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M6 hinh co’ sé tri thirc vé 1ap trinh may tinh va thiét ké hé
truy van tri thire cho sinh vién nganh Cong nghé théng tin

D6 Vin Nhon, Mai Trung Thanh’
Trwong Bai hoc Quéc té Héng Bang
TOM TAT
Ldp trinh mdy tinh la mét trong nhitng kién thire cét 16i cda sinh vién nganh Céng nghé théng tin (CNTT). Mét
tng dung hé tro ngurdi hoc trong viéc truy vén trén tri thire Igp trinh, ddp tng durorc d6 tin cdy la réit can thiét
va ¢d y nghia trong viéc cdi thién, ndng cao chét luong dao tao cho sinh vién nganh CNTT. DE thiét ké nhém hé
théng nay ddc biét la cdc hé théng ddp trng dé tin cdy trong gido duc, tri thirc can phdi durorc biéu dién, té chire
Iwu triy trén mdy tinh lam co’ s& cho viéc thiét ké va gidi quyét cdc vén dé truy van trén tri thire. Hién nay ¢
nhiéu phuwrong phdp cho viéc biéu dién tri thirc vé Igp trinh mdy tinh. Tuy nhién, cdc phurong phdp nay con gdp
nhiéu han ché, ddc biét chura hé tror durorc nhiéu dang yéu cau truy vain tir ngudi dung. Bai bdo nay sé trinh bay
mét mé hinh twa COKB cho thiét ké cdc I6p trng dung truy vén trén co sé tri thirc, bao gém viéc duwra ra mé hinh
biéu dién tri thirc Iap trinh mdy tinh, ddng thoi dé xudt ngén ngi¥ truy véin trén mé hinh twa COKB cling cdc ki
thudt xu ly, thudt gidi trong viéc thue thi cde yéu cau duroc dién dat qua ngdn ngir truy vén. Két qud nghién
ctru dd durorc van dung vao thiét ké hé truy van tri thire ho tro'sinh vién hoc nganh CNTT.

Tir khéa: Ontology COKB, biéu dién tri thirc va suy ludn, hé truy van tri thirc, hé co sé tri thire, hé théng
théng minh trong gido duc

1. DAT VAN DE

Thiét k& cac |&p &ng dung hd tro hoc tap théng
minh 1a rat can thiét va y nghia trong gido duc[1, 2].
Kién thire 1ap trinh may tinh 13 mot trong nhitng
kién thirc dac biét quan trong déi vdi sinh vién
nganh CNTT. Kién thirc 13p trinh mdy tinh cung cap
cho sinh vién cac kién thirc co s& vé 1ap trinh nhu
cac khai niém co ban, cac quy udc, quy tac trong
|ap trinh dé tir d6 hinh thanh tw duy gidi quyét cac
bai toan trong thyc té thdng qua viéc 14p trinh. Lap
trinh 13 nén tang co ban bat budc dé tiép tuc hoc
cackiénthirckhactrongkhdinganh CNTT.

Mot tng dung hd tro truy van cac kién thirc 1ap
trinh 13 rat can thiét va y nghia déi véi ngudi hoc,
nguwdi day [1]. Truy van tri thirc |a mot nhu cdu co
ban cta ngudi hoc trong viéc mong mudn tim
ki€m, hdi hodc truy xuat céc thong tin cd y nghia
trén co s& tri thirc dwoc xdy dwng trude. Trén mién
tri thire vé 14p trinh mdy tinh néi chung, ta cé thé
phanthanh mot sé loai yéu cau truy van sau day:

- Yéu ciu tra cru hay xac dinh mét thudc tinh cha
yéu td tri thirc thudc loai thanh phan tri thic
nhu: Khai niém, todn tl&r, ham, bai todn, thuit
gidi/thuat todn. Vi du: Dinh nghta vé kiéu dit liéu,
cho vi du vé kiéu di liéu, chuong trinh, trinh bién
dich, ky hiéu cla phép todn céng hai s6 nguyén,
kiéu trd vé va tinh chat cla phép todn nhan haisé
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nguyén, tham s dau vao ctia ham strcpy, cach st
dung ham printf, dinh nghta ham strupr, phat biéu
bai todn tim wdc chung I&n nhat cha hai so
nguyén duong.

- Yéu cau truy xuat hay liét ké céc tri thire, vi du:
Truy xuat cac ham ho tro xir ly trén kidu dit liéu
chudi, truy xuat thuat todn ho tro gidi baitoan sap
xép trén mang s6 nguyén.

- Yéu cau so sanh hai yéu té tri thirc, vi du: So sénh
[énh for va while, so sdnh ham strupr va strlwr, so
sanh ham strcpy va strncpy.

- Yéu ciu can xac thwc hay kiém ching tinh
ding/sai mét thong tin vé tri thirc, vi du: Thuét
toan Binary Search |a thuat todn hd tro giai bai
toan sap x&p la dung hai sai, d6 phirc tap cla
thuat todn Selection Sort bang véi d6 phirc tap
cuathuattodn Merge sort ding hay sai.

Dé hé théng c6 thé dép (rng cac yéu cau truy van
nay, co s& tri thirc vé |ap trinh trén mdy tinh can
phai duoc biéu dién, t& chirc mdt cach phu hop.
Viéc thiét k&, t8 chirc mét co s& trithirc phl hop va
hiéu qua sé |1a yéu td quyét dinh dé thiét ké cac x{r
ly, cting nhu b suy dién gidi quyét van dé mot cach
hiéu qua duoc dat ra trén co s& tri thirc [3]. Hién
nay, c6 nhiéu nghién ctru vé cac phuong phap biéu
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dién trithirc cho thiét ké hé théng truy van trithirc.
Ta c6 mét s6 két qua vé van dé nay nhu sau:

D6 thi tri thirc (knowledge graph) la mét cong cu
hitu ich d& biéu dién ndi dung cho web ngit nghta
[4], cling nhu cho thiét ké co s& trithirc trong gido
duc. Trong cdng trinh [5], tdc gid trinh bay cac van
dé truy van trén mé hinh dd thitrithirc. Kién thirc
biéu dién théng qua cach ti€p can do thi, trong dé
moi nut dai dién cho thong tin vé mot yéu té tri
thirc, chdng han nhu mat khai niém va mdi canh
dai dién cho mdi quan hé giira cac yéu té tri thirc.
Cachtiépcannaycéhiéuquadéivdiciacirngdung
tap trung vao viéc biéu dién cac khai niém vdi cau
truc don gidn va méi quan hé gitra cac khai niém.
D3Gi véi kién thire cé cau truc khéi niém phirc tap
hay phan loai da dang, chang han nhu kién thirc
vé todn tlr, ham, bai toan, thuat gidi trong kién
thirc vé 1ap trinh, cac cach tiép cin nay chwa that
phuhop.

Trong cong trinh [6] nhédm téac gia van dung mé
hinh tri thirc quan hé [7] cho thiét k& hé hd tro truy
van trén mién tri thirc vé |ap trinh mdy tinh. Trong
cac cdng trinh [8], cac tac gia cling trinh bay mét s6
gidi phap trong tich hop cdc mé hinh biéu dién tri
thire dya trén su két hop md hinh tri thiérc quan hé
va do thi tri thirc, dé thiét k& cac hé théng hd tro
yéu cau truy van tri thirc trén mét s6 mién tri thire
nhu todn cip trung hoc phé thdng, ly thuyét do thi,
co s& dit liéu. Tuy nhién, cach cong trinh nay chua
quan tam dén viéc biéu dién céc thanh phan tri
thirc khdc nhu todn tlr, ham, cic bai todn va cac
thuat toan. Va dic biét 1a chua hd tro dwoc cac
ngén ngit truy van duoc dac ra trén mo hinh co s&
tri thire. Vi vdy, céc két qud nghién clru nay chua
dap ng dugc nhiéu loai yéu cau truy van co ban
khac nhu chuwa quan tdm dén cac yéu cau truy van
vé truy van tri thire cé rang budc vé diéu kién, cling
nhu cac yéu cau truy van vé xac thuc/kiém chirng
thongtindatratréncosdtrithirc.

Dwa trén mo hinh COKB [9], nhdm tac giai trong bai
bao trong [10] da trinh bay phuong phdp trong
thiét k& hé théng ho tro truy van tri thirc cho mién
tri thire vé Ngdn ngit 14p trinh C/C++. Diém manh
cla cac hé thdng nay |a cung cap cac quy udc truy
van c6 cau truc, két qua cta cac hé thong cé do tin
cay cao. Tuy nhién, cac két qua nghién ctru nay chi
dua ra mot vai cd phap quy udc trong truy van,
chua xem xét mot ngdn ngit truy van téng quat
trén mé hinh, cling nhu chua xem xét cac yéu cau
truy van nhu sy so sanh va kiém chirng thdng tin.

Cac ing dung duoc xay dung dua trén cdc mo hinh
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ngon nglt I&n (LLMs - Large Language Models) [11],
nhu ChatGPT (Generative Pre-Trained Transformer),
cling nhu Copilot, Gemini. Diém manh cla cac (ng
dung nay 1a khad niang ho tro rat da dang yéu cau, dic
biét cho phép giao tiép bang ngdn ngit tw nhién. Cac
(ng dung nay hién nay con ton tai nhiéu rdi ro dang
ngai, dac biét la trong linh vyc gido duc va nghién
ctru [12]. Khi cic hé théng nay d6i khi co thé cung
cap cau tra 107 khdng chinh xac va ciu tra 16i cla
ching thudng gdp phai do giac (Hallucinations) khi
ching cung cap théng tin qua muc hodc khéng lién
quan. Mét s6 van dé nay cling da dwoc chi ra trong
cdng trinh [12, 13]. Cac hé théng ho tro ddc biét linh
vure gido duc can phai dam bao tinh tin cdy va phai
phu hop vdi cac yéu té nhu chwong trinh dao tao,
nang lyc cia nguai hoc.

Tuong tu cac hé théng hoi dap (QAS - Question
Answer Systems) dwa trén céc ky thuat xtr ly ngén
nglr tw nhién (NLP - Natural Language Processing)
trong thiét ké cac hé théng tri tué nhan tao (Al -
Artificial Intelligence). Cdc nhdm hé théng nay cho
phép thuc hién cacyéu cau truy van bang ngdn ngir
tuw nhién va hé théng s& tra vé két qua theo cicyéu
cau. Co nhiéu ky thuat gidi quyét cac van dé trong
NLP nhu [14], trong d6 cach ti€p cin dua trén cac
ky thudt hoc sdu la mot cach ti€p can hién daitrong
thiét ké cac loai hé thong nay QAS [15]. Tuy nhién,
hién nay cac gidi phap NLP dung trong hé thng Al,
chdng han nhu cac hé thdng QAS chua hé tro that
sy t6t cho viéc x(r ly, gidi quyét cdc van dé dua trén
co s& tri thire, dic biét 1a ho tro dwoc kha ndng suy
ludntréncosdtrithirc.

Dai vdi cac irng dung doi hdi d6 tin cay va chinh xéc
vé thdng tin, nhu trong linh vic gido duc, cac hé
théng dwa trén tri thire [16] duwgc coi la mot cach
tiép can hiéu qua dé thiét k& cac hé théng théng
minh gidi quyét cdc van dé duwogc dat ra trén co s&
tri thire. Vi céc co s& tri thirc dwoc xdy dung tu
chuyén gia trong linh virc nay. Qua trinh thiét ké va
xay dung co sé tri thirc vd cung chat ché khi toan
bd quy trinh tir viéc chon ngudn, thyc hién thu
thap, phan loai, kiém tra, chuin héa déu bat budc
phai cé sy tham gia, gidm sat, cung cap, gép y dén
tlr cac chuyén gia [17]. Nhin chung, cac nghién ctru
hién tai nhu dé cap & trén déu cé nhirng diém
manh riéng. Tuy nhién, cdc mo hinh thé hién tri
thire nay can dwoc caithién dé dap (rng cacyéu cau
co ban trong linh vue gido duc, chang han nhu sy
phU hgp véinguoi hoc, do tin cdy va kha nang xtr ly
cacyéu cautruy van dadangtlr ngudihoc.

Dua trén kha nang biéu dién duoc da dang thanh
phan tri thirc ciia mo hinh céc d6i twong tinh toadn
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COKB [9], bai bdo nay trinh bay mot moé hinh tuwa
COKB (gian lwgc va bé sung) huwéng dén thiét ké hé
hd trg truy van trén mién tri thirc 1ap trinh may
tinh. Bang cach don gian hay gian luvgc bét dd phire
tap vé ciu trdc cda thanh phan khai niém cling cac
bai todn lién quan. Bén canh d6, modt sé thanh
phan tri thirc ph6 bién trén mién tri thire 14p trinh
s& dwoc bd sung gdm thanh phan tri thirc vé bai
toan va thuat giai. T mé hinh co s& tri thirc dwoc
d@é xuat, mot ngdn nglt quy wdc trong viéc hd tro
dién dat cac yéu cau trong truy van tri thirc cling
cac xtr ly co ban s& duoc dé xuat. Bén canh do, cac
|&p bai todn truy van truy van tri thire va cac thuat
giai suy luan dé xr ly va thuec thi cdc yéu ciu truy
van cling s& dugctrinh bay trong bai béo.

Két qua nghién ctru clia bai bdo duwocvan dungvao
cai dit, th&r nghiém thanh cong hé ho tro truy van
trén tri thirc vé 13p trinh may tinh (gém cac khai
niém, cac ky thuat 1p trinh co ban, cac cau trac dir
liéu, cacthao tdc coban trén cic cau trucdirliéuva
cac thuat toan co ban trong lap trinh). Hé théng ho
tro hiéu qua cho cac déi twgng 1a sinh vién nganh
Coéng nghé théngtin trong viéc hoc kién thirc vé 1ap
trinh may tinh.

2. PHUO'NG PHAP BIEU DIEN CO' SO TRI THU'C
VE LAP TRINH MAY TiNH

2.1. Md hinh héa tri thirc vé lap trinh mdy tinh
theo ti€p can Ontology

Pinh nghia 2.1: Ta goi mot m6 hinh tua COKB cho
thiét k& cdc hé truy van tri thirc 1a mét md hinh
COKB-KQS gbm bd 8 thanh phan.

(C, H, R, Ops, Funcs, Problems, Methods, Rules)
C 13 tap cac khai niém trong mién tri thirc, moi khai
niém ¢ € C1a mot1dp cac d6i twong. Moi d6i tuwong
o0 € cduwoctrangbicacddctrunggom:

- C4u tric cia mot d6i twong gom bd (Attrs, Props,
InnerRules). Trong do, Attrs |a tap cac thudc tinh
cla déi tuwong; Props 13 tap su kién dé chi tinh
chat cha ddi twgng. InnerRules 13 tap céc luat noi
tai clla mot d6i twgng. Trong d6 mdiluatrcéd dang
luat dan h(r) ->g(r). V&ih(r) 1a tap swkién gia thiét
vag(r)latipsukiénkétluanclaluatr.

- Cac |dp bai todn gdbm clng céc thuat giai: Tra clru
hay xac dinh gia tri cia moét thudc tinh; xac dinh
tinh chat ca mot déi twgng; xac dinh d6i twong;
kiém chirng gid tri cia mot thudc tinh bén trong
dditwong.

H Ia tap cadc quan hé IS_A gilta cidc khai niém trén
tap C.
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R |3 tap cac quan hé hai ngbi khac giira cac thanh
phan trong mién trithurc.

Opslatap cactoan tlrtrong mién trithirc.
Funcs |a tap trithirc ham trong mién trithurc.

Problems |a tap cac |&p bai todn trén mién trithirc,
mdi 1&p bai todn p cbd ciu tric gdom (name,
statement, input, output, examples). Trong doé
name la tén goi cla I&p bai todn p, statement la
phat biéu bai todn cla bai toan, input 1a cac thong
tin dau vao cha bai toan p, output la két qua cla bai
toan p, examples 1a tap cac vi du mau cu thé cta bai
toanp.

Methods 13 tap cac thuat gidi. M&i m 1a mot thuat
giai cho bai todn p trong P. Thuat gidi m ¢ ciu tric
gém (name, p, idea, pseudocode, procedure,
complex, prospects, consequences, visualizations).
Trong d6: namelatén cliathuattoanm, p € Pla bai
todn vdi quan hé |a thuat giai m dé giai bai toan p,
idea la y twdng cua thuit todn m, pseudocode |3
ma gia cla thuat todan m, procedure la thd tuc cua
thuattodn m va duoc viét thanh ham f, complex la
do phirc tap chia thuat toan m, prospects la nhirng
vu diém cha thuat todn m, consequences la nhirng
han ché cla thuat todn m, visualizations |a tap cac
phan tlr, mdi phan t&r & mot minh hoa twong tng

cho mot baitip cu thé thudc baitodn p.

Rules |a thanh phan tri thire lut trong mién tri

thirc. MAi luat cé dang luat dan h(r) -> g(r). V&i h(r)

|a tap su kién gid thiét va g(r) la tap sw kién két luan

claluatr. Trén mé hinh trith&c twa COKB-KQS ta co
xét 6 su kién theo dinh nghia dudi day.

- Sw kién logi 1: Sy kién vé khai bdo tén cda thanh
phan trong trithirc

- Sw kién loai 2: Sy kién vé khai bdo tén clla mot
khai niém/d6i twong, thudc tinh cla mot khai
niém/ddi twong; tén cha mot todn tlr/thudc tinh
clia cla mottodn tlr; tén cia mét ham/thudctinh
phan ca mét ham.

- Sw kién loagi 3: Su kién vé sy xac dinh thudc tinh
cla mot khai niém/déi twong/toadn tir/ham/bai
toan, bang mot gia tri.

- Sw kién logi 4: Su kién vé sy bang nhau giita hai
thudc tinh cda khai niém/d6i twgng.

- Sw kién logi 5: Sy kién vé sy phu thudc thudc
tinh cia moét khainiém/ddi tuwong vao cacthudc
tinh khac.

- Sw kién loagi 6: Su kién vé méi quan hé giira khai
niém/d6i twong, hay gitra cac thanh phan khac
trongtrithirc.
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Dua trén cac luat suy dién, viéc so khdp su tuwong

déng hay hop nhat gitra hai su kién 1a mot trong

nhitng k§ thuat co ban cho thiét ké cac x{ ly suy

ludn trén co sé tri thire. Ta ¢ ki thuat so khdp sw
Input: f1, f2

Output: true/false
1. IF f1 =2 THEN

2. return true;

3. ENDIF

4. | k1 < LoaiSuKien(f1);

5. k2 < LoaiSuKien(f2);

6. IFkl=k2 THEN

7. return false;

8 ENDIF

9. IFkl=3hodckl=4hoickl=5THEN
10.

11. return true;
12. ELSE

13. return false;
14. END IF

15. ENDIF

16. | |Fkl1=6THEN

17. IF f1[1] # f2[1] THEN
18. return false;
19. END IF

20.

21 return true;
22. END IF

23.

24.

25. return true;
26. END IF

27. END IF

28. ENDIF

29.

return false;

hop nhat cha hai sy kién nhu sau:

Thuét gidi 2.1 thuit todn so khdp hai su kién
(HopNhatSuKien)

IF HopNhatSuKien(RHS(f1), RHS(f2)) and HopNhatSuKien(LHS(f1), LHS(f2)) THEN

IF HopNhatSuKien(f1[2], f2[2]) and HopNhatSuKien(f1[3], f2[2]) THEN

IF “SYMMETRY” € f1[4] and “SYMMETRY” € f2[4] THEN
IF HopNhatSuKien(f1[2], f2[1]) and HopNhatSuKien(f1[3], f2[2]) THEN

Hinh 1. Trinh bay thuat toan so khdp hai su kién

2.2.Ngo6n ngit dacta cho co sé tri thirc COKB-KQS

Ngon ngit dic ta md hinh ho tro thiét k& hé hd tro

truy van tri thirc COKB-KQS duwoc xdy dwng dua

trén cac quy wdc dac ta cia md hinh tri thirc COKB
theo [9]. Ngdn ngit dacta gom:

- Tap cac ky tu: Cac ky tw bang chir cdi(a, b, ..., z, A,
B...Z), ky tw chicdcphéptoan (+,-, *,/, %), ky tu' s6
(0-9).

- Tap cac tlr vung: T (tlr don, tlr ghép), cum tir,
cau, doan, cactén dinh danh.

- Cac kiéu dit liéu: Cac kiéu dir liéu co ban, cac kiéu
di*liéu cd ciutruc.

-Cacbiéuthtrc.

- Cac 1énh va cac cu phap dac ta cho tirng thanh
phan trong trithtrc.

3.NGON NG’ TRUY VAN VA BAI TOAN TRUY VAN

TRITHUC

3.1.Ngén ngir truy van

Dinh nghia 3.1 Cho mién tri thirc K dugc biéu dién

theo mo6 hinh COKB-KQS (dinh nghia 2.1). Ta goi
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mot ngdn ngtr truy van L trén KK la mot bd gdbm cac

thanh phan sau day.

1L=<3,Q,A,S,P>

- Z la tap tlr vieng, gbm céc tu (tir don, tir ghép),
cum tlr ¢é nghia trén mién tri thirc dugc dac ta
theo m6 hinh COKB-KQS;

- Qla tap cac yéu cau truy van, Q = {“tra caru”, “liét
ké”, “so sanh”, “kiém chirng”};

- A 13 tp céc ngilt doan, ta cé A = {<cdu-truy-van>,
<cdu-dang-1>, <cdu-dang-2>, <cdu-dang-3>,
<cu-dang-4>, <diéu-kién>, <sy kién-logi-1>, <su
kién-loqi-2>, <swr kién-logi-3>, <su kién-logi-4>, <su’
kién-logi-5>, <sw kién-logi-6>, <tén-quan-hé>};

-S e A duwoc goi la tién dé, trén mién tri thire 1ap
trinh may tinh ta cd S = <cdu-truy-vén>;

- P 1a tap cac quy tac sinh (production) cé dang o ->
B,trongdéa e BexzuQuUAuUy,vdiylatip
cac quy tac duoc dinh nghia khac. Trén mién tri
thirc 13p trinh may tinh, KK ta c6 P gbm tap cac quy
tacsau day:
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Hinh 2. Tap cac quy tic duoc dinh nghia khac

3.2. Bai toan truy van tri thirc va thuit gidi thuec
thicidutruyvan
3.2.1. Phdt biéu bai todn
Pinh nghia 3.2. Cho mién tri thirc K dwgc mé hinh
hoa theo COKB-KQS (dinh nghia 2.1) va ngbn ngit
truy van L (theo dinh nghia 3.1). Cho truéc tap cac
yéu cau truy van Qs, hay xt ly va thuec thi cac yéu
cau truy van dugc dic t3 theo Qs. Ta cé thé md
hinh hda baitoan P1dudidangsau day.

P1: Qs - Kgs

Qs=1{S,S,, .., S,},mdiS,la cu truy van tién dé theo
dinhnghia3.1.

-: 13 qud trinh x{ ly va thyc thi cac ciu truy van
trong S, trong Qs.

KQs la tap céc két qua sau khi thyc thi tirng cu cau
truyvan S, trong Qs.

Thuat giai 3.1

Vidu 3.1: Trén mién tri thirc vé kién thirc 1ap trinh
mady tinh, nguwdi dung mong muén biét vé “Chuwong
trinh la gi?”, hay “sw khdc nhau giita kiéu dit liéu
float va kiéu di¥ liéu double”, hay “ham getline() la
ham hé tro' thao tdc nh@p trén kiéu dir liéu string cé
dung kh6ng?”. Ta c6 thé mé hinh hda céc yéu cau
trén thanh cac cdu truy van theo dinh nghia 3.1
nhu sau:

Qs :={["TRA_CUU", CHUONG_TRINH.DINH_NGHIA],
"KIEM_CHUNG", ["CAT_CHUOI", substr(), string]],
[“SO_SANH”, [float, double]]}. KQs la tap céc két qua
ma hé théng x& ly, thuc thi cic yéu cau truy van
trong Qs. Ta c6 thé s dung thuat giadi tong quat dé
tim dwoc KQs bai thuat giai dugc trinh bay duwdi day.

3.2.2. Thuédt gidi téng qudt
Thuat giai thyc thi cau truy van trong Qs dé tim Kgs.

Base: Co s& tri thirc K (duwgc mé hinh héa theo mé hinh tri thirc COKB-KQS dinh nghta 2.1)
Intput: Qs; // Tap cau truy van Qs = {S1, Sy, ..., S}, Si theo dinh nghta 2.2.
Output: KQs; // K&t qua thie thi cdc cAu truy van trong Qs

21. return KQs;

1. KQs <« [];

2 FOR S in Qs do

3 LoaiTruyVan = KiemTralLoai(S);

4, IF LoaiTruyVan[2]=-1 THEN

5. “Xudt théng bdo 16i cui phdp”

6 ELSE

7 IF LoaiTruyVan[1] = 1 THEN

8. KQs < ThucThiCauTruyVan_dang_1(S);
9. END IF;

10. IF LoaiTruyVan[1] = 2 THEN

11. KQs <— ThucThiCauTruyVan_dang_2(S);
12. END IF;

13. IF LoaiTruyVan[1] = 3 THEN

14. KQs <— ThucThiCauTruyVan_dang_3(S);
15. END IF;

16. IF LoaiTruyVan[1] = 4 THEN

17. KQs <~ ThucThiCauTruyVan_dang_4(S);
18. END IF;

19. END IF

20. | END FOR

Hinh 3. Trinh bay thuat todn tdng quat thuc thi cu truy van
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Thuat giai xt ly va thuc thi cdu dang 1

ThucThiCauTruyVan_Dang_1 (thudt gidi xi ly va thuec thi cdu dang 1)

1. Buéc 1: Khai tao céc bién can thiét cho chuong trinh obj, attr_obj;
2. COMPS := C U Ops U Funcs U Problems U Methods

3. Bu&c 2: Goi obj 13 d6i twong trong S, attr_obj 13 thudc tinh can xac dinh gid tri trong
4. S;

5. Bwdc 3: Thuc hién tim cac tri thirc trong tirng thanh phan

6. FOR comps in COMPS do

7. FOR object in comps do

8. IF HopNhatSuKien(object, obj) THEN

9. FOR attr in ATTRIBUTES(object) do

10. IF HopNhatSuKien(obj.attr_obj, LHS(object.attr)) THEN
11. return attr;

12. END IF

13. END FOR

14. END IF

15. END FOR

16. END FOR

Hinh 4. Trinh bay thuat todn thyc thi cu truy vdn dang 1

Thuat gidi xt ly va thuc thi cdu dang 2

ThucThiCauTruyVan_Dang_2 (thudt gidi xi ly va thue thi cdu dang 2)
1. Buérc 1: Khai tao céc bién cho chuong trinh TP, TapDoiTuong, TapTam, toantu
2. TapDoiTuong <« {};
3. TapTam <« {};
4. Bwédc 2: Goi TP I3 loai thanh phan tri thirc trong cdu truy van S;
5. Bwéc 3: Néu ciu truy van S khéng cé chira diéu kién
6. FOR tp in TP do
7. TapDoiTuong <« {tp};
8. END DO
9. return TapDoiTuong;
10. Bwdrc 4: NEu S cé chira diéu kién
11. IF KieuDuLieu(DIEUKIEN, “set’) THEN
12. toantu ::= ‘Y
13. ELSE
14. toantu ::= ‘U’
15. END IF
16. Bwédrc 5: DO tim cdc tri thirc trong TP thda diéu kién
17. TapTam <« {};
18. FOR dk in DIEUKIEN do
19. IF LoaiSuKien(dk) = 4 THEN
20. FOR obj in TP do
21. FOR attr in ATTRIBUTES(obj) do
22. IF HopNhatSuKien(dk, attr) THEN
23. TapTam < {obj}
24. END IF
25. END FOR
26. END FOR
27. ELSE
28. IF KieuDulLieu(dk[1], string’) and LoaiSuKien(dk[2]) = 2 THEN
29. FOR obj in TP do
30. FOR relain Rdo
31. IF HopNhatSuKien(dk[1], rela[1]) THEN
32. IF HopNhatSuKien(rela[2], obj) and HopNhatSuKien(dk[2], rela[3])
33. TapTam <« {obj};
34. ELSE IF “Symmetry” € rela[2] THEN
35. IF HopNhatSuKien(rela[3], obj) and HopNhatSuKien(dk[2], rela[2])
36. TapTam <« {obj};
37. END IF
38. END IF
39. END FOR
40. END FOR
41. END IF
42. END IF
43. IF TapDoiTuong = {} THEN TapDoiTuong = TapTam;
44. TapDoiTuong «— TapDoiTuong toantu TapTam;
45.
6. END IF
END FOR
47. .
43, return TapDoiTuong;

Hinh 5. Trinh bay thuat todn thyc thi cu truy van dang 2
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Thuét giai xt ly va thyece thi cdu truy vén dang 3

ThucThiCauTruyVan_Dang_3 (thudt gidi x& ly va thuec thi cdu dang 3)

LN RWNRE

o
= o

[ S = S Y
® N WN

Budc 1: Khéi tao cac bién trong chwong trinh, CacDG, CacDK
CacDG « [];
CacDK « [];
ob1 = L4y gia tri d6i twong thr nhat trong S;
ob2 = L4y gia tri d6i twong thr nhat trong S;
Buwdc 2: Tim diém gidng, khac gilra hai khai niém/toan tir/ham/bai toan/thuat giai
FOR attr_ob1 in ATTRIBUTES(ob1) do
FOR attr_ob2 in ATTRIBUTES (ob2) do
IF HopNhatSuKien(attr_ob1, attr_ob2) THEN
IF attr_ob1[2] = attr_ob2[2] THEN
CacDG « attr_ob1,;
END IF
ELSE
CacDK « [attr_obl, attr_ob2]:
END IF
END FOR
END FOR
return [CacDG, CacDK];

Hinh 6. Trinh bay thut todn thuyc thi ciu truy van dang 3

Thuat gidi xt ly va thuc thi cdu dang 4

ThucThiCauTruyVan_Dang_4 (thudt gii xi ly va thuec thi cGu dang 4)

LN EWNR

NN
NP

W wwwww
ok wnNeE

=
= o

I e N N g o
©CLxNOULAWN

WNNNRNNNN
©CLNDUL AW

Budrc 1: Poc tri thirc dwa vao cac bién
KBC < Doc tat ca tri thirc vé khai niém;
KBO <— Poc tat ca tri thirc todn tir;
KBF <« Poc tat ca tri thirc vé ham;
KBP « Doc tat ca tri thirc bai toan;
KBM <« Doc tat ca tri thirc vé thuat giai;
TriThucLuat <« Doc tat ca tri thire luat;
KBRelations <— Doc tat ca tri thirc vé quan hé;
BaoDongTapSuKien <« KBC w KBO U KBF L KBP U KBM;
Budrc 2: SuKien <— LAy su kién can kiém chirng trong S;
Budc 3: Thue hién suy dién tim tat ca sw kién c6 thé sinh dwoc tir tap luat
flag < true;
WHILE flag do
Tim luat r trong TriThucLuat c6 thé dp dung;
IF r # NULL THEN
BaoDongTapSuKien « r[2];
ELSE
flag < false;
END IF
Ap dung cac quy tac sinh sw kién tw dong
+ Tw dong sinh su kién loai 4 tir cac s kién loai 3;
+ Tw dong sinh su kién loai 3 tir cac s kién loai 4;
+ Tw dong sinh sw kién loai 5 tir cac sy kién loai 3, loai 4
IF C6 su kién mai sinh ra THEN
flag < true;
END IF
END WHILE
Budc 4: Kiém tra sy kién trong BaoDongTapSuKien
FOR sk in BaoDongTapSuKien do
IF HopNhatSuKien(sk[1], SuKien[1]) THEN
return [true, sk];
ELSE
return [false, -1];
END IF
END FOR

Vi du 3.2. Gid s& ngwdi dung mudn truy van tim
“cdc thudt todn gidi bai todn sdp xép va cé dé phirc

Hinh 7. Trinh bay thuit todn thyc thi cu truy van dang 4

tap tét nhét 1a O(n*log(n))”. Tacdé thE md hinhhéa  =0(n*log(n))]}-

céc yéu cau trén thanh céc cau truy van theo dinh
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nghia 3.1 nhu sau: Qs = { [“LIET_KE”, METHODS,
{[“GIAI”, BAI_TOAN_SAP_XEP], BestCaseComplex

Ap dung thuat giai 3.1, quy trinh x{ ly va thuc hién
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ciutruyvantrong Qs nhu sau:
- Giai dogn 1: Xac dinh loai truy van trong yéu cau
Qs, tacdyéu cautrong Qs lacdudang 2.

- Giai dogn 2: Thuc hién goi thuat giai
“ThucThiCauTruyVan Dang_2". Qué trinh thuc
thicdathuattodn nay nhu sau:

Hinh 8. Minh hoa qua trinh hoat déng cla thuat toan thyc thi cdu truy van dang 2

4. THU NGHIEM VA DANH GIA

4.1.Kién tricva cicthanh phan cha héthéng
Cacthanh phan cha hé hé truy van kién thirc Know-
ledge Querying Systems gém:

(1) Thanh phan giao dién la noi cho phép nguoi
dung (sinh vién, ky su tri thirc) cé thé giao tiép vai
hé théng bang cach nhap vao cac yéu cau, dong
thoicling 1a noinhan cac két quatra vé tir hé thong.

(2) Thanh phan xac dinh loai va phan tich cau truy
van dam nhiém hai vai trd. Thir nhat 13 xac dinh cac
loai cau truy van cling nhu 16i nhap liéu. Thi hai
thuc hién phén tich cu phép va géi cac cac két qua
phantich dén déng co thyc thicautruy van.

(3) Pdng co thye thi cau truy van la thanh phan cho
phép thuc hién céc xt ly, quy tic suy luan (duoc
thiét ké theo thuat gidi 3.1) dé thuc thi cac yéu cau
truy van.

(4) Thanh phan CSTT lap trinh may tinh duoc biéu
dién theo mé hinh COKB-KQS (dinh nghia 2.1).

(5) Thanh phan giai thich két qua cho phép thuc
hién cac x ly cac két qua tir dong co thuec thi cau
truy van gitip viéc hién thj cac két qua tré nén than
thién vdingudidung.

(6) Thanh phan quan tri co s& tri thirc |a thanh phan
cho phép cac ky su tri thirc thuc hién cac thao tac
trén trithirc nhu: Thém, cdp nhat, xda cac trithirc.

Hinh 9. Kién tric cta hé truy van kién thirc Knowledge Querying Systems

4.2. Thiét ké co’ sé tri thirc va ddong co’ thuc thi ciu

truyvan

Co s@ tri thirc dwgc xem la thanh phan quan trong,

quyét dinh vé tinh tin cdy cGa hé truy van trén tri

thirc. D& dam bao duwoc do tin ciy va nhat quan
trong toan bé co sé tri thirc, viéc thiét ké hay xay
dung co so tri thirc dwgce thue hién theo quy trinh

[17] gdbm cdac giai doan: Thu thap tri thirc, phan loai

tri thire, chuan héa co sé tri thire. Trong d06, cé hai

diéu kién bat budc dé dam bao duwoc chat luvgng,
swtin cay chiacosdtrithirc dé la:

- Ngudn tri thire thu thap can phai ddm bao d6 tin
cay cao, gbm cdc tai liéu chuyén mon la céc gido
trinh, sach tham khao, sach chuyén khao, sach
bai tadp duoc sir dung giang day tai cac truong dai
hoc, xuat ban bdi cdc nha xuat ban chinh théng.
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- Toan bd qua trinh thu thap, phan loai, chuan hdéa
déu dugc gidam sat, gép y, cung cap va danh gia tur
cac chuyén gia, giang vién cé trinh d6 cao va kinh
nghiém tryc ti€p gidng day cackién thirc lap trinh.

Dong cothycthicdctruy cdutruy vanlaméttrong

nhitngthanh phan cho phép xtr ly, thuc thi cacyéu

cau truy van, thanh phan nay duoc thiét ké dua
trénthuatgiai3.1, bangcdngculap trinh Maple.

4.3. Caidat thr nghiém

Tlr co's& dong co truy van duoc thiét ké, dé taicling
d3 phat trién thanh moét ng dung web (dwa trén
ma nguon, C#, ASP.NET MCV), bén dudi day |a mot
phan giao dién clia hé thdng.

Hé thdng d3 thir nghiém 200 yéu ciu truy van tu
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sinh vién, giang vién. Trong dé 169/200 (85%) co
thé dwoc dién dat qua cdc dang ciu truy van céu

Hinh 10. Giao dién chi két qua cla viéc thyc thi cac yéu cau truy van theo vi du 3.1

Bang 1. Bang ké két qua thuc nghiém hé théng

dang 1, cGu dang 2, cdu dang 3, cdu dang 4. Bén
dudi day la bang ké chi tiét vé cacloai yéu cau.

STT Dang cau

truy van

1 Cdu dagng 1

2 Céu dang 2

3 Céu dang 3

4 Céu dang 4

5 Chuwa hoé tro

Loai yéu cau truy van g
Yéu cau Chi tiét yéu cau lwong
Tra ctru thong tin | Khdi niém/thudc tinh clia doi twong 35
clla mot yéu Phép todn 9
td/thudc tinh cha | Ham 25
yéu t6 tri thirc L&p/dang bai toan/thuéc tinh cda bai toan 8
thudc loai tri thirc | Thuat gidi/Thudc tinh cla thuat giai 8
Liét ké tri thic Khai niém, déi twong, todn tlr, ham, |&p bai
theo phéan loai toan, thuat giai
Thudc tinh ciia mét ddi twgng/todn t&r/ham/bai
At e, ., | todn/thuat gidi bAng mot gia tri. 24
Liét ké tri thirc co — , Y s =
. ~ 2 1.~ | Thudc tinh cha mot doi twgng/toan t&r/ham/bai
rang budc dieu kign | ;o<1 /thuat giai bing thudc tinh cta mot khai 7
niém/todn t&r/ham/bai todn/thuat gidi khac
So sanh Hai khai niém 12
Hai ham 17
Thudc tinh cila mét déi twgng/todn tir/ham
bang mot gia tri 9
M6t thudc tinh cla mot d6i tugng/toan
Kiém chirng mét tf_rA/hém I’oéng mg}t thuc?c tinh clla mét khai 10
sw kién n!tim/to?n tu'/PAwam khacA _ i _
Kiém chirng mot quan hé gitta mot thudce tinh
cla khai niém/toan tir/ham/bai todn/thuat giai
v&i mot thudc tinh cta déi tuong/toan 35
tlr/ham/bai todn/thuat giai
Nhan dinh v& mét Nhén di‘nh vé njét yéu t6 :cri kfléi o i
Lo e Y T niém/ham/thuat todn hoac mdt thudc tinh clia 10
yéu t6 tri thirc déi twgng/ham/thuat toan
Gidi bai tip ;I'Aao r’r\1cf)t thuétgiéi tw dong bang mdt ngdn ngir 15
ap trinh cu thé
Khic Su’ﬂso sénh hai yéu t6 tri thirc dya trén két qua :
nhan dinh
Téng 200

4.4.Sosanhvadanhgia

xét so sanh trén 3 tiéu chi gdm: Tiéu chi s tin cdy

Két qua irng dung cla bai bdo d3 duoc so sanh vai
mot sd hé théng cung tinh nang truy van trén mién
tri thirc 1ap trinh may tinh. Trong do bai bao xem

Hong Bang International University Journal of Science

(nghta la hé théng can dam bao duworc sy chinh xac
trong cac thong tin hay két qua duoc tra vé); Tiéu
chi sw pht hop (nghta |a hé théng can phaicd su ho
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tro cho nhédm ngudi hoc cu thé va phu hop vdi
chuwong trinh dao tao, dé cwong chi tiét cta hoc
phan); Tiéu chivé ddp trng yéu céu (nghia la két qua
tra vé clda hé théng phai phu hop vdi yéu cau tir
ngudidung, dwoc dién dat qua cau truy van).

So vdi cac hé théng [6, 18], két qua trng dung clia bai
bdo chua thé hd tro t6t trong viéc giao ti€p bang ngdn
ngi tw nhién. Tuy nhién két qua (rng dung cla bai bao
thé hién sy da dang yéu cau hon khi [6, 18] chi hd trg
duoc yéu cau dang 1 (tra ctru théng tin), dang 3 (so

sdnh hai khdi niém) va [10] chi ho tro tra clru dang 1
(tra cutru thong tin) va dang 2 (liét ké cdc tri thirc theo
phdn logi). Bén canh dé ChatGPT du kha manh mé khi
hd tro duoc da dang yéu cau va gilp giao ti€p bang
ngdn ngilt tw nhién, tuy nhién chung lai c6 diém yéu
vé su tin cdy va két qua thuong gap tinh huéng du
thira thong tin so v&i yéu cau. Dac biét la trong pham
vi mang tinh ddc thu trong gido duc, doi hoi mét hé
théng théng minh can trd 101 ddp (ng dd tin cay va
phai ddm bao duoc khdng du thira vé thong tin.

Bang 2. Bang so sanh cac rng dung lién quan
H6 tro cic yéu cau
C a n Caudang2- | Caudang3- |y, dang4
ong Ca#r;acﬂ'%l ekt yoa ot gem Sutin cay, phu hop
thongtin | thiccorang | thirckhdi | © |iao, -
budcdiéu kién| niém/ham ;

Hé thong hd |Hé thong chi |H&thdng  |Hé& thdng chi [HEthong |- Hé thdng hudng dén 1 sinh vién dang theo hoc

trohockién [hotrotra  |khdnghdtro|hdtroso  |khonghd  |kién thirc nhap mon 1ap trinh.

thircNhap |ctuthéng |truyvancd |sanhtrénhai|trokiém |- K&t qua tra vé cla hé théng phi hop véi yéu cau

mon lap tin khai niém| rangbudc  |khdiniém  |chirgsy  |truy van, phl hop viéc day/hoc cla gidng vién/

trinh [6] diéu kién kién sinh vién.

Hé thdng hd |Hé théng chi| Héthdng  |Hé& thdng chi [H& thong |- Cac nhdm hé théng dura trén co ché tién xtr ly

trohockién [hotrotra  |khdnghdtro|hdtroso  |khonghd | ngdn ngikvivay dé chinh xdc clia hé théng chura

thirc Lap ciruthdng  [truyvancd |sanhtrénhai|trokiém |duoccao (61% TABLE |, trong [6]) va (79.22%

trinh hudng |tin khdi niém|rangbudc  |khdiniém |chingsy |TABLEIV, trong [18])

doituong [18] diéu kién kién

Hé thong hd |Heé thong chi | HE thong cd |H&thdng  |Héthong |- Hé thdng hudng dén ddi twong la sinh vién dang

trohockién [hotrotihh  |hdtrgtihh  |khdng hd tro|khong hd | theo hoc kién thirc [4p trinh hudng d6i tuwong.

thirc vé nangtractru|ndngtruy  |tihhndng |trgtihh |- K&t qua tra vé clia hé théng phl hop véi yéu cau

Ngébnnglt [thongtin  |vancdrang |truyvan nang kim  |truy van, phu hop viéc day/hoc clia giang vién/

[3p trinh C++ |khainiém/ |budcdiéu |dangsosanh|chiingsy |sinhvién.

[10] toan tir/ham| kién hai khai niém/| kién - Co's@ tri thirc dugre xay dung tlr cac chuyén gia

ham trurc tiép gidng day vi vy két qua tra vé cd dé tin
cay cao.

ChatGPT Hé thdng cd | Hé théng cd |Héthdngcd |HEthdng | - K&t qua clia hé thdng can cd su kiém chirng lai
hotrotihh |hdtrothh  |hdtrotihh  |hd trotinh | thong tin vi cac két qua trd vé clia cong cu ndy cd
nangtraclru|ndngtruy  [nangtruy  |n3ngkiém |thé khong chinh xac. Van dé nay cling da duoc
thong tin vancdrang |vandangso |chiingsy |trinh bay trong congtrinh [13].
khainiém/ |budcdiéu |sanh haikhaikién - NGi dung chura phu hop véi chuong trinh dao
toan td/ham| kién niém/ham tao, dé cuong chi tiét clia hoc phan.

- Cach trinh bay cla hé théng cling khong thé hién
duorc trong tAm clia két qua cau truy van.

Hétruyvan |Héthéngcd |Héthdngcd |Héthéngcd |HEthdng |- Hé thEng hudng dén ddi twong ngudi dung la

trithrcLap |[hotrotihh |hdtrothh  |hdtrotihh  |hd trotinh | cac sinh vién hoc 1ap trinh vé may tinh.

tinhmdy |ndngtraclru|nangtruy  |nangtruy  |n3ngkiém |- K&t qua tra vé clia hé théng phi hop vdi yéu cau

tinh thong tin vancdrang |vandangso |chiingsy |truyvan, phi hop viéc day/hoc clia gidng vién/
khainiém/ |budcdidu  |sanh haikhai|kién (thudc|sinh vién.
toan tlr/ham| kién niém/ham |6loaisy |- Co s& tri thirc duge xay dung tir cac chuyén gia

kién) trurc tiép gidng day vi vy két qua tra vé cd dé tin
cay cao.
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So vdi cac hé théng [6, 18], két qua &rng dung cla
bai bdo chua thé hd tro tot trong viéc giao tiép
bang ngdn ngl tw nhién. Tuy nhién két qua (ng
dung cta bai bdo thé hién sy da dang yéu cau hon
khi [6, 18] chi h6 tro dwoc yéu cau dang 1 (tra ctru
théng tin), dang 3 (so sdnh hai khdi niém) va [10]
chihd trotracttu dang 1 (tra ctru théng tin) va dang
2 (liét ké cdc tri thire theo phdn logi). Bén canh dé
ChatGPT du kha manh mé khi h6 tro dwoc da dang
yéu cau va gilp giao tiép bang ngdn ngit ty nhién,
tuy nhién ching lai cé diém y&u vé si tin cay va két
qua thuong gédp tinh hudng du thira théng tin so
v3i yéu cau. Pac biét |a trong pham vi mang tinh
dacthutrong gido duc, doi hdi mot hé théng thong
minh can tra | d4p (rng d6 tin cdy va phai ddm bao
duockhéng duwthira vé thdngtin.

5. KET LUAN

Bai bdo da dwa ra duoc mdt méd hinh cho viéc biéu
dién dwoc co s& tri thire vé 1ap trinh trén may va bo
ngdn ngt hd trg truy van trén mo hinh cung cac ky
thuat x{r ly co ban. B6 ngdn ngit nay cho phép biéu
dién duwgc mot s6 yéu cau phd bién cla ngudi
dung. Trén co md hinh biéu dién tri thirc va bo
ngdn nglr dién dat cac yéu cau truy van, bai toan
truy van trén tri thirc va cac thuat toan dé xir ly,

thue thi cau truy van cling da duoc trinh bay trong
bai bdo. Két qua nghién ctru cling d3 van dung va
cai dat th&r nghiém thanh cong hé ho trg truy van
tri thire danh cho cac d6i twong 1a sinh vién nganh
Congnghéthéngtin hocvé lap trinh maytinh.

Bén canh cac két qua dat duoc, két qua nghién ciru
cling con mot s6 diém han ché nhu: Ngdn ngit truy
van duoc dé xuat trén mé hinh con chua ¢ sy da
dang khi chi dap &rng duoc 169/200 (85%) cau truy
van duoc thu thap; Viéc giao ti€p qua ngdn ngir
truy van chuwa ty nhién; v.v.

Cac cong viéc ti€p theo cha dé tai sé tap trung vao
khac phuc cac diém y&u d3 dé cap nhu ting cudng
m& rdng cac yéu cau truy van chua duoc xem xét
x( ly trong bai bdo. Tang cwdng kha nang giao tiép
tw nhién nhu xay dung bé chuyén d6i tir ngdn ngir
tw nhién, sang ngdén nglt truy van cd cau tric quy
uwdc. Déng thoi xem xét cac van dé xay dung tri
thirc dua trén sy tich hop, dé tir d6 lam co s& phét
trién cac 16p ng dung cé kha ning ho tro giai cac
yéu cau truy vantréntrithictich hop.

LO1 CAM ON

Nghién clru nay dugc Truong Dai hoc Quéc té
H6ng Bang cap kinh phithuc hién dudima sé dé tai
GVTC18.01.
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Knowledge base model for computer programming
and the design of knowledge query systems for
information technology students

Do Van Nhon, Mai Trung Thanh

ABSTRACT
Computer programming is a core subject for students majoring in Information Technology (IT). An

application that assists learners in querying knowledge about computer programming with high reliability
is essential and meaningful in enhancing the quality of IT education. To design such systems, especially
those that ensure reliability in educational contexts, knowledge must be represented and organized within
computer systems to serve as a foundation for designing and addressing knowledge-based queries.
Currently, various methods exist for representing programming knowledge. However, these methods still
face numerous limitations, particularly in supporting diverse user query types and ensuring high reliability.
This paper introduces a COKB based model for designing knowledge querying systems (KQS). It
encompasses an ontology model for representing programming knowledge, a query language based on
the proposed ontology model, the processing techniques and algorithms for executing requests expressed
through this query language. The results have been applied in developing a knowledge query system to
supportIT students.

Keywords: Ontology COKB, knowledge representation and reasoning, knowledge-based systems,
knowledge querying systems, intelligent software in education
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