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TOMTAT

Toi wu hoa truy vin la win dé dwpc quan tam nghiénimi v ly thuyét co so di liéu.
Nhiing ket qua kha tion ven \é toi wu héa truy vin trén mé hinh € so di liéu quan I# d la loi
gigi cho nhéu I6p bai toan gun ly néi chung va ly thdy co s7 dir liéu néi riéng. Tr co s6 do,
viéc nghién ¢u my régng cac plrong phap éi «wu héa truy vin quan & trén md hinh e s5 dir
liéu hurong doi tuong 1a pheong phéapduoc dé xudt trong bai bao naybiéu khac bét so wi md
hinh quan B Ia viéc i wu hoa truy vin doi tuong dea trén 6p lugt — bien doi biéu thirc truy
vdan bing cac phép b doi dai sé doi tuong, duoc thee hién qua véc chuyn doi tuong duwong
gidza truy win viét bang OQL (Object Query Language) ¥ai Sé doi tuwong trong 1ing, ket qua
giira truy win viét bang OQL va biu thic dai so doi tuong trong g 1a trong duwong. Bai bao
dwa ra cac quydc tong quatd? toi wu hoa truy ¥in doi tuong, trén o so do dé xudt thugt toan
toi wu hoa truy vin doi tuong dea trén tip ludt.
. Gii thiéu

Khi thuc thi mpt truy vn, chdng ta c6 nbu phrong &n ma & théng @ so dit
liéu (CSDL) cho phépxly dé cé cau ti 1oi. Cac phrong andéu co Kt qua cui cung
la twrong dwong nhrng khac nhau trong chi phiub hién, trc 1a Hng thyi gian cén dé
thue hién mot truy van. Toi wu hod truy ¥n 1a lya chon phrong andé c6 Hng thoi
gian thrc hién truy vin 1a ntd nhit. Nhue vay, vin dé chang ta pii quan tam [a lam
sao @cC tiéu tin suit sir dung aia CPU, b nhg, chi phi vao/ra va cac ndm tai nguyén
vé linh wrc truyén thong. \6i k§ thuat phin arng hién nay (kk ning aia cac chip né),
viéc ti uu thyc thi mpt truy VAn chi con la vin dé 1am arc tiéu thoi gian té 1oi cua truy
vén, trong khidé, cac & thdng ki chiu ar chi phbi cha yéu & thoi gian traoddi vao/ra.
Do dd, cac K thuit toi wu hod truy ¥n chi yéu tip trung gai quyét van dé cuc tiéu chi
phi xit Iy vao/ra khi ndt truy van dugc thuc thi. Phrong phap &i vu hod truy ¥n déi
tugng trong bai baoimg duoc dé xuét theo hrdng tiép cin nay.

Phrong phap éi wu hod truy vn ddi tuong duoc nghién ¢u va gii quyét cac
van dé voi dac trung aia md hinh hong déi twong. Phrong phap nayluoc trinh bay
trén @ sy cia moé hinh @ liéu ODMG va ngdn niy truy van déi tuong OQL, nhing
khéng ndit tinh Hng quatddi vsi cadc mé hinh d liéu hudng ddi tuong c6 B tro cacdic
trung nay [2], [4], [6].
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Tién trinh Hng quét &i wu hoa truy ¥n déi tuong dra trén &p luat dugc mo &
trong hinh 1dau vao @a tién trinh Xt ly 1a céc truy ¥n duoc viét baing ngén ng truy
van déi tuong, chugn déi cac truy vin thanh cac Bu thic dai sd dbi tuong trong
duong. Saudod, 4p ding cac lat bién doi trén cac phép toamai sb nhu chon, chiéu, két
ndi ddi vai cac bp déi tuong, laai bo tring Bp trong caala ép,... Ci clng, ching ta
c6 Kt qua la phrong an thrc thi duoc chon trong tén trinh 6i uu truy Van.
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Hinh 1. Tién trinh khung % ly truy win

Noi dung @a bai baatuoc ciu tric nhr sau: chi #t cua phrong phap éi vu hoa
truy van déi tuong bing cac phép Bn d6i biéu thac dai sé di tugng OQLduoc trinh
bay trong phn 2; phin 3 la vi di minh ha cho phrong phapda duoc trinh bay. Kt
luan vé cacddng gop aa bai béo ting nhr huéng phat trén duoc trinh bay trong pin
4,

Pé théng nHit trong trinh bay cac viudtrong bai bao, ching tar sung hrgc dd
déi tuong duoc dinh nghia trong OQL nkr sau:

Vi du 1.1.Cho krgc d6 dbi tugng TruongDaihoc nihsau:
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, hgansach: float,
cbgd: set(GiangVien))
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II. Tdi wu hoa truy van ddi twong bing cac phép bén ddi biéu thic dai s6 ddi
twong OQL

2.1. Sr biéu dién twong dwong gia truy win OQL vadai sé doi tweng

Pinh nghia. Néu E la béu thic dai so doi twong va Q & truy ¥n doi tuong
OQL cuing xaefinh mot tdp doi twong thi ta n6i E biu dién Q hay Q hiu dién E, ta @i
E twong duong Wi Q, ky héu E=Q.

Su biéu dién twrong duong gira truy Vin viét bing ngdn ng OQL vadai sb ddi
tugng dugc thé hién qua haiiinh ly 1 va 2 sau:

Pinh 1y 1. [3] Moi biéu thic dai sé doi twong déu biéu dién duoc bang cac truy
vdn déi tirong trong OQL.

Pinh ly 2. [3] Moi truy vin doi twong trong OQLFéu biéu dién duoc bing cac
biéu thirc dai s6 déi twong.

Nhu vay, viéc viét lai mot truy van d& cho thanh cac &i thac dai sb véi tap
phép toantai sb dbi tuong 1a trong duong. Cac bu thic dai sb nay co6 th duoc usc
luong wi cac chi phi x ly khac nhau. Vi &y, vé mat ly thuyét ching ta mong nén
tim duoc biéu thic dai sb tuong duong Wi madt truy vdn sao cho co thdat duoc mot
phuong an thre thi hiéu qua hon. Tuy nhién, trong cac &gjiphap caidat, vi $ luong céac
truy van twong duong qua n, trong licdd ching ta chcan mot tap con cac truy 4n
nay. Dodd, dé tim ra cac truy 4n trong duong khac, ching ta3<in mot tap luat nham
bién d6i cac béu thic dai sd twong duong. Tuy nhién, trong mé hinkrdiéu huéng doi
tuong ki khéng cé not dai sb déi twong chuin &p ding dugc cho &t ca cac mé hinh
husng déi tuong, cho nénisky vong dé c6 not tap chuin tic gdm cac It bién ddi bao
toan trong duong la khéngdn tai. Vi vay, ching ta mong ném ching © rang sr bién
ddi bao toan trong duong trén ndt co s dai sb dbi tuong 1a c6 th chdp nhin dugc. Mot
sd luat bién ddi duoc trinh bay trong pin 2.2.

2.2. CAc |t bién déi dai sé déi twong

Ky hiéu S, S, S, S la cac dp di tuong; e, f, g, hla cac bdu thirc dai sb, phép
toanop 7 {union, diff}. Nhitng luit nay ch &p ding trén cac phép toatdi tuong, phép
toan 9, phép toanap hop va cac phép toata tip (bag). Vé mat ky hiéu, chang ta ch
sir dung cac ky Hu phép toan 6t cach hinh thc [6], [7], [8], cac phép toan nay cééth
duogc caidit voi mot sb thayddi trong cac md hinh khac nhau.

L1.  Hoan Vv phép clan: gig(01s(S)) = s Ta.o(S))
L2.  Té hop cac phép ohn:
Ops. (.. 1(S) = s ATng(--- (G (S))-..))

L3.  Thu @n day cac phép chi:
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T(ay..a0) (TUy. by () = T(ay..20) (O, Wi {au,..., a} T{bs,..., b}
L4.  Hoan v phép chn va phép cliu
O-Ase(ﬂ(-al..an) (9)= ﬂ(-ai..an)(a-/lse(s))
L5.  Hoan v mjt phép chiu Wi phép top, hiéu trén tip/da tip
T(ay..2) (SLOPS2) = Mgy 2,) (S1) OP7Y 5. a) (S2)
L6. Phan pli phép clan wi phép lvp va phép Hiu trén tip/da tip
T1s{SL0p S) = T1s(S1) 0p S, néu f chi lién quan vi S,.

Tong quat Tys rgm(SL 0P S) = Tun(Trs{St) Op Ong(S)), Néu f lién quan § g
lién quan $va h lién quane S va S.

L7. Hoan v gi¥a phép apply va phép eh: néu diéu kién cton ch chira cac
thugc tinh do phép toan applydtwé thi:
applyis d g i(S)) = ax.applyrs {S))
L8. Hoan V giira phép l1am ping (flat) va phép apply trédp/da tip: gia s
S la té hién cia mot lép va X |a nat tdp thusc tinh phic cia lop.
flat(applyss appiyie(r x) (73 (S) (9)) = aPPyate(Tlat(@pplyjs . (s, (s)) (S))
Biéu thuc ¢ vé trai, co béu thuc e tAdcdong trudc tp cac dp (thuduoc boi 7&)

saudo lam phing thanh mt tap; bitu thic ¢ vé phai cé phép toan 1am pihg duoc tac
dong trrdc (két qua thu duoc 1a bt tap), saudo thuc hién phép toan apply.

L9.  Tinh Kt hop cia phép bp
(S1 union ) union § = S union (S union Q)
L10. Cac It ké thira ddi véi phép clon va phép apply:du S 1a mot 16p con
cua S, thi the hién cia S la mot tap con @a the hién aia S:
OxsA(S1) UNionGxs(S2) = OasAS1)
applys{Sy) union applys {Sz) = applysdSy)
2.3. CAc quydc tong quét trong 6i wu hoa truy \vin doi tueng

Tiép theo, i tap luat bién dbi dai sb d6i tuong trong phn 2.2, chiing tassdua
ra cac quyic cho phép afn lra cac ldt thich bop &p ding trén cac BBu thirc dai b
dau vao nlim tao ra cac boc uoc luong trén céac B thic dai sd dbi tuong co6 chi phi
xtr ly thdp hon trong duong wi biéu thic da cho.

(R1) Thuc hién cac phép afn, phép chdu tréndsi tiong, phép bagtosetusc
cac phép & ndi, tich Bé cac, nhdm & (d6i tuong) trén cacdp theo tir tu trén: NHm
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lam giam & luong cacddi tuong tham gia trong cac phép toan. Phégickiroc 4p
dung cho tedng hyp tap thwe tinh @a cac ép quéa én nheng khéng tham gia trongék
qua cia truy vin, dodé cho phép @m kich thrae leu trir caa nbi 16p.

(R2) Té hop day cac phép em va phép cléu: Day cac phép toan ch va chéu
c6 tht nhom @p bang mbt phép chn haic mot phép chbu (luat L3). Vi phép bén doi
nay chang taslam giam 5 1an truy xut trén cacép.

(R3) Lam phing cac @u trac phic Wi cac phép toan set flat, bag_flat,
list_flag: chuyén céc du trac phirc V@ cac kéu tip, by va cac danh sachovcac phan tir
don tri (16ng nhau). \4i phép bén ddi nay chang ta lgi bo dugc cac tham ckiu 1dng,
lap (tr tro) trong cac éu trdc phirc lam gim do phac tap tinh todn trong qué trinhidy
truy van.

(R4) Xur ly trieéc cac bp déi tiong hing cac phép toan #hngdi lam giam kich
thugc cac bp dbi tuong khi tham gia & ndi hay Bp nhém.

(R5) Tinh cac thanh pin oo s trong Mt biéu thire dai sé doi tuwong: Xac dinh
thanh pln o s chung nlt trén cac kin ving, Bu ©n tai mot thanh phn oo s chung
nht thi chiing ta&tinh tirdc cac béu thiac con chung nay, chintyroc xem ladau vao
cho céac béc truy Van tiép theo.

Tha tuc xacdinh thanh phn o s chung nlt trén cac Kin vang:DBé thuan tién
trong trinh bay, chiing tadi dién lai c phap aa truy vin déi tuong OQL:

Truy VAN: select [distinct] <danh_sach_dich>
from <ménh_dé from>
where <ménh_dé where>
trongdo, cac thanh pgin duoc thé hién cy thé nhu sau:
<danh_séach_ dich>::= <ds_dich> // danh séch két qua cua truy van.
<ds_dich> ::=(<kqg_dich>,) <kq_dich>
<kq_dich> ::= (<kq_thphan>.)<kq_thphan> : <kq_dich>
(c6 thé chira cac két ndi n, st dung dau “.”)

<kq_thphan> ::= (<dbi_twong> | <bién_tham_chiéu>)
<ménh_dé from> ::=<kiéu/lép> [<toan_tl_tap> <kiéu/lop>] as
<bién_tham_chiéu>: danh sach cadp (cé tté chira cac toanit tap hop) dugc
tham chéu (dinh ngha qua bén vang ) Wi <bién_tham_cHu>
<kiéu/lop> ::= (<thphan_kiéu>.)<thphan_kiéu>

<thphan_kiéu> ::= <déi_twong>([<thé_hién_hang> [ : <thé hién_h&ng>])

<ménh_dé where>::= <ménh_d& where> (and | or) <ménh_d& where>
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Cho hai «q_dich> R; va Ry, thi thanh phn oo s chung nlt, ky hiéu GCRY,
R) 1a “tién ©” chung nkit cia cac q_dich>. Chlng ta xadinh thanh phn o s& caa
mdi <kg_dich> trong <is_dich> bang thuit toan:

Thuit toan 2.1: Xacdinhthanh_plain_o_si_chung_nht
Vao: Ry, R; 1a cac Kt qua thudc <ds_dich> caa truy \an
Ra: Thanh pln o s chung nlit cua cac kt qua
Phwong phap:

(1)  for mdi Ry in <ds_dich> do

(2) for mdi Ry in <ds_dich> do
3) G := GCR, R)
(4) if (G > PCRy) then PCRy) := G

trongdo, GC la thanh gim o s chung nlt ciaR; VAR, PC: thanh pin o s ciaR.

2.4. Thujt todn Bi wu hod truy \in déi tweng dua trén tp lugt

Thuit toanduoc gioi thiéu trong pln nay &ip trung xr ly cac phép toan ok,

chon, ap aing biéu thirc dai sb (set_apply) trén cac&i déi tuong va phép toan id bo
trung kp trén cacta ép, lop ddi tuong.

Thuit toan 2.2: Ti uu hoa cac Bu thic dai sb déi tuong dra trén #p luat.

Vao: Biéu thic dai sd ddi tuong.

Ra: Mot day cac biéc uée lwong biu thire dai sb dbi tuong.

Phwong phap:

(1) Khoi tao cay phan tich ct phéap biéu thic dai s6 dbi tuong.

(2) Srdung luat (L2) tach phép ain Oxs g 1(S) thanh chéi cac phép on:
0-)\5.f(0-)\t.g(. --(GAu.h (S))))

(3) S dung cAc lat ké thira d6i véi cac phép cléu (L3), phép cbn va phép
apply (L10) & hop day céac phép chi, cton thanh mt phép chiu va not
phép chn

(4) Déi voi mdi phép clon, sr dung céc ldt (L4, L6, L7, L10) ‘day” cac phép
chon xubng céc &p thanh phn haic “qua” cac nat & ndi va phép 4o
nhom.

(5) Déi vi mdi phép chéu (d6i tuong, Bip, bH), sir dung luit (L3, L4, L5) dé
di chuyén phép chiu xudng cang sau cangtt Néu tap thuwc tinh duoc
chiéu bao @m tit ca cac thiéc tinh @a biéu thrc thi chang ta lgi bo phép
chiéu dé.

(6) Sirdung céc lat (L8, L9, L10) trén cacdp dbi tuong, dé loai bo cac plan
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tir tring Bp trong cacdp ddi tuong; di chugn phép lam ping (flat), phép
loai bo trung Ep trong caala ép (bagtoset) Ién dwdc cac phép toan nhém
haac két ndi.
(7) Tao ra day cacimyc bién doi dé woc lwong mdi nhém theo rit the tuw sao
cho khéng c6 nhom natiroc ude lugng tnegc cac nhom conua no.
Ménh dé. Thuat toan trén laiing dan va Kt qua caa thuit toan 1a plrong an
truy van c6 chi phi thp hon chi phiudc luong aia béu thirc dau vao thidt toan.
Ching minh.
Theodinh ly 1, 2 vadp cac ldt bién dbi biéu thirc dai sd ddi tuong, ching ta
suy ra cac boc thye thi trong thdt toan cho Et qua ding va trong duong.

Ap dung cac phép toan ¢ trén cacdp déi tuong lam giam kich throc cac bp va
cacddi tuong tham gia trong Bl thirc, didu nay & lam giam chi phi ap l6p vao i nho
trong (I0_Load). Mt khac, phép toan lam fig (set_flat) va lai bo tring kp (bagtoset)
ap ding choda #p, 16p déi tuong € lam gam mdt cachdang K cac bén thé cua cac ép
tham gia trong cac phégtkndi, nhém trongduong (I0_Eval).

D6 phuc tap tinh toan ga thifit todn co thi gian da thre theo kich thae (sH cac
bién thé) cua cac &p tham gia trong Bu thic.

l1l. Vi d uw minh hoa

Chung ta 6 dung cay phan tich ct pha# thuc hién viéc bién d6i cac béu thic
dai sb déi tuong.

Vi du 3.1.Ta c6 truy wn:

define SinhVien as s, GiangVien as e

select distinct (s.tenkhoa.tenkh, e.hoten)

where s.gvhd = e.hoten

Hinh 2 1 béu dién truy Vin caa vi di 2 trén cay phan tich ct phap.

t 1
S¢t_app ybagtoset(set_apply (INPUT))

T(tenkh, hoten)

rel join
gvhd = hoten

/N

SinhVien  GiangVien

Hinh 2. Khgi tgo cay phéan tich cu phapia vi d: 2
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Hinh 3 béu dién cay phan tich ci phap khi ching ta apgllut “day” phép
toanbagtosefluat R1) I&n trrde todn tr két ndi rel_join, luat nay ap dng khi cac thanh
phan tring fip qua én ©n tai trong cacda @p, nhr viy todn fr bagtosetchi thuc hién
trén |s| + |e| B thé (trong trong hop xdu nhit) tot hon |s|*|e| in thé (d6i vai truong
hop phép Kt ndi dugc thuc hién truge). Va tép tuc ddy toan tr tqua nat join”.

rel_join

/

bagtoset bagtoset

/ \

gvhd = hoten

set_applyn(m) set_applyn(m)
SinhVien GiangVien

Hinh 3. Budc chuyn doi dau tién aia hinh 2

Vi du 3.2. Tim tén cac sinh viénua khoa c6 #n phong khoaiit ¢ ting 5
(diadiem). Tén céc sinh viédugc nhom theo khoadr thuoc tinhtenkh (vi du: Sinh hoc,
Cong nghk thong tin):

define SinhVien as s

select (s.hoten)

group by s.tenkhoa.tenkh
where s.tenkhoa.diadiem =5

Hinh 4 béu dién cay phan tich ct phéafai sé cho vi di 3, ta nhémia #ip trén
thuoc tinh tenkh caa thuc tinhtenkhoa, saudoé loai bo cac sinh vién a cac khoa
khénga tang 5, cwi cung chéu lay thudc tinhhoten.

Set—applyset apply

A 7'[:(hoten)

set_applyG
A Tcdiadiem(nV(Tc(tenkhoa) (INPUT))) =5

RP
G 7ttenkh(ﬂ-’V (Tc(tenkhoa) (]NPUT)))

SinhVien
Hinh 4. Khai tao cay @a vi ds 3
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Mét phuong phéap di uu vi da 3 dugc suy tic tiép tir hinh 4. Trede hét, tadua
phép chn |én twéc phép 40 nhém GRP vaisdung cac phép chii trénddi tuong (1)
dé loai bo tham chéu tén théc tinhtenkhoa, saud6 trich chéu lay gia ti cua thue
tinh diadiem.
set_apply

set _appl
0 —app yT[(hoti:n)

T onkh (tenkhoa)

A

set_appl
- Ep yGT[ (tenkhoa) — S(TCV(n(tenkhoa)(INPUT)))

diadiem

SinhVien
Hinh 5. Cay kt qui sau khi ap dng céc luit chuyn doi

IV. K ét luan

Bai baoda #p trung vao \dc trinh bay 4p luat bién doi cac phép toadai sb ddi
tuong, dé xudt cac quy ic tong quét trongdi wu truy \an ddi tuong, dong thyi ma rong
va i tién thuat todn 6i vu hod cac Bu thic dai sb déi tuong dra vao #p luat.

Phrong phap éi uvu hod truy ¥in déi tuong dra vao céac lét bién déi biéu thac
dai s6 duoc ap ding cho cac md hinhadliéu huéng ddi tuong cé B tro tap luat.
Phrong phap nay & ly cho bp cac truy ¥n trén cac Ku ddi tuong phic nhr kiéu
bag, da tip, danh sach,d... nhung khi thrc hién trén céc dp ddi tuong, cac biu
thuc dai s6 ddi tugng 1dng thi chi phivdc lwong va cac phiong an thre thi truy van
chua hiéu qua. Cho nén, &u ching ta 8 dung siéudd thi két ndi ddi tuong dé giai
quyét cho bp cac truy ¥n déi tuong 1bng wi cac thit todnudc lugng trén cac siéu
canh ddi tuong € c6 chi phi X ly truy vin hiéu qua hon so \6i phuong phéap &i wu
cac truy ¥in déi tuong 16ng hing cac phép Bn dbi dai s6 trén cac u thac dai sb doi
tuong 1bng nhau.
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THE OQL OBJECT ALGEBRA EXPRESSION TRANSFORMATION
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SUMMARY

The query optimization is an attracting issue ie tesearch on database theory. The

complete results of the query optimization in relal databases model are solutions for

classes of management problems in general anchéodatabase theory in particular. On that

basis, our approach is to expand methods of theyqu@imization in object-oriented databases,
and that is presented in this article. The diff@@from the relational database model is that the
object query optimization is based on the rulesaggth transforms the query expression using
object algebra transformations, and this is carrimat by the equivalent transformation between
OQL-written queries and object algebra, and it'oypen that the OQL query and the object
algebra expression is equivalent. This article megs general principles to optimize object
gueries, and form this basis we also propose aorilyn for object query optimization based

on the rules set.
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