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TOM TAT - Cac kj thudt ldp chi muc luén luén la mét van dé quan trong trong viéc tim kiém théng tin hiéu qua tir co sé div
liéu (CSDL). Déi véi CSDL hueéng doi twong, viéc sir dung cdc tdp tin chit ky nhu la mot phwong phdp chi muc da dwoc thira nhdn
la mot tiép cdn pho bién trong viéc xit Iy truy van trén CSDL hwéng déi twong. Cac doi tuong ciia I6p dwoc ma hoa thanh cdac chit
ky ddi twong bang cdach dimg ham bam va dicge luu trik trong mot tp tin chir ky. Tuy nhién, moi khi xu Ly truy van thi todn bg tdp tin
chit ky phdi dwoc quét. Vi vdy phwong phap ndy doi hoi chi phi xir Iy cao. Dé khac phuc nhioc diém ndy, ching (6 dé xuat mgt mo
hinh cau triic do thi dwoc xdy dyng trén chit ky cua cdac doi twong trong mot CSDL hudng doi twong, goi la do thi chit ky. Dong thoi
dé xuat cach thirc xay dung do thi chit ky va thudt toan truy van trén do thi chiv ky cung voi phan mé phong wng dung cia phuong
phap nay.

Tir khéa - Truy van huéng doi twong, chit ky doi tiwong, tdp tin chit ky, do thi chir ky.

I. MO PAU

Viée nghién ctru céc k¥ thuat 1ap chi muc luon ludén 1a mot van dé quan trong trong viéc tim kiém thong tin hiéu
qua tr co so dir liéu (CSDL). Dbi v6i CSDL hudng ddi twong, truy Van truc tiép trén cac déi tugng co6 chi phi thoi gian
thuc hién 16n. P c6 nhidu k§ thuat chi muc CSDL nham xtr 1y truy van trén CSDL huéng dbi tuong, trong d6 phuong
phap tép tin chir ky duoc thira nhén rong rai va la mot tiép can khé hiéu qua trong viée xur ly truy van trén CSDL hudng
dbi twong. D61 v6i phuong phap nay, cac dbi twong cua 16p duoc ma hoa thanh céac chir ky dbi twong bang cach dung
ham bam va dugc luu trir trong mét tap tin chir ky. Tuy nhién, viéc truy van trén tap tin chir ky lai c6 nhugce diém 13 ton
kém chi phi do phai quét toan bd tap tin. Mot sb cac phuwong phap chi muc khac nham khéc phuc didu nay va co thé tim
thay trong nhiéu cong trinh nghién cuu [1] [2] [3] [8] [9].

Trong bai bao nay, ching t61 dé xuét viéc to chirc tap tin chir ky cua mot 16p trong CSDL hudng dbi tuong
trong mot dd thi chir ky va xay dung cac thuat toan dé tao do thi chit ky va truy van d01 tuong trén dd thi chir ky. Viéc
sir dung dd thi chir ky c6 khong gian tim kiém nho hon dé tir d6 giam thoi gian truy van dir liéu.

Bai bao nay duoc té chirc nhu sau: Phan dau ciia bai bao sé& gidi thiéu khai quat vé chir ky ddi tuong, tap tin chi
ky, chir ky truy véan va céu trac do thi chit ky, sau d6 bai bao thuc hién viéc xay dung dd thi chir ky va thuat toan truy
van ddi tugng trén d thi chit ky, ddng thoi xay dung mé hinh tng dung, phan cudi cua bai bao 1a két luan.

II. MOT SO KHAI NIEM CO SO
Phan nay chi trinh bay mot s khai niém co so lién quan dén chit ky ddi twong va tap tin chit ky. Chi tiét ddy du
hon c¢6 thé xem trong [1] [2].
A. Chir ky doi twong, tap tin chiv ky

Trong mot CSDL huéng dbi tuong, mdi d6i tugng duoc biéu didn boi mot bo gid tri cua cac thude tinh. Chir ky
cua mot gid tri thude tinh 1a mot chudi cac bit dugc ma hoa bang ham bam. Chir ky déi twong dugc xdy dung bang
phép toan logic OR cho tat ca cac chir ky cua cac gi tri thudc tinh ctia ddi twong. Sau day 1a mot vi du vé chit ky cua
dbi tuong:

Vi du 2.1. Xet mot dbi tuong co cac gia tri thudc tinh lan luot 1a “Dung”, “12345678”, “giao su”. Gia su chit ky cua
cac doi tuong nay la:

010 000 100 110
100 010 010 100
110 100 011 000
Luc d6 chir ky cta dbi twong 1a 110 110 111 110, nhan duoc tir chit ky cac gia tri thudc tinh bing phép toan
logic OR.
Céc chit ky ddi twgng ciia mot 16p duge luu trir trong mot tap tin, goi la tap tin chit ky ddi tugng.
B. Chii ky truy vin
Mot truy véan d6i tuong s€ dugc ma hoa thanh mot chit ky truy vén theo cung ham bam da thyc hién ddi véi cac
dbi twong. Khi ¢6 mot truy van can thuc hién, cac chir ky déi trong s& duge quét va nhitng ddi twong khong phi hop sé
bi loai trir. Luc d6 chit ky truy van dugc so sanh dbi véi moi chit ky dbi twong trong tép tin chit ky. Co ba truong hop
¢6 thé xay ra:
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(1) Péi tuong phit hop véi truy van, nghia 1a di véi moi bit trong chir ky truy van Sq. bit twong tng trong chit ky

déi tuong s cling chinh 1a no, tirc la s A s =54, déi tugng thuc su chaa tir truy vén;
(2) Dbi tugng khong phu hop véi cau truy van, nghia 1a SqgAS FSg;

(3) Chit ky dugc ddi sanh va cho ra mot két qua phit hgp nhung ddi twong khong phu hop véi diéu kién tim kiém
trong truy van. Dé loai ra truong hop nay, cac ddi twong phai dugc kiém tra sau khi cac chir ky ddi tuong

dugc dbi sanh phu hop.
Vidu 2.2. Vidy nay minh hoa viéc truy van d6i voi chir ky déi tugng 6 vidu 1.1:
Truy vin Chir ky truy van Két qua
Dung 010 000 100 110 thanh cong
Binh 011 000 100 100 khong thanh cong
Duong 110 100 100 000 thanh cong nhung khong phu hop

Nhan xét: Viéc so sanh chit ky truy vén Sq Vv6i chit ky dbi twong s 1a loai ddi sanh khong chinh xac. Nghia 14,
chir ky truy van Sq phu hop chit ky s néu moi bit 1 trong Sq» Céc bit twong ung trong s cling 1a bit 1. Tuy nhién, dbi voi
moi bit 0 trong s, thi khong quan trong bit twong tng trong s 1a 0 hay 1.

III. PO THI CHU KY VA THUAT TOAN
A.  Dé thi chiv ky

Dé tim mot chir ky d6i tugng trong tap tin chit ky ¢ phu hgp vai chit ky truy van, ta can phai quét mot tap tin
chit ky do. Néu tap tin 1a 16n thi thoi gian dé tim kiém trén mot tap tin nhu vay 1a dang ké. Y tudng trude tién dé cai
thién qua trinh nay 1a sap xép tap tin chir ky va sau d6 st dung viéc tim kiém nhi phan. Tuy nhién, diéu nay khong thuc
hién dugc do viée ddi sanh trén tap tin chit ky 1a mot ddi sanh khong chinh x4c. Ta xem vi du sau day:

Vi du 3.1. Xem tap tin chit ky da dugc sap xép gom 3 chir ky ddi twong:
010 000 100 110
100 010 010 100
010 100 011 000

Gia st chit ky truy van Sq 12 000 010 010 100. N6 phu hop véi chir ky 100 010 010 100. Tuy nhién, néu ta sir
dung tim kiém nhi phan thi chit ky 100 010 010 100 khong thé tim thdy. Mt khéc, trong tap tin chit ky c6 thé s& xut
hién nhiéu chit ky gidng nhau tmg véi cac dbi twong c6 ndi dung giéng nhau, qua trinh truy van can tim ra tat ca vi tri
xuét hién cua d6i twong phi hop. Vi Iy do nay, ta s& t chirc tap tin chir ky thanh mot dd thi, goi 1a dd thi chit ky nhdm
luu trir duge danh sach céac chir ky va cho phép truy nguoc lai vi tri cta dir liéu twong ung. Ta c6 dinh nghia sau:

Pinh nghia 3.1. ) thi chit ky G d6i véi tap tin chit ky S 1a mot d6 thi ¢6 hudng Gg = (V, E) sao cho:

1. Mbinitue V codang < Ip(u), skip(u) >, véi Ip(u) 1a danh sich céc con tr6 tham chiéu dén céc vi tri ctia chit
ky sig(u) trong tap tin chirky S va sklp(u) la mot s6 nguyén i khong 4m, goi la budc nhay nhay bit. Néui> 0,
bit thi i ctia chit ky truy van Sq s€ dugc kiém tra khi tim kiém. Néu i = 0, sig(u) s& duoc so sanh véi Sq-

2. Pite=(uv) €E. Luc d6 e dugc gan nhan la 0 hodc 1 va skip(u) > 0. Pat skip(u) = i. Néu e duoc gan
nhan 12 0 va i > 0 thi bit thtr i cta chit ky duoc tro boi Ip(v) 1a 0. Néu e dugc gan nhan 1a 1 vai> 0 thi bit
thir i ctia chit ky duogc tro Ip(v) 1a 1. Mot nat v v6i skip(u) = 0 thi khéng ¢6 nit con.

Vi du 3.2. Hinh v& sau minh hoa mét tap tin chit ky va dd thi chix ky cta no:

S,:10110110 ‘;p_. 5 i _
S$,: 1011 1001 0 1
5,: 0111 0110 > ‘f ] i]'_] -
S::0111 0101 4',*; 1 T | !
; Ip | 2 A1 :
S5: 0101 1100 r : o l_ T A
Sy: 1110 0100 o - [ o]0
Sy 1010 1011 _ n

(a) (b)

Hinh 1. Minh hoa tp tin chit ky va d thi chit ky
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B. Thudt todn

1. Thuét toan tao do thi chit ky

Thuét toan 1: Thuat toan xay dung dd thi chir ky ctia mot 10p cac ddi tuong:
Vao: Lop dbi tugng

Ra: DO thi chir ky

Phwong phap:

Begin

objs = {0j | oje class,j=1,...,n}
Ip(root) = null; sig1 = Hashing(o1);
Ip(root) =Ip(root) U sig;
root = <1, Ip(root)>;
j=2
Budc 1. Tao chit ky sigj = Hashing(oy);
V ¢ root;
Qua budc 2;
Budc 2. if (v khong danh dau va skip(root) # 0 ) then Qua budc 3;
elsef{i « skip(v) danh dau v;

if (sigv[i] = 1) then v = v—right;

else v = v—left;

Quay lai bwdc 2; }
Budc 3.
if (sigj = sigv) then
{Ip(v) =1p(v) U sig;;
j < j+1; Quay lai budc 1; }

else{o « v; s=<sigj, Ip(s)>; Qua budc 4;}
Buwdc 4.
Goi k+1 la vi tri khac nhau dau tién gitra sigj va sigy;
Thay thé&nuat v tré thanh:
<k+1, left(v)=null, right(v)= null>;
if (sigj[k+1] =1) then
[v > right=s; v > left = 0}

else {v —right=0; v — left=s;}

j <= j+1; Quay lai budc 1;

End.
Trong thudt toan tao dd thi chix ky G, vi mdi 16p 1 hiru han c6 n dédi tuong, dat:
objs = {oj|oje class,j=1,...,n}
Do @6, s€ tao dugc tap hitu han cé n chir ky ddi tuong:
Sig = {sig]-|sig]- = Hashing(oj),j =1,..,n}

) Véi mbi gia tri j, thudt toan s€ duyét tir nit gdc cua do thi Gy dé di tim nut phu hop, qua trinh nay 13 htru han vi
sO nut tao ra trong do thi G 1a htru han. Vi vay thudt toan s&€ tim dugc nut phu hop dé dua chir ky sig; vao hodc tao ra
mdt nit maéi. Do do, sau hitu han budc ing véi gia tri cia j = 1, ..., n thi thuat toan cho két qua 1a mot do thi chit ky Gg
véi cac nut u ¢6 dang < Ip(u), skip(u) >.

Goi n 1a s ddi tugng trong mot 16p, khi d6 n = |objs|. Mdi lan duyét do thi chi ky s& duyét theo nhanh con bén
trai hodc nhanh bén phai, nén s& co 2;;{ "1an duyat, v6i k = 0,1, ..., [log,n]. Vi ¢6 n chit ky lan lugt dua vao do thi

=0



Trdn Minh Bao, Truong Céng Tuén 725

chir ky Gg, nén sb 1an duyét do thi toi da s& 13 = n. Tuy nhién, trong dd thi chit ky Gg s& 1an lugt kiém tra s bit trén mdi
chit ky trong qua trinh duyét do thi, goi m 1a chiéu dai cia mdi chit ky, chi phi ctia thuét toan tao ra do thi chit ky Gg s&
1a n. (2. m). Do d6, do phirc tap trong treong hgp nay sé 1a O(n. m).

Vi du 3.3. Mot vi du vé tao do thi chit ky dua trén tap tin chit ky & vi du 3.2 dugc minh hoa nhu sau:

: Chén s

Chén s;

Chensi | ’i’"l o | Chens, (] s | Shens —_— | § ] s o1 U1 ]'
: 0 if il | — - —
[ | : AR 1 KR K
| | 0 | . | Blo o 0 7 L A ]
L J —lo 211 Iy
_ 0 _Jll : !:I ) 0--U-l S e L
o p| 3 [l o Ll 3 el o
] s — [ s H Chans, [1] 5/ ] Chtns —{in[ s}
0 St Chens - ||‘ ! — 0 1] o — '
sV — L e O, MalF  Ymla—, e
in| 4 [ o] 4| [Uad—yy (a1l i A sl 1
— I t — P * ¥ — + Tl ]
| =l ) 1 ) 1 _0. L t] ] i, 2_| D:__‘fp'l 1 i | 2} .D._l.;” 'I_' ]"J':.’J 4
— Y/ : - Ip, — | % % Ta
‘H". 0 L] 1] ti 0 Al g I In| o -0 "fp: 3! )’p 01 0
lo ) i ;
fp. 0. . Jd0

Hinh 2. Tao dd thi chit ky
2. Thuét toan truy van d6i tugng trén do thi chir ky
Sau khi dé tao ra dd thi chit ky Gg, qua trinh truy van huéng ddi twong Gmg v6i yéu cau truy van s& duge thuc
hién. Dir liéu can truy van s& dugc bam thanh dang chir ky theo cing phuong phap bam chir ky trén dd thi G, sau do s&

tién hanh tim kiém trén d thi chir ky Gg. Két qua ctia qua trinh tim kiém nay 1a mot danh sach cac con tro lién két dén
vi tri chir ky trong tap tin chit ky cta co s dit liéu hudng dbi tuong twong tmg.

Thuat toan 2: Thuat toan truy van chir ky sig trén dd thi Gg duoc thyc hién nhu sau:
Vao: Chir ky sig va do thi G
Ra: Tap cac con trod Ip lién két dén cac chir ky gidng nhau nhung c¢6 vi tri xuat hién khac nhau trong tap tin cair ky.

Phwong phap:
Begin
Ip=; v < root; S={v};
Budc 1. if (S =) then return lp;
else Chonvie S;5=S5\ {vj};
if (vj dwoc danh dau) then Qua budc 2;
else { i < skip(vj);
if sig[i] = 0 then
S=5u {vj—right, vi-left};
else S =S U {vi—left};
Quay lai bwdc 1;
}
Budc 2. if sig duge pht boi sig(vj) then
Ip =1p U Ip(vj);
Quay lai bwdc 1;
End.
Déi v6i thudt toan 2, Vi,GS da tao ra trong thuat toan 1 1a hitu han nén tap S 1a mot tap hiru han chira cac phé“m tor
vj s€ dugc duyét ¢ cac budc tiep theo.
Khi duyét mot nf;t vj €S, thi vj s& du’qc loai ra khoi tap S. Do d6 viéc du}fét dd thi sé khong quay lai mot 1}1’1‘[ sé€
di qua. Thuét todn s€ doi sanh chit ky truy van va chir ky tai cac nat. Qua trinh d6i sanh dugc thyuc hién trén mét so hiru

han cac nut cta do thi Gs. Vi vay sau hitu han budc thudt toan s€ cho ra dugc két qua 1a mét danh sach Ip gém cac con
tro tham chi€u dén céc vi tri cta chit ky truy van trong tap tin chir ky.

Trong thuat toan 2, goi n 1a b nut da duoc tao ra trong Gg, mdi lan duyét d0 thi ¢6 thé di theo hai nhanh cta d6
thi G nén s6 1an duyét do thi s& 1a 2%, voi k = 0,1, 2, ..., [log,n]. Khi do, chi phi qua trinh duyét do thi dé tim kiém tdi
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da s& 1a log,n. Trong mdi 1an duyét db thi s& kiém tra chit ky tai cac nut dé thuc hién budc nhay bit va thrc hién dbi
sanh chir ky tai cac nut, gia st chiéu dai ctia moi chit ky 1a m, chi phi qua trinh tim kiém trén do thi G4 s€ 12 2mlog,n.
Do d6, d6 16n chi phi cua thuat toan s€ 1a O(m.logn).

Mot vi du vé tim kiém trén dd thi chit ky dya trén hinh 2 dugc minh hoa nhu sau:

BDénh ddu

>—U1] U_.J Ips ] 1 I
anh a4y L Bénh ddu
) 1
I [ | 0 A
' T | In | o ' Banh ddu

|0 Bénh ddu

[=]
-
¥
d
=

Hinh 3. Tim kiém trén db thi chit ky

Xét tgp tin chit ky va db thi chit ky trén, gia st ring sq = 1011011 la chit ky truy vén, lac d6 chi mgt phan cia
dd thi dugc tim kiém. Dé tim ra nat v, v dugc danh dau hoac skip (v) = 0 thi chix ky clia nit v s& duoc kiém tra tuong
ung véi sq. RO rang céach tim kiém nay hiéu qua hon viéc tim kiém tuan tu vi chi can kiém tra 2 chir ky, trong khi d6
phép duyet tap tin chir ky s& kiém tra 8 chit ky.

IV. MO HINH UNG DUNG

CAu triic d0 thi chit ky dwoc luu trir hoan toan bén trong bd nhé chinh, trong trudng hop nay, viée chén va xéa
mot chit ky trén dd thi duge thuc hién dé dang. Tuy nhién, trong co s& dit li¢u cac tap tin thuong rat 16n, vi vay dd thi
chir ky s& khong thé luu trit trén bo nhé chinh ma phai dwoc luu trir trén bd nhé ngoai. Pbi véi co s dir lieu hudng dbi
tuong, chiing s€ dugc luu trit va thyc thi trén bd nhd ngoai. Co sé dit liéu hudng ddi tuong co nhiéu 16p, mdi 16p co
nhiéu dbi twong. Ung véi mdi 16p sé& duge xay dung thanh mot cau tric do thi chir ky tim kiém, dong thdi mdi ddi
twong nay sé& tao ra mot chir ky dbi twong. Chir ky ciia mdi dbi twong dwoc xay dung trong mo hinh nay cé chiéu dai
64 bit, d6 1a sy t6 hop cac thude tinh trong mot doi twong. Toan bd co s dir liéu hudng ddi twong s& dwoc phan hoach
dudi dang céu triic mot bang bam gdm céac chit ky cua dbi twong dé thuc hién qua trinh truy van.

Class —P{ 1001 0011 0011...0000 1110 J—D r{ L
0

Class —b-{ 0001 1011 0111...0010 0110 }—» r[ _E

ot
Class —b-i 1100 0001 1011...1010 1010 '—’ E—'L J&
Te

Hinh 4. M6 hinh c4u truc luu trit d6 thi chit ky cho co so dit liéu huéng ddi tuong

A. Mptvi du vé mé hinh co sé dir liéu hwong doi twong

D¢ thyc nghiém truy vén huéng doi tugng trén CSDL hudng doi twgng. Mot vi du md hinh CSDL huéng doi
tuong dugc dua ra ¢ hinh 5 dong thoi cling dua ra nhimg quan hé trén céc 16p doi tugng ¢ bang 1. Dya trén m6 hinh
nay de cai dat CSDL hudng doi tuong & mirc vat ly.

Bang 1. Quan h¢ cua céc 16p

TT Lop1 Lép 2 Qun hé

1 Truong Khoa Chtta trong

2 Truong SinhVien Két tap

3 SinhVien ChuongTrinh  Lién két

4 Khoa GiangVien Lién két

5 SinhVien Nu Khai quat qua
6 SinhVien Nam Khai quat qua
7 ChuongTrinh  ChuDe Lién két
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Tham gia day

Truong Co Khoa 0.1

Ten: Str 1‘.; 1 +|- TenKhoa: Str an cho

DiaChi: Str - ChuongTrinh: TenChuongTrinh] <>g— f

Thanh phan * gom
1% 1.x]0.1
SinhVien ChuongTrinh GiangVien
Tham gia
TensSV: Str —~ - TenChuongTrinh: Str - TenGV: Str
ChuongTrinh: Str - ChuDe: TenChuDe[] - TenKhoa: Str
ChuDe: TenChuDe[]

7R ;o G

Nam Nu ChuDe

- day
GioiTinh: Str - GioiTinh: Str - TenChuDe: Str <

Hinh 5. Mot vi du mé hinh co sé dir liéu hudng déi twong
B. Xit Iy truy vén trén co sé dit lidu hwong doi twong

Dé thuc hién viée truy van mot ddi turong trén CSDL hudng dbi twong, dau tién phai chuyén doi co so dir lidu
hudng doi tugng thanh cau truc dit liéu nhu trén, ta thyc hién nhu sau:

Buée 1. Thudc tinh cua dbi tugng duoc bam thanh chir ky nhi phan va céc thudc tinh tao thanh chir ky dbi tuong.
Budre 2. Céc chir ky dbi trong ctia ciing mot 16p s& tao thanh db thi chir ky.
Budre 3. Tao danh sach db thi chir ky twong tmg véi timg 16p.

Sau khi ¢6 cdu trac dit liéu dé truy van, ta thuc hién qua trinh truy vin ddi tugng trong co s¢ dit liéu hudng dbi twong
nhu sau:

Bude 1. Ma hoa tir khéa can truy van thanh chir ky nhi phén.

Budre 2. Ddi sanh chir ky tir khoa dé xac dinh thudc 16p can truy véan.

Budre 3. Thyc hién truy van chit ky tir khoa trén do thi chit ky twong tmg véi cac 16p di xac dinh.
V. KET LUAN

Bai bao di dé xuét viéc xay dung dd thi chir ky dé luu trir chit ky déi trong cia CSDL hudng ddi twong va xay
dung thuat toan truy van dbi tugng trén do thi chir ky. Dong thoi dwa trén chu trac dd thi chir ky di tao, bai bao di dua
ra mot mo hinh tmg dung. Phuong phap nay c6 thé ap dung dé truy van cac ddi twong dir lidu 16n nhu dbi twong dit liéu
anh, cac d6i twong multimedia, cac d6i twong trong hé thong thong tin dia ly,...
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OBJECT-ORIENTED QUERY PROCESSING BASED
SIGNATURE BINARY GRAPH

Tran Minh Bao, Truong Cong Tuan

ABSTRACT - Indexing is always an important issue in the efficient information retrieval from the databases. For object-oriented
databases, the use of signature files as a method of indexing has been recognized as a common approach in searching on object-
oriented databases. The objects of the class are encoded into the object signatures using hash functions and stored in a signature
file. However, when a query arrives, the entire signature file must be scanned. So this method requires a high processing cost. To
overcome this drawback, we propose a graph structure model constructed over signatures of objects for a class in an object-
oriented database, called a signature graph. We also suggest an algorithm to build the signature graph and query algorithm on
signature graph, as well as an application of this method.



