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ABSTRACT

Application knowledge representation for intelligent systems is a
development trend in education, especially in science technology
engineering and math education. In the mathematical foundation of
higher education, linear algebra is an important course. This course
includes the knowledge about matrices, linear equations systems, and
vector spaces. In this paper, a method for representing the knowledge
domain about linear algebra is proposed. It includes three sub-
domains: matrices, linear equations systems, and vector spaces. Each
domain is represented by model of computational objects knowledge
base. These sub-domains have been researched to combine their
knowledge for solving the classes of problems in linear algebra.
Based on this knowledge base, an intelligent problem solver for this
course in technical universities has been built. This program can
solve common exercises. Its solutions are readable, step-by-step, and
alike human method.

TOM TAT

Hién nay, viéc img dung cdc phwong phdp biéu dién tri thirc trong
xdy dung cdc hé thong gido duc théng minh dang la mét trong nhitng
xu thé phdt trién, dic biét la trong gido duc vé STEM. Trong kién
thirc toan co so o bdc dai hoc va cao ddng Pai s6 tuyén tinh la mot
mon hoc rdt quan trong. Cdc kién thirc vé ma trdn, hé phuong trinh
tuyén tinh va khéng gian vector la cdc kién thirc todn hoc nén tang
cho sinh vién. Trong bai bdo nay, ching t6i sé nghién ciu va dé xuat
mét mé hinh biéu dién tri thirc Dai so tuyén tinh. Mién tri thire nay sé
duoc phdn thanh ba mién tri thire: tri thirc vé ma trdn, tri thire vé hé
phuwong trinh tuyén tinh va tri thirc vé khong gian vector. Trén co so
cac mién tri thirc ndy, chung toi nghién ciru viéc phoi hop cac mlen tri
thire dé gidi quyét cdc I6p bai todn trong. kién thirc vé Pai s6 tuyén
tinh. Twr do, chung t6i xay dung mot hé hé tro gidi todn tw dong mon
Pai s6 tuyén tinh ¢ chuong trinh toan cao cép bdc dai hoc cho khoi
nganh kj thudt. Chirong trinh cé thé gidi dwge cic dang bai tdp
thuong gap trong qua trinh hoc. Loi gidi chuwong trinh ré rang, tung
buoc, twong ty nhw cdch gidi cua con nguoi.

Trich dan: Nguyér} Pinh Hién, D3 Vian Nhon va Pham Thi Vuong, 2017. Xay dung hé ho tro giai toan dai
s0 tuyen tinh trén co s¢ tri thirc gom cac mién tri thirc phoi hop. Tap chi Khoa hoc Truong Dai
hoc Can Tho. So chuyén dé: Cong ngh¢ thong tin: 10-18.
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1 GIOI THIEU

Viéc xdy dung cac hé thong thong minh trong
gido duc vé toan hoc va khoa hoc cong nghé
(Science Technology Engineering and Math
Education - STEM) c6 y nghia 16n trong linh vuc
gido duc (Noy and McGuinness, 2013). Biéu dién
tri thirc dong vai trd quan trong trong viéc thiét ké
cac hé co so tri thitc va dong co suy dién trong cac
hé thong thong minh. Hién nay, c6 nhiéu phuong
phap biéu dién di dugc nghién ciru va tmg dung
trong cac mién tri thuc khac nhau nhu: frame-
based, mang nglt nghia, dd thi khai niém
(Harmelen et al. 2008.). Bén canh mot s mé hinh
tri thic dwoc xdy dung chat ché vé 1y thuyét
(Aladova and Plotkin, 2017) thi logic m6 ta la mot
dang ngoén ngit hinh thic dé biéu dién tri thic
(Baader et al., 2017). Logic mé ta dugc sir dung
trong viéc xdy dung cac web ontology. Tuy nhién,
cac phuong phap nay khong thé biéu dién day du
chc mién tri thirc va rat kho ng dung trong viée
xay dung hé thong ung dung trong thuc té, dac biét
la ung dung trong linh vuc gido duc STEM.

Trong linh vuc gido duc, hé thong giai bai tap
thong minh (intelligent problem solver) phai cé
mot co s tri thirc ddy di dé c6 thé hudng dan
nguoi hoc trong qué trinh hoc, dac biét 1a trong
viée giai quyét cac bai toan. Nguoi dung chi can
khai béo cac gia thiét va két luan ciia bai toan theo
mot dang ngdn ngir dic ta nhat dinh (Do, 2012).
Sau khi dic ta bai toan, ngudi ding c¢6 thé yéu cau
chuong trinh giai cac bai toan d6 hodc dua ra
nhitng huéng din dé gitip nguoi dung cé thé giai
quyét bai toan do.

M6 hinh tri thic cic ddi tuwong tinh toan
(Computational Objects Knowledge Base - COKB)
la mot ontology duoc xdy dung theo tiép can
hudng dbi tuong (Do, 2010, 2015). Trong m6 hinh
COKB, cac ddi twong co cdu triic va cac hanh vi
nhit dinh. Pong thoi, mé hinh COKB c6 thé biéu
dién cac dang tri thirc khac nhau nhu quan hé, toan
tr, ham. M6 hinh COKB da dugc ung dung trong
cac mién tri thirc khac nhau, tuy nhién mé hinh
COKB chua thé giai quyét dugc van dé phdi hop
giita cac mién tri thirc trong mot hé thong.

Pai sé tuyén tinh 1a mén hoc dai cuong nén
tang cua nhiéu treong dai hoc hién nay. Mon hoc
dé cap tdi cac kién thrc nhu ma tran, hé phuong
trinh tuyén tinh, khong gian vector (Anton and
Rorres, 2010; DS Cong Khanh va ctv., 2012). Hién
nay, da c6 nhiéu phan mém hd tro giai bai tap cho
kién thirc nay, tuy nhién ching déu khong dap tmg
dugc yéu cau cho mot hé thdng hd trg hoc tép:
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Phin mém Quickmath (2017) va MathSolver
(2017) 1a cac phan mém giai dugc mot s6 dang
toan vé Pai sb tuyén tinh. Cac chuong trinh nay chi
giai duoc cac dang toan co ban vé ma tran nhu tinh
dinh thtrc, tim ma tran nghich dao, chuyén vi, cac
phép toan don gian trén ma tran.

Bén canh @6, cac hé théng website hd tro giai
toan nhu: Mathway (2017), Symbolab (2017) c6
kha ning giai quyét cac bai toan do ngudi ding
nhap vao voi 101 gidi tung bude, tu nhién. Tuy
nhién, tri thirc trong cac hé théng nay chu yéu dwoc
dac ta theo dang frame, do d6 h¢ théng chi c6 thé
giai dugc céc bai toan don gian, khong giai duoc
cac bai toan doi hoi phai van dung cac kién thirc
chuyén sau cua tri thirc.

Trong bai bao nay, ching t6i s€ trinh bay mot
phuong phép biéu dién cho dang tri thirc gdm
nhiéu mién kién thirc, trong d6 mdi mién kién thirc
duoc dic ta theo md hinh COKB. Tri thirc Dai sb
tuyén tinh bao gdom cic mién tri thirc vé ma tran
(1), tri thirc vé hé phuong trinh tuyén tinh (%,) va
tri thirc vé khong gian vector (33). Cac mién tri
thirc nay s& dwoc phdi hop véi nhau trong téng thé
tri thirc Pai sO tuyén tinh dé giai quyét cac 16p bai
todn trong kién thirc Dai sb myén tinh, dac biét 1a
cac bai toan trong qua trinh giai can phai s dung
kién thirc tir nhiéu mién kién thire. Trén co s¢ do,
tri thire Pai sd tuyén tinh va cac 16p bai toan dugc
dic ta dé thiét ké hé hd tro giai bai tap tu dong cho
mon hoc. Chuong trinh cho 101 giai tirng budc va
tuong tu nhu cach giai ciia nguoi hoc.

2 THIET KE CO SO TRI THUC PAI SO
TUYEN TINH

2.1 MG hinh tri thirc d6i twong tinh toan

M6 hinh tri thic cac ddi tuwong tinh toan
(Computational Object Knowledge Base - COKB)
la mdt bo gom 6 thanh phan:

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

Trong do, C 1a tap hgp cac khai ni¢ém, H 1a tép
cac quan h¢ is—a gilra cac khai niém trong C, va R
la tap cac quan hé khac. Ops 1a tap hgp céc toan tir
gitta cac khai ni€ém trong C. Funcs 1a tap hop cac
ham. Rules la tap céc ludt cia tri thuc (Do, 2015).

Mdi khai niém ¢ € C 1a mot 16p cac ddi tuong,
¢6 tap thé hién L, va khai niém c c6 cu trac: (4itr,
Facts, EqObj, RulObj). Trong d6, Attr 1a tap cac
thudc tinh cua khai niém ¢, Facts 1a tap cac sy kién
ndi tai gitta cac thudc tinh trong khai niém, EqObj
1a cac quan hé dudi dang dang thirc giita cac thude
tinh va RulObj 1a cac luat dan noi tai cua khai
niém. Mdi ddi tugng trong ¢ co cac hanh vi dé giai
quyét cac 16p vin dé bén trong cuia no.
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Tap Rules dugc phan thanh céc tap luét:
Rules = Rulegeduce'” Rulegencrate '
Rlﬂeequivalent (% Rlﬂeequation

e r € Rulegequce: 1a mot luat dan, co dang: u(r)
& v(r) voiu(r), v(r) 1a cac tap su kién

o 1 € Rulegenerate 12 ludt dan phét sinh mot dbi
twong mai, ¢6 dang: u(r) = v(r)

voi u(r), v(r) la cac tap su kién va thoa diéu
kién: 3o, 0 € v(r) vao & u(r)

o 1 € Rulecquivatent 12 ludt twong duong, c6 dang:
h(r), u(r) & v(r)

_voi h(r), u(r), v(r) 1a cac tap su kién va thoa
di‘éu kién: h(r) U u(r) - v(r), va h(r) U v(r) = u(r)
déu dung

e r € Ruleequaion 12 mot luat dang dang thirc, co
dang: g(oy, 02,..., 0k) = h(x}, X2, ..., Xp)

véi oi, x; 1a cac dbi tugng va g, h 1a cac biéu
thirc gitra cac d6i tuong.

Tri thue K dugec md hinh theo dang COKB co6
thé dugc thu gon mot sb thanh phan, ching han
nhu: m6é hinh COKB chi ¢6 cac tri thirc dang quan
hé (C, H, R, Rules), md hinh COKB gdm cac tri
thirc quan hé va toan t¢ (C, R, Ops, Rules)
(Nguyén Dinh Hién va DS Vin Nhon, 2014), mo
hinh COKB gdm cic tri thirc dang ham va toan tir
(C, R, Ops, Funcs, Rules) (Do ef al. 2015). Thong
qua viéc nghién ctru va phan tich mién tri thic
trong thuc té, chung ta c6 thé xac dinh duoc dang
md hinh can thiét ¢ biéu dién cho mién tri thirc
do.

2.2 Co sé tri thirc Pai s6 tuyén tinh

Trong thuc té, tri thic K c¢6 thé duge phan
thanh cac mién tri thie con 3G (i=1,2,3...) véi ciu
trac mdi mién tri thirc duoc dic ta theo md hinh
COKB. Méi mién tri thire %; ¢6 thé duge biéu dién
bang md hinh M(SKi). Bén canh do6, giita cic mién
tri thirc con nay co6 cac mbi quan hé 1an nhau, do d6
cac md hinh {M(I)} cung vdi cac quan hé gilra
chung dugc dic td hinh thanh nén mé hinh M(X)
biéu dién cho tri thirc 5 trong thuc té.

D6i v6i mién tri thirc Pai s6 tuyén tinh trong
chuong trinh Toan cao céip bac Pai hoc, tri thirc
nay sé& duoc phan thanh ba mién tri thirc con: tri
thirc v& ma tran (3)), tri thic vé hé phuong trinh
tuyén tinh (5K2) va tri thic vé khong gian vector
(5€3). M&i mién tri thirc nay c6 thé dugc biéu dién
theo dang mo6 hinh COKB nhu sau:
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2.2.1 K;— Co so tri thire ma tran:
3(1 = (C1, H1, R1, OpS1, Funcsl, Ru1681)
C1 - 1a tép cac khai ni¢m vé ma trdn va vector
C; = {MATRAN, MATRANVUONG,
MATRANCHEO, VECTOR,...}
Vi dy 2.1.1: Céu trac khai niém MATRAN
Attr := {m, n, a[m][n], rank}
m: N //s6 dong
n: N //sbcot
rank: N // hang ma tran
a[m][n]: R // Mang 2 chiéu gi4 tri cac
phén tir cia ma tran

F=0 Eqbj =
RulObj :={ rl: {m=n} — {this:
MATRANVUONG}

CAu tric khai niém:
MATRANVUONG::MATRAN
vuong la mot ma tran)
Att := MATRAN.Attr U {inv, diag, det, dx}
diag: Boolean // chéo hoa dugc

(Ma  trén

inv: Boolean // tinh kha nghich
det: R /I d&inh thirc
dx: Boolean // tinh d6i xtmg
Facts:= MATRAN.Facts U { m =n, dx= 0}
EqObj= MATRAN.EqObj
RulObj:= MATRAN.RulObj U
{rl: V1i,j,1<i<n,1<j<n:a[i]j]=afj]li]
—>dx=1
r2:det#0 > inv=1
r3:Vij1<i<j<n:afi][j]=0
— this: Ma tran tam giéc trén}

Hi — cac quan h¢ is-a gilia cac khai niém ma

Ao
trdn va vector.
Ma tran tam
gidc trén
Ma tran tam
" Ma tran tam
Ma trdn vé

o

vudng dutrng chéo

Ma tran don
Ma tran Ma tran ddi vi
khang xirng

Ma trén bac Ma trgn phan
thang déi xirng

Hinh 1: Quan h¢ is-a giira cac khai niém ma
tran va vector

Ma trén

Ri1 — Céc quan h¢ gitra cac khai niém trong Ci
R = {Bang nhau, Tuwong duong dong, Tuong
duong cét, vector riéng, tri riéng}
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Vidu2.1.2:

. + B&ng nhau (:) < ImatraN X IMATRAN: Quan hé
bang nhau gitta hai ma tran

* Tinh chat: phan xa, doi xing, bac cau.

+ Twong dwong dong < Ivatran X ImaTrAN:
Quan h¢ trong duong dong giita hai ma tran

Opsi1 — Cac toan tir gitra cac khai niém ma tran
vavector:  Ops; =0! U O?

Trong d6: O! 1a céc toan tir mdt ngdi nhu cac
phép toan chuyén vi (T) trén ma tran, phép toan
nghich ddo trén ma trin vudng (')

0? 12 tp cac phép toan 2 ngdi trén khai niém
ma trdn va vector nhu: cac phép toan cOng, tru,
nhan hai ma tran, hai vector.

Funcs: — Tép cac ham bién doi so cap trén ma
tran

Funcs, = {Hoanvidong, NhanDong,
ThayTheDong,...}
Vidu2.1.3:

Hoanvidong: Tmatran X N x N — Iyatran
(A,,j))~B

Ma tran B dugc tao thanh tir viéc hoan vi dong
iva dong j cia ma tran A

ThayTheDong: Tvyatran * N x R x N —
Imatran (A, 1, k,j) = B

Ma trfin B duoc tao thanh tir viéc thay thé dong
icua A bang gia tri cia dong i cong vdi k lan dong
jk=0)

Rules: — Tép cac luat cua tri thirc ma tran
Cac ludt dang luat dén - Rulegeguce:
Rule 1.1: {A:MATRANVUONG, Jk € R, 3x,
Jy,x#y, Vj: A.a[x][j] =k*A.aly][j]}
2> {A.det=0}
+ Cac ludt phat sinh dbi tuong - Rulegenerate:
Rule 1.2: {A: MATRANVUONG, A.diag =1}

> 3D: MATRANCHEO, S:
MATRANVUONG, S.inv=1,D.n=S.n=An:

A=S1D.S
Cac ludt twong duwong - Ruleequivaient:
Rule 1.3: {A: MATRAN, B: MATRAN}

A tuong duong dong D <> 3[fy,..fy]: day cac
phép bicn doi so cap dong, fi(...(fi(A))...) =B
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Cac luat dang dcfng thirc - Ruleequaion:

Rule 1.4: A, B: MATRAN, A.n=B.m,
(A.B)T=BTAT

K2 — Co so tri thirc hé phuong trinh tuyén tinh

~ Tri thie hé phuong trinh tuyén béc nhat dugc
bicu dien bang b gom 4 thanh phan:

I = (Cz, Hz, Rz, Rulesz)

C: - Tap cé}c khai niém vé phuong trinh, hé
phuong trinh tuyén tinh

C = {PHUONGTRINH,
HEPHUONGTRINH, HECRAMER}
Vi du 221: Chu trac khai niém
HEPHUONGTRINH:
Attr = {m, n, pt[m], Nghiem, Matranheso,
Matranbosung}

m: N // s6 phuong trinh

n: N //s6 an

pt[m]: PHUONGTRINH // Day cac

phuong trinh

Nghiem:=
{(bl,...b”) eR"| Vi=Lm: Z pililalj1%b, = piil.aln+ 1]}
Matranheso: MATRAN/[Im,n]

Matranbosung: MATRAN [m, n+1]

Facts:={ V i, pt[i].n=n}

EqObj:={V i,j,1 <i<m,1<j<n:

Matranheso[i, j] =pt[i].a .....}

RulObj:={

rl: Matranheso.rank = Matranbosung.rank=n

— card(Nghiem) =1 .....}

H: — cac quan hé is-a giita cac khai niém h¢
phuong trinh

Rz — Céc quan h¢ gitta cac khai niém trong C:
R, = {Tuwong duong}

Tuong dwong (<) < luepnuonGTRINH X
InepHUONGTRING: Quan hé tuong duong giita hai hé
phuong trinh tuyén tinh béc nhat.

* Tinh chat: phan xa, doi x(rng, bac cau.

Rulesz — Tép cdc luat cua tri thire vé hé phuong
trinh tuyen tinh bac nhat

Cac ludt twong duong - Ruleequivaient:
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Rule 2.1: A, B: HEPHUONGTRINH
A tuong duong B <> A.Nghiem = B.Nghiem
Rule 2.2: A, B: HEPHUONGTRINH

A tuong duong B <> (A.Matranbosung tuong
duwong dong B.Matranbosung)

Tri thirc K va K, lién hé véi nhau thong qua
su bién doi tuong dwong giira tip nghiém cua hai
hé phuong trinh va tuong duong giita hai ma tran
bd sung biéu dién cho hai hé phwong trinh tuong
mg. Su bién do6i nay s€ chuyén 16p bai toan trén hé
phuong trmh tuyén tlnh bac nhét (%) thanh bai

toan trén mién tri thirc vé& ma tran ().

2.2.2 Ks3— Co so tri thirc khong gian vector

Tri thire khong gian vector trong bai bao nay
dugc hiéu 1a cac khong gian vector cam sinh trong
khong gian 12" Mién tri thire duoc biéu dién bang
bd gdm 5 thanh phan:

I = (Cs, Rs, Opss, Funcss, Ruless)
C:s - Tép cac khai niém vé khong gian vector
C3; = {VECTOR, KG_VECTOR}

Vi du 2.3.1: Ciu triic khai niém KG_VECTOR
(khong gian vector):

Attr ;= {dim, L}
dim: N // sb chiéu
L < Ivecror
Facts:=
RulObj:={

rl: {Vu,velL,Vke R} > {ku+vel}
2:{Vuel} >3vel:utv=0} }

EqObj:=9

R3 — Céc quan hé gitra cac khai niém trong Cs

R3 = {Thudc, khong gian con, Co s0,
Tap sinh, Péc ldp tuyén tinh, ... }

Vidu2.3.2:

Khong gian con (<) < Ikg_vector % Ikg_vecTor:
Quan h¢ khong gian con gilra hai khoéng gian
vector.

Cosoc 1 x Igg VECTOR: Quan h¢ mot

2IVECTOR

tap vector la co s¢ cia mot khong gian vector.

Péc ldp tuyén tinh € 1 : Quan h¢ doc lap

VECTOR *
tuyén tinh gitta k vector.

po sinh < 1 X IKGfVECTOR: Quan hé mot

2IVECTOR

tép vector 1a tap sinh cua khong gian vector
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Opss — Toan tu gitra hai vactor va hai khong
gian vector: Ops3 = Opsvector U {®}

V61 Opsvecror 12 tdp cac phép toan giira hai
vector va @ 1a phép toan tong tryc tiép cua hai
khong gian vector con. Ta c6 dinh nghia cua phép
toan @ nhu sau:

Fi, F2, V: KG_VECTOR
1SV, EH<V,FiILNnFL=Y
®:FixF, -V

X1, X2) ™ X=X T X2

Funcss — Tap cac ham vé toa do trong khong
gian vector

Funcs; = {Matrantoado, Toado}

Véi Matrantoado 1a ho ham xac dinh ma trdn
chuyén toa do trong khong gian vector V va Toado
la ho ham xac dinh toa d6 ciia mét vector trong
khong gian vector V. Ta c6 dinh nghia cta cac ham
nhu sau:

V:KG_VECTOR

2IVECTOR 2IVECTOR

Matrantoadov:
ImMATRANVUONG

(B1,B2) — M

Trong khong gian vector V, ham xac dinh ma
tran chuyén toa do theo co s& B1 sang co s B2

1 .
Toadov: Ivector X 2 VF™r — IygcTor
(v,B)y—v’

Trong khong gian vector V, ham xac dinh toa
d0 vector v theo co s& B.

Ruless — Tap cac luat cua tri thirc khong gian
vector

+ Cac luét dang luat dan - Rulegequee:

2 Ivecror ,V: KG_VECTOR, B co
IBJ

Rule 3.1: {B:
so0 V} — V.dim=

+ Cac luat tuong duong - Rulecquivalent:
Rule 3.2: {W, V: KG_VECTOR}

W<V WLaVL
Rule 3.3: {S: 2Mvector /S =fe) e, ..., e} }
S doc 1ap tuyén tinh <> ({aje; + ... +aex = 0}
o{la=a=...=an=0})
Rule 3.4: {V: KG_VECTOR, B: 2lvecror B =
{e1, €2, ..., €v.dim} }

B cos0 V <> (B doc lap tuyén tinh) AND
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(B tap sinh V)

+ Cac luat dang dang thirc - Ruleequation:

Rule 3.5: {V:KG_VECTOR, Bl, B2: 2'vecror |
Bl cosd V,B2coso V}
Matrantoado, (B,, B,) = Matrantoado, (B,,B,)”"

Rule 3.6: {V: KG_VECTOR, v: VECTOR,
Bl1, B2: 2'vector Bl cos¢ V, B2 coso V }

ToadoV (v, Bz) =

MatrantoadoV (B2 R B1 ).ToadoV (v, B1 )

Tir két qua “Tap hop tat ca cac nghiém ctia mot
hé phuong trinh tuyén tinh bac nhat theo n 4n s 1a
mot khong gian vector con cua R™, ta co tri thirc
%G lién hé vai tri thire K, thong qua viée tim tap
sinh ciia mdt khong gian vector va chirng minh sy
doc lap tuyén tinh ciia mdt hé vector trong tri thirc
K bang cach dwa vé viée giai mot hé phuong trinh
trong mién tri thirc K.

2.2.3 M0 hinh tri thirc dai s6 tuyén tinh:

Co s tri thuc Pai sb myén tinh dugc dac ta
gom 2 thanh phan: (K, Connect)

Trong d6, K = {1, 3, K} 14 tap cac mién tri
thirc con cua dai so tuyén tinh.

Connet: 1a tap cac luat lién két giira cac mién
tri thure.

Tri thire K, ¢ thé dwoc chuyén vé tri thirc K,
thong qua luat rule 2.2 va tri thitc K3 dugc chuyén

vé tri thirc K, thong qua céac luat rule 3.3 va rule
3.4.

3 = (C3, R3, Opss, Funcs, Ruless)

2= (C2, Hz, Rz, Rulesz}

|

1 = (C1, Hi, R1, Opsi, Funci, Rulesi)

Hinh 2: So' d6 lién hé giira cac mién tri thire 1,
K2va Ks

3 CAC LOP BAI TOAN VA THUAT GIAI
TREN MIEN TRI THU'C PAI SO TUYEN TiNH

Trén mé hinh tri thirc Dai sb tuyén tinh (K,
Connect), cac 10p bai toan co6 thé chia thanh 2 dang
1a cac 16p bai trén mot mién tri thirc con va céac 16p
bai toan van dung su phdi hop kién thic giita cac
mién tri thirc con.
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3.1 Bai toan trén mo hinh COKB

Céc mién tri thirc con ciia tri thire Pai s6 tuyén
tinh dugc déc ta dudi dang mo hinh COKB, do do
cac 16p bai toan trén mién tri thirc con nay c6 thé
dugc md hinh va giai quyét theo mo hinh bai toan
trén mo hinh COKB. Céc 16p bai toan trén mo hinh
COKB c0 hai loai.

3.1.1 Bai todn trén doi tieong

Mdi dbi tugng Obj trong tri thirc COKB ¢6 cac
hanh vi dé g1a1 quyét cac van dé ndi tai ciia né. Bai
toan trén dbi twong Obj ¢ dang: A — B, v6i A, B
la cac su kién trén cac thudc tinh thudc Obj.Attrs.
Bai toan A — B duogc giai dua trén cac luat trong
Obj.EqObj va O.RulObj va cac quan hé trong
Obj.Facts. Cac muyc ti€u cia bai toan trén doi tugng
la:

Xac dinh gia tri cac thudc tinh chua biét tir cac
thudc tinh da biét.

Xéc dinh quan hé giira cac thudc tinh trong d6i
tuong.

Cho biét qua trinh suy dién bén trong cua nd dé
xac dinh cac thudc tinh va quan hé gitra cac thude
tinh.

3.1.2 Bai toan trén mé hinh COKB

Mo hinh bai todn trén tri thirc dang COKB ¢6
dang: (O, F) - G véi O 1a tap cac dbi tuong, F 1a
tap cac su kién giira cac dédi teong va G 1a myc ti€u
cua bai toan.

Cac muc tiéu cua bai toan c6 thé la: xac dinh
mot ddi tuong hodc gia tri cac thudc tinh cua ddi
tugng; xac dinh quan hé giira cac dbi tugng; tinh
gid tri va rat gon mot biéu thirc giita cac ddi tuong;
tinh gia tri ham gitta cac ddi tuong (Do et al.,
2015; Nguyén Dinh Hién va B Vian Nhon, 2014).

Thuat giai 3.1: Thuat giai nay dugc xay dung
dwa trén chién lugc suy dién tién két hop véi cac
heuristic, cung véi viéc sir dung tri thirc Bai toan
mau trong qua trinh suy luan. Thuat giai nay da
duoc trinh bay trong (Do, 2010, 2015).

Bai toan trén md hinh COKB c6 thé dic ta va
giai duoc cac bai toan trén timg mién tri thirc con
ctia Pai s6 tuyen tinh. Céc bai todn nay trong qua
trinh giai chi can dung kién thirc cua mién tri thirc
d6, chang han nhu: cac bai toan vé tinh toan biéu
tharc ma tran, bién d6i ma tran; ching minh sy
twong duong cua hai h§ phuong trinh (khéng dung
ma tran); chirmg minh khong gian con... Tuy nhién,
cac 16p bai toan trén mo hinh COKB khong giai
dugc cac bai toan doi hoi can phai van dung phdi
hop kién thirc cua nhiéu mién tri thirc con dé giai
quyét van dé.
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3.2 Bai toan lién h¢ giira cac mién tri thirc
con trong tri thirc Pai so tuyeén tinh

Trong muc nay, ching ta s€ nghién ctru cac 16p
bai toan lién hé gitra cac mién tri thitrc con trong tri
thirc Pai s0 tuyeén tinh. Cac 16p bai toan nay cb
dang: (O, F) > G

Vi O 1a tap cac déi tugng tinh toan, F 1a cac sy
kién gitta cac doi tuong va G l1a myc ti€u cua bai
toan. Bai toan nay dugc phan thanh 2 loai:

Loai 1: Gia thiét bai todn c6 chira cdc dbi
tuong thudc cac mién tri thuc K, va Ky (p, q
=1,2,3,q4<p)

Voe0,3¢,eX,C,uX, C o€l

Loai 2: Gia thiét bai toan chi c6 cac doi tuong

thudc cung mot mién tri thie I, (p=1,2,3)
Voe0,3¢c,eX,C,:0€el,

Céc loai bai toan nay thudc cac mién tri thirc K,
va K3 ma trong qua trinh giai can phai vén dung
kién thirc thudc mién tri thirc thap hon.

3.2.1 Thudt gidi cho lop bai toan thudc logi 1:

Trén tri thuc Dai sb tuyén tinh (K, Connect),
tim 101 giai cho bai toan P = (O, F) - G co6 chura
cac doi tuong thudc cac mién tri thire K va Ky (p,
q=1,23;9<p)

Input: P = (O, F) — G thoa diéu kién

Voe0,3c,eX,C,UuX .C, :0€el,

Output: Loi giai bai toan P

Thuat giai 3.2:

B.1: Khdi tao gia tri cac bién:

Known:=F // tap cac su kién da suy luan duogc

Sol:=[ ] // danh sach cac budc giai cla bai toan

B.2: Phan loai (O, F) theo timg mién tri thirc:

Op, Fp:’Tép cac dbi tuong va tdp cac sy kién
giira cac doi tugng thudc mien tri thirc K.

Og, Fq: Tap céc ddi tuong va tdp cac sy kién
gitra cac doi tugng thudc mien tri thirc K.

Frg: cac su kién gitta cac dbi tuong thudc cac
mién tri thitc khac nhau.

B.3: Sir dung thuat giai 3.1 cho tri thirc 5, dé
phat sinh céc su kién méi dua trén (O, Fy).

Céap nhat Known va Sol;

B.4: Sir dung thuat giai 3.1 cho tri thirc 5, dé
phat sinh céc su kién méi dua trén (Oq, Fq)
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Cép nhat Known va Sol;

B.5: St dung luat lién két mién tri thire 5, va
Xq trong Connect dé phat sinh ra cac doi tugng
méi & mién tri thire K.

Opq: tap cac dbi twong méi dugc phat sinh

B.6: Sir dung cac ddi tuong trong tap Opq két
hop voi cac su kién trong F,q va Known chuyén bai
toan P vé bai toan P’ trong tri thirc .

B.7: Giai bai toan P’ trong mién tri thirc %
bang thuat giai 3.1.

B.8: Néu bai toan P’ giai dugc

Xuit Sol 14 161 giai cua bai toan P
Néu bai toan P* khong giai duoc
Xuét “Khong tim thiy 1o giai bai toan”

Thuat giai cho 16p bai toan thudc loai 2:

Trén tri thic Pai sb tuyén tinh (K, Connect),
tim 101 giai cho bai toan P = (O, F) — G chi ¢6 cac
doi tuong thugc cung mot mién tri thuc XK,
(p=1,2,3)

Input: P = (O, F) — G thoa diéu kién

VoeO,3c,eX,C,: 0€el,

Output: Loi gidi bai toan P

Thuat giai 3.3:

B.1: Khdi tao gia tri cac bién:

Known:=F // tap cac su kién da suy luan dugc

Sol:=[ ] // danh sach cac budc giai cua bai toan

B.2: Sir dung thuat giai 3.1 cho tri thirc 5, dé
phat sinh cac sy kién méi dya trén (O, F).

Cép nhat Known va Sol ;

B.3: Su gung cac luat lién két trong Connect dé
xac dinh mién tri thire I lién h¢ vai K, (q<p).

Phat sinh cac doi tuong thude XK lién két véi
K

Og: tap cac dbi tuong mai duge phat sinh

B.4: St dung cac doi tuong trong tap Oq ket hop
vOi cac su kién trong Known chuyén bai
toan P vé bai toan P’ trong mién tri thure .

B.5: Giai bai toan P’ trong mién tri thirc %
bang thuat giai 3.1

Cép nhat Known va Sol.
B.6: Néu tim duogc muc tiéu bai toan P’

Chuyén vé két qua trén tri thie Kp
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Cép nhat Known va Sol.
Xuit Sol 1a 16 giai ctia bai toan P
B.7: Néu chua tim dugc muc tiéu bai toan P’

Chuyén bai toan P’ trén mién tri thic Kq thanh bai
toan P’ trén mién tri thirc K. (r < q)

B.8: Giai bai toan P’ trong mién tri thirc
bang thuat giai 3.1
Cép nhat Known va Sol.

B.9: Néu tim dugc muc tiéu bai toan P’
Chuyén vé két qua trén tri thirc Kq

Chuyén vé két qua trén tri thirc Kp
Xuét Sol 14 16 giai ciia bai toan P

Néu bai toan P’ khong giai dugc

Xuét “Khong tim thy 161 giai bai toan”
4 KET QUA THU'C NGHIEM

4.1 Hg gidi bai tap Dai so tuyén tinh

Chuong trinh giai toan tw dong kién thirc Pai s6
tuyén tinh c¢6 thé gidi cac bai toan trong cac mién
tri thitc v& ma tran, hé phuong trinh tuyén tinh bac
nhit va khong gian vector mot cach hiéu qua va
nhanh chong. Chuong trinh rat hitu ich cho cac
sinh vién hoc tdp moén hoc & chuong trinh dai hoc,
dac biét 1a chuong trinh toan danh cho cac khéi
nganh ky thuat. Trong bai bao nay, st dung mo
hinh phdi hop cac mién tri thirc dang COKB, co s&
tri thirc Pai s6 tuyén tinh trong (Anton and Rorres,
2010; P56 Cong Khanh va ctv., 2012) da duge dic
ta trong muc 2.2 va cac 16p bai todn da dugc xay
dung va giai quyét trong muc 3. Tir d6, chung t6i
xdy dung chwong trinh c6 thé giai duoc cac bai tap
trong kién thic DPai sé tuyén tinh trong chwong
trinh toan cao cép bac Pai hoc.

Hinh 3: Giao dién ciia chwong trinh
4.2 Két qua thir nghiém chwong trinh

Chuong trinh da dugc thtr nghiém trén cac bai
tap trong sach (P4 Cong Khanh va ctv., 2012). Loi
giai cac bai tdp tuong ty nhu cach giai cua sinh
vién, phii hop véi kién thirc ciia nguoi hoc. Vi du
vé 10i giai clia cac bai tap:
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Vidu 4.1: Tim co s& cua khong gian S sinh boi

cac vector: u; =[1, 2, 3], w2 =1[4, 5, 6], us =
(7,8,9),us =10, 11, 12]
+ DPic ta bai toan:
O := {S: KG_VECTOR,
uy, Uy, U3, us: VECTOR }
Fr={wu=[1,2,3],w=[4,56]L,u=(7,89]

us =[10, 11, 12],
{ur, u2, us, us} tap sinh S }
G:= {Tim: B: 2"vecror B cosg S}
+ Loi giai cua chuong trinh:

Budc 1: Do {uj, uz, us, us} tap sinh S, ta c6 ma
tran:

1 2 3

4 5 6
A=

7 8 9

10 11 12

Buéc 2: Bién ddi A vé dang ma tran bac thang:

1 2 3 1 2 3
et
A= 4 5 6 (@) (#)-101) 0 3 -6
7 8 9 0 -6 -12
10 11 12 10 -9 -18
1 2 3 1 2 3
Grtrais) (3)<(3)-(2)
Gavsty |0 -1 =2 Gd |0 -1 2
0 -1 =2 00 0
0 -1 =2 0 0 0
Budc 3: Ma tran bac thang ¢6 2 dong khac 0:
[1 2 3] va[0 -1 -2]
Budc 4:
Dét B:= {Vl = [19 29 3]3 V2= [Oy '15 _2]}

BlacosocuasS.

Bang: Két qua viéc giai cac bai tap thir nghi¢m
trong sach

SO bai tap  So bai tap

Kién thire thir nghiém  giai dwoc

Ma tran — Vector 65 58
H¢ Phu’ong trinh 39 38
tuyén tinh

Khéng gian vector 67 53

5 KET LUAN

Trong bai bao nay, chung t6i da xay dung mot
phuong phép biéu dién cho nhleu mién tri thtc
ph01 hop nhau, trong d6 mdi mién tri thirc dugc
biéu dién dudi dang mo hinh tri thirc cac dbi tuong
tinh toan (COKB). Cac mién tri thirc con cta kién
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thirc Dai s6 tuyén tinh: ma tran, hé phuong trinh
tuyén tinh va khong gian vector dugc biéu dién
bang cac dang cia md hinh COKB. Trén co sé do,
ching duoc phdi hop dé hinh thanh nén co so tri
thire Dai s6 tuyén tinh. Trén co s¢ mo hinh tri thire
ph01 hop, chiing t6i da d& xuat cac 16p bai toan cho
mién tri thirc phdi hop va xay dung thuat giai dé
giai cac 16p bai toan nay.

Tir d6, hé giai bai tap tu dong kién thic Dai s6
tuyén tinh duoc xay dyng. Chuong trinh duoc thir
nghiém trén cdc bai toan trong sich (P& Cong
Khanh va ctv., 2012) va cho 1oi giai ting budc,
tuong tu cach gidi cia sinh vién.

Trong nghién ciru tiép theo, chung toi sé tiép
tuc nghién ctru viée b6 sung thém kién thirc 4nh xa
tuyén tinh trong hé théng. Pong thoi, xay dung mo
hinh tri thtc pho1 hop trén cac mién tri thirc tong
quat dé tir d6 thiét ké hé thong cac agent phdi hop
trong viéc xir ly cic mién tri thirc riéng biét.
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