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DICH CHUYEN TRUY VAN OQL VAO CAC PHEP TINH BAO HAM
TRANSLATING AN OQL QUERY INTO COMPREHENSION CALCULUS

Truong Ngoc Chdu
Truong Pai hoc Bach khoa, Pai hoc Pa chng

TOM TAT

Trong bai bao nay ching ti trinh bay ndt hwdng tiép can maéi cho viéc giai bai toan tbi
wu héa cau truy van dbi twong OQL (O bject Query Language) trén co & di liéu huéng dbi
twong dwa trén ly thuyét vé nhém. Bai béo tap trung nghién ctru va xay dwng cac bao ham
nhém dwa trén nhém cac kiéu, va xem cac bao ham nhém nay nhw la ndt biéu dié n trung gian
cho cau truy \vdn OQL, tir dang biéu dién trung gian nay chiing ta c6 tké thwc hién céac chién
lwoc téi wu bang cac quy tac viét lai, ddng thdi 1am trung gian cho cac quy tac bién ddi khac,
nhw bién dbi tr bao ham sang cac phép toan dai sb dbi twong.

ABSTRACT

In the article, we introduce a new aspect of seeking the answer to an optimal OQL
problem based on monoid theory. The article focuses on researching and building monoid
comprehensions based on the types of monoid and the usages of the monoid comprehensions
as a intermediate form of OQL. From this intermediary description, we can carry out an optimal
strategy by means of rewriting regulations and it can play an intermediary role in different
changing rules such as the change from comprehensions to Object-Oriented algebra.

1. Pt vin dé

Tbi wu hoa truy van hudéng ddi tugng 1a mot linh vuc dugce nhiéu nha tin hoc
quan tdm va nghién ciru. Dé t6i wu truy van dya trén ngdn ngit truy van ddi tuong OQL,
c6 nhiéu cach tiép can khac nhau, nhu chuyén d6i m6 hinh co s dit lidu d6i tuong vé
m6 hinh quan k¢ hay quan hé nhing rdi 4p dung cac k¥ thuat tdi wu trén quan hé theo
phuong phap truyén théng [6]. Mot cach tiép can khéac 1a dua trén cac phép bién d6i truc
tiép tir OQL vé cac biéu thirc dai s6 ddi twong, rdi sau d6 ap dung cac quy tic bién doi
dai sb d6i tuong dé dat duoc phuong an ti wu [1, 2, 3, 6]. Noi chung céc cach tiép can
nay cé nhitng han ché sau:

- Kha ning biéu dién ngit nghia cia OQL bang cic phép toan dai sb quan hé ciing nhu
dai sb dbi twong la khong day du.
- Kho biéu dién cac cau truy van 16ng.

Bai bao gioi thiu mot cach tiép cin khac do Fegaras va Maier dé xuét [5]. Céc
tac gia xem cac kiéu dir lidu trong co so dit liéu ddi twong nhu 1a cic nhém (gdm nhom
suu tp va nhom nguyén thiy), sau d6 dinh nghia va sir dung cac bao ham nhom dya
trén nhom cac kiéu dir liéu nhu 1a mot biéu dién trung gian. Uu diém cta bao ham nhom
la biéu dién day du cac dit trung ngir nghia cia OQL va 1am co so cho viée biéu dién
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cac chién luoc tdi wu khac nhau.
2. Mot s6 khai niém lién quan
2.1. Cdu tritc nhém

Trong b théng hudng d6i twong, kiéu dir liéu T thuong duoc chia thanh hai
loai: kiéu dir liéu nguyén thuy (cac kiéu sé nhu kiéu byte, int, short, long, float,
double, kiéu logic bool, kiéu ki ty char,...) va cac kiéu tham chiéu cac 16 p ddi tuong.
Trén tap kiéu dir liéu T, chung ta xay dung c4u trac nhom nhu sau.

Pinh nghia 1. Mt nhém kiéu T la mét cdp (Te, Zs), trong do: Te biéu dién nhém kiéu
T, @ la mot ham két hop hay phép todan tir TxT — T Va Ze | phan tir don vi cia hai vé
trai va phai cua phép toan @.

Tir dinh nghia trén ta thay ® 1a dong trén T, Ze phan tr don vi ciia nhom (Te,
Zg)vathoaman: Ze ® X=X & Ze =X, VX.

Mot nhoém (Te, Ze) ¢ thé 1a nhém giao hoan, nghia la: x ® y =y @ X, Voi VX,y
(goi 12 @ giao hoan) hay c6 thé 1a nhom lily ding, nghia 1a: x @ x = X, Vx (goi 12 @ liiy
dang) hay 1a vira giao hoan, vira lily dang.

Vi phép toén @ xac dinh duy nhat mot nhom. Do d9, ta thuong sir dung tén phép
toan nhu tén nhom, vi di phép toan + 1a nhom kiéu nguyén, list nhoém kiéu danh sach,
set nhom kiéu tap hop, bag nhom kiéu tui. Do dé, thay vi viét nhém Te ta co thé viét
gon nhom .

bat T latap tat ca cac nhom kiéu dit liéu cua hé théng, ta dinh nghia 4nh xa y:T
— 2t Khi do, C € y(Te) khi va chi khi @ c6 tinh giao hoan va | € y(Te) khi va
chi khi @ c0 tinh lily dang. Trén T xéc dinh tht ty bo phan < gitta hai nhom Te va Te
dugc dinh nghia nhu sau: ® < @ < yY(Te) S y(Te)

Vi du 1. list< bag < set, vi set c0 tinh giao hoan va iy dang, bag giao hoan, con list
khong giao hoan va ciing khong lity dang.

2.2. Pong ciu nhom

Pinh nghia 2. Mgt dong cdu hom® ~ @ (DA tir nhém swu tdp (T o, Ze, U ) dén nhém
bét ky (Te,Zs), Voi @ < ®, dwoc dinh nghia bang cdc phwong trinh quy nap sau:

hom?® = ®(A)(Ze) = Zo

home ™ ¢(f)(U o(a)) = f(a)

home™ #(f)(x @y) = (hom#™ &(f)(x)) @(home ™ &(f)(y))

12



TAP CHi KHOA HOC VA CONG NGHE, BAI HOC DA NANG - SO 4(33).2009

Trong do, A la nit sueu tdp kieu T » va f la mgt ham tir A dén T o. Biéu thirc hom® ™ @
(HA thay thé Z o trong A bang Z s, @ bing ® va U e bdi f.
Pinh Iy 1. Pong cdu nhém hom® ~ #(f) bao toan tinh chat cia nhém ® [5].
2.3. Bao ham nhom

M6t bao ham nhom dbi véi nhom @ c6 dang @{e | q}, trong d6: @ con duoc goi
la phép tich liy ciia bao ham, biéu thic e duoc goi 1a ngudn ciia bao ham, mdi s6 hang
gi trong day g = q1,...,gn, N =1 la Mot luvong tir va nd & mot trong cac dang sau:

Phan tir sinh c6 dang v <« e’, vi v 12 bién nhan cac gia trj trong €, e’ 12 mot suu
tap hay con goi 1a mién ctia phén tir sinh hodc

Mot biéu thic 16gic nao do.
Pinh nghia 3. Bao ham nhém doi véi nhém nguyén thiy hay nhém suu tdp @ dwoc dinh
nghia boi cdc phwong trinh sau:

HKe|}= Ug(e) chonhdm suu tip

e cho nhém nguyén thuy

e | x «u, g} = hom®™ (ix.&e | q}u
@{e | pred, g} = if pred then &e | g} else Zo
Duya vao bao ham nhém ta c6 thé dé dang xay dung cac phép bién dich truy van
OQL vao cé4c bao ham nay nhu 1a mot biéu dién trung gian.
Pinh 1y 2. Cac bao ham nhom va cac dong cdu nhoém co ciing kha ning biéu dién.
Chitng minh. Pinh nghia 3 dinh nghia cic bao ham dudi dang cac ddng ciu nhém. Do
do, ta can chtirng minh bat ky dong cau nhém nao déu c6 thé biéu dién dugc dudi dang
bao ham nhém. Cu thé, ta cdn chimg minh déng thirc : hom® ~® (f)(A) = ®{f(x) | x «
A, y < f(x)} cho nhém suu fip ® va hom® ~® (f)(A) = ®{f(x) | x < A} cho nhoém
nguyén thay ®. Theo tinh cHit chung ctua déng cdu nhom, ta c6 moi nhém suwu tip @
déu thoa hom® ™ ®(U@)x = X. Theo Pinh nghia 3, cho mdt nhém suu tap ®:
&y | x < A,y « f(x)} = hom® ~®(Ax.hom® ~ ®(hy.Ue (¥))(F(X)))(A) = hom® ~
“(H(A)
dang thirc nay chirng minh cho truong hop nhom suu tap. Bay gio ta chimg minh cho
nhom nguyén thuy ®, ta co:
®ly | x « A, y « f(x)} = hom® ~ ®(x.hom® ~ ® (hy.y)(f(x)))(A) = hom® ~ ©
(f)(A), dang thirc nay chtg minh cho truong hgp nhém nguyén thuy.
2.4. C4c phép tinh bao ham nhém
Cac phép tinh bao ham nhém c6 ¢l phép dua trén nhom céc kiéu, n6 c6 thé duoc
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sir dung dé xay dung cac thanh phan véi cu tric phirc tap hon.
Pinh nghia 4. Nhém phép tinh bao gém cdc dang cii phdp sau:

NULL gia tri null

c hang

v bién

cC.A chiéu bang ghi c 1én A

<A;=eji,...,An=€,> Xxay dung bdn ghi

if e, then e, else e3  phét biéu if-then-else

e; 0p ez op latoan tu: +, = <, >,...

Av:te ham trieu twong lamda

ei(ez) tham chiéu phan tir e2 chira trong swu tp el.
Zo phdn tir don vi

Ual(e) xay dung suu tdp don vi

e, @e, két hop

#He | qi,....0n} bao ham
Trong do, e, el,..., en 1a cac thanh phan trong nhém phép tinh, v 1 bién, t 1a mét kiéu
nhomva q1,...,qn la cdac luong tir c6 dang v < e hodc e.
Ta s dung quy u6c x = u dé biéu dién rang budc bién X véi gia tri u. Y nghia
ctia rang budc nay duoc cho boi quy tic rat gon: ®le | r, x=u, s} = ®le[u/x] | r,

s[u/x]}. Trong do, [u/x] twong duong véi cho x = u.

3. Bién dich biéu thirc OQL vao cac phép tinh bao ham
Tat ca cac biéu thuc OQL déu duoc bién dich truc tiép vao cac phép tinh bao
ham. Bang 1 mo ta két qua bién dich cac cdu triic chinh cia OQL vao cac phép tinh bao
ham.
Bdng 1. Bién dich truy van OOL vao cdc phép tinh bao ham nhém
Biéu thic OQL Nhém phép tinh

1. Cdu triic: select — from — where

select [distinct] e from X; iney,...,X, in e, [set]lbag{e | X1 <« e1,....Xn <« e,

where pred pred}
select e(Al,...,An, partition) bag{e(A1,...,An, partition) | Xi<us,
from X1 in uq, X2 in U2(X1),..., X2(—U2(X1),...,
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X iN U (X1, X1 Xm<Um(X1,....Xm1)},

where p(X1,...,Xm) Ar=e1(X1,-.,Xm),- - AN=€n (X1, .., Xm),
group by A1:€1(X1,... . Xm),---, | partition = bag{<x1:y1,...,.Xm:Ym> |
Anen(X1,....Xm) Y1 < Uy,

having h(A; ...,A,, partition) Yo < Un(Y1),..s

Ym<—Um(Y1,--rYm-1),
el(yll"'!ym):Aly"'yen(yl,---,ym):An},
P(X1,...Xm), N1(A1,...,An, partition) }

2. Cac toan ti

e; intersect e; set{x | X «<—e1, X € €2}
e; except e; {X|x<«epal{x=y|y<«e}}
e; union e; merge[set](es, €2)

3. Cac lvong tir

forall x ine : pred ~{pred | X « e}
exists x ine : pred v{pred | X « e}
e;ine; v{Xx=e; | X < e}
exists(e) v{true | x < e}
unique(e) +{l|x<«e}=1

4. Cac ham thong ké

count(e) +{1l|X <« e}
sum(e) +{X | X <« e}
max(e) max{X | X < e}
min(e) min{X | X « e}

5. Lam phang tdp

flatten(e) set{X |s < e, X < s}

Sy han ché trong cac phép bién dich tir OQL sang cic phép tinh bao ham, lién
quan d&n tinh liy dang va giao hoan ctia cac nhom. Vi du: xét cau truy van “select e
from e in GiaoVien where e.luong>100”, ta thiy mién cta truy van sau ménh dé from la
mot tap hop set(GiaoVien) nhung két qua cia truy van tra vé dudi dang tai
bag(GiaoVien). Do dé, phép bién dch truy van sau 1a khong hop 16: bag{e | ¢ «
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GiaoVien, e.luong > 100}, vi khdng ©n tai dong ciu tir tip hop sang thi. Do do, dé hop
18, trudc hét ta phai bién doi tap hop chira cac ddi twong gido vién thanh tai chira cac ddi
tuong gido vién nho vao ham bagof(). Khi d6 bao ham trén duoc viét lai nhu sau: bag{e
| e < bagof(GiaoVien), e.luong > 100}

4. Chuén héa cac cic phép tinh bao ham

Cac phép tinh bao ham c6 thé duoc dua vé mot dang twong duong bing cac quy
tat viét lai, tuong tu nhu cac quy tac viét lai trong dai sb dbi tuong [1,2,3,6,7]. Su udc
luong cac dang twong duong cho thiy cac dang twong dwong thuong tao ra it cdu tric
dir liéu trung gian hon cic bao ham chua dugc chuan hoa ban dau. Hon nita, trong nhiéu
truong hop, quy tic chudn hoa cai tién hiéu suat thuc hién chuong trinh. Hinh 1 trinh
bay cé&c quy tic chuin héa, vi du quy tic RS duoc p dung khi mot bao ham c6 phan tir
sinh v6i mién 1a gia tri Ze va phan tir sinh ndy nam giira hai hé sinh khac 1a q va s.
Trong truong hop nay bao ham dugc chuan hoa V& gid tri Ze; Quy tic R8 md 16ng bao
ham nhoém bng, nghia 12 bao ham c6 chtra phan tr sinh ma mién ctia nd 1a bao ham
khac; Quy #ic R9 m¢ 16ng luong tir ton tai; Quy tic R10 hop nhit hai bao ham thanh
Mot bao ham.

®fe|r,x=u,s} —  @fe[uiX] | r, s[u/x]} R1
(Av.el)e2 —  el[e2iv] R2
<Al=el,...,An=en>.Ai — ei R3

®{e|q,v<« (ifelthene2elseel),s} — (®{e|q,el,v«e2 s}) ®(D{e]|q, —el, R4
v«e3, s})cho nhom giao hoan @ hay ¢ rong

®{e|q, Vv« Zo, s} - Ze R5

®{e|q, v« Us(e’), s} —  @®fe|g,v=e’,s} R6

®{e|q, v« (el ®e2),s} —  (®{e|q,v«el,s}h @ (@{e|q,v«e2ss}) R7
cho nhém giao hoan @ hay q rong

®{e|q, v« ®{e’|r}, s} —  @{e|q,r,v=e’,s} RS

®fe | q, v{pred | r}, s} —  ®{e|q,r, pred, s} cho nhom lity ding @ R9

o{®{e|r}|s} —  ®{e|s, r} cho nhém nguyén thuy @ R10

Hinh 1. Cac quy tac chudn héa
Pinh 1y 3. Cac quy tic chuan hoa trong Hinh 1 I bao toan ngit nghia.
Vi du 2. Xét truy van 16ng bang ngdén ngitr OQL nhu sau
select distinct r from r in R where r.B in (select distinct s.D from s in S where
r.C=s.0)
CAu truy vin nay dugc bién dich vao cac phép tinh bao ham nhu sau:

set{fr | r < R, v{x=r.B | x <~ set{s.D | s« S, r.C=s.C}}}
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va dugc chuan hoa thanh (nho cac quy tic R1, R8 va R9)

set{r | r < R, x «<—set{s.D | s < S, r.C=s.C}, x=r.B}

=set{r | r< R, s« S, r.C=s.C, x=s.D, x=r.B}

=set{r | r< R, s« S, r.C=s.C, s.D=r.D}
Bao ham nay twong duong voi cau truy van OQL sau:

select distinct r from rin R, s in S where r.C =s.C and s.D =r.B.
Qua qua trinh chuan hoa, ta thiy véi truy van 16ng ban dau ta d3 bién d6i no vé dang
truy van dang két ndi.
5. Nhan xét

Qua két qua nghién ctru va dya trén quy tic chuan héa bao ham ching t6i rit ra
cac nhan xét sau:
(i) Cdi tién kich ¢ va chi phi: quy tic chuin hoa d4 cho ¢ Hinh 1 c6 kha ning mé 16ng
va rit gon cac truy vin OQL. Van dé dit ra & ddy 1a cac quy tic ndy c6 @i tién duoc
kich ¢& hay chi phi thuc hién hay khéng. Gia st rang, chung ta biét duoc kich ¢& trung
binh ciia tit ca cac suu tip trong cic duong dan cua luge do co so dir liéu, vi du cho
biéu thirc setfe | x « X, y < x.A}, khi d6 kich ¢ cua x.A la kich c& trung binh cua tat
ca cac tip X.A ng véi moi x € X.

Gia st cho size[[r,s]] = size[[r]] * size[[s]] va cost[[r,s]] = cost[[r]] + cost[[s]].

Khi d6 kich ¢& va chi phi thuc hién cac bao ham dugc udc lugng nhu sau:

size[[ ®{el r}]]

size[[r]]

size[[r, v« e]] size[[e]] * size[[r]]

size[[r, pred]] = size[[r]] * selectivity[[pred]]
size[[r, v=e]] = size[[r]]
size[[]] =1

cost[[@{el r}]] cost[[e]] + cost[[r]] + size[[r]]

cost[[r, v<—e]] cost[[e]] + cost[[r]]

cost[[r, pred]] cost[[pred]] + cost[[r]]

cost[[r, v=e]] cost[[e]] + cost[[r]]
cost[[]] = 0
trong do, size[[e]] la udc luong kich c& cua e, selectivity[[pred]] la chon loc cta vi tir
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pred, cost[[e]] chi phi thuc hién e.
Vi da 3. phép Kt ndi X D><xaysY 6 chi phi cost[[set{(x,y) | x < X, y «< Y,
x.A=y.B}]] va kich cd& size[[X]] * size[[Y]] * selectivity[[x.A=y.B]].

Véi cac cong thire dd cho nay, ching ta co thé chimg minh d& dang ring mdi
quy tic chudn hoa trong Hinh 1 déu cai tién duoc kich ¢& va chi phi thuc hién. Nhu vé
trai cua quy tic R8 trong Hinh 1 ¢6 chi phi

cost[[®fe | q, v < set{e’ | 1}, s}]]

= cost[[e]] + cost[[q, v < set{e’ | 1}, s]] + size[[q, vV < set{e’ | 1}, s}]]

= cost[[e]] + cost[[q]] + cost[[set{e’ | r}]] + cost[[s]] + size[[q]] x size[[set{e” | r}]] x
size[[s]]

= cost[[e]] + cost[[q]] + cost[[e']] + cost[[r]] + size[[r]] + cost[[s]] + size[[q]] x
size[[r]] x size[[s]]

chi phi nay thira mot dai lugng size[[r]] s0 V6i chi phi cta vé phai cta cing quy tic RS
nhu sau:

cost[[®{e | q, 1, v=¢, s}]]

cost[[e]] + cost[[q, 1, v=¢’, s]] + size[[q, 1, v=¢/, S]]

cost[[e]] + cost[[q]] + cost[[e’]] + cost[[r]] + cost[[s]] + size[[q]] * size[[r]] *
size[[s]].
(i) Han ché: Mit du quy tic chuin héa c6 thé mé 16ng nhiéu dang truy van 16ng, nhung
van c6 mot sO dang truy van long khong thé md 16ng duge. Vi du nhu dang truy van
Sau:
seti<E = e, M = setfc | ¢ <« echildren, Afcage > dage | d <«
e.manager.children}}> |

e < Employee, e.salary > max{m.salary | m «<— Manager, e.age > m.age}}.
Truy vén con:

set{c | ¢ < e.children, A{c.age > d.age | d < e.manager.children}}
khong thé mé 1ong bai cac quy tic chuan hoa béi vi tap tinh toan phai dugce nhing trong
két qua ctia mdi vong 13p ctia bao ham ngoai. Twong tu, voi cac luong tir phd dung: all,
exist, some,... va ham gp: max, min, sum, count, avg,... khong thé duoc mo léng
boi quy tic chuan hoa.
6. Két luan

Dé t6i wu héa truy van mot biéu thiec OQL bt ky trén CSDL huéng ddi twong
thi bat bugc phai dwa vao cac phép bién doi trung gian niao d6. Trong bai bao nay chiing
t6i d4 tip trung nghién ctru mot phuong phap tiép can méi, d6 1a dya trén 1y thuyét vé
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nhém trong todn foc Dai s6; Phuong phap tiép can nay don gian, dé biéu dién vi dua
trén co s& 16gic ngit nghia ciia toan hoc va dat biét 1a no biéu dién dugc tron ven ngir
nghia cta ciu truy vin OQL bat ky.
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