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TRUY VAN DU LIEU DUA TREN CAY CHU KY CUA KHOI VAN BAN

Vin Thé Thanh, Tran Minh Bao
Trieong Pai hoc Cong nghiép thuc pham TP. HCM

Tém tit. Bai bdo xay dung mé hinh ciu tric dit liéu luu trix tap tin chit ky cia van ban
dudi dang céc khéi van ban, mdi khdi van ban dwoc ma héa va xay dung dudi dang mot
cau tric cay chir ky, tir 46 xay dung ung dung md phong viéc truy van dir liéu trén cay chir
ky khéi van ban, ddng thoi thuc hién viéc danh dau dir liéu d4 duoc truy van 1én van ban
gdc. Bai bao thuc hién viec md phong thuc nghiém phuong phap truy van trén cic vin ban
¢6 hon 20.000 tir, qua d6 bai bao dua ra viéc danh gia chi phi ctia phuong phéap thong qua
thuc nghiém dua trén md hinh cau trc dit liéu da dwa ra.

1. Gi6i thiéu

Viéc thuc thi truy van truc tiép trén co so dit liéu c6 thé rat tbn kém chi phi trong
viéc duyét trén mot sé lwong 16n cc mau tin trong co so dir liéu. Do do, ta can md ta lai
hé thong co so dir liéu dwa trén mot cau tric tham chiéu c¢6 khdng gian tim kiém nho
hon dé tir 46 giam thoi gian tim kiém trong qué trinh truy van dir liéu va dong thoi cau
triic tham chiéu trung gian nay c6 thé truy van nguoc lai co so dir liéu thuc su.

Dé giam khong gian truy van dit liéu, trong bai béo nay sé& tiép can phuong phap
tao chit ky cho cac ddi tuong dir liéu, tir d6 xay dung cac cau trdc dit liéu dé tham chiéu
dén co so dir liéu thuc su. Chir ky nho hon rat nhiéu so véi dbi tuong dit liéu thuc su
(khoang tir 10% — 20% so véi ddi twong dit liéu [4]). Chir Ky cua cac dbi tuong dit liéu
s& duoc luu trit trong tap tin chit ky va qua d6 thuc hién phép truy van cac déi tuong dir
liéu dya trén tap tin chir ky nay. Ngoai ra, dé viéc tim kiém hiéu qua hon, can xay dung
cau trdc dir lidu Iuu trit tap tin chit ky, cdu trac luu trir tap tin chix ky nay cd thé dudi
dang cac tap tin chir ky tuan tu, céc tap tin chir ky phan manh, cau tric cay chir ky, ciu
tric dang d thi chit ky,... qué trinh tao ra cac ciu truc lwu trir tap tin chit ky s& lam
giam khong gian tim kiém va t4i wu qua trinh truy van di liéu.

Céc phuong phap tao cu trdc dit liéu luu triv chix ky dé truy van dit liéu da cong
bd nhu: truy van dit liéu ddi twong dua trén cay chir ky SD-Tree [1], xay dung cau tric
cay chit ky dé giam khong gian tim kiém dix liéu [2, 6], truy van dit liéu trén tap tin vin
ban bang phuong phép tao tap tin chit ky tuan tu va tap tin chix ky phan manh [3, 7], tao
chi muc truy van cho céc tap tin vin ban [4, 5, 9], truy Van co s& dit liéu ddi tuong dua
trén cac cau trdc tap tin chix ky [4, 5, 8].

Bai b4o s& tap trung vao viéc xay dung cau tric luu trir tap tin chix ky véi di
157
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tuong dir liéu 14 tap tin van ban, dong thoi xay dung (tng dung méd phong phuong phép.
Noi dung caa bai bao duoc to chirc nhu sau: phan dau tién s& gisi thiéu khéai quat vé
phwong phap tao ra chit ky cho cac dbi twong dit liéu va gisi thiéu cac phuong phap da
duogc cdng b vé viéc xay dung cau tric dir liéu luu trit tap tin chit ky; phan thir hai cua
bai bao nham gidi thiéu cac khai niém co ban vé chir ky caa ddi tuong dir liéu; phan tha
ba s& md ta cAu tric cdy chit ky cho tap tin chit ky va gigi thiéu viéc tim kiém trén cay
chir ky; phan tht tu s& xay dung céu trac luu trix tap tin chir ky ¢ng véi dit liéu 1a di
tuong van ban, sau d6 xay dung ¢ng dung nham mé phong qué trinh xi Iy truy van di
liéu van ban va danh gia viéc thuc nghiém cua qué trinh truy van va dua ra huéng phét
trién.

2. Chit ky

Chir ky 1a céc vector bit duoc xay dung bing phép bam méa hoa cac dbi tuwong di
liéu. Chir ky 1a su triru twong hoa cua dit liéu goc véi kich thude nho hon cac dbi tuong
dir liéu va duoc duyét nhanh hon qua trinh duyét cac ddi tuong. Viéc ma hda nay sé tao
ra k bit 1 trong day bit [1..m], v&i m la chiéu dai cua chit ky. Mot mau nhi phan véi k bit
1 va (m-k) bit 0 duoc goi la mét chir ky.

Céac dbi tuong dir liu va cac gia tri cau truy van duoc ma hoa trén cling mot
thuat toan ma hoa chix ky. Khi cac bit trong chir ky déi twong di liéu hoan toan phu céc
bit trong chir Ky cau truy van, thi dbi twong dir liéu nay 1a mot ang vién thoéa man cau
truy Van.

Chir ky s; cua dbi tuong O 1a mot td hop cac day bit duoc tao ra tir cac gié tri caa
cac thudc tinh trong ddi twong O. Chir ky cua dbi twong duoc luu trir trong mot tap tin
chit ky.

Chir ky sq ciia cau truy van dugc ddi sanh véi cac chir ky trong tap tin chir ky.
C6 ba két qua cua phép dbi sanh:

(1) Pdi tugng phu hop vai cau truy van, c6 nghia 1a moi bit trong sq dwoc phi
bai cac bit trong chit Ky s; ciia doi twong dit liéu (nghia 14 sq A Si = Sq);

(2) Déi tugng khdng phii hop vai cau truy van (nghia 13 sq A Si # sq);

(3) Chir ky duoc dbi sanh va cho ra mot két qua phu hop, nhung d6i tuong
khong phu hop véi diéu kién tim kiém trong cau truy vin. Dé loai ra trudng hop nay,
cac dbi twong phai duoc kiém tra sau khi cac chir ky dbi trong duoc dbi sanh phu hop.

Chir ky caa khdi van ban hoic cia mot dbi tuong c6 thé dugc tao ra bang céach
t6 hop tat ca cac chir ky thanh phan, tap hop cac chit ky sé& tao ra tap tin chir ky. Tap tin
chir ky tuan ty gom cac chix Ky luu trir tuan ty. T4p tin chit ky phan manh luu trir cc bit
cua chir ky theo tung cot.
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Dbi tuong dit liéu: John 12345678 professor

Chir ky caa thudc tinh:
John 010 000 100 110

12345678 100 010 010 100
professor 110 100 011 000

Chir ky ciia déi tuong: (v) 110 110 111 110
Hinh 1. Mgt vi du vé chit ky cia doi teong [2]
3. Cay chir ky
3.1. Cay char ky

Cay chir ky T rng v6i mot tap tin chir ky S = s1.5;. ... .Sp VOi Si # 55 (1 ) VA |sk|=
m, k =1,..., n la mét cdy nhi phan sao cho: [2, 6]

1. Vi mot nat trong cua T, nhanh cay bén trai luén dugc gan nhan la 0 va nhanh
cay bén phai luén dugc gan nhan la 1.

2. Tcd nnat 14 dugc gan nhan la 1, 2, ..., n dugc sir dung nhu cac con tro dé tro
dén n vi tri khac nhau cua sy, Sy,..., S, trong tap tin chix ky S.

3. M&i mét nat trong duoc két hop voi mot sé (goi 1a bude nhay bit) dé bo qua
trong qua trinh tim kiém.

4. Pit iy, ..., in 12 cac sb duoc két hop vai cac nit trén duong dan tir nat goc dén
nat 14 ¢6 nhan 1a i (mdi nat 14 tro dén chir ky tha i trong S). Dt py, ..., pr 12 ddy céc nhan
cua cac nhanh trén duong dan. Thi khi d6 (j1, pu), ..., (jn, pn) S& tao ra mot dinh danh chir
ky cho s;, ky hiéu 1a si(js, ..., jn).

3.2. Tim kiém trén cay cha ky

si. 011001 000 101 G Q

s;. 111011001 111 g S 0N
s;. 111101010 111 N ) "
s;. 011001 101 111 0 .

ss. 011101110 101 ° @ il

ss. 011111 110 101 0 g e

s;. 011001 111 111

ss. 111011 111 111 a |17 5 ||s

Hinh 2. Céay chiz ky [6]

Dit sq 1a nlt tim dwoc trong qué trinh duyét cay truy van Qs ny. Vi tri thir i cua sq
ky hiéu Ia sq(i), trong qua trinh duyét cay truy van, dugc thuc hién nhu sau:
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(i) Datv la nat tim dugc, dat sq(i) 1a vi tri dé kiém tra.

(i) Néu sq(i) = 1, ta duyét qua cay con bén phai cua v.

(iii) Néu sq(i) = 0, ta duyét ca cay con bén trai va bén phai caa v.

Xét tap tin chit ky va cay chir ky trén, gia st rang s; = 000 100 100 000, lic d6
chi mét phan cua cay duoc tim kiém. Dé tim ra n(t 14, thi chit ky caa nat 1a s& dugc
Kiém tra tuong (ng Vi sq. RO rang rang cach tim kiém nay hiéu qua hon viéc tim kiém
tuan tu vi chi can kiém tra 3 chit ky, trong khi d6 phép duyét tap tin chit ky s& kiémtra 8
chir ky.

4. Truy van dix liéu trén vin ban
4.1. Xay dung cdu tric lieu triv chit ky vin ban

Cau tric cay chir ky duoc luu trir hoan toan bén trong bo nhé chinh, trong
truong hop nay, viéc chén va xéa mot chit Ky trén cay duoc thuc hién dé dang. Tuy
nhién, trong co so dit liéu cac tap tin thuong rat 16n, vi vay cy chit ky s& khdng thé luu
trir trén bo nhé chinh ma phai duoc Iuu trix trén bo nhd ngoai.

Déi voi dit liéu van ban, ching s& duoc luu trir va thuc thi trén bo nhé ngoai.
Tap tin vin ban s& duoc chia thanh ddy gom cac khdi vin ban va duoc t chic lién tuc
trén tap tin van ban. Ung voi mdi khdi van ban s& duoc xay dung thanh mot cau trdc
cay chir ky tim kiém, dong thoi mdi khdi van ban ndy s& tao ra mot chir ky déi tuong
van ban.

Chir ky cua mdi khéi van ban duoc xay dung trong mé hinh nay c6 chiéu dai 64
bit, d6 1a su t6 hop cac dbi trong thanh phan trong khdi van ban.

Toan bd van ban s& duoc phan hoach dudi dang cau trdc mot bang bam gom cac
chir ky caa khdi dit liéu van ban dé thuc hién qua trinh truy van.

S\

O/O\O
C/ x} (/ % * Khdi vin ban
l_ e O\

(/\) (/% > Khdi van ban

| 1001 0011 0011...0000 I_

AN

| 0001 1011 0111...0010

O/ O\O ,
1100 0001 1011...1010 |_ (/ \) J % » Khdi van ban

J

Hinh 3. Cdu triic luu trif chiz Ky cho tdp tin van ban
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Mot cay chit ky trong mot khdi van ban ¢ dang: bn(ra; ai, ..., am), Voi by md ta
mot cay chir ky cua khéi van ban tha n, r, 1a nit gbc caa cay b, va ay, ...,am 12 cac nit 14
cua cay b,. M&i mot ndt u trong cay b, ¢o dang: <v(u), I(u), r(u)>, véi v(u), I(u), r(u)
lan luot 1a: gié tri khoa, lién két trai va lién két phai caa nat u. Véi mdi nat 14 a; cua b,
c6 dang: <v(a), Ip(ai), rp(ai)>, vai v(a;) la gia tri cua aj,va Ip(a;), rp(a;) la cac con tro sé
tré dén cac chix ky cua dir liéu trong khdi vin ban. Kich thudc |b] caa cay nhi phan b 1a
s6 lugng cac nit trong cay b ciia mot khdi van ban thda |b| < 2, véi k 12 mot s6 nguyén.

4.2. X ly truy van di ligu vin ban

Buéc 1. X ly dit liéu ban dau: Phan doan van ban thanh cac khdi van ban. Sau
do, tao cay chit ky cho mdi khéi vin ban, déng thoi tao chir ky cho cac khéi van ban va
tao ra cac dinh danh cho khéi caa vin ban dé truy nguoc lai vin ban géc ban dau.

Hashing Document text file

Document | E:\Mghien cuuReference for paperl2ySignaturel ocumentSignaturell ocumentsbiniD ebugh T ex

[ Hash 45CI for Line File Signature |

Sighature:

Signature of Current Docurment text file:

11111000000000000007 0107 0007 1000071 00000001 00000071071 000000000011: signature Line 31
1110000000007 0710011711007 00100001 000000101 0000010101101 00001 0100: sighature Line 32
1111110007100001000001100710101000117100000111000107110101001010100: signature Line 33
011101 0000000000000001 0070711100071 00707 0111000007 0000000107 10001 sighature Line 34
011001010000070011111100001071101711000000110100007010110000010010: sighature Line 35
1100100110017007 10000701 000000000071 010000111110007 0001000007 1707 0: sighature Line 36
11011111000007 0000000010110710100001000100117100000011700007171000: signature Line 37
11007011017001 000101707007 00070000007 1001000007 010717000007 0000007 signature Line 38
100110107100000000071 0001 0000111000001 000011711107100000000011117000: sighature Line 29
1107100110000000011700010000000010101100000117100700000700007110010: signature Line 40
10100111000001 7100000001001 0000701011 01000700001071100071001 0011010 signature Line 41
11071070000107 00001000717 10071001000000711107110000000110010710000: signature Line 42
1101011100007 171107011110000071 00001 0007010001107 07 0000700007 10000: sighature Line 43
1110000101711171001101000071 010000000007 0001710010071100000007 11070000 signature Line 44
110111100000007 071 0011110000000000001 1000001110007 0010000007 10100: sighature Line 45
111011010100110710100110100007 0000000710710007111010000010000711000: signature Line 46
0101101 0000000000071 00011100100100001 0001000710707 0110110107 10000: sighature Line 47
1100007100110071700710710771000710007007170710000007110110100000000000: signature Line 43
1101107000000710701110111007100000001011110110000000170010710000: signature Line 43
110171011070001717 0011110000701 0010007 0000001 1007171001 070010710000 sighature Line 50
110710100000000710701111000000000071007117100110070000101070011101000: signaturs Line 51
0001001 0000000000000001 0000000000001 0000001110000001 0000007 10000: sighature Line 52
0000000000000000000000000000000000000000000000000000000000000000: signature Line 53
11100000000071100107170700111700707000171001001000000001 1100107 07000 signature Line 54
1111010010100071000111000000071000071000001001071007000107001010010: signature Line 55

Hinh 4. Tao ché ky cho cac khai vin ban

Buée 2. Poi sanh dir lidu truy van véi tdp tin chir ky: Ta thuc hién viéc tao ra
chir ky cho cau truy van, phuong phap tao chir ky cho cau truy van giéng nhu cach tao
chir ky cho van ban. Sau d6 thuc hién viéc dbi sanh chix ky truy van trén tap tin chix ky
cua cac khdi vin ban va xac dinh cac khdi van ban cé chta chir ky cau truy van. Sau khi
xac dinh khdi van ban phl hop véi dit liéu truy van, ta thuc hién viéc xac dinh di liéu
trén cay chir ky caa khdi van ban nay dé tir d6 xac dinh két qua truy van dit liéu.
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Hashing Document text file

Document | E:\Mghien cuuReference for paperl2iSignatureD ocurments SignatureDocumentsbinD ebughT extFile. txt
[ Hash ASCIl for Line File Signature | Text Quen: | signature files
Signature; |

Signature of Current D ocurnent test file:

11111110007 000071000001 100107107 0007110000071100010111010100107101 00 Ma Match Line: 33

011701 0000000000000007 0070717110007 0070701171 0000071 00000007 0110001 Mo Match Lire: 34
011001071 000007100117117100007 071 101170000007 701 00001 01071000001 0010 Mo Match Lire: 35
1007100170011 007100001 07 00000000007 0100001 111100010001 00000111010 tatch Line: 36
110711111 000001 000000007 01107107 00001 0001 0011100000071 110000111000 b atch Lire: 37
11007017077 007000707 101001 0007 00000071001 000007 01 071000007 0000001 Mo Match Lire: 38
110071101071 0000000007 0007 0000111000007 000011111010000000051 1111000 Falze Drop Line: 39
110710011 000000001 170007 000000007 07011000007 11007 000001 0000110010 Falze Dirop Line: 40
|10100111000001100000007 0010000707011 010007100001011071010010011010 Mo katch Lire: 41

| 1101710100007 07100007 000711007 100700000011170110000000710070110000 Mo Match Lire: 42
1107011700007117101011717 000007 00007 0007 01 0001 1070100001 0000110000 Mo Match Lire: 43
1100001011111001107 00007 010000000001 00011001 0011 0000000711101 0000 Mo katch Lire: 44
110711110000000707 001117 0000000000007 1000007 110001001 000000110100 Falze Drop Line: 45
(1107107107007 10707007107 00007 00000001107 10001 1701 000001 00001 11000 Mo katch Lire: 46

| 01071101 000000000007 0007 110071007 000010001 0001 10101011011010110000 Ma katch Line: 47
1100007170017 007110011079 0110001 00070071101 0000001 101101 00000000000 Mo katch Line: 48
1110170100000077070771071100710000000701171011000000071 0070110000 Mo Match Lire: 49

| 1101101701000171100111700007 010010007 0000001 1007 100701007 0110000 Mo Match Lire: &0

1107101 000000007 010711100000000001 001170011001 00007 0101001 1101000 Mo katch Lire: 51

| 0007 001 00000000000000071 0000000000007 0000007 110000001 000000110000 Match Lire: 52
0000000000000000000000000000000000000000000000000000000000000000 Mo Match Lire: 53
1110000000007 100101701001 117001010001 1001 001 000000001 110070101000 Ma Match Line: 54
111170100701 0007 00071 1100000007 00007 000001 001 01710010001 01001 010010 Mo katch Lire: 55

Hinh 5. Truy van trén tdp tin chiz ky véi khoa truy van: “signature files”

Buéc 3. Phét hién cdc trwong hop “tim kiém nham 1an”’: Sau khi xac dinh dugc
két qua trén cac khdi van ban, ta lan luot kiém chang dir liéu trén cay chir ky van ban
vé6i cac dir liéu duoc lién két dé phét hién ra cac truong hop mac dau thda man yéu cau
dbi sanh nhung khong thda diéu kién tim kiém cua cau truy van (truy van “nham lan”).
Sau d6, tién hanh ghi nhan va danh dau 1én tap tin vin ban gdc.

Text File

|Line: 31 drop. The next step of the query processing is the falze dop {No Match: signature files &
\Line; 32 rezolution. Each drop iz acceszsed and checked whether it {Na Match: signature files}
Line: 33 actually zatizfies the querny condition. Drops that fail the test Mo Match: signature files}
\Line: 34 are called False drops while the qualified data ohjects are Mo Match: signature files}
\Liner 35 called actual dropz. Different approaches for constructing {Na Match: signature files}
Line: 36 zignature files have been propozed, such az sequential {Match: signature files)
\Line: 37 signature files, bit-zlice files, S-trees, and their different {Match: signature files}
|Line: 38 wariants. In this paper, we dizcuss a new mechanizm to Mo Match: signature files}
|Line: 33 arganize a sighature file, called a signature tree, which {Falze Drop: signature files}
|Line: 40 improves the zearching of zsignatures in a signature file by {Falze Drop: signature files}
Line: 41 one order of magritude or more. Espeoially, we have {Na Match: signature files}
\Line: 42 generalized the structure of zignature trees to fit for {Mo tatch: signature filesh

|Line: 43 different applications with different signature lengths. {No Match: signature files}
Line: 44 The remainder of the paper iz organized az follows: In iNa Match: signature files}
|Line: 45 Sechion 2, we show what iz a signature file and review the {Falze Drop: signature files}
|Line: 46 relevant work. In Section 3, we dizcuss the zsignature trees Mo Match: signature files}
|Line: 47 and balanced signature trees, and analyze their time Mo Match: signature files)
|Line: 48 complesity. Section 4 iz devated to the maintenance of iNa Match: signature files}
Line: 43 signature trees, Ih Section 5, we generalize the stucture of {Na Match: signature files}
|Line: B0 signature trees, and in Section &, we report the experiment {No Match: signature files}
ILinez 51 rezults. Finally, Section 7 iz a short conclusion. {Mo tatch: signature files)

Line: 52 2SIGHATIURE FILES AMD SIGMATURE FILE {Match: signature fles}

| Line: 53 iNa Match: signature files}

|Line: B4 comprezs a bit-zlice fle iz to replace each 1 with an address {Na Match: signature files}
|Linez BB to a text position where the conesponding kewword can be {No Match: signature filest  w

Hinh 6. Ghi nhdn trén tdp tin vin ban véi khda truy van: “signature files”
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4.3. Panh gia thuc nghiém

300000

250000 r.//
200000
/ .
150000 —=— signature method
/ NLogN
100000 .’././-,-
50000 .I./_,
0 T eeesssererebeseseeted

Hinh 7. Pdnh gid thuc nghiém truy van diz liéu van ban theo md hinh da diea ra

25000

20000 el
15000 / o
10000 —=— False drop
5000

0 *’ﬁ{:‘-‘-‘-‘-‘-‘-‘-‘-‘- ssssssnss

4157
5637
7117
9337
12297
15257
16737
18217
19697
21177

Hinh 8. Pdnh gid thuc nghiém cdc trirong hop truy vén bi “nham lan”

Phuong phap tao ra tap tin gdm céc khdi chit ky van ban sé& ton nhiéu chi phi cho
viéc tao ra tap tin chir ky. Hon nira, s€ chi phi cho khong gian Iuu trir cac cay chir ky
cua cac khdi chir ky van ban. Tuy nhién, chi phi truy van chit ky dwa trén cay chir ky
dién ra twong dbi nhanh, hon nira sé trudng hop truy van bi “nham lan” twong dbi it, do
d6 chi phi kiém nghiém trudong hop “nham lan” khong dang ké so véi khdi lugng mot
van ban I6n.

Chi phi tim kiém trung binh trén cay chit ky can bang s& 1a O(A.logzn), véi n 1a
s6 Nt 14, A 1a s6 duong di twong ung véi sé chir ky duoc kiém tra [6]. Viéc tao ra cay
chir ky can bang cho mdi khéi vin ban s& giam chi phi tim kiém, tuy nhién sé& tén thoi
gian tao ra cay chit ky can bang va trong qua trinh thuc thi phai tén thém chi phi can
bang lai cay vi cd thé thém hoic x6a dix liéu trén cy trong qué trinh thyc thi.

5. Két luan

Trong bai bao nay da xay dung md hinh cu tric dit liéu dé luu trix tap tin chit ky

ctia van ban nham phuc vu viéc truy van dit liéu vin ban; duwa trén md hinh cau tric nay,

bai bao dd xay dung trng dung thuc nghiém va danh gia phuong phap dua trén cac van
ban 16n. Mac dau viéc tao ra dir liéu ban dau ton nhiéu chi phi, tuy nhién qua trinh truy
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van dir liéu dién ra twong d6i nhanh, do d6 c6 thé &4p dung phuong phép nay trong
trudng hop truy van cac d6i tuong dit liéu 16n nhu dbi twong dit liéu anh, cac dbi tuong
multimedia, cac dbi twong trong hé thong thong tin dia ly,... Mot trong nhitng hudng
phét trién cho phuong phap luu trit ndy d6 1a 4p dung trong viéc truy van trén dbi tuong
trong md hinh co s& dir liéu hudng déi tuong.
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QUERY ABOUT DATA BASED ON THE SIGNATURE TREE OF TEXT
BLOCK

Van The Thanh, Tran Minh Bao
HoChiMinh city Univetsity of Food Industry

Abstract. In this paper, we propose an approach to data structure models to store the
signature file of the text as text blocks, each of which is encrypted and built in form of a
signature tree structure, from which to build simulation application to query data on the
signature tree of text block and simultaneously perform the marking of data on plain text.
The papers represents the experimental simulation on the text file with more than 20,000
words through which it advocates the assessment on the cost of this method by the
experiments based on the data structure model previously given.



