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MO HINH UGC LUQNG CHI PHi XU LY TRUY VAN BOI TUONG
TRONG CO SO DU LIEU HUGONG BOI TUONG
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Abstract. In this paper, we research cost model on building blocks in query processing with basic
cost factors, which we consider additional evaluation cost on clustered collection class. We used object
algebra transformation rules [11] and the relational algebra expressions optimization algorithm [9],
we extend them and proposed the optimization algorithm on object algebra expressions, then we
illustrate this algorithm in the Object - Oriented database model ODMG along with query language
OQL and its object algebra ([2,8]).

Tém t&t. Trong bai bdo nay, ching ta nghién citu mé hinh chi phi trén cdc khéi dung san trong
xtr Iy truy van véi cdc yéu t6 chi phi co s&, trong dé cé su xem xét bé sung chi phi xi 1y trén cac
16p suu tap gép nhém. Dua trén cdc ludt bién ddi dai s6 d6i tuong trong [11] va gidi thudt téi wu
héa biéu thirc dai s6 quan hé trong [9], chiing ta m& rong tap ludt va xdy dung thuét todn tdi wu
trén 16p céc biéu thire dai s6 ddi tuong, sau dé minh hoa thuét todn trén mo hinh dit liéu huéng déi
tuong ODMG véi ngdn ngilr truy van OQL va dai s8 d6i tuong tuong tmg ([2,8]).

1. MO PAU

Xét qua trinh thuc thi truy van trong mot hé thong, diéu chiing ta phai quan tam 1a lam
sao dé cure tidu tan suat st dung cia CPU, bo nhé, chi phi vao/ra (I/O) va cic ngudn tai
nguyén ve linh viye truyén thong. Véi ky thuat phan cirng hién nay (khd nang cia cdc chip
nh&) thi viée t6i wu thire thi mét truy van chi con 13 van de lam cie tidu thoi gian trd 1o cia
truy van, trong khi d6 céc hé théng lai chiu sw chi phéi chii yéu & thoi gian trao ddi vao/ra.
Mat khdc, mot van dé cin quan tam dé 1a tinh ding dén cia truy van, céc truy van cho tra
1&1 nhanh nhat nhung néu la cau tra 1o sai hay khong ¢é dwoc cau tra loi thi van khong hieu
qua.

Trong nhirng nam gan day van dé t6i wu héa truy van hwéng ddi tirong durge nhiéu nha
nghién ctu quan tam, cdc ky thuat téi wu héa truy van dwoc phét trién cé tinh ké thira tir
m6 hinh CSDL quan hé nhw t6i wu héa trén cic biéu thire dai s6 déi twong [6] va mé rong
céc ky thuat t61 wu héa truy van khdc da ¢é trén mo hinh quan heé [9].

Tuy nhién, k¥ thuat t6i wu héa truy van trén CSDL huéng d6i tirong ¢6 nhirng diém khac
biét so véi cde phirong phép t6i wu héa truy van trén CSDL quan hé - dieu nay xuat phét tir
ngtt nghia cia mo6 hinh dir liéu hiréng doi tirong va cdc ngon ngir truy van trén moé hinh nay,
vl vay nhiéu téc gid da nghién citu va dé xuat cdc ky thuat t6i wu héa truy van ddi twong
thich hop cho mo6 hinh CSDL hwéng d6i twong. Fung C.W [4] da phét trién mo hinh phan
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tich chi phi d6i véi viéc xir Iy truy van trén céc 16p khong phan manh va cdc 16p phan manh
doc gom ¢4 2 quan hé phan cap - phan cap 16p hop thanh va phan cdp lép con, nhuirng chwra
xem x6t chi phi xit Iy truy van trén cdc 16p suu tép tu nhém. Gardarin [5] mé rong mo hinh
chi phi xir Iy truy van déi véi cde 16p swru tap tu nhém, tir cidc két qua nay, chiing ta phat
biéu lai dinh Iy Yao [10] trong tridmg hop tong quét véi céc 16p swu tap tu nhém va kich
thuéce cia ddi tiong 16n hon kich thwée clia trang bo nhé. Véi céc luat bién déi bidu thite
dai s6 d6i twong trong [11] chiing ta mé rong gidi thuat t6i wu héa biéu thitc dai s6 quan hé
trong [9] cho 16p céc bi€u thite dai s6 dSi twong va minh hoa gidi thuat trén moé hinh CSDL
huwéng doi twong ODMG véi ngon ngir truy van OQL va dai s6 ddi twong cda né ([2,8]).

1.1. Céac dinh nghia mé dau

Pinh nghia 1.1. Mot tan tir don gian 1a mot tan tir dinh nghia trén mot thude tinh don
gidn hodc trén mot phuong thite don gidn va né duoc xdc dinh nhw sau

(Thuoc_tinh)/ (Phwong_thitc) (Phép_toan) (Gid_tri)
trong d6, (Phép_todn) 1a phép so sdnh (=, <, <, >, >, #), (Gid_tri) duoc chon tir mién gid tri
cia (Thudc_tinh) hodc 1a gid tri trd ve cia (Phwong_thirc).

Pinh nghia 1.2. Mot dudomg dan P bicu dién mot nhénh trong phan cap 16p hop thanh va
né dwoc mo ta nhw sau: P :e.Aq.49... A, (n = 1), v6i ¢; 1a mot 16p trong lroe d6 hirdéng
doi twong, Ay la thude tinh cia 16p ¢ va A; 1a thuoe tinh cia lép ¢; sao cho ¢; la mién gid
tri cia thuoc tinh A;—1 cialép ¢;—1, (1 <1 < n). DSl véi 16p cudi cing ¢, trong duong dan,
thuoc tinh A,, hodc phuwong thirc m, cia lép nay tra vé mot tap céc gid tri ho#c tap cac dinh
danh d6i twong (OID).

Chieu dai cia dudmg dan P dwoc dinh nghia bang s6 céc thudc tinh n cé trong P.
Chiing ta goi 16p ¢; 1a 16p khdi dau va thuoe tinh cuéi cing (hodc phuwong thite) A, 1a thuoc
tinh/phrong thite két thiic cia dwong dan P.

Bicu thitc dieu kién két néi an cé dang ¢;. 4. As... A,.v (Phép_todn) const, véi (Phép_todn)
1a phép todn so sanh (=, <,<, >, >,#), const 1a gi4 tri hang trong mién cia bién thé hién
dua trén gid tri v cia lép c,.

G

Ci

} Jan(ci, Ak, G)

A A

share(ci, Ai,g) [

— Déi tuong

Hinh 1. fan(c;, Ay, ¢j) va share(c;, Ay, ci)

Pinh nghia 1.3. ([3]) Cho hai 16p ¢; va ¢; trong mét dudng dan P (¢; 1a mién gid tri cia
thuoc tinh Ay cia ¢;). Ching ta dinh nghia hé s6 phan dau ra, ky hieu fan(c;, Ak, ¢;) 1o giéd
tri trung binh cda s6 cdc déi twong ¢; tham chiéu dén mot doi twong cia ¢; thong qua thude
tinh Ag. Twong tw, mitc chia sé, ky hiéu share(c;, Ay, cx) 1a gid tri trung binh cia s6 cdc doi
twong ¢; tham chiéu dén ciing déi twong cia ¢; thong qua thude tinh A;. Chiing ta ky hiéu
FAN(c;,¢;) va SHARE(c;, ¢5) la gid tri trung binh cia fan(c;, Ay, ¢;) va share(c;, Ay, ¢;)
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trén tat cd cdc déi twong cia lép ¢; va lép ¢;.
1.2. Céc déng gép va t6 chirc cia bai bdo

Nhitng déng gép chinh cia bai bdo bao gom:

+ Nghién citu, phan tich mé hinh chi phi co s& ¢6 xem xét b sung chi phi xir ly déi véi
cdc 1ép swu tap gop nhém trong trwong hop kich thwée cia doi twong lén hon kich
thwée cia trang bo nhé.

+ Mé rong tap luat bién d6i cde bidu thite dai s6 d6i twong va xay dung thuat todn téi
wru cac bidu thire dai s6 déi tirong. Minh hoa gidi thuat nay trén mo hinh dit liéu hwémg
ddi twong ODMG véi ngon ngtr truy van doi twong OQL.

Céu tric clia bai bdo dwoc t6 chitre nhw sau: Muc 1, mé dau gidi thiéu mot sd khéi niém
co & phuc vu cho mé hinh chi phi co s& trén cdc khéi dung san & Muc 2. Muc 3, mé rong
céc luat bién d6i dai s§ déi twong, 1a co s& dé xay dung thuat todn t6i wu héa truy van bang
phuwong phép bién doi cdc biu thite dai s6 déi twong va cudi cing 13 két luan, hwéng phét
trién cila bai béo.

2. MO HINH CHI PHI VOI CAC KHOI DUNG SAN

Ph#n nay sé gi6i thiéu mé hinh phén tich chi phi tong quan déi véi viec xik Iy truy van
trén céc 16p ([4]).

Bdng 1. Bang cdc tham s6 cia moé hinh chi phi

Pham vi Tham sb Y nghia
"ci i " Lyc lugng cta 16p c;, (tac 1a 16p con th & cla 16p thit i theo phan cap 16p
’ hop thanh)
|Ci,k| S6 cac trang st dung cho 16p c;,

SC. . Kich thudc cua d6i twong (tinh biang byte) cua 16p [

q; S6 céc 16p con trong phan cip 16p con c6 gbe 1a 16p c;

fan-out dbi véi phan cp 16p hop thanh tir 16p con thi j ctia 16p c; ; véi 16p

fan, ;i o k cia 16
- con thir k£ cua 16p ¢,
CSDL b G - ,
] Chiéu dai duong dan cia bi€u thirc dudng dan, nghia 1a, s6 cac 16p thudc
p vé biéu thirc dudng din trong phan cip 16p hop thanh.
S6 cac dbi tuong (ctia 16p con thir k cta 16p c;) trén mdi trang. Néu
NP, SC,, <PSthiNP,, 1a| PS_|, ngoairané co giatrilal.
' ’ ’ SCix
b Hé s6 phéan d4u ra fan trung binh ciia chi muc B*-cay
PS Kich thudc trang cta hé thdng file (don vi 1a byte).
ref S cac tham chiéu d6i twong d6i vi 16p con thir & trong 16p c; trong tién
Truy vén Lk trinh dinh gi4 biéu thitc dudng din theo phin cip 16p hop thanh.

SEL, S6 cac dbi tugng dwgc chon cua truy vén theo tin tir trén 16p c;

A . ’ . N ’ . A ’
Tong chi phi cta tién trinh xit Iy truy van dwoc cho bdi cong thire
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Total_cost = I0_cost + CPU_cost

IO_cost 1a chi phi cia vao/ra cia dia va CPU_cost la chi phi tinh todn sudt tién trinh xi ly
truy van. Trong dé, ching ta tap trung nghién ctu trén chi phi IO_cost va bd qua chi phi
CPU_cost. Biéu nay s& di nhir vay 1a vi, véi moéi CSDL ing dung rat 1ém véi s6 lirong khong
16 céc truy xuat dir liéu thi swr tham gia cta chi phi CPU_cost vao téng chi phi Total_cost s&
khong déng ké.
Twong tw phwong phdp trong [9], chiing ta sé xem xét sw khdc biét vé s6 lan truy xuat
dia do dnh hwdng cia dung lwong cia bo nhé chinh ddi véi viee xit 1y truy van:
(1) Gid thiét bo nhé 16m: kich ¢& bo nhé chinh 1a di lén dé ching ta cé dd céc ving nhé
dém cho viéc nap vao tat cd cdc doi twong (cde ddi twong dwoc nap vao tir dia va chi
nap 1 lan).

(2) Gié thiét bo nhé nhé: kich cd bo nhé chinh qué nhé, chiing ta chi cé thé cdp mot trang
b6 nhé dém cho moi 1ép (cde ddi twrong sé diroe nap vao bd nhé chinh trong nhiéu lan
va diéu nay lam tang cao s6 lan truy xudt dia).

M6 hinh chi phi cia ching ta dwa trén mot tap cac tham sé dwoc phan thanh hai nhém
bidu dién trong Bang 1, dé 1a cdc tham s6 hé théng CSDL, tham s6 xit Iy truy véan.
2.1. Uéc lugng s8 cac trang truy xuit cho mot swu tap 16p

Téng s6 trang st dung cho mot 16p ¢ véi kich thuée d6i tirgng SC va lye hwong || ¢|| dwoc

||C||SC—‘ , PS 1a kich thuéc trang dwoc ding cho hé thong CSDL

PS

hwéng ddi twong. Khi 4p dung cong thitc nay ddi véi phan cap 16p con, ching ta gid sir rang

cho bdi cong thite || = {

cic doi twong cla ciing 16p (16p con) dwoc lwu triv cing nhau, nhung gitra céc 16p (16p con)
khéc nhau céc déi twong diroc hru trir tdch roi nhau. Diéu nay cé nghia rang tat ca cac lép
con sé khong dwoc nhém lai trong mot 16p swu tap 16m véi muc dich 1a hiéu qua mang lai
cla viéc xir Iy trén céc 16p con rieng 1&. Cung gid thiét nhw vay doi véi viee lwu triv céce doi
twong hop thanh.

2.2. Uéc lugng s8 trang truy xudt dé chon mét s6 ddi tuong

Pinh 1y 2.1. (Pinh Iy Yao) ([10]) Cho n bdn ghi cung kiéu dwoc nhém vao m trang (1 <

m < m), méi trang chita n/m bdn ghi. Néu k bdan ghi (k < n —n/m) dugc chon mét cdich

ngau nhién tir n bdn ghi, thi s6 cdc trang truy rudt la
k

d—i1+1
Yao(n,m, k) =m {1—1_[%

1
n—i+1/|’ (1)

1
void=1——.
~ m ~ A Y A ~ ’ A 7 . v BN z
S6 trang truy xuat khong bang k bdi vi mot so trang ¢6 thé cnta hai hoac nhiéu hon céce

ban ghi két qua. Ap dung ham Yao trong CSDL huéng déi tuong, ching ta ldy n = ||c||, m =
le| vak = SEL||c|]| (SEL 1a s6 céc ddi twong dwoc chon theo diéu kién trén 16p hien thoi c).

Mat khéc, néu ¢ la mot swu tap gop nhém, ching ta khong thé sit dung ham Yao d€ uwéc
lwgng cde trang truy xudt bdi cong thire Yao(||c||, |c|, SEL]|c||) thuémg dwge sit dung trong
cdc hé quan tri CSDL quan hé, vi swu tap gop nhém ¢ ¢é nhiéu hon mot phan manh. Céc
déi twong duoc gop nhém véi nhau tir cde swu tap khdc nhau, trong khi ¢é mot s6 doi twong
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dwoc lwu triv don 1é. Vi vay, mat do cua cdc doi twong trong cdc phan manh khéc nhau 14
khong bang nhau. Trong trudmg hop nay ching ta st dung cong thite wée lwgng trong [5]
dwoc phét biéu theo dinh 1y sau.

Pinh 1y 2.2. (Pinh ly Yao’) ([5]) Cho swu tdp ¢ ¢é p phdn mdnh, méi phian mdnh cé ||c;|

P
ddi twong. Néu k adi twong (k < Y. ||¢;l|) dwoc chon tir ¢ mét cdch ngau nhién thi sé cdc
i=1
trang dwoc truy xudt la
P
YCLOI(C, k) = ZYGO(HQ‘H» |Cl|7kl) (2)
i=1

véi ki la 86 cdc doi twong dwoc chon trong phan mdnh c;.

il
) ) o el
lai, néu cdc déi twong thod man tan tir khong dwoc lay giong nhau gitra cdc phan manh khéc

Néu céc doi tiwrong chon dwoc 1ay gidng nhau gitra cdc phan manh thi k; = k. Nguoc

nhau thi chiing ta phai ding sir lira chon trén méi phan méanh dé xéc dinh chinh x4c gia tri
clia moi k;. Cong thire (2) téng quat hon cong thire (1) va cong thike (1) 1a mot truong hop
dac biét cua (2) khi swu tap ¢ chi ¢6 mot phan méanh.

Cong thite (1) chi 4p dung dwogce khi m < n, tire 1a khi kich thuée ddi twong 1a nhd hon
ho#ic bang kich thuéce cia trang. D6i véi kich thuwée ddi tiwong 16n hon kich thude trang,

P
ching ta wgce lwong s6 cdce trang bang > | ¢ - . Vi vay, trong mo6 hinh chi phi cdc khoi

Y el
i=1

dung san, ching ta xay dung lai ham Y nhu sau

P
> Yao(||eil], |eil, ki)  V6i kich thude doi twong < kich thude trang
=1

_J'p 2
Y(e. k)= > el Vi kich thuée doi twong > kich thude trang @)

T el
i=1

Nhu vay, véi viee xay dung ham Y() va cong thite (2), Dinh Iy 2.2 dwoc phét bidu lai
nhuw sau.

Pinh ly 2.3. Cho swu tdp ¢ ¢ p phan mdnh, moi phan mdnh ¢ ||c;|| ddi twong. Néu k addi

p X ~ ’ ~ \
twong (k< Y ||l¢l]) dwoce chon tie ¢ mét cach ngau nhién thi s cdc trang dwoc truy zudt la
i—1
Yaod (e, k) =Y (c, k), véi k; la 86 cdc d6i twong dwoc chon trong phdn mdnh c;.
Chitng minh. Pinh 1y 2.3 dugce suy trire tiép tir Binh 1y 2.1 va 2.2, trong dé ham Y'(C, k)
dwoc mé rong cho trudmg hop kich thudce cia ddi twong 1ém hon kich thwde cia trang bo
nhé (ham Y(c, k)). |

2.3. Uéc lugng s6 cdc trang truy xudt véi chi muc tim kiém

Néu tan tir trong truy van chita mot bién thé hién két hop véi mot chi mue, ching
ta st dung chi muc nay dé gidi quyét viéc nap céc ddi twong lép gde. Véi chi muc tu
nhém BT-cay va gid tri trung binh fan 1a b [5,9], s6 céc trang truy xuat duge yéu cau la
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L le M ; . NSy A

log, (SEL X 3 %) dé tim kiém theo chi muc tu nhém, ¢; 1a s cic 1ép con trong phan
k=0 1,k

cap 16p con ¢ goc 1a 16p ¢;, SEL la s6 céc doi twong dugc chon theo tan tir trén 1ép gdc va

NPy 1a s6 cée doi tuong (cia 16p con thit k cla 16p goc trong moi trang). BAi véi chi muc
4
khong tu nhém ([5,9]), s6 cdc trang truy xuat yéu cau la logy, (SEL X > |clk||)
k=0
2.4. Uéc luong s6 céc tham chiéu ddi tuong
Can wéc lwong s6 cac tham chiéu ddi twong trong lic dinh gid tan tir (cing véi phan cap
16p hop thanh).

Duyét tuan tu, refir = |lcixl, 0< k< g va

qi—1
')“eka = <Z refi_l,j X fani_u,j,k) , 1 <1< lp va 0 <k< q;.
7=0

Duyét véi chi muc tu nhém, ref) = SEL; X |lc1xl], 0 < k< q,

qi—1
T€f27k = (Z Teij X fanLg?j?k) X SELZ'_l, 0<k<q va
5=0

¢i—1
refir =\ > refi—1; % fani1717j7k) x SEL; 1, 2 <1 < go. Duyét véi chl muc khong
5=0
tu nhém, refi  ¢6 cong thitce giong nhw duyét chl muc tu nhém.

3. TOI UU HOA TRUY VAN DOI TUONG BANG CAC PHEP BIEN DOI
BIEU THU'C PAI SO POI TUONG

Kiém tra kiéu

T Chuyén ddi ngon Bidu thirc dai . . )
~ - % - PR U 2 Cac phuwong an Phwong an
Ngén nglr truy van — | ng truy van vé dai | —» sb déi twon oz . : £
s6 a6 twong ong thwe thi tong quat thwe thi truy van

Téi wu hoa cac 4 .
FR Tdi wu hoa
kieu doi twong

Hinh 2. Tién trinh khung xit 1y truy van

Tién trinh téng quét t6i wu héa truy van doi twong dua trén tap luat dwoc mé ta trong
Hinh 2, dau vao cia tién trinh xir Iy 1& cac truy van dwoc viet bang ngoén ngit truy van doi
twong, chuyén ddi cdc truy van thanh céc bidu thite dai s6 d6i twong twong dirong. Sau dé,
ap dung céc luat bién d6i trén céc phép todn dai sé nhwr chon, chiéu, két néi véi cae 16p swru
tap, loai bd trung lap trong cdc da tap,... Cudi cung, ching ta ¢6 két qua la phwong dn thue
thi dwoce chon trong tién trinh t6i wu truy van.

3.1. Sw biéu dién twong dwong giira truy vAn OQL va dai s6 d6i twong

P& ddm bdo cho qué trinh chuyén doi cdc bieu thire dai s6 ddi tirong thanh truy van OQL
va nguoc lai, 1a khong lam nay sinh dw thira dir liéu khi thwe thi truy van. Ching ta chiing
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minh rang s chuyén déi gitra truy van OQL va biéu thitc dai s§ déi tirong 1a twong dwong.
Céc két qud cda Pinh Iy 3.1, 3.2 trong [1] da clning minh diéu nay.

Dinh ly 3.1. [1] Moi biéu thitc dai s6 d6i twong déu bicu dién duoc bing cdc truy van a6
twong trong OQL.

Dinh 1y 3.2. [1] Moi truy vin d6i twong trong OQL déu biéu dién dwoc bing cdc biéu thitc
dai s6 doi twong.

Nhur vay, viéc viét lai mot truy van da cho cdc thanh biéu thite dai s& bang tap phép toan
dai s6 ddi twong 13 twong dirong. Céc bidu thite dai s6 nay c¢é thé duwoc wée lwong véi cac
chi phf xit 1§ khéc nhau. Vi vay, ve mat Iy thuyét chiing ta mong muén tim dwoc cdc bidu
thitc dai s6 twong dwong véi mot truy van sao cho cé thé dat diroc mét phwong én thue thi
hiéu qud hon. Tuy nhién, vé mit cai dat, vi s6 lwong cdc truy van twong dwong qué 16m,
trong lic dé chiing ta chi cdn mot tap con céc truy van nay ma thoi. Do dé, dé tim ra céc
truy van twong dwong khéc, ching ta sé can mot tap luat bién doi béo toan twong dwong,
nhung mé hinh dir liéu hwéng dsi twong lai khéng ¢6 mot dai sé déi twong chuan ép dung
dwoc cho tat cd cédc mé hinh hiwdéng ddi twong, cho nén sir ky vong dé ¢é mot tép chudn téc
gom céc luat bién d6i bdo toan twong dwong la khong ton tai. Vi vay, ching ta chi mong
muén chitrng to réng swr bién doéi bdo toan twong dwong trén co s& dai s6 d6i twong 13 ding,
véi mot s6 ludt bién doi duoc trinh bay sau day.

3.2. Céc luat bién d6i dai s8 d6i twong

Ky hiéu S, 51, S, S3 1 cdc tap hop phan ti; f, ¢, h 1a cdc bidu thitc dieu kién,e 1a bicu
thite dai s6, phép todn op € {union,dif f}. Nhimg luat nay chi 4p dung trén cdc phép todn
déi tirong, phép todn bo, cic phép todn tap hop va phép todn vé kicu dir litu “tdi”. Ve mét
ky hiéu ching ta chi sttr dung cdc ky hiéu phép toin mot cach hinh thire, cidc phép todn nay
c6 thé dwoge cai dat véi mot s6 thay doi trong cidc mé hinh khéc nhau ([8, 11]).

L1. Giao hodn phép chon: ox.g(0rs 1(S)) = ors f(Ore4(5))
L2. T6 hop cdc phép chon o s(ragn.. an(S) = Oxs.f(Ortg(--(020.1(S5))-..))
L3. Day céc phép chiéu
T(ar,an) (T b (9) = T(ay,am)(S), VO {(a1,...;an)} C {b1, ..., b}
L4. Giao hodn phép chon va phép chiéu
Oxs.e(T(ar,ian) () = T(ay,....an) (Trs.e(5))

L5. Giao hodn mot phép chiéu véi phép hop, hiéu trén tap/da tap
T(ay,...,an)\P1 OP SQ) = 7I-(0,1,...,an)(’5’1) op 7T(a1,...7an)(52)

L6. Phan phdi phép chon véi phép hop va phép hiéu trén tap/da tap
Ors.f(S1 0p S2) = 0xs.4(S1) op S2, néuf chi lien quan v6is.

Tong quét: oxs (fagan)(S1 0P S2) = oruh(Ors.f(51) 0p Orrg(S2)), néu f lién quan Sy, g,
lién quan S va h lién quan cd S7 va Ss.
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L7. Giao hodn gitra phép apply va phép chon: néu diéu kién chon chi chita cac thuoc tinh
do phép todn apply tra vé thi
applyrs.e(oae. £(S)) = oxe p(applyns.c(S))

L8. Giao hoén gitta phép lam phéang (flat) va phép apply trén tap/da tap. Gid st S 13 thé
hién cia mot 16p va X 1a mot tap thuode tinh phire cia 16p.

flat<apply)\8.(apply)\t.e(ﬂ'(x)(ﬂ'v(S))))(S)> = a’pply)\t‘e<flat<apply)\s.7T(X)(WV(S)) (S))>
Bidu thirc & vé trai, cé bicu thitc e téc dong trwdce tap cac tap (thu dwge bdi mx) sau
dé lam phing thanh mot tap. Bifu thitc & vé phéi ¢é phép todn lam phing diroc téc
dong trude (két qua thu dwoc 1a mot tap), sau dé thwe hién phép todn apply.

L9. Tinh két hop cia phép hop: (S union Sy) union S3 = Sy union (Sy union S3)

L10. Céc luat ké thira ddi véi phép chon va phép apply: néu So 14 mot 16p con cia Sy, thi
thé hién cla S 14 mot tap con cia thé hién cla S

Oxs.f(S1) union oxs r(S2) = oxs. f(S1)

applyrs.e(S1) union applyzs .(S2) = applyxs.e(St)

3.3. Thuét todn t8i wu héa cdc bi€u thirc dai s6 d8i twong

Chiing ta dp dung cac luat trong Muc 3.2 d€ thue hién wée lwong cde bidu thire dai s§
déi tirong. Thuat todn sé tap trung xit 1§ cdc phép todn chiéu, chon, 4p dung bidu thite dai
s6 (set_apply) trén cic kiu déi twong va phép toédn loai bd triing lip trén cic da tap, 16p swu
tap.

Thuét todn. Téi wu héa cac bieu thite dai s6 d6i twong dwa trén tap luat.

Vao. Bifu thite dai s6 déi twong.

Ra. Mot day cic bude wée lrong bidu thite dai s6 déi tiwong.

Phuong phép.

(1) Khdi tao cay phan tich cti phép tir biéu thitc dai s6 ddi twong.

(2) Str dung luat (L2) tdch phép chon o, (fagn. ar)(S) thanh chuéi cic phép chon

Oxs. f(Oatg(- - (OAwh(5))...))

(3) Str dung céc luat ké thira dSi véi cac phép chiéu (L3), phép chon va phép apply (L10) t&
hop day cde phép chiéu, chon thanh mot phép chiéu va mot phép chon.

(4) BSi véi moi phép chon, stiv dung céc luat (L4, L6, L7, L10) “ddy” cic phép chon xudng
céc 16p thanh phian hodc “qua’ cdc nit két ndi va phép tao nhém.

(5) Déi véi moi phép chiéu (ddi twong, tap, bo), st dung luat (L3, L4, L5) d€ di chuyén phép
chiéu xudéng cang sau cang tot. Néu tap thuoc tinh dwroc chiéu bao gom tat ca cdc thuoc tinh
cta bi€u thite thi ching ta loai bd phép chiéu dé.

(6) Str dung cac luat (LS8, L9, L10) trén céc 1ép swu tap, d€ loai bd cAc phan ti tring lap
trong céc 1ép swu tap; di chuyén phép lam phang (flat), phép loai bo tring lap trong céc da
tap (bagtoset) lén trudc cédc phép todn nhém hoiac két noi.
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(7) Tao ra day céc bude bién doi dé wée hirong moi bidu thike dai s6 theo mot thit tu sao cho
khong c¢é bicu thite ndo dwoc wée lwong trude céc bidu thite con clia né.

Ménh dé 3.3. Thudt todn t6i wu héa cdc biéu thitc dai s6 dwa trén tap ludt la ding ddn
va két qud cia thudt todn la phwong dn truy vin cé chi phi thap hon chi phi wéc hrong cia
biéu thitc ddau vao thudt todn.

Chitng minh.

Theo Dinh 1y 3.1, 3.2 va tap cdc luat bién d6i bicu thite dai s6 d6i tirgng, ching ta suy
ra cdc budce thwe thi trong thuat todn cho két quéa ding va twong dwong.

Ap dung céc phép todn chiéu trén céc lép doi twong lam gidm kich thwée cée 16p va céce
déi tirong tham gia trong biéu thire, ditu nay sé lam gidm chi phi nap 16p vao bé nhé trong
(I0_Load). Mat khéc, phép toan lam phang (set_flat) va loai bé triung lap (bagtoset) ap dung
cho da tap, 1ép swu tap sé lam gidm mot céch ddng ké céc bién thé cla cdc 1ép tham gia
trong cdc phép két noi, nhém twong duwong (I0_Eval). (

Po phire tap tinh todn cia thuat todn cé thoi gian da thite theo kich thude (s6 céc bién
thé) ciia céc 16p tham gia trong bi¢u thitc.

3.4. Vi du minh hoa

Chiing ta xét céc truy van va chuyén doi bidu thite dai s6 d6i tiwong tirong tng, sau dé
4p dung thuat todn trong Muc 3.3 thirc hién téi wu héa trén cay phan tich ci phép. Ngon
ngtr truy van dwoc sit dung 1a ngon ngtr OQL dwoc xay dung trén mé hinh dir liéu hwéng
doi twogng ODMG.

Vi du. Cho lroce d6 ddi twgng VienDaihoc dwge dinh nghia trong OQL nhw sau:
class NhanSu

type tuple (maso: int, hoten: string, pho: string, tpho: string, matinh: int,

ngaysinh: tuple (ngay: int, thang: int, nam:int))

class SinhVien inherits NhanSu

type tuple (gvhd: string, dtb: float, hocbong: float, tenkhoa: Khoa)

class GiangVien inherits NhanSu

type tuple (bomon: string, mabomon: int, chucvu: string, tenkhoa: Khoa, luong: int, con:

set(NhanSu))
class Khoa
type tuple (makhoa: int, tenkh: string, diadiem: string, ngansach: float, cbgd: set(GiangVien))
Ching ta xét mot s6 céc truy van minh hoa trong OQL va cay phan tich ci phdp cia
bicu thitc dai s6 d6i twong twong ng:
Truy van 1: Ta cé truy van
define SinhVien as s, GiangVien as e
select distinct (s.tenkhoa.tenkh, e.hoten)
where s.gvhd = e.hoten

Hinh 3.2 bi¢u dién truy van 1 bang cay phan tich ci phép.
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set_apply rel j Olngvhd = hoten

bagtoset(set_applyn(mkh hom)(INPUT)) /

bagtoset bagtoset

e A

gvhd = hoten 1 set appl
/ \ Set_Tapp yTC(...) _Tpp yTE(”_)
SinhVien  GiangVien SinhVien GiangVien
Hinh 3.2 Khéi tao cay phan tich ¢ phap Hinh 3.3. Cay bién ddi cia Hinh 3.2

A5y

Hinh 3.3 bi€u dién cay phan tich ci phap khi ching ta dp dung luat “day” phép todn
bagtoset lén trudc todn tir két ndi rel_join, luat nay 4p dung khi cdc thanh phin tring lap
qué lém ton tai trong céc da tap, nhw vay todn tir bagtoset chi thwc hién trén |s| + |e| bién
thé (trong trudmg hop xau nhat) tét hon |s| * |e| bién thé (ddi véi trirdomg hop phép két néi
dwoc thire hién trirde). Va tiép tuc ddy todn tik ( qua mit “join”.

Truy vdn 2: Tim tén céc sinh vién cia khoa ¢é van phong khoa dat & tang 5 (thuoc tinh
diadiem). Tén cdc sinh vién dwoc nhém theo thude tinh tenkh (phan loai khoa, vi du Sinh
hoc, Cong nghé thong tin,...):

define SinhVien as s
select (s.hoten)
group by s.tenkhoa.tenkh

where s.tenkhoa.diadiem = 5

set_apply set_apply
N set_applyn(hmen) . set_applyTE e
set_apply GRP
£ O M ydion T (Menkion) INPUTY) = 5 + Tienkn(tenkhoa)
GRP set appl
A 7 (eion) (INPUTY) PG oo - S (Rt INPUT))
adiem’
SinhVien SinhVien
Hinh 3.4. Khéi tao cay Hinh 3.5. Cay két qud sau khi 4p dung

’ A A~ Als
cac luat chuyén doi

Hinh 3.4 bi€u dién cay phan tich i phép dai s6 cho truy van 2, ta nhém da tap trén
thudc tinh tenkh cia thuoc tinh tenkhoa, sau dé loai bo céc sinh vién cia cdc khoa khong &
tang 5, cudi cling chiéu ldy thuoc tinh hoten.

Mot phwrong phap téi wu truy van 2 dugce suy true tiép tir Hinh 3.4, Truée hét, ta dua
phép chon lén trudce phép tao nhém GRP va st dung cdc phép chiéu trén déi twong (wy)
dé loai bd tham chiéu tén thudc tinh tenkhoa, sau d6 trich chiéu 14y gia tri cia thuoc tinh
diadiem.
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4. KET LUAN

M6 hinh wée lwong chi phi gidi thiéu trong bai bdo duroc xem xét trén co s& mot s6 yéu
t& chi phi co ban. Trong khuon khé cia bai béo, ching ta chwa di sau phan tich cc truong
hop téng quét clia mé hinh wée hrong chi phi xik 1§ truy van hiréng ddi tirong trén céc thanh
phan nhir chi phi nap céc déi tirong vao bé nhé chinh, chi phi wéc hirong bicu thite diwong
dan va chi phf két xudt két qua cia truy van. Ching ta sé tiép tuc nghién cttu chi ti€t mo
hinh wéce hrong chi phi xtt Iy truy van doi twong, dé tir d6 thé nghiém, so sédnh va danh gid
tinh hiéu qua cia thuat todn t&i wu hoéa bicu thitc dai s6 déi twrong. Mt khéc, dua vao mo
hinh wéc lwong chi phi xit 1y truy van, ching ta xem xét tinh wu tién vé thi tw thwe hién
cla cdc phép todn dai s6 doi twong trong tién trinh thue thi truy van doi twong.
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