c6 VTend 1a NOW. Ddi v6i cac hinh bac thang, gia tri 0 dugc sir dung thay
cho gié tri VTend - TTbegin boi vi cac bac thang cua vung c6 dang bac thang luén ludn
nam trén duong y = x. Tuong ty, trong cach thr hai, cac déu vao duge sip xép theo gia
tri VTbegin - TTend. Cac cach sip xép méi c¢6 wu diém 1a tao ra sy tach biét gitta dang
chit nhat va dang béc thang. Khi d0, kha ning phan bd cac dau vao co kiéu giéng nhau
vao cting mdt niit s& cao hon nén kiéu cia hai niit thu dugc sau khi phan tach s& tot hon.

Thuat toan Split cua R'-tree c6 thé duoc sir dung ma khéng can sta dbi dbi véi
truong hop tit ca cac dau vao 13 hinh chir nhat tinh hodc hinh bac thang tinh.
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Tuy GR-tree hd tro hiéu qua dit liéu theo hai loai thoi gian nhung cac DBMS
hién c¢6 khong hd trg chi muc nay. Han ché trén duoc khéc phuc trong k¥ thuat chi muc
s& trinh bay ¢ phan tiép theo.

4. Chi muc 4-R

Y tudng cta k¥ thut duoc sir dung trong chi muc 4-R 13 p dung cac chuyén do6i
dir liéu lam cho cac vung ditr liéu tang trudng lién tuc theo hai loai thoi gian trd nén tinh,
sau d6 1ap chi muc cho cac ving dit liéu tinh nay bang cach sir dung bén chi muc R"-
tree. Theo d0, cac truy van trén dit liéu ban dau ciing duoc chuyén déi thanh cac truy
van trén dit liéu di dwoc chuyén doi.

Trong muc nay, trude tién chung toi trinh bay viéc chuyén d6i dit liéu. Theo do,
viéc chuyén dbi truy van s& dugc trinh bay ¢ phan tiép theo sau.

4.1. Chuyén doéi dir liéu

Muc dich chinh cta viéc chuyén doi dir liéu theo hai loai thoi gian 1a khir cac
bién UC va NOW. Chung ta phan biét bdn loai dit liéu theo hai loai thoi gian phu thudc
vao TTend va VTend lan luot c6 bang UC va NOW hay khong.

Pinh nghia 1. Goi mién gié tri cia cac nhan thoi gian 1a T va mién dinh danh
cia by 1a ID. TT" va TT7 lan lugt ki hiéu cho TTbegin va TTend; VT va VT~ lan
lugt ki hiéu cho VTbegin va VTend.

Mién gia tri cua cac bo dir liéu theo hai loai thoi gian D® va mién gia tri cua cac
bd dir li¢u theo hai loai thoi gian tinh DS duoc dinh nghia nhu sau:
D? = {<TT ", TT VT VT ,id. >e Tx T U{UC}x T xT U {NOW}x ID|
(IT' =UCVTT  <TT)YA(VT = NOW v VT <VT )}
DS ={<TT",TT . VT VT id, >e Tx T xT x T xID | (IT" <TTYA(VT~ <VT™)}
Luu ¥ rang chi sé duéi “r” dung dé phan biét hinh chit nhat dir liéu véi hinh chir
nhat truy vin dugc ban dén sau nay.

Viéc chuyén ddi dit liéu duge dinh nghia sau day nham xac dinh viéc chuyén déi
mot bd theo hai loai thoi gian ndi chung thanh mdt bd theo hai loai thoi gian tinh.

Pinh nghia 2. Cho R = D® va Type = {1, 2, 3, 4}. Khi d6 phép chuyén ddi dir
liéu dugc dinh nghia nhu sau:

t,(R)={z, (TT ", TT. VT VT ,id )|{TT",TT-, VT VT ,id,) € R}

Trong do:
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o, ((TT",TT VT VT, id,)) =<

-
(TT",TT VT~ VT ,id., 1), khi . TT ' =UC AVT ' = NOW
(TT™,TT VT VT ,id., 2), khi:TT =UC AVT~  NOW
(TT™,TT VT VT .id ,3), khi: TT~ #UC AVT " = NOW

(TT", TT VT VT ,id., 4), khi: TT" # UC AVT" # NOW

Rl VTend =NOW;
TTend=1C
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Hinh 5. Luu trit dit liéu va tim kiém trong bon cdy ciia chi muc 4-R

Cay R1, twong tmg vé6i trudng hop 1, nhim 1ap chi muc cho cac ving ma trude

khi chuyén do6i cac vung nay co

gia tri két thic cua thoi gian giao tic va hop 1& déu

khéng cb dinh. Do ca VT va TT' déu gin voi thoi gian hién hanh, nén dé ma hoa cac
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ving nay chi can luu trir mot diém (77", 7T") trong chi myc. Khi d6, dé phu hop véi
ciu triic R-tree [3], cac vung sau khi chuyén ddi dugc biéu dién bang cac diém hai chiéu
(TT;TT VI VI,

Tuong tu, cay R2, R3, R4 lan luot tuong ung voi truong hop 2, 3, 4 trong Pinh
nghia 2 dugc minh hoa trong Hinh 5.

Luu ¥ rang, cdy R4 danh cho cac ving ma trude khi chuyén doi co gia tri két
thiic thoi gian giao tic va hop 1& déu cb dinh. Ching c6 dang hinh chit nhat tinh nén
khong can chuyén dbi va dugc lwu trit trong chi muc duéi dang (TT", 7T, VT, VT

4.2. Chuyén déi truy vin

Chuing ta s& tim hiéu kiéu truy van chi muc théng dung nhét ddi véi dit liéu theo
hai loai thoi gian duoc goi 13 truy vin giao dang chit nhdt. Loai truy van nay duoc biéu
dién bdi moét hinh chit nhat tinh, duoc goi 1a hinh chitr nhat truy van.
Goi(TT, ,TT VI VI eTxTxTxT ki hiéu cho hinh chi¥ nhét truy vén, trong d6 T 1a mién

gia tri cua cac nhan thoi gian. Gid su: T Tq'_ <T Tq_‘; VTq‘_ < VTq_' vaT Tq“ <CT, trong d6
CT la gia tri thoi gian hién hanh. Ta c6 cac dinh nghia sau:

Pinh nghia 3. Goi rl va r2 1a hai vung gidi han chit nhat tinh. Khi do, giao cta
rl va r2 duoc ky hiéu la:

(TT), TT, VT VT, N (TT),,TT, VT, VT;) néu

(TT; <TT)ATT 2 TT) AT < VI AT, 2VTS).

Ngoai ra, goi g = (T]:J‘,T];“,VTCI“,VTLI“) va R < D®. Khi d¢, truy vén giao dang

chit nhét Intersect” trén R v6i cac tham s6 13 hinh chit nhat truy van q va gia tri thoi
gian hién hanh CT, dugc dinh nghia nhu sau:

Intersect’[q,CT](R) =

{id |(TT",TT,VT VT ,id ) e R A

(TT =UC) A(VT' = NOW) A(TT, 2 VI[") A(g N (T ,CT, VT ,CT))) v
(TT =UC) A(VT' # NOW) A (¢ "(TT",CT,VT" , VT ")) v

(T #UC) A (VT' = NOW) A (TT,' 2 VT") A (g (T, TT VT, TT ) v
(TT #UC) A (VT # NOW) A (¢ ©(TT, TT VT, V)

Diéu kién dau tién gidi han cac bo két qua 1a cac bo thude R.

Cac bo théa mian mot trong bon diéu kién tiép theo s& thoa man truy van va
thudc tap két qua. Didu kién thir nhat Gmg voi cac viing dang bac thang ting trudng, diéu
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kién thr hai Gng véi cac ving dang chit nhét ting truong, diéu kién thir ba tng voi cac
ving dang bac thang tinh va diéu kién thir tv tng v6i ving dang chit nhat tinh. Trong
truong hop cic ving dang bac thang ting truong hodc tinh, ngoai viéc kiém tra su giao
nhau gitra cac ving nay véi hinh chir nhét truy van thi can kiém tra thém diéu kién goc
dué6i bén phai cua hinh chir nhat truy van c6 nam bén dudi hodc ndm ngay trén dudng
VT =TT hay khong (twong mg vé6i diéu kién 77, > VT").

Twong tu, chung ta dinh nghia truy van giao dang chir nhat d6i voi dir lidu theo
hai loai thoi gian tinh. Két qua cta truy van nay 1a doc 14p v6i thoi gian hién hanh.
Pinh nghia 4. Goi ¢ =(TT,",TT, VT ,VT,") va S D®. Khi d6, truy vén giao

dang chit nhét Intersect® trén S v6i tham 6 1a hinh chit nhat truy vin q dugc dinh nghia
nhu sau:

Intersect’[q)(S) ={id, |
(TT",TT VT~ VT id Y e S Anq ~(TT ", TT VT, VT )

Tt Dinh nghia 3 va 4, ching ta c6 thé dinh nghia anh xa chuyén ddi truy van 4-
R dé ap dung v6i dir liéu di duoc chuyén d6i. Anh xa chuyén dbi truy van 4-R nhim
anh xa mdt truy van giao dang chit nhat trén dir liéu ban dau thanh hai hodc bdn truy
van tuong duong trén dir liéu da duoc chuyén doi.

Pinh nghia 5. Cho:

Rc D’ S=1,(R),

S, ={TT ", TT ", vT" VT ,id ) |(TT ", TT VT VT ,id ,iye S} (véii=1,2,3,
4),

q=(TT, . TT, VI VT,

q,=(0,TT,,0,VT "),

q, =(0,TT, VI VT,

q; = (max(TT, ,VT),TT, ,0,V'T "),

q, =TT, TT, VT VT,

Khi d6, anh xa chuyén dbi truy vén 4-R, T, [ZDB —2"1> [2DSXT”’ ©>2"]

dugc dinh nghia nhu sau:

Ui:1,2,3,4 Intersect®[q,)(S,), khi: TTq" > VTq"

z,(Intersect’[q,CT])(S) =
UZ_:2 ,Intersec *[q,1(S,), khi : TTq—l < VTq"
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Hinh chit nhat tim kiém ban dau (hinh chit nhat truy van q) va hinh chit nhat tim
kiém da chuyén d6i twong tng dugc minh hoa trong Hinh 5 va Hinh 6.

R

s

VTend =TNOW;
TTend = cd dinh
‘Gu"

0

Hinh chit nhit tim kidm 1

r
-

=

|

o !
T e Ve dichyinddi

- Hm.h clik nlﬁ't ti.'nil
Lkigm 43 cloyrén da1

-
A A

CT TT
Hinh 6. Cdc ddc diém tim kiém doi véi cdy R3

Khi tim kiém trén cay R1, hinh chit nhat tim kiém duoc mé rong dé bao phu hét
khong gian kéo dai tir diém bat dau cua thoi gian hop 1& va giao tic dén goc trén bén
phai cta hinh chir nhat tim kiém.

Khi tim kiém trén cdy R2, chung ta khong chi tim kiém cac ving dit liéu chong
14n v6i hinh chit nhat tim kiém ban diu ma con tim kiém cac ving bén trai hinh chit
nhat tim kiém d6 (mé rong tim kiém sang trai).

Viéc chuyén d6i hinh chit nhat tim kiém d6i véi cdy R3 ciing twong ty nhung
bay gid hinh chir nhat tim kiém dwgc mo rong xubng phia dudi thay vi sang trai. Mit
khac, khi mot phan hinh chit nhat tim kiém ndm duéi duong VT = TT va mét phan khéc
nam trén thi chi phﬁn nam duéi duge mo rong (xem Hinh 6); Trong Dinh nghia 5, ham
“max” nham dam bao chi phﬁn dudi cta hinh chit nhat tim kiém duoc mé rong.

Do cay R4 lap chi muyc cho céc hinh chir nhat theo hai loai thoi gian 1a khong
chuyén ddi, nén viéc chuyén dbi hinh chit nhat tim kiém 1a khong can thiét.

Sau day 1a mot sb truong hop dic biét can cha y khi truy véan trén bdn ciy nay.
Trong cac cdy R1 va R3, cac diém va cac khoang dugc 1ap chi muc chi ndm phia dudi
dudng VT = TT va cic vung (trudc khi chuyén d6i) duoc mé hoa boi cac diém hodc cac
khoang d6 ciing khéng mé rong trén dudng nay. Vi vy, viéc tim kiém trong hai cay d6
chi dugc thuc hién khi hinh chir nhat tim kiém c6 it nhit mot phﬁn nam dudi duong VT
=TT.
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Trudng hop dic biét khac 1a truy van lat cit thoi gian giao tac tai thoi diém hién
hanh (T Tq‘" =T Tq_‘ =CT) c6 thé xay ra thuong xuyén trong thyuc té. Dit liéu hién hanh
chi nam trong R1 va R2, do d6, truy van loai nay khong can thiét phai tim kiém trong
R3 va R4. Ngoai ra, néu mot truy van lat ct thoi gian giao tac tai thoi diém hién hanh
¢6 thoi gian hiéu lyc phia trén duong VT = TT thi chi c6 cdy R2 la duoc tim kiém.
Trudng hop dic biét cudi cung 1a néu lat cit thoi gian giao tac tai thoi diém hién hanh
khéng ¢ cac rang budc vé thoi gian hop 18 thi tat ca cac bo theo hai loai thoi gian duoc
1ap chi muc boi cac ciy R1 va R2 déu thoa man va khong can dén bat ky tim kiém nao.

Cai tién quan trong cua chi muc 4-R 1a c6 thé st dung lai cac chi muc hi¢u qua
dua trén R-tree (vi du nhu R*-tree) ma khong can bat ky su sira d6i nao do chi c6 cac
diém, cac khoang va cac hinh chir nhat tinh dugc 1ap chi muc. Ngoai ra, vi cac diém va
cac khoang chiém it khong gian luu trit nén mot nut ¢6 thé chira nhiéu dau vao hon va
do cao cua cay sé€ thép hon. Déng thoi, s6 chiéu coa dit 1iéu hién hanh s& it hon nén
vung chéng lan gilta cac hinh chit nhat gii han cuc tiéu sé nhé hon. Hon nita, do su
biéu dién dir liéu hién hanh khong mé rong t6i thoi gian hién hanh nén khong gian
khong dung duoc giam. Tuy nhién, 4-R ciing c¢6 mot sé han ché nhu: viéc chuyén doi
truy van lam cho hinh chit nhat truy véan luén ludn bi mé rong; cac hinh chir nhat gioi
han cuc tiéu cta cac nut trong R2 kéo dai theo chiéu thoi gian hop 1é trong khi cac truy
van da chuyén doi trong R2 lai mo rong khé dai theo chiéu thoi gian giao tac;...

5. Két luan

Bai bao nay da trinh bay hai chi muc hé trg hiéu qua cho dit liéu theo hai loai
thoi gian dong, d6 1a GR-tree va 4-R. Co thé xem chi muc 4-R 13 mét truong hop dac
biét cia GR-tree. Thuat toan bo sung dau vao cua GR-tree tach cac kiéu vung di licu
khac nhau vao cac nat khac nhau nhdm thu duge mot cdy gdm cac nhoém nut chira cac
vung dir liéu cung loai. Vi vay, chi muc 4-R 1a mot truong hop rat dic biét cia GR-tree,
trong d6 cac nhém nut nay tao thanh bdn cay khac nhau.

Tuy nhién, ca hai cdu trac GR-Tree va 4-R déu khong dé cap t6i viéc phan ving
dir 1i€u theo gia tri khoa phi thoi gian ma chi dua trén cac gia tri thudce tinh thoi gian nén
c6 thé dan dén tinh trang cac ban ghi dit liéu c6 gid tri khoa phi thoi gian gan nhau s& bi
lwru trit trong nhiéu khéi dir liéu khac nhau. Khi d6, cac truy van chi lién quan dén khoa
phi thoi gian s& duoc xur 1y thiéu hiéu qua. Pay 1a van dé déang duoc quan tim va la mot
trong nhitng hudng nghién ctru cua ching toi trong linh vuc nay.
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INTRODUCTION TO GR-TREE AND 4-R INDEX STRUCTURES
OF BITEMPORAL DATA

Ngo Quynh Nhu, Hoang Quang
College of Sciences, Hue University

SUMMARY

Because bitemporal databases are basically appended only, they are usually very large
in size. On the other hand, they usually contain a significant part of now-relative bitemporal
data, so processing and searching data are more complicated and time-consuming. One of the
effective access methods to this type of data is creating an extra retrieval structure that is called
index. This paper introduces two effective index structures that permit to retrieve bitemporal

data, especially now-relative time, they are GR-tree and 4-R.
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