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TOM TAT

M0 hinh tri thire vé cdc doi tuong tinh toan COKB la mot huong tié}? cdn hién dai trong biéu dién tri thirc
dira trén ontology, cho phép mé hinh héa tri thirc mét cdch c6 cau triic va hé tro suy lugn hiéu qua. Mo
hinh nay da dwoc dp dung thanh cong trong nhiéu linh viee nhuw hé chuyén gia, hé hé tro gidi bai tdp tw
déng théng minh va cdc hé hé tro truy van tri thire khédc nhau. Tuy nhién, viéc trién khai va qudn tri cdc
co 56 tri thire theo COKB vén con gap nhiéu khé khan do thiéu cdc cong cu hé tro phit hop. Cdc cong cu
ontology hién cé chii yéu diea trén Description Logic, chi ddp vmg duwoc cdc cdu tric tri thire don gidn va
chiea hé tro day dii cdc thanh phan nhw todn tit, ham va ludt suy dién. Bai bdo ndy dé xudt mot hé qudn
tri co s tri thire duwoc thiét ké chuyén biét cho mé hinh COKB. H¢ théng duoc xdy dung theo kién triic
nhiéu tang, cung cdp cdc chire ndng quan 1y va truy van tri thirc. Ngodi ra, bai bdo trinh bay chi tiét kién
triic hé thong, cdc thanh phan chirc ndng va thudt todn xir Iy truy van. Két qud thir nghiém cho thay hé
théng hoat déng hiéu qua va khdc phuc dwoc nhitng han ché ciia cdc cong cu ontology hién nay.

Tir khéa: biéu dién tri thirc, hé co s6 tri thire, suy dién, ontology

A MANAGEMENT TOOL FOR COKB-BASED KNOWLEDGE BASES
To Hoai Viet, Do Van Nhon, Mai Trung Thanh, Huynh Van Phat

ABSTRACT
The Computational Objects Knowledge Base (COKB) model is a modern ontology-based approach

to knowledge representation, supporting structured knowledge modeling and efficient reasoning. This
model has been successfully applied in various domains, such as expert systems, intelligent problem
solving systems and many knowledge query systems. However, the implementation and management
of knowledge bases based on COKB still meet several challenges due to the lack of appropriate
supporting tools. Existing ontology tools are primarily based on Description Logic, which only
supports simple knowledge structures and does not fully accommodate components such as
operators, functions and inference rules. A Knowledge Base Management System (KBMS)
specifically designed for the COKB model is proposed in this paper. The system is developed based
on a multi-layer architecture, providing functionalities for knowledge management and querying. In
addition, the paper presents the system architecture, functional components, and query processing
algorithms in detail. Experimental results demonstrate that the proposed system operates effectively
and addresses some limitations of existing ontology tools.
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1. DPAT VAN DE , o
M0 hinh tri thirc vé cac doi tugng tinh toan (COKB) [1] 1a mdt trong nhiing m6 hinh bi€u dién tri
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thire hién dai theo tiép can Ontology, dugc trang bi mdt co sé ly thuyét hoan thién. B3 c6 nhiéu két
qua nghién ctru lién quan, va chimg minh dugc tinh hiéu qua cua chung trong thiét ké cac 16p img dung
trong thuc tién [2]. Pac biét 1a cac hé chuyén gia, cac 16p img dung hd trg hoc tap trong giao duc [3, 4],
cling nhu nhiéu linh vuc khac. Ta c¢6 thé ké dén mot s6 hé thdng duoc thiét ké dua trén nén tang mo
hinh tri thitc COKB nhu: hé hd tro giai bai tap tu dong thong minh [5, 6], h¢ hd trg truy van tri thirc,
minh hoa thuét giai va danh gia kién thuc [7, 8], “hay cac hé hd tro chan doan bénh trong y hoc [9], hé
hd tro tu van kién triic nha 0. Tuy nhién, viéc trién khai va quan tri cac co so tri thire dang COKB hién
nay gap nhleu kho khin do thiéu cac cong cu hd trg phu hop. Cac cong cu ontology phé bién nhu
Protégé chu yéu dua trén Description Logic) [10, 11], chi hd trg cac cau trac tri thitc don gian va chua
dap tng duoc cac yéu cau biéu dién tri thirc da dang nhu toan tir, ham va luit suy dién.

Vi véy, viéc phét trién cong cu hd trg cho mo hinh COKB s& gop phan rat y nghia trong viéc lam
gidm céc chi phi thiét k&, xay dung va cai dat cac hé co co s¢ tri thirc ndi riéng, cac h¢ thong tri tué
nhan tao ndi chung.

2. TONG QUAN NGHIEN CUU

Nghién ctru duoc thuc hién dya trén sy két hop giita phuong phap biéu dién tri thirc theo ontology
COKB va cic cong cu quan tri ontology pho bién hién nay. M6 hinh cac d6i twong tinh toan (COKB
- Computational Object Knowledge Base) [1] gdm c6 6 thanh phan:

(C, H, R, Ops, Funcs, Rules)

Trong do, C 1a mdt tap hop hé théng khéi ni€m trong mién tri thare va mdi khai niém 1a mot 16p ddi
tuong tinh toan. Moi 16p cac doi tuong tinh toan dugc phan .ap dua trén cau trac hay cach xac dinh
(dinh nghia) ctia khai niém trong mién tri thirc nhu sau:

- Tap cac khai niém co so cip 0: C(o): Cio) = {c | DOM(c) < R or ¢ 1a khai niém tién dé trong mién
tri thuc}

- Tap cac khai niém cp k: Cao = {c | (Vx € Attrs(c), Ji<k, 3¢’ € Cy: x € ¢’) A (Ix € Attrs(c), 3¢’
€ Ci:xec’ ), k>1.

H 13 tap cac quan hé phan cip giira cac ddi tugng tinh toan; R 1a tap cac khai niém vé loai quan hé
gitra cac doi tugng tinh todn; Ops 1a tap cac toan tir; Funcs 1a tap cadc ham; Rules 1a tap cac luat dan,
trén mo hinh COKB céc su kién dugc xem xét theo 12 loai dac trung.

Protégé [12] 1a mot cong cu duge phat trién boi Pai hoc Stanford (Stanford Center for Biomedical
Informatics Research). Dya trén nén tang Logic md ta (DL - Description Logic), Protégé cho phép
xdy dung céc co sé tri thire ¢6 thanh phéan va ciu trac don gian, bao gdm céc thanh phan tri thirc nhu
khdai niém, quan hé, cac ca thé, cdc tien dé. Cac co so tri thire duoc xay dung tu Protégé duogc luu triv
dudi dang cac tép tin co ciu trac chuan chuén Semantic Web nhu OWL (*.owl), RDF/RDFS (*.rdf),
XML (*.xml), déng thoi cung cip API 1ap trinh va h¢ thong plugin mé rong, gitp ngudi quan tri co
thé tich hop céng cu nay vao cac nén tang tri thirc tich hop, v.v

Ngoai cong cu Protégé thi ciing c6 mot s6 cong cu khac hd tro viée quan tri ontology. C6 thé ké dén
nhu TopBraid Composer [13], GraphDB [14], VocBench [15]. Cac cong cu nay déu hd tro quan tri
ontology, tuy nhién ciing twong tu nhu Protégé, dua trén nén tang 1a Logic mé ta, vi vAy cac cong cu
nay ciing chi dimg lai cho viéc xay dung cac co sé tri thirc c6 cau trac don gian va han ché loai thanh
phén. Vi vay, viéc thiét ké cac co s tri thirc da dang thanh phﬁn, ¢6 céu trac khai niém triru tuong va
phtrc tap chi cac cong cu nay s€ gap phai gidi han ctuia chung.

Bai bao nay dé xuat mot hé quan tri co sé tri thic (KBMS - Knowledge Base Management System)
dugc thiét ké danh riéng cho mo hinh COKB. H¢ thong cung cap cac chirc nang quan tri va truy van
tri thirc duoc biéu dién dua trén mé hinh COKB, voi kién trac nhiéu ting tuong tu cac hé quan tri co
s& dit liéu hién dai. Bai bao trinh bay chi tiét kién trac hé théng, cac thanh phan chirc ning, ngon ngir
truy van va thuat toan xu 1y truy van. Két qua thir nghiém cho thay hé théng c6 kha ning quan 1y va
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suy luan tri thirc hi¢u qua, déng thoi khéc phuc duogc cac han ché cua cac cong cu ontology hién co.

3. PHUONG PHAP NGHIEN CUU

Nghién ciru nay tap trung dé xuat va xay dung hé quan tri co so tri thirc dwa trén nén tang tng dung
cua cac h¢ co so tri thirc duge xay dung theo dang mé hinh ontology COKB. Trén co s¢ phan tich
céac md hinh biéu dién tri thre, kién tric ciia cac tmg dung da xay dung va cac co ché xir 1y truy vén,
mot kién tric KBMS phu hop vé6i dic thu céc tri thite duge biéu dién theo dang ontology COKB duoc
xay dung.

3.1. Gi6i thiéu vé kién triic KBMS

KBMS (Knowledge Base Management System) 1a hé quan tri co s tri thitc dugc thiét ké nham quan
1y, luu trit va ho trg suy luan trén mé hinh tri thite COKB (Computational Object Knowledge Base).
Khac v6i cac hé quan tri co s dir liéu truyén thong (DBMS) nhu MySQL hay PostgreSQL - von tap
trung quan 1y dir liéu dang bang (table), KBMS duogc xay dung dé quéan 1y cac thanh phan tri thirc ¢6
cAu triic phtc tap, bao gom:

- Concepts (C): Tap cac khai niém

- Hierarchy (H): Quan hé phan cép gitta cac khai niém

- Relations (R): Céc quan hé gitra cac khai niém

- Operators (Ops): Tap cac toan tir

- Rules: Céc luat suy dién

- Objects: Cac d6i tuong (instance) cu thé

Hé quan tri KBMS cung cap cac chirc nang chinh nhu:
- Pinh nghia tri thuc

- Luu tri¥ va to chte tri thirc

- Truy van tri thirc

Heé thdng duoc thiét ké theo kién triic nhidu ting, ké thira tu tuéng cia cac hé quan tri co s dir liéu
pho bién nham dam bao tinh mé rong, linh hoat va hi¢u qua trong xtr 1y.

3.2. Céc thanh phén chinh cia KBMS

Kién triic ctia hé quan tri co sé tri thirc KBMS duge thiét ké theo mo hinh phan ting, bao gdm
bon thanh phan chinh: Application Layer, KBMS Server Layer, Knowledge Storage Engine va
Physical Storage.

Trong d6, Application Layer dong vai tro cung cip giao dién tuong tac gitra nguoi dung va hé thong
KBMS, cho phép thuc hién cac thao tic nhu dinh nghia va truy vén tri thirc. Tang nay bao gdm cac
thanh phan chinh nhu giao dién dong 1énh (Command Line Interface - CLI), cac tmg dung khach
(Client Applications) va by quan ly két ndi (Connection Manager). Thong qua 16p nay, nguoi dung
c6 thé twong tac v6i hé théng bang cac cau 1énh truy van duoc thiét ké twong ty ngdn ngit SQL, cho
phép thyc hién cac thao tac nhu xac thyc nguoi dung, tao va lya chon co s¢ tri thie, cling nhu thyc
hién cac thao tac CRUD va truy vén tri thire. Vi du, nguoi dung co thé ddng nhap vao hé thdng, tao
co s6 tri thire méi, chén dir liéu dbi tugng va thyc hién truy vén tri thirc thong qua cac cau 1énh nhu:
LOGIN admin password; CREATE KNOWLEDGE BASE geometry; USE geometry; INSERT
INTO TAMGIAC VALUES (a=3, b=4, c=5); FIND TAMGIAC WHERE a=3 hodc SOLVE
TAMGIAC KNOWN ha=3 hb=4 FIND S.

Tiép theo, KBMS Server Layer la thanh phan trung tam, chiu trach nhiém xur ly truy van, phan tich cl
phap, t01 uu hoa va diéu phéi qua trinh thyc thi, dong thoi tich hop bd suy luan dé hd tro cc truy van
¢6 yéu cau suy dién. Tang ndy bao gdm cac module chinh nhu Connection Manager, Authentication
Manager, Query Parser, Query Optimizer va Knowledge Manager. M6i module ¢dam nhan mét chirc
nang riéng biét, phdi hop véi nhau dé dam bao hé thdng hoat dong hiéu qua va én dinh.
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(1) Module Connection Manager chiu trach nhiém quan 1y cac két ndi tir client dén hé théng KBMS.
Thanh phén nay thuc hién vi¢c tao va duy tri cac phién lam vi¢c (session), quan ly két ndi cua nguoi
ding va dong két ndi khi can thiét. Trong truong hop hé thong hoat dong & ché d6 may chu, céc client
s& két ndi ¢én KBMS thong qua giao thirc TCP socket, dam bao kha nang giao tiép linh hoat gitra cac
thanh phan.

(2) Module Authentication Manager ddm nhan chuc nang xac thuc nguoi dung trude khi cho phép
truy cdp vao hé thong. Nguoi dung thuc hién ding nhap thong qua céc cau 1énh nhu LOGIN admin
password, sau d6 hé thong kiém tra thong tin x4c thuc va cip quyén truy cap twong Gng. Hé thong c6
thé hd trg nhiéu mirc phan quyén khac nhau nhw ADMIN, DEVELOPER, USER va READONLY,
nham kiém soat quyén truy cap va dam bao an toan dir liéu.

(3) Module Query Parser c6 nhiém vu phén tich ¢t phép cac cau 1énh truy van do ngudi ding nhap
vao. Qua trinh nay bao gdm phan tich tir vung va ct phap dé chuyén d6i cau 1énh truy van thanh céu
tric cdy ca phép triru tugng (Abstract Syntax Tree - AST), lam co s& cho cac bude xir 1y tiép theo.
Vi du, cau 1énh INSERT INTO TAMGIAC VALUES (a=3, b=4, c=5) s& dugc chuyén d6i thanh mot
AST tuong tng.

(4) Module Query Optimizer thuc hién t61 uru hoa truy vén trude khi dwa vao thuc thi. Thanh phén
nay c6 nhiém vu lua chon cac chién lugc xir Iy hiéu qua, chang han nhu st dung chi muc phu hop,
giam sb 1an quét dit liéu hodc tdi vu héa qua trinh suy luan dua trén luat. Nho d6, hé thong c6 thé cai
thién dang ké hiéu nang xir 1y truy van.

(5) Module Knowledge Manager 1a thanh phan quan 1y toan bo tri thirc trong hé théng KBMS, bao
gém nhiéu module con nhu KB Manager, Object Kind Manager, Relation Manager, Operator
Manager, Function Manager va Rule Manager. KB Manager quan 1y céac co so tri thue thong qua cac
thao tac nhu tao, lya chon va x6a co s¢ tri thirc. Object Kind Manager quan 1y cac loai ddi tuong tri
thie, vi du nhu diém, doan théng, gbc va tam giac, trong do mdi loai dbi tuong duoc dinh nghia boi
cac bién, rang budc, quan hé tinh toan va luat lién quan. Relation Manager quan 1y cic quan hé giita
cac khai niém, vi du nhu quan h¢ song song, quan hé vuéng goc hoac quan hé phu thudc. Operator
Manager va Function Manager 1an luot quan 1y céc toan tir va ham dugc str dung trong biéu dién tri
thirc, chang han nhu céc phép toan sb hoc hodc cac ham lugng giac. Cudi cing, Rule Manager quan
1y cac luat suy dién, vi du nhu dinh 1y Pitago a? + b? = c? dé suy ra tam giac vudng.

Thanh phan ké tiép 12 Knowledge Storage Engine dam nhiém viéc quan 1y, t6 chirc va truy xuét dir
lidu tri thirc, cung cap cac co ché luu trir hiéu qua nham t6i wu hiéu ning hé thong. Thanh phan nay
bao gdm cac module chinh nhu KB Storage, Object Storage, Rule Storage, Index Manager va WAL
Manager. MOéi module dam nhén viéc luu trit cac loai dit liéu tri thirc khac nhau, déng thoi phéi hop
dé dam bao hiéu nang truy xuat va tinh toan ven cia dit liéu.

- Tri thure trong hé théng dugc luu trlr dudi dang tép nhi phan voi dinh dang kb, nham ti vu hoa
khong gian luu trtr va tde do truy xuét. Cac tép nay duoc t6 chuc theo tung loai dit licu, chéng han
nhu geometry.kb ding dé luu thong tin vé co so tri thitc, geometry objects.kb luu cac ddi tuong cu
thé va geometry rules.kb luu cac luat suy dién. Cau truc tép duoc thiét ké theo dang nhi phan c6 t6
chtre, cho phép truy xuat nhanh va hd trg mo rong trong tuwong lai.

- Module Index Manager dong vai trd ting téc qua trinh truy van bang cach xay dung va quéan 1y cac
cAu trac chi muc. Hé thdng c6 thé sir dung cac k¥ thuat chi muc phd bién nhu B+ Tree hoic Hash
Index tuy theo loai dit li€u va truy van. Céc chi muc nay dugc luu trit riéng trong cac tép, vi du
INDEX_idx, nham hd tro truy xuat dir liéu hiéu qua ma khong can quét toan bo dir licu.

Hong Bang International University Journal of Science ISSN: 2615-9686




444 Tap chi Khoa hoc Trworng Pai hoc Quéc t& Hong Bang - S6 Dac biét: Hoi nghi Khoa hoc Tugi tré [an thi 2 - 5/2026
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INSERT KNOWLEDGE
Write log entry
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Hinh 1. Vi dy minh hoa co ché ghi Write-Ahead Logging trong KBMS

- Module WAL Manager gitp quan Iy log nham dam béo tinh nhat quan va kha ning phuc hoi ciia hé
thong. Co ché WAL (Write-Ahead Logging) thuc hién viéc ghi log cac thay d6i trude khi ghi dit liéu
thuc xuéng dia. Cu thé, khi thuc hién mot thao tic nhu chén dit 1iéu, hé théng s€ ghi thong tin vao tép
log (vi du WAL.log), sau d6 thyc hién commit va cudi cing méi ghi dit liéu xudng bd nhé luu trit.
Co ché nay gitip hé thong c6 thé phuc hoi dir liéu trong truong hop xay ra sy ¢b, dong thoi dam bao
tinh toan ven cta co so tri thirc.

Cudi cung, 16p Physical Storage chiu trach nhiém luu trir dir li€u tri thirc & mirc vét ly trén hé théng
tép, dam bao tinh bén viing va toan ven cua dit lidu. Toan bo dit liéu ciia KBMS duoc to chirc trong
mot thu muc goc, thuong duogc dat tén la data/, trong d6 cac thanh phan tri thirc duoc Iuu trir thanh
céc tép riéng biét nham dam bao tinh doc lap, dé quan 1y va thuan tién cho viéc mo rong.

Cu thé, mdi co s6 tri thirc duoc biéu dién thong qua nhiéu tép nhi phan twong tng véi timg loai thanh
phan, ching han nhu geometry.kb luu thong tin tong thé ciia co so tri thirc, geometry kinds.kb luu
cac loai dbi tuwong, geometry relationskb luu cic quan hé, geometry operators.kb va
geometry functions.kb 1an luwot luu cic toan tir va ham, trong khi geometry rules.kb va
geometry objects.kb luu cac luat suy dién va cac ddi twong tinh toan cu thé. Ngoai ra, hé thong con
str dung cac tép hd trg nhu INDEX.idx d¢ luu trit cAu trac chi muc va WAL.log dé ghi lai nhat ky
thay doi dit liéu. Cach t6 chirc luu trir ndy giup hé thong d& dang quan ly tung loai dir liéu tri thire
mot cach doc 1ap, dong thoi hd trg hiéu qua cho cac co ché truy xudt, t6i wu héa va phuc hdi dit lidu
trong qua trinh van hanh.

«Céu tric File (.kb)»
Dinh_Dang_File_Nhi_Phan_KB

— 1 ™

HEADER RECORD_1 RECORD_2
+version: 1 +id: int +id: int
+record_count: int +len: int +len: int

+data: bytes +data: bytes
+magic: 0x4B4D53("KBMS")

Hinh 2. Vi du minh hoa vé c4u tric tép nhi phan .kb

3.3. Céu triic va ngén ngir truy van tri thirc

3.3.1. Céu tricc die liéu tri thirc trong COKB

Céu trac dit liéu tri thire trong md hinh COKB 14 thanh phan nén tang, dong vai tro cbt 16i 1am co s&
cho viéc thiét ké va xay dung hé quan trj co sé tri thirc KBMS. Trude hét, cu tric KnowledgeBase
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1a thanh phan co ban nhit, ding dé dinh danh méot co sé tri thire (KB). CAu triic nay bao gém cac
thugc tinh nhu id (ma dinh danh duy nhat cua KB), name (tén cua KB, vi du: “geometry”, “algebra”),
created_at (thoi diém tao KB), cung vdi cac thong tin thdng ké nhu object count (tong sd lugng cac
thuc thé - objects) va rule_count (tong sd lugng luat - rules) trong co so tri thirc.

Tiép theo, ciu truc ObjectKind (Loai ddi twong) dong vai tro nhu mot “khudén mau” (blueprint) dé
dinh nghia thudc tinh va hanh vi cho moét 16p ddi tuong, chéng han nhu loai TAMGIAC. Mai
ObjectKind bao gdm cac thudc tinh nhu id va kb_id dé dinh danh loai ddi tugng va lién két véi co so
tri thic twong ung, name la tén loai ddi tuong (vi du: “TAMGIAC”, “DUONG_TRON”),
variable_count va variables thé hién s6 luong va danh sach cac bién thanh phan (vi du: cac canh a,
b, ¢), constraint _count va constraints mo ta cac rang budc todn hoc noi tai (vi du: téng hai canh 16n
hon canh con lai), comp rel count va comp rels biéu dién cac quan hé tinh toan (computation
relations) cho phép suy ra gia tri giita cac bién, cung véi fact _count/facts va rule_count/rules twong
g véi cac su kién mic dinh va cac luat ap dung riéng cho loai dbi twong nay.

Ddi véi cac toan tir va ham, hé théng su dung hai cAu trac OperatorDef va FunctionDef dé dinh nghia.
Hai cdu tric ndy c6 dic diém twong dong, duoc str dung dé mo ta cac toan tr va ham phuc vu cho
qua trinh tinh toén tri thirc. Cu thé, symbol (chi ap dung cho Operator) biéu dién ky hiéu toan tir nhu
+, -, *,/, ", =; param_count va params xac dinh sb lugng va kiéu dir liéu cua cac tham sb dau vao;
result_type 13 kiéu dir liéu tra vé (vi du: REAL, BOOLEAN); properties mé ta cac dic tinh bd sung
nhu tinh giao hoan hodc két hop; va procedure 1a chudi mo ta cach thirc thuc hién phép toan hoic
ham tuong ng.

CAu tric Rule (Luat suy dién) dugc st dung dé dinh nghia cac quy tac logic nham cho phép hé théng
suy luan ra sy kién méi tir cac sy kién da biét. Mdi luat bao gom kind_rule (loai hodc tén phan loai
cua luat), hypothesis_count va hypothesis biéu dién phan gia thiét (If...), va conclusion_count cing
conclusion biéu dién phan két luan (Then...).

O mure dit lidu cu thé, cac thuc thé duoc biéu dién thong qua cAu tric ObjectInstance, 1a cac thé hién
(instance) ciia mot ObjectKind. Cau trac ndy bao gdm object_type (tén loai dbi twong, vi du:
“TAMGIAC?), params la cac thong tin dinh danh hodc tham s6 khoi tao, va variable_count cung
values biéu dién sb lwong bién va gi tri cu thé ctia chung (vi dy: a=3, b=4, c=5), trong do6 cac gia tri
nay duoc luu trir dudi dang nhi phan trong mang values nham tdi vu hiéu nang.

Cudi cling, cdu trac QueryResult (Két qua truy van) dugc sir dung dé tra vé két qua cho nguoi ding
sau khi thyc hién cac 1énh nhu FIND hoic SOLVE. Cau triic nay bao g0m success (trang thai thyc
thi thanh cong hay khong), message (thong bao phan hoi, bao gém 18i hodc xac nhén), objects (danh
sach cac thuc thé thoa diéu kién truy van) va derived_values 1a mot ban d6 (map) chira cac gia tri méi
duoc suy luén ra, chang han nhu di¢n tich S duogc tinh tir cac canh cia tam giac.

3.3.2. Ngon ngit truy vin tri thirc trong KBMS

Ngon ngir truy van cua h¢ quan tri co so tri thirc (KBMS) dugc thiét ké dua trén tu duy cua SQL
trong cac hé quan tri co s& dir liéu truyén thong, dong thoi duge mé rong nham hd tro biéu dién va
suy luan tri thirc. Ngon ngitr KBMS cho phép nguoi dung dinh nghia, thao tac va truy van cac d6i
tuong tri thirc c6 nglt nghia, cling nhu thyc hién suy ludn dua trén cac ludt da dugc xay dung. Vé téng
thé, ngon ngir truy van KBMS duogc t6 chirc thanh ba nhom chinh: KDL (Knowledge Definition
Language) dung dé dinh nghia co so tri thirc va cac thanh phan tri thie; KML (Knowledge
Manipulation Language) ding dé thao tac trén cac thuc thé tri thirc; va KQL (Knowledge Query
Language) dung dé truy van va khai thac tri thirc.

Nhom ngén ngir dinh nghia tri thire KDL cho phép ngudi dung tao va quan 1y co s¢ tri thirc, bao gdm
cac I¢nh nhu tao co so tri thue, lya chon moi truong 1am viée hoac hién thi cac thanh phf?m tri thirc.
Nhom ngén ngir thao tic KML hd trg thao tac trén cac dbi tuong tri thirc dudi dang thuc thé c6 ciu
truc, cho phép thém hodc cap nhat cac ddi tuong voi cac thudc tinh cu thé, thay vi cac ban ghi dir li¢u
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thudn tiy. Nhém ngdn ngir truy van va khai thac tri thirc KQL cung cip kha ning truy van cac dbi
tuong tri thire dua trén di€u kién, két qua tra vé 1a cac doi tuong tri thirc ¢6 nglr nghia dugc biéu dien
theo m6 hinh ontology COKB.

Béang 1. Danh myc nhdm ngdn ngit truy trong KBMS

Danh muc KBMS

Cic dang yéu cau xir Iy trong
ngén ngir truy van

Vi du minh hoa

Knowledge Definition
Language (KDL)

Dinh nghia ciu tréc tri thirc nhu
tao, quan ly CSTT, khai bdo
Concepts, Hierarchy, Relations,
Operators, Rules, Objects...

CREATE KNOWLEDGE
BASE, CREATE CONCEPT,
CREATE RULE, CREATE
HIERARCHY, CREATE
RELATION

Thém, stra, x6a va xur 1y céc su

Knowledge Manipulation Kidn hodic edc obiects v6i cdc thude INSERT, UPDATE, DELETE,
Language (KML) N © 2 ! * | IMPORT, EXPORT

tinh cu thé.
Knowledge Query TS R SELECT, EXPLAIN,
Language (KQL) Truy van va khai thac tri thtrc. DESCRIBE
Nhom 1€nh thao tac khac | Céc thao tac quan tri trén KBMS. LOGIN, EXIT, GRANT,

REVOKE, SHOW

3.3.3. Thudt todn xi¢ Iy truy vin trong KBMS

Algorithm 3.3.1: Query Processing in KBMS
Input: query

Output: result

1: tokens «<— Phan tich xr 1y tir vung tir query
2: if tokens is invalid then

3 return "Lexical Error"

4: end if

5: ast «— Xay dung AST tree tur tokens

6: if ast is invalid then

7:  return "Syntax Error"

8: end if

9: plan — Tbi vu hoa cay AST

10: data «— Truy xuat dir liéu tir hé luu trit

11: result « Ap dung bd loc trén data

12: tra vé result

Thuét toan c6 thé mo ta thanh 5 budc co ban nhu sau:

- Buéc 1 - Lexical Analysis: O budc nay, truy van dau vao dugc xtr Iy boi bd phan tich tir viung
nham chuyén dbi chudi ky tu thanh danh sach cac token. Hé thong quét tuan ty timg ky tu hodc nhom
ky tu & nhan dién cac thanh phan nhu tir khoa, dinh danh, toan tir va gia tri. Két qua cua budc nay
1a mot chudi token da duoc chudn hoa, lam dau vao cho giai doan phan tich ¢t phap.

- Buéc 2 - Parsing: Danh sach token dugc dura vao b phan tich ct phap dé kiém tra tinh hop 1é cua
truy van theo dic ta EBNF. Néu truy van hop 1¢, hé théng s& xdy dung cay ct phap triru tuong (AST),
biéu dién cdu tric logic cta truy van. AST dong vai tro trung gian giira ¢ phap va thuc thi, tuong tu
nhu query tree trong cac h¢ quan tri co so dir li€u.

- Budc 3 - Query Optimization: Tur cdy AST, hé thdng sinh ra ké hoach thyc thi (execution plan).
0 budc nay, cac ky thuat t61 wu dugc ap dung nham giam chi phi xt 1y, chang han nhu ddy diéu kién
loc xudng gan ngudn dir liéu, loai bo cac phép toan du thira va lwa chon chién lugc thuce thi phi hop.
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Két qua 1a mot ké hoach thuc thi hidu qua hon so véi biéu dién ban dau.

- Buéc 4 - Execution: Ké hoach thuc thi duoc chuyén Xuéng téng thuc thi dé truy xuét dir liéu tir hé
Ivu triv. HE théng thuc hién cac thao tic nhu doc dit liéu, loc theo diéu kién va tinh toan néu can. bay
1a giai doan tiéu t6n nhiéu tai nguyén nhit va twong Ung véi execution engine trong DBMS truyén
thong.

- Budc 5 - Result Generation: Sau khi thyc thi xong, két qua duoc xtr Iy va tra vé cho ‘nguoi dung.
Két qua c6 thé duoc dinh dang lai tuy theo yéu cau. Trong KBMS, budce nay ciing co thé két hop véi
co ché suy luan dé bo sung tri thirc néu truy van yéu cau.

4. KET QUA VA BAN LUAN

Trong qua trinh thyc hién xay dung mé hinh dé xuat, mot hé quan tri co so tri thirc (KBMS) dang
don gian da duoc xay dyng va cung cp giao dién st dung dudi dang ing dung web. Hé thong nay
cho phép nguoi str dung twong tac tryc tiép véi co sO tri thirc thong qua giao dién thén thién, ho trg
céc chirc nang co ban nhu tao 1ap, khai bao va truy van tri thirc. Cu thé, nguoi ding cé thé xdy dung
co sé tri thirc theo md hinh COKB bang cach dinh nghia cac thanh phan nhu khai ni¢m, d6i tuong,
thudc tinh, quan hé, sy kién va luat. Bén canh d6, hé thong cung cap ngdn ngit truy van dugc thiét ké
trong bai bao, cho phép nguoi dung thyuc hién cac thao tac truy van dir liéu cling nhu truy van tri thirc
mot céch linh hoat. M6i trudong thuc nghiém trién khai KBMS trén server v4i nén tang .NET 8 SDK
va NodeJS v18+.

SYSTEM OVERVIEW

Hinh 3. Giao dién hd tro nguoi ding quan 1y va thao tac trén KBMS

Thong qua tmg dung web, cac cau 1énh truy van duoc xur Iy theo quy trinh da dé xuat, bao gdm phan
tich ca phap, t6i ru hoa va thyc thi, ddng thoi hd trg co ché suy luan khi can thiét. Két qua truy van
duoc hién thi truc quan, giup nguoi dung dé dang khai thac va kiém chimg tri thirc. Viéc hién thuc
hé théng dudi dang ing dung web khong chi minh hoa tinh kha thi cia mé hinh KBMS ma con cho
thiy kha nang tng dung thuc tién trong cac hé thong hd tro hoc tap, hé chuyén gia va cac nén tang
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quan ly tri thirc hién dai.

Bang 2. Danh muc kiém thir hiéu ning KBMS

Nhom Danh muc kiém thir Phan loai Két qua
001 Performance Benchmarks Stress Testing Passed
002 Storage Architecture Scalability Testing Passed
003 Transactions & WAL Scalability Testing Passed
004 Query Engine Scalability Testing Passed
005 Schema Evolution Scalability Testing Passed

H¢ théng KBMS duoc trién khai dua trén kién trac dé xuit da dat duoc hiéu nang voi thong luong
t6i da 200,000+ ops/sec va do tré truy van < 10 ms. Tuy nhién, hé théng hién tai chwa hd tro day du
co ché suy luan sau khi khai bao tri thirc do chirc ning nay chwa duoc hoan thién trong giai doan kiém
thir. Bén canh d6, kién trac hé thong méi chi duge cai dat & dang standalone, chua trién khai theo mo
hinh phan tan, do d6 cac kha ning nhu tinh HA (high availability) va m& rong (scalability) khi khdi
luong tri thirc ting 16n van chua duoc khai thac day du.

5. KET LUAN

Bai bao da dé xuat mot mo hinh hé quan tri co s¢ tri thire (KBMS) dua trén nén tang md hinh ontology
COKB, nham giai quyét bai toan quan 1y va khai thac tri thirc mot cach ¢ cau triic va hiéu qua. Khac
v6i cac hé quan tri co so dit liéu truyén thong, KBMS khong chi hd tro luu trit va truy van dit liéu ma
con tich hop chirc ning quan tri, truy van va suy ludn dwa trén tri thic.

Bai béo trinh bay chi tiét kién trac hé thong, xdy dung mét kién trac da ting cho KBMS, bao gom
cac thanh phan tir tAng giao tiép, xur 1y truy van, dén luu trit va suy ludn. Ngbn ngit truy van dugc
thiét ké theo hudng ké thira SQL nhung cai tién thém thanh phan truy vén tri thirc va suy luan, gitp
hé théng vira d& tiép can vira €6 kha nang biéu dién tri thirc phuc tap. Két qua cho thay mo hinh
KBMS c6 kha niang mo rong tét, phit hop vai cac bai toan yéu cau xir 1y tri thirc duoc bicu dlen theo
mo hinh COKB, dic biét trong cac linh vuc nhu gido duc, hé chuyén gia va hé hd tro ra quyet dinh.

Trong tuong lai, nghién ctru ¢ thé duoc mé rong theo hudng tdi vu héa hiéu ning suy luén thong
qua cac ky thut nhu indexing cho luat, caching ket qua suy ludn va heuristic search dé t6i uu hoa
truy Xudt Vao lop Storage Layer. Dong thorl phat trién ngoén ngir truy van v6i cac cdu tric nang cao
nhu truy van 10ng (nested query), truy van theo ngit nghia (semantic query) va tich hop cac biéu thirc
logic phuc tap.
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