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Abstract. In inheriting the success and popularity from the SQL relational query language, most
object - oriented database (OODB) query languages have been using a syntax which is similar to
that of SQL. OQL is the OODB query language that was proposed in ODMG-93. The last version
of OQL, as in ODMG-93 (Release 1.2), was the superset of SQL92. In this paper, we wish to present
the establishment of OODB queries in OQL, and object algebra as well as to prove a equivalent
expression between the OODB query language OQL and the object algebra. These results are the

bases for researching on processing and optimizing OODB queries.

Tém tdt. KéE thira sur thanh céng va tinh phd dung clia ngén ngir truy van quan hé SQL, nén hau
hét cidc ngon ngtr truy van CSDL huéng ddi tuong duoc dé xuat déu st dung mét ¢t phap tuwong
tu nhu SQL. Trong dé, OQL 1& ngon ngir truy van co s& dir lieu (CSDL) huéng déi tuong da deé
xuat trong ODMG-93. Phién bin cudi cling cia OQL, nhu trong ODMG-93 (Release 1.2), 1a siéu
tap (superset) cia SQL92. Trong gidi han va khuon khé bai bdo ching t6i muén trinh bay thiét lap
cac truy van CSDL huéng ddi tuong trong OQL, dai s6 ddi tuong, chimg minh su twong duong
trong biéu dién giira ngén ngir truy van OQL va dai s6 déi tuong, diéu nay sé 14 co s& cho qué trinh
nghién ctru vé xir Iy truy van va t6i wu hod truy van CSDL huéng doi twong.

1. OQL - NGON NGU TRUY VAN CSDL HUGNG POI TUQNG
1.1. Giéi thidu

OQL 1la mot ngon ngir truy van CSDL huwéng doi twong da deé xuat trong ODMG-93.
Phién ban cudi cing cia OQL, nhu trong ODMG-93 (Release 1.2), 1a siéu tap cia SQL92.
OQL khong gii han ci phap 3 ménh de select-from-where, hau hét cic truy van OQL khong
tam thuwong déu cé trén ba meénh de.

Véi céc ky thuat t6i wu hod truy van huéng doi twong dwoc trinh bay trong [4] - t6i wu
hod truy van bang cac phép bién doi dai s6 déi twong, nham lam co s& cho van dé wéc lrong
céc biéu thite dai s6 doi twong thong qua viec xéc dinh thit tw wu tién thuwe hién cdc phép
toan dai s6 doi twong, viec chitng minh s twong dwong trong chuyén doi gitta cac bi€u thirc
dai s6 déi twong va truy van trong ngoén ngir truy van huéng doi twong 1a can thiét, tir dé,
chiing t6i chon ngon ngtr truy van OQL, 1& ngon ngtr truy van CSDL hwéng doi twong kha
“than thién” va dai s6 doi twgng cia né (da dwoc trinh bay trong [1,2,3,5]) 14 ngon ngir
truy van sir dung trong qua trinh nghién ctru vé xit Iy truy van va t6i wu hod truy van CSDL
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huéng doi twong.
1.2, Truy vidn CSDL huéng ddi twong OQL
Ci phép cia truy van CSDL hwéng doi twong OQL ([1,2, 3]):

Truy van:
select [distinct]| ¢
from (q as x,..., q as x)
where ¢
q ::= bl flilcls
|
|bag(q, ..., q)|sel(q, ..., @)|list(q; ..., q)|array(q, ..., q)
|struct(€: q,...,£: q)
IC(£:q,.... £ q)|q-€/(C)q
Pinh nghia bién vung d ::= define X as q
|define (z,...,2) as q
Ky hiéu b, f, 14, ¢, s twong tng la cdc kieu dir lieu boolean, float, integer, character va string,
@ la tap dém dwoc cac dinh danh, £ 14 tap dém duwoc cdc nhan va C'la tap dém dwoc cdc tén
16p.
2. CAC THANH PHAN CUA TRUY VAN 0OQL

2.1. Biéu thirc duwdng dan

Kiéu mién cia moét thudc tinh thuoc 16p c¢é thé 1a mot 1ép khac. DPiéu nay xéc nhan cé
“dudng di” gitra cac doi twong cia lép nay dén cac doi twong clia mot 16p khac thong qua
céac lien két hop thanh. Trong ngon ngtr truy van CSDL hwéng doi twong, ky hiéu dau cham
’ 7 dwoce st dung dé xdc dinh cdc dwong di nhw vay.

2.2. B6 phan cia moét phan cép 16p

Cho C' la mét siéu 16p cha cia Cy, Cs, ..., Cp. Tr pham vi cia C' la mot siéu 16p cia pham
vi véi moi 16p C;, i = 1,...,m nén viéc tim kiém trén C' sé duoc thuc hién véi tat ca cac doi

twong trong phan cip 16p ¢ goc tai C. Cé nhiéu phwong phép truy van khic nhau cho phép
ching ta chi tim kiém céc ddi twong & mot vai 16p chir khong phai tat ca cac 16p. Céc truy
van nhu vay dwoc ho tro véi cic phép toan tap hop: union, difference v except.

2.3. CAc phuong thirc tham chiéu

C6 2 kiéu phwong thitc dwroc sit dung trong mét truy van CSDL hwéng déi twong. Kiéu
thit nhat 1a phwong thitc thudc tinh - suy dan dwge diung cho phwong thitc ¢é thé dp dung
deé tinh mot gid tri déi véi moi doi twong trong lép. Trong mot truy van, phwong thike thudce
tinh - suy dan c6 thé dwoc xét nhw mét thude tinh.

Kiéu phuwong thite thit hai 1a ham vi tir trd vé mot gid tri Boolean d&i véi moi doi twong
trong 16p. Chang han, gid sit ta c6 phwong thitc “large():Boolean” trén 1ép Department,
phuwong thitc nay sé trd ve gid tri true néu truong c¢é trén 30 khoa thanh vién hoic trén 300
sinh vién va false néu ngwoc lai.
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Vi du 1. select f.name from Department as d, d.C'hairperson as f
where d.large()
2.4. CA&u tric trich xuét
M6 hinh dir liéu huéng déi twrong chi cho phép st dung céc kién tric doi tiwrong nhu tap,
danh sach va bo dé thiét lap céc ddi tirong phitc tir céc ddi twong don gidn. Ngon ngit truy
van OQL cho phép thiét 1ap céc gid tri phitc trong két qua clia mot truy van bang viéc ap
dung cung tap cdc phép toan thiét lap & meénh dé select.
Vi du 2. select tuple(SSN : s.SSN, Name : s.Name,
CS_Courses : selectc froms.Courseasc
where c. Department.Name = ‘Computer Science’)
SromUG _Studentass
wheres. GPA > 3

3. CAC PHEP TOAN POI TUONG

Céc phép toan dai s6 duoc chia lam 6 loai: phép todn doi tuwong, phép todn bo, phép toan
tap hop, phép todn bag, phép todn danh séch va phép todn mang ([5]).

3.1. Phép toan déi tuwong

Mobi doi twong dwoc bieu dién nhw mét bo ba (oid, class name, value), oid la dinh danh
duy nhat (OID) cia d6i twong va class name la tén 16p chira déi twong (). Gid tri cia doi
twong do ngudi sit dung dinh nghia thuong 14 mot bo. €6 3 phép todn trén cic doi tuong:

- Chiéu ldy OID: mo(), phép todn nay nhan mot doi twong va tra vé OID cia ddi twong.

- Chiéu lay gid tri: 7y (), phép todn nay nhan mot ddi twong va tra vé gid tri clda doi
twong.

- Chiéu ldy doi twong: 7p(), phép toan nay nhan mot OID va tra ve doi twong c6 OID.
3.2. Phép toan bo
- Thiét lap bo: tuple(ay : vy, ..., an : v,). Phép todn nay nhan mot s6 cdc thuoc tinh va cdc
cap gia tri (a; : v;) va trd vé mot bo.

- Chiéu bo: ( Attrs)()y phép todn nay nhan mot bo va trd vé mot bo con véi tén cic thude
tinh dwoc mo ta trong Attrs.

- Trich xudt thuoc tinh: m44,(), nhan vao mot bo va tra vé gid tri cia thude tinh mo ta.

- N6i bo: tuple_cat(), nhan vao hai bo va noi ching vao mot bo méi. Phép toan nay duoc
dung dé thay thé tich Pe céc.

3.3. Phép toan tap hop

- Thiét 1ap tap hop: set() hoic {}. Phép todn thiét lap mot tap khdi dau cia mot s6 phan
.

- Phép toan hop, hiéu: set_union, set_diff.

- Phép todn chon tap hop: o3, f(), phép todn nhan mot tap (thwong 1a mot tap doi twong)
va trd vé mot tap (doi twong) sao cho moi phan tir & tap két qua thod man dieéu kién mo ta
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trong cong thirc f.

- Phép todn lam phang tap (setflatten) : set_flat(). Phép todn nay nhan vao mot tap
céc tap va trd vé mot tap chita phan hop cia céc tap long nhau.

- Phép todn dp dung tap (setapplication) : set_applyrs.(). Phép todn nay nhan vao mot
tap va ap dung bicu thitc dai s6 e vao moi phan tir trong tap.
3.4. Phép toan bag. C6 7 phép toan trén kieu dir liéu bag, 6 trong 7 phép toin nay la
twong tw nhuw cdc phép toan tap hop ngoai trir cac phép toan bag cho phép trung lap:

- Thiét lap, hop, hiéu, chon, lam phang, ap dung: bag(), bag_union(), bag_dif f(), Ul)’\s.f(),
bag_flat(), bag-apply().

- Chuyén dai ve tap: bagtoset(), phép toan nay chuyén doi mot bag ve tap hop bang céch
loai bd cédc trung lap trong bag.
3.5. Phép toan danh sach. Phép todn thiét lap danh sich, 1ay phan ti dau tién, ldy phan
tir cudi ciing, ndi danh sich, chon, lam phang, ap dung, lan lwot la: list(), first(), last(),
list_cat(), Ué\s.f(), list_flat(), list_applyxs.e().
3.6. Phép toan mang

- Thiét lap mang, ghép mang, 4p dung: array(), array_cat(), array_applyxs.c()-

- Trich xudt phan tir: m;(). Phép toan nay tra vé phan tir thit ¢ trong mang da cho.

- Chiéu mang: 7;;(), j > ¢. Phép todn trd vé mot mang con chira cdc phan tir ¢é chi s6
tir phan tit thit ¢ dén phan tir thit § cida mang da cho.

4. SU TUONG PUONG GITUA PAI SO POI TUONG VA NGON NGU'
TRUY VAN OQL

Pinh nghia. Néu F la bieu thitc dai 6 déi twong va @ 1a truy vadn trong ngon ngir truy van
OQL cung xdc dinh mét tap doi twong thi ta néi F biéu dién @ hay @ biéu dién E. Véi ky
thuat dwgc trinh bay trong [4], chiing ta str dung chiing minh s chuyén doi gitra dai s6 doi
twong va truy van trong ngon ngtr truy van CSDL huéng doi twong OQL I3 twong dwong.

4.1. Céc bi€u thirc dai s8 ddi twgng dugc biéu dién twong duong bing truy van
trong ngén ngir truy vin CSDL huéng déi twgng OQL

Pinh ly 1. Moi biéu thitc dai s6 @67 twong luon tim duwoc sw bicu dién twong dwong bang
truy vdn trong ngon ngt truy vin OQL.

Chitng minh: Mot biéu thitc dai s6 I chita mot hoac nhieu dinh danh (bién, hang, ham,...)
cic doi twong CSDL & mitc dinh va céc phép toan dai s6 (cé thé khong cé phép todn nao).
Trong chirng minh sau day, chiing ta sit dung phép chirng minh quy nap, titc 14, néu ching
ta chirng minh tap cac phép toan dai s6 doi twong cé thé dwoc dién dich dudi dang mot truy
van OQL twong dwong thi mot biéu thitc dai s6 doi twrong bat ky cé thé dwoc viét thanh
mét truy van CSDL huéng ddi twong bang ngon ngtr truy van OQL.

Trudong hop co sé: Gid sit bieu thirc dai s6 déi twong E khong chita phép todn nao.

Trong truwong hop nay, £ = R, 1a dinh danh hodc 14 mot doi twong CSDL & mikc dinh.
Truy van trong OQL sé la: selectR.
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Trudong hop quy nap: Gia sit trong bieu thitc dai s6 E c6 chita mot hodc nhiéu phép toan.

Gid sit rang tat cd cdc biéu thitc cé it hon n phép toan (n > 1), chiing ta cé céc truy van
OQL twong tng véi 32 phép toan trong dai s6 doi twong nhuw sau.
(i) C4c phép toan ddi tuwong

1. Chiéu lay OID: mo(S).

select 0.01D from S as 0

2. Chiéu lay gid tri: 7y (S5).

select (0.a1,0.az, ..., 0.a,) from S as 0

trong dd, a; 1a cdc thudce tinh cia doi twong 0(7 = 1, ..., n).

3. Chiéu ldy doi twong: wp(oid_object).

select 0

where oid_objectin(select0.O1D fromSaso)

(ii) Céac phép toan bo
1. Thiét lap bo: tuple(ay : v1, ..., ap : Vn).

select tuple(ay : vq, ..., Gp @ V)
2. Chiéu bo: T(ayrs)(S), (Attrs) = {a1,az, ..., am}.
select tuple(ay : V.V, .ovy Gy : V.0y) fromSasv

3. Trich xudt thuoc tinh: ma4,(S).
select v. Attrs fromSasv
4. Noi bo: tuple_cat(Sy, S2).
select tuple(ay : g, ..., Qp : Ully, b1 2 001, ooy by V. UY)
from S7asu, Ssasv
(iii) Cac phép toan tép hop
1. Thiét 1ap tap hop: set(S) hoidc {}.
select set(s)fromSass
2. Phép todn hop: set_union(St, Sz)
select set(s)from(SjunionSs)ass
3. Phép todn hiéu: set_dif f(S1, S2).
select set(s)from(SiexceptSs)ass
4. Phép toan chon tap hop: O'is.f<S).
select set(u) fromSasu
where finu
5. Phép toan lam phang tap: set_flat(S).
select set(v)
where vin(selectdistinctufromSasu)
6. Phép todn dp dung trén tap: set_applyrs.e(S).
define s_elementas < type(element(S)) >
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define function e() : s_element

select set(u) fromSasu

where u.e()

(iv) CAc phép toén bag

Céc phép todn trén kiéu dir lieu bag dwoc chirng minh twong tw nhw céc phép todn trong
(c). Chiing ta chi xét phép todn bagtoset(S) véi truy van OQL sé la:

select set(u)

from (select distinct w from S as w)

(v) Céc phép toan danh séich

1. Thiét 1ap danh séch: list(S).

select list(s) from S as s

2. Lay phan tir dau tién: first(S).

select s[0] from S as s

3. Ldy phan ti cudi cung: last(S).

select s[count(selectsfromSass) — 1]

4. C4c phép toan noi danh sich: list_cat(S, S2), chon O'é\s.f<S), lam phang: list_flat(S),
ap dung: list_applyys.(S) dwoc chitng minh twong tu nhu cdc phép toan trong tap hop va
bag.

(vi) CAc phép todn mang

1. Thiét lap méang: array(S).

select array(s) fromsS's

2. Trich xudt phan ti: m;(S). Phép todn nay trd vé phan tit thit i trong mang da cho.

select sli| fromS's

3. Chiéu méang: ;;(S), j > ¢.

select array(slx])fromsSs

where (@ >= i)and(x <= j)

4. Céc phép todn néi mang: array_cat(Sy, So), ap dung: array_applys..(S) dwoc ching
minh twong tu nhu trong tap ciac phép toan tap hop va danh sach.

bén day, chiing ta hoan tat chimg minh cho truwomg hop quy nap, hoan thanh diéu phai
chitng minh: Moi bieu thitc dai s6 d6i twong déu c¢é thé bicu dién bang mot truy van trong
truy van CSDL huéng doi twong OQL. [ ]

4.2. Truy van trong ngén ngit truy vin CSDL huéng ddi twugng OQL dugc bi€u
dién bing bi€u thic dai s6 tuwong duong

Pinh ly 2. Mot truy vin trong ngén ngt truy vain CSDL hwdéng d0i twong OQL déu duoc
bi€u dién bang mot biéu thic dai s6 d6i tuong.

Pé chirng minh dinh 1y 2, ching ta sé chitng minh thong qua cac bé deé & phan sau. Buéc
thir nhat, ching ta xét truy van “select...” trong OQL v&i 3 ménh dé chinh “select_clause”,
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“from_clause”, “where_clause” va chirng minh céc thanh phan trong 3 ménh de nay deu dwoc
bieu dién mét cdch twong dwong bdi cdc biéu thitc dai s6. Budc thit hai, dwra vao cic két
quéa da ching minh & buéce 1 dé chitng minh cho truy van téng quat ¢é thé biéu dién bang
mot biéu thitc dai s6 twong dwong.

Dé thuan tién trong trinh bay, ching ta bi€u dién ci phap cia truy van CSDL hwéng déi
twong OQL nhu sau:

Truy van:
select|distinct] < final_res >
from < from_clause >
where < where_clause >
trong dé,

< final res >i=<res.lisl >

< res.list >u= (< result >,) < result >

< result >::= (< r_component > .) < r_component >

< r_component >::= (< object > | < var >)([< int_const > [:< inl_const >])
< from_clause >:=< target > [< set_op >< target >|as < var >

< target >::= (< t_component > .) < t_component >

< t_component >::=< object > ([< int_const > [:< int_const >])

< where_clause >::=< where_clause > (and|or) < where_clause >

4.2.1. Ménh dé “from_clause” duogc biéu dién twong duwong bing mét bi€u thirc
dai s6 d8i tugng

Truée hét ching ta xét “from_clause” va chirng minh lan lwot cac bo dé ddi véi tirng thanh
phan trong “from_clause” ({t_component), (target), (var)) va sau dé 1a “from_clause”.

B& dé 1. t_component cé mét biéu thitc dai s6 twong dwong.

Chitng minh. Bang phwong phap quy nap trén cic thanh phan cia cdc phép todn lién quan
dén chi s6 mang xuat hién trong thanh phan.

Truong hop co so: t_component = C (khong c6 chi s6 mang). Trong trudmg hop nay thanh
phan 13 mot dinh danh va phai 1a tén cia mot doi twong & mike dinh. Vi vay, truy van dai
s6 doi v&i viee tim doi twong nay don gidn 1a C.

Truong hop quy nap:

(i) t_component = C/...]...]...]Jx : y]. Theo gid thiét quy nap, véi moi t_component cho truée
chi 86 cudi dwoc biéu dién theo dai s6 bdi mot bieu thitc CE nao d6. Néu CE la mot tham
chiéu, thi né dwoc thay thé bdi npmo(CE). Truy van déi véi t_component : 7, ,(CE).

(ii) t_component = C/...]...|...]|z]. Theo gid thiét quy nap, v&i moi t_component cho truée chi
s6 cudi dwoc biéu dién theo dai s6 bdi mot bieu thitc CE nao d6. Néu CE la mot tham chiéu,
thi n6é dwoc thay thé bdi mpme(CE). Truy van doi véi t_component : 7. (CE). |

B& deé 2. target trong from_clause véi thanh phin cudi khong cé chi s6 sé dwoc bicu dién
bing moét biéu thitc dai s6.

Chatng minh. Quy nap trén s6 thanh phan trong target.
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Truong hop co s6: target = C(C la mot thanh phan). Theo bo deé 1 diéu nay da dwoc
chirng minh.

Quy nap: target = C1...C,,.C' = (Attrs). Véi gid thiét quy nap va bo de 1, ldy F; 1a mot

bieu thitc dai s6 cho C...C),. Ching ta xét 6 trwomg hop twong ing véi cic kieu cia E; :

(i) 1 1a mot bo. Truy van dai s6 1a: T as)(S).

(ii) E1 1a mot tham chiéu dén bo. Truy van la: 7 as) (Tp(m0(E1))).

(iii) £ 1a mot tap cdc bo. Néu C' 1 mot thudc tinh gid tri - tap, ta ¢é truy van dai s6:
set_flat(set_applysse(aters)(my (s)) (F1)). Ngoai ra, ta ¢é truy van dai s6 nhu sau:
SELPPIY N g1y (v () (E1) -

(iv) F1 1a mot tap tham chiéu dén bo. Néu C la thuoc tinh gia tri - tap, thi ta ¢ truy van

dai s0:
set_flat(set_applyASW(Attrs)(WV(WD(WO)))(El)). Ngoai ra, ta c¢é truy van dai s6 nhu sau:
SCL-APPLY Nt a11ra(my (e (0))) (1))

(v) F1 14 mot mang cdc bo. Néu C 1a mot thude tinh gid tri - tap, ta cé truy van dai s6:
aw*ay_cat(array_applyASW(Attrs)(WV(S))(El)). Ngoai ra, ta cé truy van dai s6 nhu sau:
array-applysm 4 (mv (5)) (£1))-

(vi) F1 1a mot mang céc tham chiéu dén bo. Néu C la mot thude tinh gid tri tap, thi ta cé

truy van dai so:
arr ay-cal(array-applyxer ... (my(ap(mo(s)) (£1))-

Ngoai ra, ta cé truy van dai s6 nhuw sau: array_applyASW(Attrs)(WV(WD(770(5))))(El). [ ]

B& dé 3. Thanh phan target cia from_clause trong truy vin cé mét biéu thitc dai s6 twong
dwong.

Chitng minh. Chiing ta chi xét truomg hop ma bé dé 2 chwa dé cap, la cdc thanh phan cudi
clia target c¢é cdc chi s6 mang.

(i) Gia st rang target c6 dang target = C1...C,,.Clx : y] thi theo bo dé 2, chiing ta biét rang
c6 mot bieu thirc Fy twong dwong véi C;...C,,.C. Néu E; la mot tham chiéu, né sé dwoc thay
thé bang mp(mo(F1)). Vi vay truy van dai s6 la: 7, ,(E1).

(i) Twong tu, ta gia st target = C4...C,,.Clx]. Theo bo dé 2, chiing ta biét rang c6 mot bieu
thitc Ey twong dwong véi C...C,,.C. Néu Ey 1a mot tham chiéu, né sé dwoc thay thé bang
mp(mo(E1)). Ta cb truy van m.(Ey). |

B& dé 4. Bién ({(var)) duwoc khai bdo ¢ from_clause c6 mot bi€u thitc dai s6 twong dwonyg.
Chitng minh. Goi T, Ty va Ty 1a cdc thanh phan (target) trong from_clause, véi céc truy
van dai s6 twong dwong 14 E, By va E>. Chiing ta xét 3 truomng hop:
(i) var = T. Theo bo dé 3 ching ta cé mot bieu thitc dai s6 twong dwong.

Trong cac truwong hop sau, néu E, Fy hoac s 1a mot tham chiéu, né sé dwoc thay thé
twong dwong bang wp(mo(F)), mp(mo(Er)) hoac p(me(Es)).
(i) var = T} union Ty. Néu Ty hoac T ciing biéu dién 1 tap thi ta cé truy van la:

FE set_union Es. Ngoai ra, truy van twong duong la: array_cat(FE, Es).
(iii) var = T} except Ty. Néu Ty hoic Th cling biéu dién 1 tap thi truy van la: Eyset dif f Eo.
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422. Ménh dé “select_clause” dugc bi€u dién twong duong bing moét biéu thirc
dai s6 d8i tugng

Tiép theo, ching ta xét “select_clause” va ching minh lan lwot cdc bo dé cho céc thanh
phan & “select_clause” ({r_component), (result), (reslist), { final res)) va sau dé 13 ménh de
“select”.

B& dé 5. r_component cé mét biéu thitc dai s6 twong dwong.

Chitng minh. Vé&i phwong phap quy nap trén cac phép toan lién quan dén chi s6 mang xuat

hién trong r_component.

Truong hop co so: r_component = C (khong cé chi s6 mang). Trong trwong hop nay

r_component ciing la mot dinh danh cia mot doi twong & mike dinh. Vi vay, truy van dai s6

doéi vé6i viee tim doi twong nay don gidn 1a C, ho#ic tén cda bién & ménh deé “from_clause”,

theo bo dé 4 ta c¢6 mot bicu thitre truy van dai s6 twong duwong trong truong hop nay.

Truong hop quy nap:

(i) r_component = C|...] - - +[...]|= : y]. Theo gia thiét quy nap, véi moi r_component cho truée

chi 86 cudi dwoc bieu dién theo dai s6 béi mot biéu thite CE nao dé. Néu C'E 13 mot tham

chiéu, thi né dwoc thay thé bdi np(mo(CE)). Truy van doi véi r_component : 7, ,(CE).

(ii) r_component = C|...] - - -[...]|x]. Theo gid thiét quy nap, v&i moi r_component cho truée

chi 86 cudi dwoc bieu dién theo dai s6 béi mot biéu thite CE nao dé. Néu C'E 13 mot tham

chiéu, thi né dwoc thay thé béi mp(mo(CFE)). Truy van doi véi r_component : m,(CE).  ®

B& dé 6. result c6 thanh phan cudi cung khéng cé chi s6 c6 mét bi€u thitc dai s6 twong

duong.

Chatng minh. Quy nap theo s6 thanh phan cia result.

Truong hop co s¢: result = C. Theo bé dé 5 dieu nay da dwoc chitng minh.

Quy nap: result = C1...C,,.C = (Attrs). Véi gid thiét quy nap va bo de 5, ldy F 13 mot

bieu thitc dai s6 twrong dwong véi C...C),. Ching ta xét céc trwong hop sau, tuy thudc vao

kiéu cua F :

(i) 1 1a mot bo. Truy van dai s6 1a: w(Atérs)(S).

(i) F1 13 mot tham chiéu dén bo. Truy van dai s6 1a: w(Attrs)(mp(mo(EL))).

(iii) £ 1a mot tap cdc bo. Truy van dai s6 1a set_applyASW(Attrs)(Wv(s))(El).

(iv) E; la mot tap tham chiéu dén bo. Truy van dai s6: set_applyAsﬁ(Attrs)(WV(WD(WO(S))))(El).

(v) F1 13 mot mang cdc bo. Truy van dai so: array_applyASW(Attrs)(Wv(s))(El).

(vi) By 1a méang céc tham chiéu dén bo. Truy van dai so: array_applyASW(Attrs)(WV(WD(WO(S))))(El).
|

B& dé 7. result dwoc bi€u dién bang mét biéu thicc dai s6 twong dwong.

Chitng minh. Ching ta chi xét triomg hop bo sung cho bo dé 6 1a céc thanh phan cudi cia

result ¢6 chi s6 mang. V1 vay chimg minh & day twong tu nhu truwong hop chirng minh quy

nap cia bo de 1.

(i) Gid st result = C4...C,,.Cla : y]. Theo bo de 6, ching ta biét rang cé mot biéu thic Iy
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twong dwong véi Cy...C,,.C. Néu E7 13 mot tham chiéu, né sé dwgc thay thé bang 7p(mo(F1)).
Vi vay truy van tré thanh w, ,(Eh).

(i) Gid st result = C1...C,,.C[z]. Thi theo bo dé 2, chiing ta biét rang c6 mot bieu thirc Iy
twong dwong véi Cy...C,,.C. Néu E7 13 mot tham chiéu, né sé dwgc thay thé bang 7p(mo(F1)).
Vi vay truy van tré thanh wx(F). |

B& dé 8. res_list duoc bicu dién bang moét bi€u thitc dai s6 twong dwong.

Chitng minh. Lay res_list = Ry, Ro, ..., R, va E; 1a biéu thirc dai s6 twong dwong véi R; (bo

de 7). Chung ta xét 2 trudmg hop sau:

(i) Néu R; khong phai kieu tap hodc ming, ta cé biéu thirc dai s6 twong duwong:
tuple_cat(tuple(E), tuple_cat(tuple(Es), ..., tuple_cat(tuple(E, 1), tuple(E,)))).

(i) Néu ¢6 it nhdt mot trong céc R; 1a mot tap, ta c6: Ey X (Fo X (K3« -+ (E,—1 X E,))). Néu
E; 1a mot tham chiéu dén tap, thi né dwoc thay bang 7p(mo(F1)). |
B8 dé 9. final_res cé mét bi€u thitc dai s6 tuong dwong.

Chitng minh. Gid sit (stt dung bo deé 8) biéu thirc dai s6 twong dwong véi final_resR 1a E.
Chiing ta xét 4 treong hop xdy ra nhu sau:

(i) final_res = set(R). Truy van la set(F) (hoic {E}).

(ii) finalres = array(R). Truy van 1a array(E) (hoic [FE]).
(ili) finalres = (R). Truy van la tuple(F).
(iv) final_res = struct(R). Truy van la mo(F1). |

4.2.3. Ménh dé “where_clause” dugc bi€u dién tuwong duong bang mét biéu thirc
dai s6 d&i tugng

B& dé 10. where_clause dwoc bién dich thanh mét tan tir trong ngén ngir vi ti.

Chitng minh. Ching ta chimg minh quy nap trén s6 cac vi tir xuat hién trong ménh de
“where_clause”.

Trudng hop co sé: Mot ménh dé so sanh don gian c¢6 dang 11 {op)T%. Theo bo dé 4 va 7, Ty
va Ty & c6 cac bieu thitc dai s6 twong dwong la Fy va Ey. Ta chi xét 4 trudmg hop sau:

(i) Ty is Ty. Ta ¢6 tan tir: By = Fs.

(i) Ty = T5. Ta ¢6 tan tr mp(mo(F1)) = mp(me(F2)) néu Ty va Ts 1a cdc tham chiéu va
E, = E5 d6i v6i nhitng trwomg hop con lai.

(iii) TyénTy thi tan tir sé 1a 1 € Eo néu Ty 1a mot tap va By Fy doi véi cde trudmg hop con
lai. Néu F5 13 mot tham chiéu dén mot tap hoic mang, né dwoc thay thé béi mp(mo(Fs)).
Néu E; 1a mot tham chiéu, né dwoc thay thé bang 7p(mo(F1)) néu kieu cia céc phan tir clia
FE» khéng phai 14 kiéu tham chiéu.

(iv) T} < Ty. Tan tir 1a Fy C Es néu Ty 1a mot tap va Ey Es trong céc trudmg hop con lai.
Néu E; hoac Fs 1a mot tham chiéu, né sé dwoc thay thé bang 7p(mo(F1)) hoic mp(mo(F2)).
Truong hop quy nap: Ta xét 3 treong hop

(i) forall/exists in Sy : So. St dung bo dé 7 va gid thiét quy nap ta cé cic bieu thic Iy
va Fy twong duong véi Sp va Sz, Tan tir twong duong sé 1 applyxs g, (F1). Néu Eq 13 mot
tham chiéu, né sé duwoc thay thé bang 7p(mo(F1)).
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(ii) S1 and S3. Theo gid thiét quy nap ta cé cic bieu thitc Fy va Eo twong dwong véi Sp va
S5. Vi vay, ta ¢6 tan tir: E; A Fo.

(iii) notS. Theo gid thiét quy nap ta cé cic biéu thitc F twong dwong véi S. Ta c6 tan tir
-k,

424. Truy vdn tong quét “select...” trong OQL dugc biéu dién bing bi€u thirc
dai s0 d&i tuwgng tuwong duong

B& dé 11. Truy vdn téng qudt select cia OQL khéng chita tir khod “distinct” hodc cdc két
nhdp (aggregate) cé6 mét biéu thitc dai s6 twong dwonyg.
Chitng minh. V&i céc bo de da chirmg minh & trén, ching ta biét rang méi bién V; (var) trong
“from_clause” c6 mot biéu thirc dai s6 twrong dwong, ta ky hiéu 1a QV;. Vi véi moi result R;
trong res_list c6 mot bi€u thirc dai s6 twong dwong, ky hiéu 1la QR;.

bé dam béo céc result trong res_list 1a tirong quan véi nhau, ching ta s& ¢6 mot khai
niém mé rong cia “bién viing” . Ching ta xem moi thanh phan cia result trong res_list
nhu 134 mot bién viing va sé chi 16 mot trong cac thanh phan dé duoc xem nhuw 13 mot “thanh
phan chinh”. Vi du: ta ¢é truy van OQL:

select (s.Name.firstname, s.Name.lastname) from G_Students

where s.Age > s.Advisor.Age

O danh séch két qua (res_list) : “(s.Name.firstname, s.Name.lastname)”, ro rang két
qua ta c6 dwoc la mot tap céc cap gom gia tri cia 2 thudc tinh (firstname, lastname).
Vi vay thanh phan chinh & day (bién ving) 1a “s.Name” (G_Student.name). Néu ching ta
chon “G_Student” lam thanh phan chinh thi két qud tra vé sé la mot tap cic tén va mot tap
cdc ho cla cdc sinh vién, nhung tén va ho trong 2 tap nay lai khong c¢é quan hé rang budc gl
véi nhau.

Véi hai két qua Ry va Rs, chiing ta sé ¢6 thanh phan chung nhat chinh 14 “dudmg dan”
chung nhéat di truédc céc két qua. Ta sé xéc dinh thanh phan chinh ciia moi result trong
res_list bang doan chwong trinh gid ma nhuw sau:

For each resultRR1 in res_list do
For each resultRs in res_list do
G :=GCC(Ry, R2) //GCC: thanh phan chung nhéit.
If (G > primary_component(Ry))
Then primary_component(Ry) = G
Daéi véi res_list ¢6 n result thi ¢ thé cé it hon n thanh phan chinh duy nhat. Ching

ta xem xét tinh twong quan gitra dir lieu dwoc tim kiém véi cdc result c¢é ciing thanh phan

chinh. Véi moi thanh phan chinh duy nhat PCi trong res_list, ta thwc hién nhw sau:

(i) Gid stt PC; la thanh phan chinh cia cdc két qua Rry, ..., Rr,.

(ii) Vi moi Rr; ¢ cling thanh phan chinh, do d6 chiing sé c6 mot bieu thitc con dai s6 chung

twong dwong véi thanh phan chinh nay. Néu xod biéu thitc con chung nay trong méi QRI;,

chiing ta s& nhan dwoc céc biéu thitc dai s6 rieng biét PQRI;, ching hoan toan khéc biét

nhau va dwoc xem nhu la dau vao cia bicu thitc con dai s chung.

(iii) Thiét lap biéu thitc dai s6 rieng APCE; nhu sau: Néu n = 1, biéu thirc riéng 13 PQRI;.

Néun > 1, biéu thirc rieng la tuple_cat(tuple(PQRIY), ..., tuple_cat(tuple( PQRI, 1), tuple( PQRL,))).

DPén day, chiing ta c¢6 mot bieu thitc dé 4p dung cho mdi phan tit cia ving thudc thanh
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phan chinh twong tng dé tim dir lieu thich hop tir thanh phan dé. Trwée khi thue hién,
ching ta s& a4p dung déi véi tan tir clia “where_clause” . Theo bo deé 10, ta thiét 1ap mot bieu
thitc dai s6 cho mot tan tir. Ap dung tan tir nay ddi véi bidu thite dai s6 PE cho cdc thanh
phan chinh cia res_list nhw sau (theo bé dé 7: mo6i thanh phan chinh PC ¢6 mot biéu thiic
dai s6 twong dwong PCE):

(i) Néu res_list chi ¢c6 mot thanh phan chinh thi PE = PCE.

(ii) Con khong, néu khong ton tai mot PC; nio c6 gid tri - tap hoac gid tri - mang thi:

PE = tuple_cat(tuple(PCEY), ..., tuple cat(tuple( PCE,, 1), tuple(PCE,,))), (m 1a s6
thanh phan chinh trong res_list).

(iii) Con khong, néu ton tai it nhat mot PC; cé gid tri - tap, thi:

PE = PCE; x (PCFEy X -+- X (PCE,, 1 X PCE,,)). Néu PCFE; 134 mot tham chiéu, né
dwoc thay thé béi np(mo(PCE;)).

Tiép theo, 4p dung tan tir P cla “where_clause” doi véi PE. Ching ta xét cic truwong
hop thiét lap PQ - biéu thitc twong dwong véi “where_clause” 4p dung cho PE :
(i) PE 1a mot gid tri, mot bo hodc mot tham chiéu thi PQ = applyrs. p(PE).
(ii) PE la mot tap thl PQ = set_applyrs p(PE).
(i) PE 1a mot mang thl PQ = array_applyrs p(PE).

St dung céc két qua trén dé 4p dung APCE; doi véi PQ d€ di dén két qua cudi cling
cla truy van. Xét cdc truong hop:
(i) PQ 1a mot gia tri, mot bo hodc mot tham chiéu. Néu chi ¢6 mot thanh phan chinh va tat
ca cdc két qua twong ing cia né la don trithi truy van cudi cung 1a APCE(PQ).
(ii) PQ la mot tap thi moi phan tir cia tap ¢6 mot phan twong tng véi dir lieu tir moi thanh
phan chinh. Truy van cudi cling sé la: set_applyg(PQ), ma E la mot biéu thic 4p dung cho
moi APCE;(PQ) ddi véi thanh phan twrong tng cia né sit dung phép trich xuit bo 7 (néu
can thiét) va phép ndi cic két qua vao mot bo sit dung cdc phép todn tuple, tuple_cat.
(iii) PQ 14 mot mang thi moéi phan tir cida tap ¢ mot phan twong ting véi dir lieu tir moi
thanh phan chinh. Truy van cudi ciing sé la: array_applyg(PQ), ma F 1a mot bieu thitc ap
dung cho mo6i APCE;(PQ) d6i véi thanh phan twong tmg clia né sir dung phép trich xuat bo
7 (néu can thiét) va phép nai cdc két qua vao mot bo sir dung céc phép toan tuple, tuple_cat.
|

B& dé 12. Truy vdn select ciia OQL khéng chita tir khod “distinct” cé mét biéu thicc dai s6
tuwong duong.

Chitng minh. Néu truy van khong chira két nhap, bé dé 11 da chirng minh. Luwu ¥ rang méi
loai phép toan tap G (nhu “min”, “max”,...) dinh nghia mot phép todn dai s6 méi. Thanh
phan chinh cia mot két qua két nhap dwoc xdc dinh 1a bién trong from_clause (néu né cé
mot thanh phan) hodc thanh phan chinh cia danh séch thuoc tinh yéu cau moé ta bén trong
két nhap. Néu danh sdch thudc tinh nay cé nhiéu hon mét thanh phan chinh, thanh phan
chinh cia két qua két nhap trd thanh tich Pé cdc cia cdc thanh phan chinh cia danh sach
thuoc tinh.

Theo céc bo dé & trén, lay PCE la biéu thitc dai s6 twong dwong véi thanh phan chinh
cia két qua két nhap. Trong phan con lai cia viéc chirng minh b dé nay, ching ta xét néu
E hoic cac phan tir clda tap 1a cac tham chiéu, thi ching phai dwoc loai bd tham chiéu véi
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phép toan mp. Theo bo dé 11, ching ta ¢6 mot bicu thire dai s6 twong dwong E ¢6 thé dwoc
ap dung d6i véi thanh phan chinh cia két qua két nhap dé thu dwoc dir liéu véi viec 4p dung
ham két nhap G. Vi vay G ciing la mot phép toan dai s6, G(F) la mot biéu thirc va cé the
stt dung nhuw mot trong PQRI; trong bo de 11, da dwoc chitng minh. Néu thanh phan chinh
clia két qua két nhap 1a mot mang, thi ta diing phép toan array_apply thay thé phép todn
set_apply. [ |

B& dé 13. Truy vdn téng qudt “select...” cia OQL c6 mét bi€w thitc dai s6 ddi twong twong
dwong.

Chitng minh. Néu truy van khong cé tir khod “distinct” , bé dé 12 da ching minh. Néu truy
van la “select distinct Q”, theo bé dé 11 ta c6 mot bieu thirc dai s6 E bieu dién Q. Néu kicu
két qui cia F 1a mot bo, mot tham chiéu hosic mot gid tri don thi biéu thitc déi véi truy van
dau vao 13 E. Néu kieu cia F 1 tap hop thi bieu thitc dai s6 1a set_flat(E). Ngoai ra, bieu
thire dai s6 1a array_applyrs.(F). (]

Véi viéc hoan tat ching minh bo dé 13, ching ta hoan thanh viéc chitng minh cho dinh
Iy 2. Vi két luan rang su bieu dién gitra ngoén ngir dai s6 déi twong va truy van CSDL hwéng
doi twong OQL 13 twong dwong.

5. KET LUAN

Véan dé nghién citu vé ngoén ngtr truy van CSDL huéng doi twong OQL va dai s6 doi
twong cla né la co s& cia viéc lra chon ngoén ngir truy van thé hién, dé ching ta c¢é the
xem xét viec xit Iy va toi wu hod cdc truy van hwéng doi twong trén CSDL hwéng doi twong.
Ngoén ngit truy van CSDL huéng doi twong OQL cung cap kha nhiéu kiéu dir liéu thich hop
trong mo hinh CSDL hwéng doi twong, ddm bao cho su dic td cdc doi twong phitc mot cach
phong phi va linh hoat. Véi két qua dat dwoc trong bai bdo nay, ching téi hy vong day seé
13 co s& tot dé cé thé de xuat mot s6 phwong phép téi wu hod truy van hwéng d6i twrong ma
chiing t6i dang nghién ciru doi véi ngon ngir truy van CSDL hwéng doi twong OQL va dai
s6 doi twong cia nod.
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