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TOM TAT— Xdy dung cac hé théng théng minh img dung trong gido dyc vé Todn hoc va Khoa hoc cong nghé la mét trong nhimg
thach thirc 1om cua biéu dién tri thire hién nay. Cdc hé thong nay phdi thé hién s tir duy cua con nguoi trong qud trinh giai quyét
cde van dé ciing nhir tirong tdc, hé tror doi voi nguoi hoc. Trong tri thirc todn hoc, kién thirc Dai s6 vécto ¢ chuong trinh I6p 10 la
mot trong nhiing tri thirc kho doz véi hoc sinh cap Trung hoc phé théng. Trong bai bdo nay, chiing 161 s€ cdi tién mé hinh tri thire
todn tir, Ops-model, vé mdt cdu triic cdc khdi niém trong mé hinh,va phdn loai cdc ludt cua mién tri thic goém cdc ludt dan va cdc
ludt phwong trinh, tir d6 thudt gidi gidi quyét cdc bai todn trén mé hinh ciing dwoc nghién ciru cdi tién, ndng cao hiéu qud bang
cach ap dung cdc ludt heuristic, do do qua trinh suy dién tim 16i gidi ciing mé phéng dwoc qud trinh tu duy ciia con nguoi trong viéc
gidi todn. M6 hinh Ops-model cdi tién ndy duoc img dung de xdy ding co sé tri thire cho mién kién thire Pai s6 vécto va xdy dung
mét hé thong hé tro gidi tw dong mét sé dang todn trong mién tri thirc ndy. Loi gidi ciia chuong trinh cho cdc bai toan tiwong tir nhu
cdch gidi ciua nguoi, ré rang, tung buoc.

Tir khéa— Tri thire todn tik; hé gidi bai toan thong minh; biéu dién tri thirc; suy dién t dong.
I. GIOI THIEU

Biéu dién tri thirc c6 mot vai tro quan trong trong viéc thiét ké cac hé co so tri thire va dong co suy dién trong
céc hé thong thong minh. Hién nay, c6 nhiéu phuong phap biéu dién di dugc nghién ciru va tmg dung trong cac mién
tri thire khac nhau nhu: logic, frame-based [1], mang nglr nghia, d6 thi khai niém [2] va ontology [3]. Tuy nhién cac
phuong phap nay khong du va rat kho ung dung trong viéc xay dung hé thong tng dung trong thyc té. Mot trong
nhiing thach thirc hién nay trong khoa hoc vé biéu dién tri thirc chinh 1a viéc xay dung cac hé thong thong minh tng
dung trong giao duc vé Toan hoc va Khoa hoc cong nghé (Science Technology Engineering and Math Education,
STEM) [4]. Trong linh vuc gido duc, hé théng phai c6 du tri thirc dé c6 thé hudéng din ngudi hoc trong qua trinh hoc,
dic biét 1a trong viée giai quyét cac bai toan. Hé thdng c6 thé giai ty dong cac dang bai toan. Nguoi dung chi can khai
béo cac gia thiét va két luan cua bai toan theo mot dang ngdn ngit dic ta nhat dinh [9]. Gia thiét gdm céc ddi twong cua
bai toan va cac quan hé giira cac ddi twong hodc gitra cac thudc tinh cta dbi tugng. Gia thiét ciing c6 thé 1a cho biét gia
tri ctia cac d6i trong hodc thudc tinh déi tugng ciing nhu cac biéu thire gitra ching. Muc tiéu bai toan chinh 1a viéc xac
dinh mot thudc tinh, mot ddi tugng hay mot quan hé giira cac ddi tugng. Sau khi déc ta bai toan, nguoi dung co thé yéu
cau chuong trinh giai cic bai toan d6 hodc dua ra nhimg hudng dan dé gitip nguoi dung cé thé giai quyét bai toan do.

~ Hién nay, déa co nhiéu mg dung trong linh vuc nay, tuy nhién ching déu khong dap tng dugc yéu cau cho mot
hé thong ho trg hoc tap:

Céc hé théng ching minh dinh 1y ty dong nhu [5] c6 thé chimg minh cac dinh ly hinh hoc, tuy nhién cac
phuong phap chimg minh nay thuong sir dung bang céc phuong phéap dai sd, co s& Grobner, phuong phap Wu. Do do,
cac hé théng nay rat kho dé cho ngudi hoc co thé hidu duoc 10i gidi cia cic ching minh d6. Bén canh d6, mot sb
chuong trinh c6 thé giai cac bai toan hinh hoc véi 161 giai c¢6 thé doc duoc boi con ngudi (readable proof), ching han
nhu [6]. Tuy nhién cac 10 giai nay lai khong tu nhién vi chung st dung cac phuwong phap nhu dién tich, goc day (full
angle), do d6 nguoi hoc khong thé img dung trong viée hoc tap.

Bén canh d6, cac hé théng website hd tro giai toan nhu: Mathway [13], symbolab [14] c6 kha ning giai quyét
c4c bai toan do ngudi dung nhdp vao voi 101 giai timg bude, tu nhién. Tuy nhién tri thirc trong cac hé théng nay chu
yéu dugc dic ta theo dang frame, do do hé thong chi co thé giai dugc cac bai toan don gian, khong gidi duge cac bai
toan doi hoi phai van dung cac kién thirc chuyén siu ctia mién tri thirc.

D6i v6i cac hé thong hd tro giai bai tap thong minh hién nay, bén canh viéc hudng t6i co thé dua ra cac 1oi giai
cho cac bai toan mgt cach ty nhién, twong tu nhu cich giai ciia con ngudi, hé thong ciing c6 thé kiém tra tinh chinh xac
ctia 101 giai do ngudi dung nhap vao. Pong tho hé thong c6 thé tuong tac véi nguoi ding théng qua viée hudng dan
giai cac bai toan mot cach ty dong.

Trong thuc té, mot dang tri thire kha phé bién cua con ngudi, dac biét la trong cac mién tri thire doi hoi viée tinh
toan dé suy luén giai quyét cac van dé, 1a cac tri thirc vé toan tir. M6 hinh nay ¢ nén tang 1a cac khai niém, toan tur
giita cac dbi tugng trong tri thirc va cac luat. Mot mé hinh biéu dién tri thirc phai dap ung dugc cic yéu cdu sau:

- Tinh hinh thitc: Cac thanh phan cia md hinh phai dugc xay dung trén nén tang co so 1y thuyét chit ché.
Pong thoi phal xac 1ap dugc (md hinh hoa duorc) nhiing bai toan, nhimg van dé trén thuc té. Bén canh d6, c6 thé dua ra
co so ly thuyét cho cac thuat giai dé giai quyét cac van dé nay. Thuat giai giai quyét cac vn dé phai dwoc nghién ctru
vé tinh dimg, tinh dung din ciing nhu d4nh gia do phirc tap cia ching
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- Tinh phé bién: M6 hinh c6 thé ung dung tryc tiép hodc chi can mot s6 cai tién nho cho viéc dac ta nhiéu
mién tri thire thye t€. Hon nita, khi 4p dung vao thuc te, co so tri thire duoce dac ta co thé cho nguoi dung hiéu duge qua
trinh suy dién cua tri thirc, twong tu nhu cach con nguoi suy dién giai quyét van de.

, Déi voi cac két qua trong [7], Y. Wang da xay dung céc khai niém cua tri thirc bang cach sir dung céu trac dai
s0 dé bicu dién cac thanh phan cia mot khai niém va nhitng quan h¢ trén n6. Tac gid cling da dé cap dén mot so6 phép
toan gitra cac khai ni€m trong mién tri thire, tuy nhién trong moé hinh, tac gia lai khong d€ cép dén cac luat suy dién cua
tri thue.

Tac gia C. Yang va W. Cai cling da xay dung co sé ly thuyet toan hoc trong viée biéu dién tri thirc dya trén hé
ludt mo rong, cac luat nay dugc nghién ciru trong viée giai quyét bai toan vé kiém tra sy mau thuin trong cic mé hinh
hinh thirc, trong [8]. Tuy vay hé thong hé lut mé rong nay khong hiu qua trong hé thdng 16n, ciing nhu trong viéc
biéu dién cac tri thirc c6 dang mo ta, hodc ¢6 cau tric.

Trong [10], tac gia da stir mo hinh tri thirc toan tir v6i nén tang 1a cac khai niém, cic quan hé, cac phép toan giira
cac khai niém va cac ludt cta mién tri thirc dé xay dung cic hé thong giai bai toan thong minh trong mién kién thirc
Dién mot chiéu va Dai sé vécto. Tuy nhién, trong mo hinh nay tac gia chua d& cap dén céu tric cua cac khai niém ciing
nhu giai quyét cac vin dé lién quan dén cac luat dang phuong trinh, dong thoi ing dung chi giai quyét dugc cac bai tap
don gian trong cac mién tri thuc.

Trong bai bao ndy, trén co s mo hinh tri thire toan tir, Ops-model [10], chung t6i trinh bay mot cai tién ciia mo
hinh trén co so phan tap luat thanh cic dang luat dan va luat phuong trinh, dong thoi xay dung ciu triic cac khai niém
trong md hinh tri thirc toan tir. Bén canh do, cac quy tic suy luan trén mo hinh ciing duoc nghién ctru, va dinh nghia 16i
giai ciia mot bai toan. Vé thiét ké bo suy dién, thuat giai giai quyét cac van dé dé s& dugc két hop vé6i cac quy tic
heuristic gitip cho hé théng c6 thé nang cao hiéu qua cua qua trinh suy dién. Tir d6, ching t6i van dung mé hinh cai
tién nay dé thiét ké hé hd trg giai tu dong cac bai tap trong kién thirc vé Pai s6 vécto. Chwong trinh c6 thé giai duge
mot s cac bai tap nang cao trong chuwong trinh toan THPT, dong thoi chuong trinh ciing cho mot 11 giai ty nhién,
twong ty nhu cach giai cua con nguoi.

IL. THIET KE CO SO TRI THUC PAI SO VECTO

A. M hinh tri thirc todn tir
M0 hinh biéu dién tri thirc toan tu, goi 1a Ops-model, 1a mot bo gdm 4 thanh phan [10]:
K =(C, R, Ops, Rules)

Trong d6: C 1a tip cac khai niém cta mién tri thirc. R 13 tdp cic quan hé giita cac khai niém trong tri thirc, mdi
quan hé nay 1a mot quan h¢ hai ngdi gilra hai khai niém trong tdp C. Ops la tip cac toan tu. Trong bai bao nay chung
t6i chi xét toan tir hai ngdi trén cac khai niém trong tap C, cing vdi viée khao sat cac tinh chét cua toan tir: ddi xtng,
Kkét hop, phﬁn tir trung hoa. Rules 1a tdp cac luét, cac luat trong mo6 hinh nay dugc phéan thanh hai loai: luat dudi dang
luat dan va luat dudi dang phuong trinh.

Trong muc ndy, viéc phan 16p cac khai niém va dic ta cdu trac cac déi twong trong C dwoc nghién ciru, dong
thoi tap ludt Rules ciing dugc nghién ctru vé céc loai luat va dic ta cac sy kién tuong Gng.

1. C-Tap cac khdi niém

Mbi khai niém ¢ € C c6 mot tap thé hién, goi 1a I; mdi X € I, 1a mot ddi tuong cua khai ni€m c. Tap duoc phan
16p nhu sau:

- Khai niém co ban: goi la C(O), gom tap cac so thyc R va cac khai niém duoc xac dinh boi mot tap cac phan tir

1a tap thé hién cua khai niém.

- Khai niém cip 1: goi 1a Cy, cac khai niém thudce 16p nay 1a mot 16p céc ddi tuong co cu tric:

(Attrs, EqObj, RulesObj)
1/ Tap cac thudc tinh Attrs: @ = Attrs = { x;, i=1..n | x; € Ig;, ¢i €C(q)}
2/ Tap cac luat dang phuong trinh: EqObj < {f | f € EQaus, Var(f) < Attrs}, vai var(expr) 1a tap hop cac bién
trong biéu thirc expr.
v6i Eqaws = {g =h [ g, hla cac biéu thirc, var(g) < Attrs, var(h) < Attrs }, EQaqs 12 tip cac phuong trinh
lién quan dén céac bién trong Attrs.
3/ Tép céc lut dan: RulesObj c {u—v | var(u) c Attrs, var(v) c Attrs, u N v = @}
- Khai niém cép 2: goi 1a C(), cac khai niém thudc 16p nay la mot 16p cac dbi tuong c6 clu tric:
(Attrs, EqObj, RulesObj)
1/ @ = Attrs < { x;, i=1..n | X; € Ig;, i € Cqy U Cpy}
2/ 3 X, € Attrs, 3¢,0€Cpy, Xo € lexo
3/ EqObj < {f | f € Eqaus Var(f) < Attrs}
4/ RulesObj < {u—v | var(u) c Attrs, var(v) c Attrs, u N v =3}

Bén canh cdu trac, mot dbi twong trong tri thirc con c6 cac hanh vi sau dé giai quyét cac van dé noi tai cua ddi
tugng: 1/ Xac dinh bao dong cua cac su kién trong ddi tuong. 2/ Cho biét 16 giai cua viéc xac dinh thudc tinh cta déi
tuong tir cac thudc tinh da biét. 3/ Tinh toan trén d6i tuong.
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Ngoai ra, khi cac khai ni€ém dugc phan cap thi cac quan h¢ va cac phép toan gitrta cac khai niém cling s€ dugc
phén cap mot cach tuong ung.

2. Rules — Tdp cdc ludt

Rules 1a tap hop cac luat suy dién ctia mién tri thirc, cac ludt nay dugc phan thanh céc loai luat sau: ludn dan va
luat c6 dang phuong trinh.
Rules = Rulegeguce & Ruleequation

Rylededuce RuIeequation
r la mt ludt dan, c6 dang: r la mét luat dang phuong trinh, cé
u(r) e v(r) dang:

véi u(r), v(r) l1a cac tap su kién g(01, 0z,...., 0k) = h(Xq, Xz, ..., Xp)
voi 0;, X; 1a cac doi tugng va g, h la

cac bicu thirc gilra cac doi tuong.

Trong d6, cac su kién dugc phan loai nhu sau:

Loai Y nghia Diac ta Piéu kién

1 Cho biét thong tin vé loai cua ddi tuong X:C xeX*ce C

2 Cho biét su xac dinh cia rr}ét doi tuong X xel ceC
hodc thudc tinh cia mot doi tugng. e
Su xac dinh cia mét thude tinh hay mot

3 doi twgng thdng qua mot gia tri hay mot X = <const> Xel,ceC

.2 S, M : : : <const>: constant

bicu thirc hang
Su kién vé sy bang nhau giira mét doi

4 tuong hay mot thudc tinh véi mot dbi X=y x,yelg, ce C

tuong hay mot thudc tinh khac.
Su kién vé sy bang nhau gilra cac biéu

<exprl>: biéu thirc

‘. < > =< > 22 ,
S thire ctia doi tugng. exprl expr2 <expr2>: biéu thic
. , PR,
6 Sy kién vé quan hé gifra cac doi tugng. x® y XRlex, Y R Ly,

X QNC,cyRC

B. Thiét ké co sé tri thive Pai s6 vécto
Trén co so kién thirc vé& Dai s6 vécto & cap THPT trong [11], mién tri thirc nay dugc biéu dién bang mé hinh tri
thirc toan tir Ops-model cai tién, g6m 4 thanh phﬁn (C, R, Ops, Rules). Co s tri thirc Pai sb vécto duoc biéu dién nhu
trong bang 1.
Biang 1. Co s¢ tri thirc Pai s6 Vécto

Cap | C R Ops Rules
Rulegequce U RUlEeqq)
Cw | - Tépcac s6 thue: R - Quan hé gitra cac sb thuc R: - Céac phép toan trén | e Luit dan:
- Céc khéi niém co ban: {<,= truomg sb thuc R: Rul 1:
+ DIEM: khai niém vé | Ry = {rhugc, giao, song song, {+ - %1} {AB: Poan
diém, khai niém nay c6 tap thé | vuong géc} M: Piém,
hién IDIEM‘ . + thuée < lpim % lpuong: M trung diém AB }
+ DQONGI khai niém vé | quan hé giita mot diém thudc —->{MA+ MB :6}
dudng théng, khai mém né.y cod mét dufyng théng
tép the hién Ipyone + giao < lpusng X lpuong: Rul 2:
quan hé cit nhau gitta hai {u, v: vécto, u L v} —
duong thang. ) {uv=0}
* Quan hé “giao” co tinh chat:
ddi xtmg. Rul 3:
+ song song (//) < lpuong X {a, b, c: vécto,
Ipuong: quan hé song song gitra c=aob}
hai duong thang —~{cLlaclb}
* Quan hé “song song” co tinh
chét: d6i xtmg, bic ciu Rul 4:
+ vuéng goc (L) < lpyong * {ABC: tam giac,
Ipuong: quan hé vudng goc gitra G: diém,
hai duong thang G trong tim ABC}
* Quan h¢ “vuéng gdc” c6 tinh 5 GA+GB+GC =0
chat: doi xung.
Cw (Attrs, EQObj, RulObj) Ry = {thudc, trung diém, phan | O1 ={+,*, ., 0} Rul 5:
gide, giao, song song, vudng | + : Vécto x Vécto — . .
Coy={POAN, VECTO,GOC} | géc,..} Vécto {ABC: tam gidc,
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Khai nigm VECTO c6 chu + thugc = lpiem X lpoan: | Phép todn cong gira | M: Biém, N: Diém,
triic: quan hé¢ gilta mdt diém thudc | hai vécto M trung di€ém AB,
Attrs = {_A, _B, module}, | mot doan thang. Phép toan “+” c6 tinh | N trung diem AC}
voi: . + trung diém c IDIEM x | chat: giao‘ hoan, keét - 1 —
_A, _B:DBIEM Ipoan: quan hé gitta mot diém1a | hop, co phan tir nghich | = MN = 2 BC
module: R; trung diém mot doan thang. dao. o Luit dan huon
EqObj = {Module = + phdn gidc C lpoan X lgoc: trinh: ne P &
Doan(A,B)} quan hé giit mot doan thang 1a | * © R X Vécto .
RulObj ={} duong phan gidc cita mot goc Ve Rule:
gp g C g " —>Vecto ) A,B: biém,
+ giao < lpoan * I, v6i ¢ la Phép toan nhan giira AB — _BA
khai niém DOAN, DPUONG: | mot sé thyc va mot N
quan hgf: cat nhau gitra Ip(f)t vécto Rul 7:
doan thang véi mot doan thang .
. 2 AB,C: Diém,
hay duong thang. ) : Vécto X Vécto — AB+BC - AC
* Quan h¢ “giao” c6 tinh chat: | ¢ + -
doi ximg. Tich vo huéng gii
g gitta .
+ song song (//) < lpoan * e | hai vécto Rul 8:
: u: vécto,

voi ¢ la khai niém DOAN,
DUONG: quan hé song song
gitta mot doan théng vOi mot
doan thing hay duong théng
* Quan h¢ “song song” co tinh
chét: d6i xting, bic cdu

+ vudng géc (L) < lpoan *
le, voi ¢ 1a khai niém DOAN,
DUONG: quan hé vudéng goc
gitta mot doan théng vOi mot
doan thing hay duong thing.
* Quan h¢ “vudng goc” cé tinh
chét: di ximg.

Phép toan “.” co tinh

chat: giao hoan.

0 : Vécto X Vécto
—>R

Tich c6 hudng gilta
hai vécto.
Phép toén c6 tinh
chat: phan giao hoan.

“ 29

(Attrs, EQObj, RulObj)

Cp = {TAM GIAC va cac
loai tam gidc khac, TU
GIAC va cac loai to giac
khac, PUONG TRON, . -}

i

e -
-, =

Khdi niém HINH CHU
NHAT e C c6 chu tric:
Attrs = {AB, C,D, a, b,
¢, d S p,.}
A, B, C, D: PIEM
a, b, c, d: POAN
S p:R
EqObj = {
Goc(A)+ Goc(B)+ Goc(C)+
Goc(D) = 360,
Doan(A C)= Doan(B D)
AB=DC, AD =BC,

AC = AB+ AD, BD=BA+BC
L

RulesObj = {
{ a = b} - {ABCD:
SQUARE} }

R, ={bang nhau, ndi tiép, tiép
tuyén}

+ bang nhau (=) C lTRIANGLE
X ITRIANGLE: quan hé béﬂg nhau
gitra hai tam giac.

* Quan hé “bing nhau” c6 tinh
chét: phan xa, dbi xung, bic
cAu.

+ ngi tiep < 1 arac % Ipuong
trRON. quan hé vé mdt tir giac
noi tiép mot dudng tron.

+ tiép tuyén < Ipoan ¥ lpuona
TRON: quan hé Vé mot doan
thang 13 tiép tuyén mot duong
tron.

u? = u.u = (u.module)

Rul 9:

u, v: vécto,

u.v=

u.module*v.module*
cos(u,v)

Rul 10:

u, V: vécto,

uovs=

u.module*v.module*
sin(u,v)

R11:

u, V: vécto,

uov=-vou

(o 1a tich c6 hudng)

2
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III. THIET KE BQ SUY DIEN CHO HE THONG
A. Bai toan trén doi twong
) Cho mét dbi tugng Obj = (Attrs, EqObj, RulObj) thudc mot khai niém trong md hinh tri thire toan tr Ops-model,
doi tuong nay duogc trang bi kha nang giai quyet cac van dé sau:
i Bai toan 1. Xéc dinh bao dong cua tép su kién: Cho mot tap cac su kién F, xac dinh tap hop 16n nhat céc su kién
c6 thé suy luén tir doi tugng Ob;.
Bai toan 2: Cho biét 10 giai cua bai toan co6 dang F — G, voi F 1a mot tap sy kién va G 1a sy kién muc tiéu,
var(G) < Obj.Attrs.
Pinh nghia 3.1: Quy tdc suy ludn
Mot quy tic suy luan trong Ops-model xac dinh cac sy kién mdi tir cac sy kién da cho. Mot quy tic suy ludn dugc
phén loai nhu sau:
Bing 2. Phén loai cac quy téc suy ludn

Dang Y nghia Vi dy
Loai 1: Xéc dinh mot sy kién loai 2 tir sw kién loai 3 AB.len =5 — AB
K3 - K2

Loai 2:

K3 thay vao K4
— K3

Xac dinh mot sy kién mai loai 3 bing cach thay
su kién khac loai 3 vao su kién loai 4.

AB.len =5, AB.len = CD.len
—>CD.len=5

AB.len = CD.len, AB.len =

Loai 3: Xac dinh mét su kién mai loai 4 tir cac su kién
K4 - K4 loai 4 MN len

’ — CD.len = MN.len
Loai 4: T cac su kién loai 3 xac dinh mot sy kién méi AB.len=5,CD.len=5
K3 —» K4 loai 4 — AB.len = CD.len
Loai 5:

K3 thay vao K5
— K5

Xac dinh mot su kién mai loai 5 béng cach thay
su kién loai 3 vao mot su kién loai 5.

AB+BC=AC,AC=5
—-AB+BC=5

Loai 6:
K3 thay vao K5

Xac dinh mot sy kién méi loai 3 bang cach thay
cac su kién khac loai 3 vao su kién loai 5.

Goc(A) + Goc(B) + Goc(C) = 180
Géc A =90, Géc(B) = 60

K3 5 Géc(C) = 30
k‘f‘t‘hzl: vio K5 | Xéc dinh mdt su kién moi logi 5 bing cich thay | AC = AB + BC, AB=BC
Y su kién loai 4 vao su kién loai 5. —>AC=2BC

— K5

Loai 8:
Ap dung luat

Xac dinh su kién méi bang cach ap dung cac luat
cua tri thirc.

Pinh nghia 3.2: Bao dong tap su kién
Cho ddi tuong Obj = (Attrs, EqObj, RulObj) thuoc mot khai niém trong mé hinh Ops-model. Goi
OBJECTFACTS(Obj) 1a khong gian cac su kién trong Obj, va F < OBJECTFACTS(Obj) 1a mot tap su kién, A <
Obj.Attrs
) Bao déng cua tdp su kién F boi Obj, Obj.Closure(F), la tép su kién 16n nhit c6 duoc bang cach ap dung cac quy
tdc suy luan cua doi tugng Obj dé mo rong tap su kién F.
Thuat giai xac dinh Obj.Closure(F) da duoc trinh bay trong [10], vi vay bai toan 1 dugc giai quyét. Bén canh do,
ta ciing co the st dung thuat giai ay dé giai quyét bai toan 2.
B. Bai todn trén mé hinh Ops-model . i
M0 hinh bai toan trén tri thirc toan tir 1a mgt b gom 3 thanh phan: (O, F) — Geoal, trong do:

0 ={0y, Oy, ..., O} tap cac déi tuong thu(f)c’czic khai ni¢m duoc dac ta trong C;
F={f,f, ... fu}: tdp cac su kién gilra cac d6i tuong trong O;
Goal ={ g1, 9 ... O } tap cac muc tiéu.

Mot muc ti€u cua bai toan co th€; 1a cac loai sau day:
- Xac dinh mot th}l@C tinh cua doi tuong.
- Xac dinh mot doi tuong. )
- Xac dinh gia tri cua biéu thirc giita cac doi tugng .
Pinh nghia 3.3: Loi gidi cua bai todn
Cho mién tri thirc K = (C, R, Ops, Rules) va bai toan P = (O, F) — G trén K.
a/ Gia st D = [dy,dy, ..., d;] 1a danh sach cac quy tic suy luan. Xéc dinh: Fo = F, Fy = di(Fo), F, = do(Fy) , .... Fs =
ds(Fs—l) va D(F) = Fs
Bai toan P goi la giai duoc khi va chi khi tdn tai danh sach D thoa man G C D(F).

b/ Khi d6: Dé’[ Sj = [dj, Fj-li Fj\Fj-l]
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sj la mot bude gidi cha bai toan P va S = [sj[j=1..r ] la loi gidi ctia bai toan P.
Thuat gidi: Thudt giai cho bdi todn trén mé hinh Ops-model

Cho bai toan P = (O, F) - Goal trén mién tri thirc K = (C, R, Ops, Rules), thuat giai sau s€ xac dinh 101 giai cua
bai toan P.
Input: O, F, Goal
Output: Loi gidi cua bai toan
Thuét giai duoc xay dung dua trén chién lugc suy dién tién, trong d6 cac quy tic suy luan s& dugc ap dung,
dong thoi cac ddi tuong cling tham gia vao qué trinh suy dién tim kiém 10i giai. Thuat giai nay cing tuong tu nhu thuat
giai tim kiém 10i giai trong [10], tuy nhién qua trinh tim kiém va sir dung cac lut s& dugc cai tién dé phu hop vai viée
phan loai tap luat 1a luat dang suy din va dang phuong trinh, cling véi viéc két hop cac quy téc heuristic trong qua trinh
suy ludn. Viéc cai tién d6 duoc thue hién nhu sau:
KnownFacts: bién luu cac sy kién da duoc xac dinh;
Sol: Danh sach cac budce giai ctia bai toan.
Tim kiém luat r trong tap Rules c6 thé ap dung dugc
1. Truong hop: t la mot ludt dan
if (r c6 dang: u(r) — v(r)) then
KnownFacts := KnownFacts u v(r);
s:=[r, u(r), v(nl;
Sol:=[op(Sol), s];
continue;
end if;
2. Truong hop: r la mot ludt dang phwong trinh
if (co thé 4p dung céc quy tic suy ludn loai 5, 6 hodc 7 trén r dé sinh ra sy kién méi) then
KnownFacts := KnownFacts U Vinownracts();
s:=[r, ug(r), v(nl;
Sol:=[op(Sol), s];
end if;

Tim kiém céc sy kién loai 5 dé ghép thanh cac phuong trinh hodc hé phuong trinh dé giai quyét bai toan.
Goi cac su kién loai 5 tim duoc 1a e.
KnownFacts := KnownFacts U {két qua giai e};
s:=[“Giai phuong trinh”, e, {két qua giai e}];
Sol:=[op(Sol), s];

( START )
[ nput P = (OF) =G ]

1

ecord the elements in
hypothesis pan and goal pan

| Classity problem |

!

| Classity facts and represant |

< Goarch e n
" £ can e P
R 4 o .I“.“-‘. <3
Goal O ~
: 1
T App r rule. Record the
about Use
I Reduce the solution found I
| Output: Solution I Cuput: Solution not found

|

Hinh 1. Thuat giai tim 161 giai cho bai toan
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C. Cdc ludt heuristic

Dé qua trinh tim kiém suy dién va tinh toan dugc nhanh chong va hiéu qua hon, ta ¢ thé sir dung mot s6 quy tic sau

day trong viéc tim kiém va chon lua cac dang suy luan c6 thé ap dung duogc:
(H1) Thu hep tap luat c6 thé ap dung cho bai toan.
(H2) Phuong phap tim thi ty vu tién cua cac ludt dé p dung cho bai toan.
(H3) Sur dung cac mau bai toan va bai todn mau.
(H4) Uu tién sir dung cac quy tic xac dinh dbi twong va thude tinh.

(H5) Dung luat bién d6i d6i tuong thanh d6i tugng & cap dd cao hon trong dd thi phan cap néu co du dir kién.

(H6) St dung luét dé sinh ra cac d6i tugng moi co quan hé véi cac ddi tuong da c6, dac biét 1a cac muc ticu.

(H7) Ut tién str dung luat hay dang suy luin dé phat sinh ra sy kién lién quan dén cac su kién muc tiéu.

(H8) Khi c6 mot dbi twong moi dwgc phat sinh trong qua trinh str dung ludt phat sinh d6i twong, ta tién hanh do
tim luét c6 thé ap dung nham phat sinh sy kién méi truéc khi thuc hién phat sinh d6i tuong tiép theo.

IV. KET QUA THU NGHIEM

A. Hé gidi bai todn thong minh kién thivc Pgi s6 vécto

Chuong trinh giai toan ty dong kién thirc Pai s6 Vécto c6 thé giai cac bai toan trong mién tri thirc mdt cach hidu
quéa va nhanh chéng. Chuong trinh rat hitu ich cho cac hoc sinh cap Trung hoc phd thong. Trong bai bao nay, s dung
mo hinh Ops-model, co so tri thirc Pai s6 Vécto trong [11] da duoc dic ta trong muc |1.B. Bén canh d6, mot s6 bai tap
co ban va nang cao cua kién thirc ciing da duoc thi nghiém trong chuo‘ng trinh.

B Baitodn H Thing

Hinh hoc phdng
Ching minh ding thic vecto
Rit gon bifu thic vecte

O bui [66 gidi b toan

v A D.C.D,). Ta ot | b trong diém
h cac ddag thac AB + CD -

AB+CO+DC+ Lo

Crwing minh

s DA~ ID + IC = AD + BC

Kocac G A B C D2

Gid s

1 trung diEm doan AB

| E— ,,,,,,h‘lu,.h., —
Oning mmh AB VB4 DA =0
N R 4
fonang mieh . 78412 = A4 B "Két lobee
AD4T O+ B0+ DA =0

Cring minh ID4IC =

Buoc 1

Hinh 2. Giao dién cta chuong trinh

B. Thir nghiém loi gidi cua cdc bai todn

Chuong trinh da duge thar nghiém trén 50 bai tap trong [11], cac bai tap nay gom cac dang: Ching minh mot
déng thire vécto, rit gon mot biéu thirc vécto, xac dinh mot vécto thong qua biéu thirc gitta cac vécto cho trude.

Bai todn S1: Cho mot tam giac ABC va G la trong tdm cua tam giac. Liy diém M bt ki. Chirng minh ring:

+ Pac ta bai toan:

MA? + MB? + MC? = GA? + GB? + GC? + 3MG?

0:= { ABC: tam gi4c, G: Diém, M: Biém}

F:= {G trong tam ABC}

G:= {Ching minh: MA* + MB” + MC? = GA® +GB” +GC” +3MG*}

+ Loi giai cia chuong trinh:
MA? + MB? + MC?

—2 ——2 ——2
1. MA +MB +MC

ap dung luat Rul 8
ap dung luat Rul 7

2. (m+@)2 +(m+@)2 +(m+@)2

3MG’ +GA +GB +GC. +2.m.(@+@+@)

ap dung luat Rul 4

3.

—2 —2 —2 —2 - .
4. 3MG +GA +GB +GC +2.MG.0
5. 3MG +GA +GB +GC.
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Bdi todn S2: Cho tam giac ABC, diém I 14 trung diém doan BC, J 14 trung diém AB. Dat u=Al, v=CJ .
Biéu didn AC thanh biéu thirc giita U va V.
+ Pac ta bai toan: )
0O:={ABC: tam giac; I, J: Diém; u, v: vécto}
F:={l trung diém BC, J trung diém AB,
u=AIl, v=CJ}
G:= {Biéu din: AC bing U va V}

+ Loi giai ctia chuong trinh:

1. AC=Al +1J +JC ap dung luat Rul 7
2.JC=-CJ ~ 4pdungludtRul 6 |
3. {ABC: triangle, I: Piém, J: Piém, J trung diém AB, | trung diém BC}
N {ﬁ = EE} ap dung luat Rul 5
2

4.E:ﬁ+%ﬁ—ﬁ

5, %AT::H-@

6. AC =2Al —2CJ
7. AC=2u—2v

C. Két qud khdo sdt

Chuong trinh dugc thir nghiém vé6i 120 hoc sinh & hai truong trung hoc phé théng trong Tp.HCM. Khao sat ndy
tap trung dén bdn yéu t6 sau ciia chuong trinh:

e Giao dién than thién véi nguoi dimg: ngudi hoc c6 thé sir dung chuong trinh d& dang va hiéu dwoc 161 giai cua
chuong trinh.

e Co 56 tri thire ddy di: Chuorng trinh cung cap du kién thirc cho ngudi hoc.

* Kha nang giai quyet vdn dé: Chuong trinh c¢6 thé giai cac bai toan mot cach rd rang va giai duoc cac dang toan
phé bién ctia mién kién thirc.

o Sy hitu ich: Chuong trinh hitu ich v&i nguoi hoc.

Két qua khao sat nhu sau:
Bang 3. K&t qua khao sat

. Mie a9
Yéu to (Rat t¢ — Rat tot)
1]2 [3]4 s
Giao dién than thién | 16% 84%
Co sé tri thirc ddy du | 25% 75%
Kha ning gidi quyct van d¢ | 27% 73%
Su hitu ich | 18% 82%

V.KET LUAN

Trong bai bdo nay, ching t6i di trinh bay mot sy cai tién cia mé hinh tri thirc toan tir Ops-model. Su cai tién
nay tap trung vao vi¢c phan tich cAu trac cac khai niém déng thoi phan loai tap luat thanh cac luat dang luat dan va luat
dang phuong trinh. Bén canh d6, cac quy tic suy ludn trén mé hinh ciing dugc nghién ciru phan loai va dinh nghia 1oi
giai cua bai toan. Tur d, chung t6i cling nghién ciru cac ki thuat heuristic ap dung vao thuat giai trong qua trinh tim
kiém 10i giai bai toan, dac biét 1a viéc tim kiém cac phwong trinh, phép toan c6 thé ap dung dugc. Su cai tién nay gitp
cho h¢ thong ¢6 thé phu hop hon voi mién tri thirc thuc va c6 thé suy dién nhanh hon, hi¢u qua hon va mo phong cach
giai quyet van d& cua con nguoi t6t hon.

Ung dung md hinh Ops-model cai tién, co so tri thirc vé kién thirc Dai sé vécto da duoc xdy dung va thlet ké he
hd trg giai bai toan thong minh cho mién tri thirc nay. Chuong trinh cho 161 giai cac bai toan ty nhién, ro rang, timg
budc. Bong thoi chuong trinh cling da dugc khdo sat voi mot $6 hoc sinh cap Trung hoc pho thong va nhan dugc
nhiing két qua khao sat tich cuc.

‘Trong tuong lai, chung t6i s¢ nghién ctru su phéi hop ctiia m6 hinh tri thire toan tir v6i mo hinh tri thirc quan hé
[12] dé tao thanh mot cau tric toan hoc biéu dién cac mién tri thire gom ca cac quan hé va tinh toan bén trong n6. Két
qua nay s& la nén tang cho viéc xdy dung cac cong cu xir Iy co so tri thire trong tuong lai.
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VI. LOI CAM ON

) Nghién ctru dugc tai trg bi Dai hoc Qudc gia Thanh phé H6 Chi Minh (PHQG-HCM) trong khuén khd Dé tai ma
s0 C2016-26-06.
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DESIGN AN INTELLIGENT PROBLEM SOLVER IN VECTO ALGEBRA
BASED ON KNOWLEDGE MODEL ABOUT OPERATORS

Nguyen Dinh Hien, Pham Thi Vuong, Do Van Nhon

ABSTRACT— Nowadays, designing intelligent systems in education about Mathematics and Science Technology is one of the
grand challenges of knowledge representation. These systems have to reprsent the thinking of human when they solve the problem.
In high school mathematics, knowledge about Vécto Algebra in tenth class is a difficult subject with pupils. In this paper, the
knowledge model about operators, Ops-model, is improved about the structure of concept, and classification the rules to deductive
rules and equation rule Though that, the algorithms for solving problems is also improved by using heuristics rules, so the inference
processing of this system simulate the thinking of human to solve them.This improved Ops-model is applied to design the knowledge
base of Vécto Algebra and build an intelligent problems solver for this knowledge domain. The solutions of program is likely the
solution of human, naturally and step-by-step.

Keywords— Knowledge about operator; intelligent problem solver; knowledge representation; automated reasoning.
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