Ky yéu Héi nghi Khoa hoc Quéc gia lan thir IX “Nghién ciru co ban va vmg dung Cong nghé théng tin (FAIR'9)”; Can Tho, ngay 4-5/8/2016
DOI: 10.15625/vap.2016.00042

MO HINH TRUY VAN DU’ LIEU TUY CHON
DYA TREN NGU’ NGHIA CUA CAU TRUY VAN

Nguyén Thanh Tuin', Hoang Thi Thanh Ha? Nguyén Vin Tin®, Lé Thanh Nhan*

! Truong Pai hoc Su pham, Dai hoc Pa Nang
2 Truong Pai hoc Kinh té, Pai hoc Pa Nang
*Pai hoc Pa Ning
*Pai hoc Nice Sophia-Antipolis
nttuan@ued.udn.vn, ha.htt@due.edu.vn, vantingng@gmail.com, Nhan.LE-THANH@unice.fr

TOM TAT— Hién nay, ciing véi sw mé rong ciia World Wide Web 1 su tang truéng nhanh chéng cia dir liéu. Nguon div liéu khong
16 hién nay van dwoc luu tri trong cdc mé hinh co sé dit liéu khdc nhau, phé bién la cdc mé hinh: co sé diF liéu quan hé (relatlonal
database), co so dir ligu ngit nghia, ... Sw phong phii cua cdc loai co s¢ dif liéu gay kho khan cho nguoi ding cé thé theo kip véi
nhitng phat trién ciia ngon ngik truy van trong viéc truy cdp vao cac kho dit ligu ma ho can tra ciu. Bdi bdo nay trinh bay hudng
tiép cdn cho phép nguedi sit dung c6 thé liea chon va truy van dwoc dif lidu mong mudn tiv hai logi co' s6 dit liéu phé bién hién nay la
co s¢ dir liéu ngit nghia (RDF database), co so dit liéu quan hé (relational database). Dya trén ngit nghia ciia cdu truy van bang
ngén ngit tw nhién va logi co s¢ dit liéu lwa chon, hé thong sé dé nghi ra mét cdu truy van twong g cho phép nguwoi dimg kiém tra
truee khi dong y thiee thi.

Tir khéa— RDF, SQL, SPARQL, chuyén ddi cau truy vin co sé dir liéu.
I. GIOI THIEU

Hién nay, World Wide Web dang chira mot khdi lugng dir liéu khong 10. Vi thé hé Web 2.0 hién tai, nhu cau
vé téc do xir Iy dap ung yéu cau cua ngudi dung, ddng thoi viéc khai pha ndi dung Web d va dang gip nhiéu kho
khan. Vi vay, thé hé Web 3.0 (Web ngir nghia) di ra doi nham giai quyét cic van dé trén. Web ngit nghia 1a budc tién
16n so v6i k¥ thudt ciia Web hién tai vé kha nang lam viéc véi thong tin thay vi chi don thuan 14 luu trit, cing vé6i xir Iy
ngdn ngit ty nhién, tri thong minh nhén tao, ... da gitp cho web c6 thé hiéu nhirng gi chung ta ngh.

Song song véi viéc thay ddi cau tric mé ta dir liéu cho Web ngit nghia, ngudn dit liéu khong 16 hién nay van
dugc luu trit trong cac méd hinh co s6 dit liéu (CSDL) khéac nhau, phd bién 1a cic mé hinh: CSDL quan hé (relational
database), CSDL hudng tai liéu (document-oriented database), CSDL ngit nghia (RDF Database)... Su phong phi cua
cac loai CSDL gay kho khan cho nguoi dung co thé theo kip v6i nhimng phat trién clia ngdn ngit truy van trong viéc
truy vap vao cac kho dir liéu ma ho can tra ctru.

Dé gitp ngudi dung bang ngdn ngir ty nhién (NNTN) c6 thé truy van mot cach d& dang véi cac mo hinh CSDL
phd bién hién nay va thé h¢ co so dir liéu moi 1a CSDL ngir nghia, déa co nhiéu nghién ctru xay dung h¢ thdng hd tro
viéc chuyen d6i cau truy van tuy thude vao nhu ciu cua nguoi ding vao ting m6 hll’lh CSDL. M6t s6 md hinh da duge
phat trién dé gitip chuyén dbi cau truy vén bang NNTN sang céu truy van SQL' (ngén nglt truy véan pho bién cua
CSDL quan hé) ciing nhu SPARQL? (ngdn ngit truy vin cho CSDL ngit nghia) da dugc cong bd trong nhidu cong trinh
trong va ngoai nudc.

Bai b4o nay trinh bay huéng tiép can mdi cho phép ngudi st dung c6 thé lua chon va truy vin dugc di lidu
mong mudn tir hai loai CSDL phd bién hién nay 1a CSDL ngit nghia (RDF database), CSDL quan hé (relational
database), dua trén ngli nghia cta cau truy van bé’mg NNTN va loai CSDL lua chon, hé théng s& dé nghi ra mdt cau
truy van tuong tng cho phép ngudi ding kiém tra truée khi dong ¥ thuc thi.

IL. TRUY VAN CO SO DU LIEU BANG NGON NGU TU NHIEN
A. Tong quan vé cic mé hinh chuyén déi giiva cdc logi co sé div liéu

Mot linh vuc c6 the ap dung hiéu qua nhing két qua cua Xir 1y ngdn ngtr ty nhién (Natural Language Processing
- NLP) d6 1a céc hé truy van CSDL, vi cac CSDL thuong phu mot mién tri thirc di nho nén trong mot o tinh huong, su
nhap nhang trong ngdn ngit ty nhién cé thé giai quyét duge. Cac hé thong ngon ngi tur nhién ding cho truy van CSDL
dugc goi chung 13 Giao dién ngén ngit t nhién doi véi CSDL (Natural Language Interface to Database). Giao dién
ngdn ngit ty nhién di xuét hién tir nhirng ndm 60, 70 cua thé ky truée [1]. Mot sb hé thong tiéu biéu di dwoc phat trién
nhu la:

- LUNAR 1a mdt giao dién NNTN cho co s¢ dir liéu mang cac phan tich héa hoc cta cac mau da mit trang
mang vé tir Apollo-11 boi William A. Woods®.

! https://msdn.microsoft.com/en-gb/library/windows/desktop/ms714670(v=vs.85).aspx
2 https://www.w3.0rg/TR/rdf-spargl-query/
® http://parsecraft.com/
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- LIFER / LADDER 1a mét trong nhitng hé thong xtr Iy ngdn ngit CSDL dau tién. N6 dugc thiét ké nhu mot
giao dién NNTN dén mot co s6 dit liéu cta thong tin ve tau Hai quan Hoa Ky. Hé thdng nay, duoc st dung mot ngi
nghia ngit phap dé phan tich cau hoi va truy vin mot phan phéi co so dit licu. [2].

Ngoai ra con nhiéu hé thong khac da duoc nghién ctru phat trién, thong tin ve cac hé thong nay c6 thé duge tim
thiy trong [3]. Cling da c6 mdt so nghién clru trong viéc truy van bang ngdn ngir tiéng Viét [4], tuy nhién két qua chi
truy van trén CSDL quan hé va chua thay nhiéu ng dung rong rai.

Viée st dung giao dién tim kiém bang ngon nglt ty nhién hién nay trong cac h¢ thong diéu kién bang glong noi,
tro 1y 4o hay cac ung dung nhung c6 thé tim thay trén nén tang cua cac cong ty cong nghé 16n nhu Wolfram Alpha* cua
Wolfram, Siri° cua Apple, Alexa® cia Amazon..

Cac mg dung cua giao dién tim kiém bang NNTN déu c6 mdt phan quan trong 1a nén tang truy van co so dir
lidu. Cac nén tang tiéu biéu ma chdng t6i trinh bay & day d6 1a:

Quepy 1a mot nén tang viét bang python st dung dé chuyén d6i truy vin bang NNTN sang mot ngdn ngir
truy van co so dit lidu. N6 c6 thé d& dang tuy chinh dén céc loai cau hoi khac nhau trong NNTN va cdc truy van co
s& dir liéu. Vi vy, ta c6 thé xay dung hé thong st dung NNTN dé truy xuét co s dit liéu. Hién nay Quepy cung
cép hd trg cho cac ngdn ngit SPARQL va MQLE.

- Pythia® mot hé théng tra 10 tw dong dua trén ontology [5]. No6 cdu trac hoa cac thanh phan co nghia bang
cach str dung tr vung phu hop v6i tir vung cua ontology da cho. Bang cach lam nhu vy dya trén phan tich sau
ngon ngtt, cho phép xay dung cac truy van hinh thirc tir nhitng cau hoi phirc tap bang NNTN.

- KUERI™ mot nén tang cho phep tich hop vao ing dung kha nang truy cap va tim kiém dir liéu bang NNTN.
N6 cho phép tao cac truy van SQL hodc JSON trén nhi€éu dang CSDL khac nhau.

- EasyQuery™ mot thu vién cho nén tang .Net cho phép xay dung cac giao dién truy vin bang NNTN, thu vién
nay lam chi 1am viéc v6i CSDL quan hé.

Xet trén cac tiéu chi nhur: van dé can giai quyét, loai CSDL truy van va ngdn ngit truy vin duoc sinh ra, Bang 1 s&
s0 sdnh vé cac nén tang nay.

Bang 1. So sanh cac nén tang tiéu biéu truy vin CSDL bang NNTN

Cic nén ting - Vin dé gidi guyét Loai CSDL truy van Ngén ngir truy vin
Quepy E;:gizud%y“gn Vcé‘éleiéng NNTN sang |\t nghia SPARQL, MOL
Pythia Xay dung hé thong tra 1oi ty dong Ngit nghia SPARQL
KUERI E;nkfi“lszfgl EQ,\TI’Tﬁé nang truy ¢ap Va | o1 he, NoSQL™ SQL, JSON®
EasyQuery g;fg VNiéNnT I)\;Iéy dung giao dién truy van Quan hé soL

Nhu véy c6 thé thay, cac nen tang dugc phat trién déu hudng dén mot loai CSDL la quan hé hay ngir nghia, trur
KUERI ¢6 thé st dung voi CSDL noSQL, hién tai van chua thay hé thong nao cho phép truy van ca co so dir liéu ngit
nghia va co s¢ dit liéu quan hé.

Trong hau hét cac hé thdng chuyén déi cau truy van bang NNTN sang mot cdu truy van twong ing trong ngdn ngit
truy van, gidi phap xtr Iy co ban 1a giong nhau, n6 phai trdi qua rat nhiéu budc:

- Gén thé tir loai.

- Kiém tra ngit phap.
- Sinh cau truy vén.
- Thu thap dit ligu.

* https://www.wolframalpha.com/

® http://www.apple.com/ios/siri/

® https://developer.amazon.com/public/solutions/alexa
" http://quepy.machinalis.com/

® http://wiki.freebase.com/wiki/MQL

® https://github.com/cunger/pythia

19 http:/isimpleql.com/

1 http://devtools.korzh.com/easyquery/

12 https:/imww.mongodb.com/nosgl-explained

13 http://www.json.org/
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Hinh 1. Kién trc caa hé théng NLDBi [6]

Trong kién trac hé thong Natural language database interface (NLDBi) dugc phat trién nhu Hinh 1, mé ta cach bd
tri cac qua trinh bao gdm viéc chuyén dbi truy van NNTN thanh cau truy van ct phap SQL dé thuc hién trén hé quan tri
CSDL quan hé. Toan b qua trinh lién quan dén viéc gin thé cho cu dau vao, ap dung ngit phap va dai dién ngir nghia
dé tao ra ciy phan tich ¢t phap, phan tich cdy phan tich cti phap sir dung ngit phap va dich cac 1a ciia cay dé tao ra cau
truy van SQL twong tng.

Inpul_.[ Natural language ]—y[ Morphological Analysis ]

[ Syntactical Analysis ]

Parse Tree

[ Semantic Analysis ]

<i

‘i

Mapping

SQL Query

Hinh 2. Ciu trdc hé thdng trong nghién ciu [7]

Data Base

Output

_ Trong nghién ctru [7] céc tac gid da dé xuat h¢ thong sinh va thuc thi SQL tir NNTN ¢6 chu tric nhu Hinh 2, ciing
gom céac budc gan giong voi hé thong NLDBi:

- Phan tich hinh thai hoc: cac tir ca thé dwoc phan tich thanh cac thanh phin va céc thé.

- Phan tich ct phap: trinh ty tuyén tinh ca cac tir dugc chuyén thanh cAu tric miéu ta sy lién quan giira céc tir.
- Phan tich ngir nghia: cac cdu triic dugc tao ra boi phan tich ct phap dwoc gan nghia.

- Cau truy vén s& dugc anh xa tir két qua cua cac budc trén dé tao cau truy van SQL.

Hién nay, cac nghién ctru bién d6i SQL sang SPARQL con rat nghéo nan, chua hd tro mién phi cho nguoi dung.
Trong [8], céc tac gia da xay dung mot nén tang goi tén la R2D, cung cap mét giao dién quan hé sang luu trir dir liéu
dudi hinh thire cia bd ba RDF. Trinh ty trién khai thu tuc dich SQL sang SPARQL cua nén tang R2D dugc minh hoa
trong Hinh 3.
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Launch Application

Dioes Map
File Exist?

(zenerate Map File through
RDFMapFileGenerator Utility

Parse Map File.
Generate Relational Schema through
DBSchemaGenerator Utility

v

Parse 5QL Statements

!

Convert SQL to SPARQL.
Execute. and return Results through
Process5QL Statement Utility

Hinh 3. Trinh ty trién khai thu tuc dich SQL sang SPARQL trong R2D [8]

Thuat tqén phan tich cﬁphép file 4nh xa va tao luge do quan hé thong qua tién ich dugc cai dat sin, sau d6 phan
tich cau truy van SQL va chuyén do6i SQL sang SPARQL.

Nhu vély, ca mo hinh [1] va [2] trén déu c6 chung mot muyc dich 1a chuyén dbi tir cau truy vin bing NNTN sang
cdu truy van cac mo hinh CSDL phd bién nhit hién nay nhu 1a CSDL quan h¢, CSDL ngir nghia. Cac m6 hinh chuyen
d6i nay déu tién hanh xir Iy phan tich ca phap NNTN, sau d6 phan tich vé ngtr nghia va chuyen d6i vé cau truy van
CSDL quan hé SQL. Con mé hinh trong [3] thi tap trung vao viéc chuyén dbi tir cau truy vin SQL thanh ciu truy van
SPARQL dya vao ban do (Map). C6 thé thay hién tai chwa c6 hé théng hay nén ting nao cho phép chuyén doi cau truy
van bang NNTN sang ca truy van CSDL quan hé va CSDL ngit nghia. Phan tiép theo, bai bao s& dé xuat mo hinh
chuyén d6i cau truy van tir NNTN sang cau truy vin SQL va cau truy vin SPASQL.

B. M6 hinh chuyén d6i cau truy vin bang NNTN sang CSDL quan hé va CSDL ngir nghia

Dua vao tim hiéu dd mé ta & cac ph?m trude, phat biéu cta bai toan dat ra va cac nghién ciru da dugc cong bd, ¢o
the thay rang mé6 hinh h¢ thong can phai cé cac budc chinh nhu sau:

- Phan tich ciu truy vin NNTN c6 cdu trac: phén tich cdu truy van bang NNTN ma nguoi dung nhap vao dé xac
dinh cac tir khoa, tir loai cua tu.

- Chuyén déi thanh cau truy vin SQL: tir phén tich & budc trén va dua vao kho tir dién, tién hanh phan tich ngit
nghia dé xac dinh cac thanh phan cua cdu truy van. Tir d6 tao thanh cau truy vin SQL.

- Phan tich cAu truy van SQL.

- Chuyén d6i thanh cu truy van SPARQL.

- Két ndi véi co so dir lidu tiy chon va thyc hién cau truy van, tra vé két qua cho nguoi ding.

Vi véy, ching t6i da xay dung mot md hinh hé thong tong quan nhu Hinh 4:
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NLtoGuen I
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Hinh 4. M6 hinh hé théng

Mo hinh hé théng téng quan ké thira nhitng budc co ban ciia hai quy trinh trong cac hé théng da dugc xay dung
trude do:

- Quy trinh chuyén ddi cau truy van bang NNTN c6 ciu tric sang cu truy van SQL: phan tich cau, cl phép,
phén tich ngit nghia va xac dinh loai cau truy van, cac thanh phan cta cau truy van do, tir d6 tao thanh cau
truy van SQL.

- Quy trinh tir cAu truy vin SQL sang ciu truy vin SPARQL: phan tich ciu truy vin SQL, 4nh xa sang cau truy
van SPARQL.

- Dodng thoi tich hop hai quy trinh vao mot mé hinh dé giai quyét muyc dich 14 truy van CSDL tuy chon dya trén
ngit nghia cta cau truy van.

C. Chuyén doi truy vin bang NNTN sang cdu truy vin SQL va cdu truy vin SPARQL
1. Cdu triic cdu truy van bang NNTN VA ky thudt xir Iy

Cau truy van la mot cau ty nhién binh thudng cé chira cac tir khoa dwoc chira trong ngodc kép “”. C4c tir khoa
nay la mo ta bang NNTN cho: tén bang, tén thudc tinh, gia tri ctua thudc tinh trong CSDL.

Vi du:
choose "Last Name" in "Contact" with "Last Name" like "t".
Céc bude xtr Iy cau truy van bang NNTN c¢6 céu truc:

- Téch cac tir va tir khda trong cdu truy van bang NNTN c6 cdu tric: dya vao phwong phap tach tir trong NLP
Va céc tir khoa chira trong dau ngoac kép.

- Xac dinh tir loai cua tir: dya vao gan nhan tur loai trong NLP.
2. Chuyén doi sang cdu truy van SOL

Qué trinh chuyén dbi ciu truy van NNTN sang cau truy vin SQL dya vao viéc phan tich ngit nghia ¢ muc do
nglr nghia tr vung, biéu hi¢n cac y nghia cia nhiing tir thanh phan.

Bang 2. Tir kh6a va két qua twong tng xac dinh loai cau truy vén

Tir khoa Tir khoa twong wng trong SQL

(13 1 t 29 (13 ra 29 (13 an 1” (13 lit rat 29 (13 r 2
“deee ;. S se”, c” cel”, “obliterate”, “drop”, DELETE
destroy”, “demolish
(13 l t” (13 h 29 G‘ﬁn 2 “Want” (13 t”
“Se ec " ”C“Oose :7 (13 d”’ 291 99 ¢ " O’I’) ’ SELECT
determine”, “prefer”, “what”, "list”, “display
‘Gin rt,? éﬁa 2 ‘4a n 2 (13 nt r” 4Gin 1 29

sert”, “add”, “append”, “enter”, clude”, INSERT

113

put”, “initialize”,”fill”, “introduce”

“update”, “amend”, “modernize”, “refresh”,
“refurbish”, “rejuvenate”, “renew”, “renovate”, UPDATE
“restore”, “revise”
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Budc 1: Xac dinh cau truy vén bang NNTN thudc cau truy van loai nao: SELECT, DELETE, UPDATE,
INSERT. Viéc xac dinh nay nho vao viéc gan thé tir loai cho tir va truy van tir dién.
Bude 2: Xac dinh thanh phan cta cau truy van bing NNTN ¢6 cdu tric tuong tng voi cau tric cau truy van
SQL
= Cautruy van SELECT
Xac dinh cac thanh phan ctia cdu SELECT
Bang 3. Tir khda va két qua twong tmg xéc dinh thanh phan cau SELECT

T khoa Tir khéa twong irng trong SQL
“select”, “choose”, “find”, “want”, “opt”,
(13 b tE T3 9% ¢ 9% 991, 9% e 1 29 SeIECt
determine”, “prefer”, “what”, "list”, “display
“from”, “of”, “in”, “source” From
“filter”, “for”, “during”, “with”, “where” Where

Xac dinh céc toan tir so sanh & ménh d¢ WHERE
Bang 4. Tir khoa va két qua tuong tng xéac dinh toan tir so sanh

Tir khoa Gid tri twong ung trong SOL

“equal to”, “is”, “=" =

“difference”, “<>” <>

“less than”, “<” <

“greater than”, “>” >

“less than or equal to”, “<=", “=<” <=

“greater than or equal to”, “>=", =>” >=

“and” AND

“or” OR

“like”, “contain”, “include” LIKE

Bude 3: Toéng hop cac thanh phan x4c dinh dwoc cua ciu truy van va sinh ra cau truy vin SQL hoan chinh.

3.Chuyén doi sang cdu truy van SPARQOL

Budc 1: Cau truy van SQL dugc phén tich d& xac dinh cac bang, trudong dir liéu, va ménh d&& WHERE va
GROUP BY néu co.

Budre 2: Xac dinh céc tién t6 PREFIXE ctia SPARQL dua vao cac bang di xac dinh dugc trong budc 1.

Buéc 3: Ménh d¢é SELECT SPARQL dpfgC tao ra béng cach thém mot bién cho moi truong dit liu (bao g6m
cac truong tap hop va cac truong trong ménh d¢ WHERE ctua SQL) trong danh sach SELECT SQL.

Buwéc 4: Ménh dé8 WHERE SPARQL dugg tao ra bé“mg céch mdi “bién” s& duf()(; dinh dang 1a “?bién”, hodc néu
chung c6 biét danh riéng thi s€ dugc dinh dang ki€u “?biét danh_bién” trong cau truy van SPARQL. Vi du:

WHERE prename = “Nguyén”

Pugc chuyén dbi thanh

FILTER (?prename = “Nguyén”)

WHERE name = prename

Pugc chuyén dbi thanh

FILTER (?name = ?prename)

Toan tir AND va OR duoc sir dung dé loc cac ban ghi dwa trén nhiéu didu kién, s& dugc thay thé bing “&&” va
“| [’ trong SPARQL.

WHERE name = ‘Tin’ AND prename = ‘Nguyén Vin’ OR homeaddress = ‘Phé Vin - Pirc Phé - Quang Ngdi’

Pugc chuyén dbi thanh

FILTER (?name = "Tin" && ?prename = "Nguyén Van" || ?homeaddress = "Phé Vin - Pirc Phé - Quang
Ngéi™)

Néu cau truy van c6 st dung toan tir LIKE, cin tao biéu thirc regex:

WHERE name LIKE ‘t’
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Pugc chuyén dbi thanh
FILTER regex(?name, “t”)
Bude 5: Chuyén ddi cac cau 1énh GROUP BY, ORDER BY, LIMIT
Budre 6: Tich hop cac két qua tir bude 2 dén budc 5 dé tao thanh cau truy vdn SPARQL hoan chinh.
IIL. CAI PAT VA THU NGHIEM
__ Trong cai dat tho nghiém mo hinh dé xudt, chung t6i sir dung cac cong cu Framework Apache OpenNLP dung
de ho tro trong viéc xtr ly ngdn ngir tu nhién va General SQL Parser gitip phan tich cii phap cau truy van SQL.
A. Gidi thiéu vé framework Apache OpenNLP va General SQL Parser
1. Framework Apache OpenNLP

OpenNLP duoc bit dau phat trién vao nam 2000 boi Jason Baldridge va Gann Bierner. Cac thu vién Apache
OpenN LP™ 1a mot thu vién Java phuc vu cho viéc xtr Iy van ban NNTN. N6 bao gém nhiéu thanh phﬁn hd tro cac
nhiém vu NLP phé bién nhét, vi du nhu bo tach tu, phan chia cau, gan nhan tu loai, trich xuét thue thé c6 tén, phén tich
¢t phap, phan giai ddng tham chiéu. Nhitng nhiém vu nay rat can thiét dé xay dung cac dich vu xir Iy vin ban nang cao
hon. OpenNLP ciing bao gém cac dir liéu ngau nhién cuc dai va thuat toan Perceptron duya trén hoc may. OpenNLP hd
trg cac xir Iy NLP: B¢ tach tir, phan chia cau, gan nhan tir loai, nhan dang thuc thé c6 tén, phan tich ci phap, phéan giai
ddng tham chiéu.

2. General SQL Parser

Gudu Software da phat trién bd phén tich ct phap SQL gitip don gian hoa viéc giai ma ngir phap SQL va giup
g dung duogc cap nhat v6i phién ban méi nhét cia chuong trinh co so dit liéu. General SQL Parser™ 1a mot goi phin
mém cho phép thém chirc ning SQL manh mé cho tng dung. General SQL Parser cung cap bo cong cu SQL tiy chinh
cho nhiéu co s¢ dit liéu sir dung rong rai, trong d6 co cu phap truy van cho cac hé co s¢ dir liéu nhu SQL Server,
Oracle, DB2, MySQL, PostgreSQL, Access.

General SQL Parser giai quyét dugc nhiéu van dé chung va kho khan trong phat trién SQL, bao gom:
- Kiém tra cti phap SQL ngoai tuyén, do d6 c6 thé xac nhan ct phap ma khong can két ndi co so dir licu.
- Cac dinh dang SQL véi hon 100 dinh dang tuy chon tuy bién cao.

- Thuc hién phan tich chuyén siu cac tdp 1énh SQL, bao gdm phan tich ct phap chi tiét cdu SQL thanh ciu tric
nut.

- Cung cép truy cap ddy du dén cac cdy ca phap truy van SQL, bao gdm tim kiém, stra d6i va viét lai cac phan
doan SQL.

- Ngan chin cac cudc tin cong SQL Injection.
- Dich SQL giira cac co so dir liéu khac nhau.

General SQL Parser bao gdm day du cac goi thu vién ¢ san cho cic mdi truong phat trién nhu NET, Java,
C/C++, COM, VCL.
B. Cai dit mé hinh di dé xudt

Duya vao md hinh hé thong tong quan & phan III va phéan gidi thiéu cac framework hd trg nhiém vu chuyén biét
trong hé thong, chung t0i xdy dung nén mot so dd cai dat giai phap chi tiét nhu Hinh 5. Hé thong bao gdm cac module
xtr 1y truy van bang NNTN. Trong module ndy, chung t6i st dung framework Apache OpenNLP hd trg qua trinh xir 1y
NNTN va ddu ra 1a danh sach cac tir va tir loai cta tir d6. Module thir hai 14 xay dung cau truy vin SQL dya vao cac tir,
tir loai cua tir, tir khoa da xac dinh & module 1, tir d6 phén tich ngit nghia cta ciu truy van bang NNTN dé xac dinh cac
thanh phan va sinh ra ciu truy vin SQL. Module thit ba str dung framework General SQL Parser dé phan tich cau truy
van SQL thanh cay phan tich ¢t phap c6 dinh dang, 1a diu vao ciia module thi tw dé sinh ra cau truy vin SPARQL.

1% https://opennlp.apache.org
' http://www.sqlparser.com/



Nguyén Thanh Tuén, Hoang Thi Thanh Ha, Nguyén Vin Tin, Lé Thanh Nhén 347

Cau truy van ngén
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o el tir va tir loal

Kho tir dién cua tir do

¥
Chuyén dbi sang két qua

cdu truy van SQL

Ciu truy vin SQL

¥
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Cay phan tich
i phap co dinh dang

h 4

Chuyén d6i sang ciu | kétqud _
truy vin SPARQL

Hinh 5. So dd cai ¢t md hinh chi tiét

Khi nguoi ding nhip ciu van bang NNTN, hé thong s& xtr Iy cdu truy van nho su gitp d& cia framework
Apache OpenNLP dé dua ra danh sach céc tir va tir loai ctia tir d6. Dung bo tir dién dé anh xa xac dinh thanh phan cta
cAu truy van, tir d6 tong hop cac thanh phan thanh cau truy van SQL. Néu ngudi ding chon truy véan dir liéu RDF, hé
thdng s& ding framework General SQL Parser dé phan tich cau truy van SQL thanh dang cdy phén tich ct phap c6 dinh
dang, tir @6 chuyén sang cau truy vin SPARQL.

Tir so d6 cai dat chi tiét, tién hanh xay dung chuong trinh bang Java v6i cac ham thyc hién cac cong viée cu thé.
Mot s6 ham chinh dugc cai dat dugc gisi thiéu va mo ta ngin gon trong Bang 5.

Bang 5. M6 ta mot s6 ham chinh dugc cai dit trong chwong trinh

CAC HAM CHINH PUQC CAI PAT TRONG CHUONG TRINH

Ham, diu vao va diu ra ciia ham M5 ta ngin gon vé ham
Generate Ham c6 nhiém vy phan tich cau truy van NNTN c6 cau tric thanh
Pau vao: Cau truy van NNTN c6 cau triic va loai | cac tir va xac dinh tr loai ciia chung. Sau d6 goi cac ham trong
Cau truy van tuy chon class GenerateSQL va GenerateSPARQL dé lay két qua 1a cau
Pau ra: Cau truy van tuong ing truy van tuong rng.

Ham c6 nhiém vy sinh ra cau truy van Select SQL dyua vao
phuong phap anh xa danh sach tir vao céac tir dién da duoc dinh
nghia trude trong cac file XML dé xac dinh cac thanh phan cia
cAu truy van.

querySelect
Pau vao: Danh sach céac tir va tir loai ctia chung.
Pau ra: Cau truy van Select SQL

querylinsert

szm vao: Danh sach cac tur khoa. Ham c6 nhiém vu sinh cau truy van Insert SQL.
Pau ra: Cau truy van Insert SQL
querySPARQL Ham processQuery sit dung General SQL Parser d¢ phan tich cu

phap cau SQL thanh céy ci phap. Sau d6 dwa vao s6 bang trong
ménh dé¢ FROM SQL dé goi cac ham simpleLightSelectWhere cho
mot bang va complexLightSelectWhere cho nhiéu bang.

D?:'ill vao: Cau truy y?in Select SQL
Pau ra: Cau truy van Select SPARQL

C. Két qud thue nghigm hé thong
1. Co so dit liéu dung cho thuc nghiém

CSDL dugc xay dung don gian dé kiém tra viéc chuyén ddi cau truy van ty nhién c6 cau tric sang cau truy vin
SQL va SPARQL. Muc dich CSDL 1a luu trit thong tin ciia mét lién hé (contact) chira cac thong tin gom ho tén, dia chi
va s0 dién thoai nha, dia chi va so dién thoai noi lam viéc, dia chi mail.
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= Co s¢ dir liéu quan hé

CSDL quan hé7duqc~: xay dung véi tén bang 1a ddi tugng lién hé (contact), vdi cac thude tinh c6 khoa chinh 14 id,
bang contact dugc bi€u dién nhu sau:

contact (id, name, prename, homeaddress, hometelephone, workaddress, worktelephone, email)
» Co s¢ dit liéu nglt nghia

CSDL ngtr nghia duoc xay dung twong ty nhu ciia CSDL quan hé g?)rr} class contact, véi cac thudc tinh dit liéu
(data properties) tuong tu thudc tinh dugc biéu dien & CSDL quan h¢. Mot doi tugng contact s€ dugc luu trong file dit
liéu dudi dang nhu sau:

<owl:NamedIndividual rdf:about="&contact;contactl">
<rdf:type rdf:resource="&contact;Contact"/>
<hometelephone>01656558000</hometelephone>
<worktelephone>01234757113</worktelephone>
<name>Tin</name>
<prename>Nguy§n Vdn</prename>
<id>1</id>
<homeaddress>Phé Vin - Pic Phé - Quang Ngdi</homeaddress>
<workaddress>Lién Chiéu - Pa Nﬁng</workaddress>
<email>vantingng@gmail.com</email>
</owl:NamedIndividual>

Ngoai ra, chlng t6i xay dung thém b¢ tur dién mo ta cho timg thudc tinh ciia CSDL gitip cho nguoi ding dé
dang truy van dir liéu bang NNTN.

Béng 6. Tur khoa va thugc tinh tuong (thg trong CSDL

Tir khoa Thugc tinh twong wng trong CSDL
Last Name name
First Name prename
Home address homeaddress
Home phone number | hometelephone
Work address workaddress
Work phone number | worktelephone
Email email

2. Xady dung hé thong thwe nghiém mé hinh NL2SQL-SPARQL
Chung t6i xay dung hé thong NL2SQL-SPARQL gom céc ca sir dung nhu Hinh 6.

- Truy van CSDL bang NNTN c¢6 cau tric: Khi ngudi ding mudn truy véan dit liéu, nguoi dung nhép cau truy
van bang NNTN va chon mé6 hinh CSDL.

- Truy van dit liéu mySQL: khi ngudi dung muén truy vian CSDL mySQL.
- Truy van dit liéu RDF: khi nguoi ding mudn truy van CSDL RDF.

- Chu hinh CSDL mySQL: mudn két nbi téi CSDL mySQL, ngudi dung can cau hinh cac thong sé nhu:
hostname, username, password, database name

- Chu hinh CSDL RDF: cdu hinh dwong din ti tap tin luu trir CSDL RDF.

- Tao ciu truy van SQL: ca sir dung thuc hién phén tich cau truy van NNTN ¢6 céu tric dé sinh cdu truy vén
SQL.

- Tao cdu truy vin SPARQL: ca st dung thuc hién phén tich cau truy vin SQL dé sinh c4u truy vin SPARQL.
- Kétnbi CSDL mySQL: thyc hién két nbi t6i CSDL mySQL dya trén cac théng tin da dugc cdu hinh.
- Két ndi CSDL RDF: thyc hién két ndi toi CSDL RDF dya trén duong dan di duoc cu hinh.
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Két n6i CSDL mySQL .
Cau hinh CSDL
mySQL

includ
lex.c e include

Truy van dit lidu

__include
mySQL

TS Tao cau truy van SQL

Truy van CSDL bang
NNTN co cau ftruc

Tao cau truy van
SPARQL

Ngwoi ding

Cau hinh CSDL RDF

Két n6i CSDL RDF

Hinh 6. So d6 ca st dung ciia chwong trinh

Giao dién chinh cia NL2SQL-SPARQL nhu trong Hinh 7 chua:

+ Mot nhom nat cho phép chon két qua sinh ra ciia cau truy van NNTN 1a SQL hoidc SPARQL, khi chon mot
trong hai nut s€ hién ra thong tin cau hinh CSDL tuong ng;

+ Giao dién nhép cdu truy van bing NNTN, c6 chira mot sé mau cau truy vén c6 sin. Bén canh c¢6 mét danh
s&ch chira cac tir khéa goi y cho nguodi dung dé nhap cau truy van bang NNTN;

+ Giao dién chtra cau két qua cdu truy van dugc sinh ra;
+ Bang chtra két qua truy van CSDL;

+ Cé&c n0t thyec thi.

P Sathng
Tepe owery - s L SPaRL Jtpechs
Coetace
COmct OWTalania  |45C ety Mocahor (1306 Cantact | Conuexct
B
L Qosry, | <hooes TRl Meew”, Lk fere, “Trul 0 Contact” with "Ladt Nate” e T t‘ 2 Geosaate
Qoery hvmatos
FRLECT prenae, race, sral FROM cormact WHERE rar (DG ‘e Work phons e
Horoe aidvess |
Work agtrem | Eeyte '
Frae
MO Oharte ATt
W Nw Qm
Lt Iarrm

Wit
Fent Hane” Lt taarne’ Tl |
Hgzaoie Vin T varfreepigrad c3ny
Ngupin Thardy Tuds Run@seduim
D ™ T Sungorat 2n
Handa VD Tareng fuerguinelcom

Hinh 7. Giao dién chinh cua hé théng NL2SQL-SPARQL va két qua thuc nghiém

Hinh minh hoa két qué ciia timg budc xir Iy cta hé thdng NL2SQL-SPARQL véi vi du:
choose ""First Name", ""Last Name" in ""contact' with ""Last Name" like "'t""
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‘ choose "First Name", "LastName" in "contact” with "Last Name" like "t" ‘

‘ "First Name", "LastName", "contact”, "Last Name", ‘
n

\

‘ prename, name, contact, name, "t" ‘

choose, in, with, like

‘ SE]_ECT‘ ‘ FROM ‘ ‘ WHERE ‘ ‘ LIKE ‘

‘SELECT‘ premme‘ name ‘ FROM ‘ contact ‘\\'HIERE‘ name ‘ LIKE ‘ "t ‘

‘ SELECT List ‘ FROM Clause ‘

=

7x contact:prename 7prename . .
X prename -p PREFIX Clause
7x contact:name Tname

WHERE Clause ‘

\

FILTER( regex(?name."t"."1")

SELECT 7?prename Tname

PREFIX contact:
<http://www.semanticweb.org/itc/ontologies/2016/3/contact==
SELECT ?prename Tname

WHERE {

7x contact:prename Tprename .

7x contact:name Tname .

FILTER({ regex(?name."t"."1") )

}

Hinh 8. So dd biéu dién két qua timg budc xt ly caa hé théng

3. Mot vai két qua thir nghiém

Dé danh gia kha nang thyc thi cia chuong trinh da xay dung, ching t0i da dua ra mét vai vi du dé chuong trinh
chuyén doi cu truy van va thuc hién truy van lay két qua tir CSDL. Sau khi thyc hién nhimg vi du bang NL2SQL-
SPARQL, ching tdi da tong hop cac két qua & Bang 7.

Bang 7. Minh hoa két qua truy véan ctia chwong trinh

Céu truy vin NNTN Céu truy vin SQL Céu truy vin SPARQL Két qua
list "First Name", SELECT  prename, SELECT ?prename ?name o - - -
"Last Name™ in name FROM contact WHERE{ F|rsthNarne ' .Last b
"contact" ?X contact:prename Lé Hﬂyﬂg An

?prename . Mguyén Van Nhan

?X contact:name ?name . MNguyén Vii Truwirng

} Boan Thi Turoi

Trwreeng Minh Mga
Hujnh ThiLé  Chi
Mguyén Thanh  Tudn
Mguyén Vin Tin

find "Last Name" and | SELECT name, SELECT ?name ?prename
"First  Name" in | prename WHERE{
"contact” with "Last | FROM contact ?X contact:name ?name . - I .
Name" = "Tin" or | WHERE ?X contact:prename Last Name” | F|r?t Name.
"Last Name" = "Chi" | name = 'Tin' OR name | ?prename . Chi H'—'Y”E ThihLE
='Chi’ FILTER(?name="Tin" || Tin Mguyen Van
?name="Chi")
}
choose "First Name", SELECT prename, SELECT ?prename ?name
"Last Name" in name WHERE{ — —— -
"contact" with "Last FROM contact ?Xx contact:prename FirstName™ | "LastName”
Name" like "t" WHERE name ?prename . Nguyén Vil Truréng
LIKE '%t%' ?x contact:name ?name . Bloan Thi Turoi
FILTER( Mguyén Thanh Tuan

regex(?name,"t","i") )

}

MguyénVan  Tin
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IV. KET LUAN

Nhur vay, bai bao nay di dé xuat mé hinh chuyén do6i cau truy van CSDL bang NNTN thanh ciu truy van CSDL
quan hé hodc cau truy van CSDL ngit nghia. M6 hinh nay sir dung cac by cong cu Apache OpenNLP dé hd trg trong
viéc thyuc hién cac budc phéan tich NNTN. Sau d6, ching t6i sir dung ky thuat tir dién dé tim ra cac ty tuong tmg dé xay
dung cau truy vin SQL cho CSDL quan h¢. Trong truong hop ngudi ding mudn chuyén ddi cau truy vin NNTN thanh
ciu truy vin CSDL ngit nghia SPARQL, chung t6i st dung b tich hop General SQL Parser dé phan tich cau truy van
SQL, sau d6 xay dyng cau truy van cho CSDL ngir nghia. M6 hinh nay da dugc thuc nghiém bang hé thong NL2SQL-
SPARQL . Budc dau NL2SQL-SPARQL di thir nghiém thanh cong viée sinh cau truy vén chon (select) sang mé hinh
CSDL quan h¢ va sang CSDL ngir nghia. Tuy nhién hi€u qua cua hé thong phu thudc rat nhidu vao tir vung trong tir
dién, day 1a kho khan 16n nhat va 1a van dé co ban cua bat ky hé théng xir Iy ngon ngir ty nhién nao. Viéc mé rong tir
dién va phan tich sdu hon ngir nghia cua cau truy van bang NNTN s& 1a hudng nghién ctru tiép theo cta bai béo. Ngoai
ra, hé théng chi méi thir nghiém & cau 1énh select. Hudng sip toi, ching t6i s& mé rong tir dién va ap dung NL2SQL-
SPARQL cho cac loai cau truy van con lai. Cudi ciing, viéc mé rong md hinh dé hd tro thém nhiéu loai md hinh CSDL
khéc ngoai CSDL quan hé¢ va CSDL ngir nghia ciing 1a mot trong nhirng hudng phat trién khac ctia chiing t6i.
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MODEL FOR QUERY OFTIONAL DATA BASED ON THE SEMANTICS
OF THE QUERY

Nguyen Thanh Tuan, Hoang Thi Thanh Ha, Nguyen Van Tin, Le Thanh Nhan

ABSTRACT— Currently, along with the expansion of the World Wide Web is the rapid growth of data. Huge data source is still
stored in the various database models: relational database, RDF database, ... The abundance of all kinds of database makes it
difficult for users to keep up with the development of a query language for accessing databases in which they want to search. This
paper presents the approach allows the user can select and query the desired data from two types of popular database are the RDF
database and the relational database. Based on the semantics of the query in natural language and selected database type, the
system will suggest a corresponding query allows users to check before agreeing to execute.



