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CAI TIEN MO HINH Che-COKB DUA TREN TiCH HQP BAI
TOAN MAU (SAMPLE PROBLEMS)

Huynh Vinh Phat
Truong Pai hoc Quoc té Hong Bang

TOM TAT

Biéu dién tri thite bang phirong phdp ontology déng vai tro quan trong trong viéc thiét ké hé co s¢
tri thike va cdc hé gidi toan théng minh. M6 hinh Che-COKB la mét bién thé tir mé hinh COKB phit
hop cho mién tri thirc nguyén 16 hod hoc nho luge bé thanh phd‘n toan tu va mo rong tdp su kién lén
mueoi lam logi. Tuy nhién, khi suy ludn gidi cdc bai todn trong thuc té, cdc bude suy ludn khi gidi cac
bai todn trieée do cé thé dwoc tdi sit dung thay vi suy ludn hoan toan tir ddu. Bai bdo ndy dé xudt mé
hinh Che-COKB-SP bang cdch bé sung thanh phan bai todn mau nham mé phéng co ché suy ludn
dua trén kinh nghiém ciia con ngwoi. Méi bai todn mau dwoc biéu dién dwéi dang tdp gia thiét va
chudi suy ludn tiwong ung, cho phép h¢ thong nhdn dién va tdi sir dung cac quy trinh giai phu hop.
Trén co s¢ d6, mot co ché suy ludn két hop giita ludt va bai todn mau dwege xdy dung va tich hop vao
hé thong hién c6. M6 hinh dwoc danh gia trén cac nhom bai toan phé bién cho thdy phwong phdp dé
xudt givip giam s6 bwdc suy ludn, cdi thién thoi gian xit Iy va ndng cao tinh tw nhién cia 01 gidi.

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

AN ENHANCED Che-COKB MODEL BASED ON THE
INTEGRATION OF SAMPLE PROBLEMS

Huynh Vinh Phat

ABSTRACT

Ontology-based knowledge representation plays an important role in the design of knowledge-based
systems and intelligent problem-solving systems. The Che-COKB model is a variant of the COKB model,
which is suitable for the domain of chemical elements by removing the operator component and extending
the set of facts to fifieen types, thereby improving knowledge representation and supporting reasoning.
However, in practical learning, learners often solve problems based on experience by reusing previously
encountered similar problems rather than deriving solutions from first principles. This paper proposes the
Che-COKB-SP model by incorporating a sample problem component to simulate human experience-based
reasoning mechanisms. Each sample problem is represented as a set of hypotheses and a corresponding
reasoning sequence, enabling the system to identify and reuse appropriate solution procedures.
Accordingly, an effective reasoning mechanism combining rule-based reasoning and sample problems is
developed and integrated into the existing system. The model is evaluated on groups of common problems
in the domain of chemical elements and experimental results demonstrate that the proposed approach leads
to fewer reasoning steps, improved processing efficiency, and more natural generated solutions.
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s tri thirc va hé giai toan théng minh, cho phép mé hinh héa tri thire mot cach c6 cdu tric, nhat quan
va hd tro suy luan hiéu qua. M6 hinh ontology COKB [1] da duoc nghién ctru va ung dung rong rai
trong nhiéu mién tri thirc khac nhau [2 - 5], cho thiy tinh linh hoat va kha ning mé rong cao. Trén co
50 d6, md hinh Che-COKB [6] dugc phat trién nhu mot bién thé chuyén biét cho mién tri thirc vé cac
nguyén t6 hoéa hoc, v6i viéc luge bo thanh phan toan tir Ops va mé rong tap sy kién 1én mudi lam
loai, qua d6 nang cao kha nang biéu dién cac dic trung héa hoc ciing nhu hd tro thiét ké cac thuat
toan suy luan phu hop vé6i dic thi ciia mién tri thirc nay.

Tuy nhién, trong thuc té hoc tap va giai bai toan hoa hoc, con ngudi thudng khong chi tién hanh suy
luan hoan toan tir ddu ma dua vao kinh nghiém, cy thé 1a tim kiém cac bai toan twong ty da duoc giai
trude d6 dé tai sir dung quy trinh giai. Khai niém khai thac bai toan miu nay da duoc dé cap trong
nghién ctru cua G. Polya [7], nhan manh vai trd cta viéc sir dung céc bai toan da biét dé dinh hudng
giai quyét cac bai toan mdi. Bén canh dé, nghién ciru cua J. F. Sowa va A. K. Majumdar [8] cling da
1am 16 co ché suy luan tuong dong, trong do tri thirc tir mién nguon duoc anh xa sang mién tri thire
dich dua trén su twong dong vé ciu tric. Mac du cac huong tiép can nay cho thiy tinh hiéu qua va
phu hop v6i cach con nguoi tu duy, ching van mang tinh tong quat va chua dugc cu thé hoa khi ap
dung vao cac mlen tri thure chuyén biét, chang han nhu tri thirc vé cac nguyén t6 hoa hoc. Diéu nay
dit ra yéu cau can c6 cac mo hinh va co ché trién khai cu thé hon dé c6 thé khai thac hiéu qua suy
luan dya trén kinh nghiém trong tirng mién ung dung cu thé. Cac nghién clru vé bai toan mau [9, 10]
cling duoc nghién ctru va tng dung trén mé hinh COKB d4 mang lai nhiéu hiéu qua thuc tién va duoc
danh gia cao khi thiét ké xay dung hé co s¢ tri thirc. Xudt phat tir cac nghién ctru trude do, bai bao
nay dé xuat mo hinh Che-COKB-SP, mé rong Che-COKB bang cach tich hop thanh phan Bai toan
mau (Sample Problems) nham mo phong co ché suy luan dya trén kinh nghiém ciia con nguoi.

2. TONG QUAN NGHIEN CUU

Nghién ctru duoc thue hién dua trén sy két hop giita phuwong phap biéu dién tri thirc theo ontology
COKB, céc k¥ thuat suy luan trén d biét trén mé hinh va phuong phap suy luan dya trén kinh nghiém
thong qua bai toan mau.

2.1. Ontology COKB va bién thé Che-COKB cho biéu dién tri thirc
Mo hinh tri thirc cac ddi tuong tinh toan (COKB - Computational Object Knowledge Base) gdm ¢
6 thanh phan.

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

Trong d6, C 1a mdt tap hop hé thong khai niém trong mién tri thire va mdi khai niém 1a mét 16p doi
tuong tinh toan. H la tap cac quan h¢ phan cép giita cac ddi tuong tinh toan; R 1a tap cac khai niém
vé loai quan hé giita cac ddi tuong tinh toan; Ops 1a tap cac toan tir; Funcs 1a tip cac ham; Rules 1a
tap céc luat dan, trén mo hinh COKB céc su kién duoc xem xét theo 12 loai dic trung.

M6 hinh Che-COKB dugc xay dung dua trén mé hinh COKB. Tuy nhién, mé hinh nay da lugc bo
tap cAc toan tir trong cac thanh phéan céu triic va cac nghién ciru vé toan tir nay dugc xay dung chuyén
sau va riéng bi¢t trong [10]. Cac loai su kién (facts) dugc mé rong tir 12 loai Ién 15 loai sy ki¢n. Hon
nira, m6 hinh bai toan va cac thuét toan suy luén cing da duoc thiét ké dya trén mo hinh nay. Mo
hinh Che-COKB bao gém niam thanh phéan: (C, H, R, Funcs, Rules). Trong d6, C 1a tap cac khai niém
ctia cac ddi tuong tinh toan. Mdi khai niém trong C 12 mot 16p cua C-Object. Trong mién tri thire vé
cac nguyén t6 hoa hoc t6n tai nhiéu khai niém khac nhau, chang han nhu: Nguyén t6 hoa hoc, nguyén
tu, hop chét, phan tng hoa hoc, phan tng hat nhan, phan ra phong xa, v.v. Cau triic cia mot C-Object
¢6 thé duge mo hinh hoa dudi dang (Attributes, F, Facts, Rules). Attributes 1a tap cac thudc tinh cua
dbi twong, duoc khai bao dudi cac kiéu co ban, kiéu ddi tuong co s, kiéu danh sach va kiéu tap hop;
F 1a tap cac quan h¢ tinh toan; Facts 1a tdp cac tinh chét hodc su kién cua dbi tugng; Rules 1a tdp céac
luat suy dién ap dung trén cac sy kién. H 1a tap cac quan h¢ phan cap trén cac khai niém trong C. Cac
quan hé nay c6 thé duoc biéu dién dudi dang so d6 Hasse. Vi du, khai niém Carbon khéng chi ¢6 cac
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thudc tinh, quan h¢ va luat riéng, ma con ké thira cac dic ta tir khai niém & muc cao hon trong H,
ching han nhu khai niém nguyén t6 hoa hoc. R 1a tip cac quan hé giita cac khai niém khong thudc
H. Trong mién tri thirc vé cac nguyén t5 hoa hoc, lién két héa hoc gilta cac nguyén tir co thé duoc
xem la mot quan hé gitra hai khai niém nguyén tr; quan h¢ ddng vi gitra cac nguyén té hoa hoc; quan
h¢ phan hach hat nhan gitra nguyén tir ban dau va nguyén tir sau phan tmg; v.v. Funcs la tp cac ham
trén cac C-Object. Tri thirc vé cac ham ciing 12 mot dang tri thirc pho bién trong hau hét cac mién tri
thire nhu toan hoc, vat 1y, héa hoc. Rules 1a tip cac luat suy dién.

2.2. Bai toan trén Che-COKB va trng dung bai toan miu khi giii toan

Mo hinh tong quét dé biéu dién bai toan bao gdm hai tap dugc goi 1a Hypothesis va Goal. Hypothesis

1a tap chua thong tin vé cac dbi tuong, cac thude tinh va cac sy kién da biét, dugc dinh nghia trong

Che-COKB. Goal la tap chira cac muc ti€u cua bai toan. Cac 16p bai toan dugc biéu dién dudi dang:
Hypothesis — Goal.

Trong do:

Hypothesis = { probO, probA, probF }

- probO 14 tap cac ddi tuong tinh toan Che-Object trong bai toan.

- probA 1a tap cac thudc tinh cia cac dbi twong dugc dé cap trong bai toan.

- probF 1a tap cac su kién di biét trong bai toan. Cac su kién nay thudc 15 loai (1)-(15) trong mé hinh

Che-COKB.

Goal = { goaly, goal,,... goal, }

MJi goal 1a mdt muc tiéu hay yéu cau cu thé ctia bai toan. Cac muyc tiéu nay co thé la:

- Cac su kién thudc 15 loai (1)-(15) trong bai toan

- Phuong trinh phan ing/phan ra hoa hoc

- Phuong trinh phan tng d3 can bang

Vidu 1: (Bai 2.24, trang 54 — Sach bai tap HHPC[11])
Viét phuong trinh phéan ra beta cua hat nhan nguyén tir 33Ra va '¢C.
Bai toan nay c6 thé duoc mo hinh hoa theo mé hinh trén nhu sau:
probO := { Obj:PU HOA HOC, Ra:NGUYEN_TU, newO:NGUYEN _TU }
probA := { Ra.Z, newO.A }
probF := { ['"PHAN RA - BETA", Ra, newO], [Obj.ds chat truoc_puunion {Ra}], Ra.Z=
88, Ra.A =228 }
Goal := { Obj.pt_ phan ung }

Vidu 2: (Bai 2.31.a, trang 56 — Sach bai tap HHPC[11])
Viét cac phuong trinh bién d6i hat nhén:
a) SeNi + 1H » 2+ in
Bai toan 2.31.a ¢ thé dugc md hinh hoéa theo md hinh trén nhu sau:

probO = { Obj:PU_HOA HOC, Ni:NGUYEN_TU, H:NGUYEN_TU

missing atom:NGUYEN_TU, n:H NEUTRON }

probA = { Ni.Z, Ni.A, HZ, HA }

probF := { [Obj.pt phan ung = "Ni + H = missing_atom + n'], Ni.Z =28, Ni.A =61, H.Z =

I,HA=1}

Goal = { missing_atom.name, missing_atom.Z, missing_atom.A }
Trong qua trinh giai quyét cac bai toan thuc tién, khi tim kiém 10i giai cho mdt bai toan mai doi khi
khong duoc xiy dyng ngay tir du ma thudng dua trén viéc nhan dién va khai thac cic bai toan twong
tu da duogc giai trude d6. Theo George Polya, cach tiép can hidu qua 1a tim kiém cac bai toan c6 lién
quan, tir d6 diéu chinh va dé xuét 10 giai pht hop cho bai toan hién tai [7]. Pong thoi, cac két qua thu
dugc tir nhitng bai toan lién quan ciing c6 thé dugc tai sir dung nhu mot ngudn tri thirc dé hd tro qué
trinh suy luan. Nhitng bai todn nhu vay dugc goi 1a cac bai toan mau (sample problems) va di dugc
nghién ctru ing dung trén mo hinh COKB. Phuong phap khai thac bai toan mau da duoc nghién ctru
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va ap dung trén mé hinh COKB, cho théy hi€u qua tich cyc trong viéc cai thién tbc d6 va chat luong
suy luan. Do do, viéc tiép tuc nghién ctru va tich hop tu tudng bai toan mau vao mo hinh Che-COKB
la can thict, gop phan nang cao hi¢u qua cia hé thong trong viéc gidi cac 16p bai toan phuc tap.

3. PHUONG PHAP NGHIEN CUU

Nghién ctru nay st dung phuong phap két hop gitra phan tich co so Iy thuyet ctia cac mo hinh biéu
dién tri thirc dya trén ontology va cac co ché suy luan két hop vdi 1y thuyét bai toan mau. Bong thoi,
mé hinh duoc trién khai va danh gia thong qua viéc thuc nghiém trén cac nhom bai todn cu thé trong
mién tri thire vé cac nguyén té hoa hoc.

3.1. Pinh nghia va céc tiéu chi chon bai toAn miu trén Che-COKB
Pinh nghia 3.1: Cho mién tri thirc K bao gdm 5 thanh phan (C, H, R, Funcs, Rules) duoc biéu dién
theo mo hinh Che-COKB. Bai toan mau SP (Sample Problem) trén K bao gém 2 thanh phan chinh
dugc biéu dién dudi dang:

SP = (Hp, Dp)
Trong do:
Hp = (probO, probA, probF) la tép gia thuyét ctia bai toan miu. Bao gom:
- probO: Tap chira cac ddi twong mau trong bai toan. Mdi ddi twong 1a mot thé hién (instance) cia
mot 16p xac dinh trong tap C cua Che-COKB,
- probA: T4p chtra cac thudc tinh cua cac dbi twong mau trong bai toan,
- probF: Tap chira cac su kién mau da biét trong bai toan. Mdi sy kién thudc mot trong 15 loai su kién
duoc dinh nghia trong Che-COKB;
Dp: Chudi budc suy ludn mau c6 thé ap dung trén Hp dé sinh ra sy kién trung gian/dich trong qué
trinh suy luan.

Tiéu chi xac dinh Bai toAn mau (Sample Problem):

Dua trén cac mién tri thuc thue té da duoc nghién ctru khi 4p dung bai toan mau trong mién tri thuc
héa hoc vé cac nguyén td hoa hoc, ta c6 thé xem mot bai toan (P) 13 bai toan mau (SP) néu thoa man
hai ti€u chi sau:

- Tiéu chi thir nhit (Tan suit xuit hién): Bai toan phai c6 tan suat xuat hién cao khi tién hanh giai
toan trong mién tri thirc tuong ung. Cu thé, trong khong gian cac bai toan phd bién ciia mién tri thirc
vé cac nguyén t6 hoa hoc, s6 1an st dung ctia P phai 16n hon mot ngudng xac dinh (> 6).

- Tiéu chi thir hai (Khéng gian xir 1y): S6 lvong dbi twong tham gia trong bai toan P phai nho, khong
vuot qua mot ngudng A, tie 1a card(prob0) < A.

- Tiéu chi thir ba (P phitc tap): SO lwong budc giai phai it va khong vuot qua ngudng @, tic 1a
card(Dp) < o.

Céc tiéu chi nay dam bao rang cac bai toan mau vira mang tinh dai dién cao trong mién tri thirc, vira
¢6 cdu trac du don gian dé thuan tién cho viéc khai thac va tai sir dung trong qua trinh suy luan.

3.2. Pinh nghia mo6 hinh Che-COKB-SP
Pinh nghia 3.2: Mo hinh tri thirc Che-COKB-SP m¢ rong mé hinh tri thirc Che-COKB két hop bai
toan mau (Pinh nghia 3.1) bao gdm 6 thanh phan duoc biéu dién dudi dang:
(C, H, R, Funcs, Rules, SampleProbs)
Trong do,
- (C, H, R, Funcs, Rules) la tri thirc dugc biéu dién theo md hinh Che-COKB:;

- SampleProbs 12 tp hop cac Bai toan miu (Sample Problem) trén mién tri thirc dugc biéu dién theo
Che-COKB.

Mo hinh de xudt [a mot phuong phap hiéu qua trong viéc xay dung va quan ly co so tri thirc cho mién
tri thirc vé cic nguyén t6 hoa hoc, cho phép biéu dién cac dbi tugng, quan hé va quy luat héa hoc mot
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cach co ciu tric va hé théng. Trén nén tang do, viéc tich hop khai niém Bai toan mau (Sample
Problem) gitip nang cao dang ké hiéu qua suy luan cta hé thdng. Cu thé, khi gip mot bai toan moi,
hé théng dugc xay dung dua trén mo hinh nay khong can thuc hién lai toan bd qué trinh suy luan tur
dau, ma co thé nhan dién cac bai toAn mau tuong tu da dugc giai trudc do va tai su dung két qua
tuong g trong qua trinh suy luan. Cach tiép can nay giup giam thiéu cac budc xu 1y trung lap, rat
ngan thoi gian suy luan va t6i wu hoa tai nguyén tinh toan. Nho do, hé co so tri thirc dugc xay dung
khong chi mé phong sat hon qua trinh tu duy ctia con ngudi trong giai quyét van dé ma con dic biét
phil hop véi cac bai toan héa hoc co qua trinh suy luan phuc tap va khong gian xir 1y trén cac ddi
tuong tinh toan lon.

3.3. Cai tién cac thuit toan sir dung SP trén Che-COKB-SP

3.3.1. Thudt todn tim kiém va lwa chon bai todn mdu

Cho bai todn P = Hypothesis — Goal trén mién tri thirc dugc biéu dién bang mo hinh Che-COKB-
SP va bai toan mau SP = (Hp, Dp) c6 thé dugc ap dung trén P theo cac thuat giai sau:

Thuit giai 3.3.1.1: Néu bai toan P va bai toan mau SP thoa 3 diéu kién sau:
(1) Tap cac ddi twong da biét trong P bang vdi tap d6i twong di biét trong SP. Ky hiéu P.probO
= SP.probO
(i1) Tap céc thudc tinh cua cac ddi tuong trong P bang véi tap cac thudc tinh ctia cac dbi tuong
trong SP. Ky hi¢u P.probA = SP.probA
(iii)  Tap céc su kién da biét trong P bang véi tap su kién da biét trong SP. Ky hiéu P.probF =
SP.probF
Khi d6 bai toan mau SP c6 thé ap dung duoc trén bai toan P qua thuat giai sau:
foreach SP in SampleProbs
flag < true
if not (P.probF = SP.probF) then flag < false
else if not (P.probO = SP.probO) then flag « false
else if not (P.probA = SP.probA) then flag < false
end if
if flag then return true // SP ¢6 thé ap dung vao P
else return false // SP khong thé 4p dung vao P

Thuit giai 3.3.1.2: Néu bai toan P va bai toan mau SP thda 3 diéu kién sau:
(1) Tap cac d6i twong da biét trong SP 13 tap con cua tap ddi twong da biét trong P. Ky hiéu
P.probO o SP.probO
(i1) Tap cac thudc tinh cua cac dbi tugng trong SP 14 tip con cua tip cac thudc tinh cia cac
dbi tuong trong P. Ky hiéu P.probA S SP.probA
(iii)  Tap cac su kién d3 biét trong SP 1a tAp con ctia tap su kién da biét trong P. Ky hiéu P.probF
D SP.probF
Khi d6 bai toan miu SP c6 thé ap dung duogc trén bai toan P qua thuat giai sau:
foreach SP in SampleProbs;
flag « true;
if not (P.probF o SP.probF) then flag « false;
else if not (P.probO o SP.probO) then flag < false ;
else if not (P.probA o SP.probA) then flag < false;
if flag then return true // SP c6 thé ap dung vao P;
else return false // SP khong thé ap dung vao P;

3.3.2. Thudt todan tim loi gidi trén moé hinh Che-COKB-SP

Dé giai bai toan trén m6 hinh co s6 tri thire dé dinh nghia, ta can xay dung thuat giai suy luan tong
quat, tuy nhién mdi thuat toan cu thé s& c¢6 cac phuong phéap suy ludn riéng pht hop véi timg loai bai
toan. Y tuong chung cta cac thuat giai co thé duoc mo ta theo cac giai doan nhu sau:
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- Giai doan 1: Ghi nhan mo hinh bai toan, bao gdm cac doi tuwong, thude tinh cua doi tugng, cac su
kién da biet va cac muc ti€u can dat duoc.

- Giai doan 2: Xac dinh loai bai toan twong g véi timg muc tiéu. Day 1a budc quan trong vi mién
tri thirc va phuong phép suy luan sé duoc lya chon dua trén loai bai toan.

- Giai doan 3: Tim kiém bai toan mau co thé ap dung vao bai toan dang giai quyét (Ap dung thuat
giai 4.3.k véi k=1..2). Pay 1a budc cai tién khi ta tién hanh tim kiém va ap dung bai toan miu.

- Giai doan 4: Giai quyét tung muc tiéu trong tap muc ti€u. Budc nay bao gom viéc ap dung céc
phuong phép suy luan pht hop véi timg loai bai toan, str dung cac thuat toan heuristic dé lya chon
luat hodc phép suy dién thich hop nham sinh ra cac su kién méi, déng thoi thyc hién qua trinh tim
kiém cac luat lién quan va ghi nhan céc tri thirc méi (néu co).

- Giai doan 5: Ruat gon 16i giai bang cach loai bo cac budc suy luan du thira, dam bao 16 giai ngin
gon va hi¢u qua.

Chién lugc suy dién duoc thiét ké trong qua trinh suy luan dua trén phuong phap suy dién tién/lui két
hop vo1 mot s6 quy tac heuristic. Trong qua trinh giai toan, viéc str dung cac ludt suy dién va cac
budc suy luin dé tao ra cac su kién méi rat quan trong dé c6 duoc qua trinh suy luan va 10i giai phu
hop véi suy nghi cua con nguoi.

Bén canh do, cac suy luan dua trén cac luat suy dién va cac quan hé tinh toan bén trong ddi tuong
Che-Object ciing duoc tién hanh dé tao ra cac sy kién méi. Str dung két hop phuong phap suy luén
bén trong va bén ngoai dbi tuong tinh toan gop phan gitip qua trinh suy luan uyén chuyén va linh hoat
hon. Ngoai ra, mét s6 quy tac suy dién dé phat sinh cac su kién moi tir cac su kién da biét dya trén
heuristic cling can thiét khi giai cac bai toan trén thuc té. Trong qua trinh suy luén, cac luat suy dién
duoc sir dung nam trong tdp Rules cua mo hinh Che-COKB. Cac luét suy dién va quan hé tinh toan
duoc sir dung khi suy dién bén trong dbi twong ndm trong cac Che-Object riéng biét.

Cac dang suy luan dugc sir dung dya trén quy tic phat sinh su kién méi cua cac su kién thudc loai
(1) dén loai (15) dé€ tao ra cac su ki¢n madi. Cac su kién mdi nay cling thuée muoi lam loai su kién
trong Che-COKB.

Thuat giai 3.3.2: Tim kiém 101 giai cho mdt sy kién don gian:
Step 1:
probO := { objects in problem };
probA :={ object’s attributes in problem };
probF := { known facts in the problem };
sampleProbs := { sample problems in the same knowledge domain } // SampleProbs
goal := a single goal of Goals;
Solution := [];

rules := {};
Step 2.1:
ApplySampleProblem (probO, probA, probF);
Step 2.2:
if (goal € probF) then goto Step 10 fi;
Step 3:
probType := CheckProbType(probO, probA, probF, goal);
Step 4

if (probType = 1) then

Process inferential methods for problem type 1;
elif (probType = 2) then

Process inferential methods for problem type 2;

elif (probType =n) then
Process inferential methods for problem type n;
fi;
Step 5:
if (goal € probF) then goto Step 10 fi;
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Step 6:
rules := ApplyAppropriateRules(probO, probA, probF, Solution);
Step 7:
if (rules is empty) then
rules := ApplyAnyRules(probO, probA, probF, Solution);
fi;
Step 8 & 9:
if (rules is not empty) then
goto Step 3;
else
return Solution is not found;
fi;
Step 10:

Solution := RemoveRedundantSolutlon(Solutlon)

Cac thuat toan suy luan duoc sir dung trong hé thong bao gdbm mot sb thi tuc (procedures) duoc dinh
nghia sin. D& c6 thé kiém tra va ap dung bai toan mau trong qua trinh suy luin ta can bd sung thém
thu tuc sau:

Thu tuc ApplySampleProblem

Input: Bao gom tap cic dbi tuong trong bai toan (probO), tép cac thude tinh cua d6i tuong

(probA), tap cac su kién di biét (probF) va danh sach bai toan mau (sampleProbs).

M3 ta: Thu tyc ndy s& tim kiém bai toan mau co thé ap dung vao bai toan dang giai quyét (Ap

dung thuat giai 3.3.1.k véi k=1..2). Néu tim thay bai toan mau SP c6 thé 4p dung vao bai toan

P thi s& cap nhat danh sach 10 giai, dong thoi cap nhat cac gia thiét lién quan cta bai toan.

Ngoai ra, cac tha tuc dugc cai dat trong qua trinh suy luan khéc ciing dugc dinh nghia twong tu nhu
trong Che-COKB.

4. KET QUA VA THAO LUAN

Dé co thé danh gia mot cach khach quan hiéu qua sau khi tng dung mé hinh CHE-COKB-SP vao
thuc té, ta can biéu dién cho mot mién tri thirc cu thé va cac bai toan thir nghiém duoc lya chon tir
cac tai liéu tham khao c6 chon loc [12 - 15], dong thoi két hop vai tap hop cac bai toan duoc thu thap
tir nhiéu ngudn khac nhau. Tap dir liéu nay dam bao tinh da dang vé dang bai va mirc do phic tap,
qua d6 cho phép danh gia toan dién kha ning biéu dién tri thirc, hiéu qua suy ludn ciing nhu chét
luong 161 giai ma md hinh c6 thé dua ra khi suy luan.

Bang 1. S6 liéu dinh luong sau khi 4p dung bai todn mau trén 6 16p bai toan phd bién [6, 12, 13]

Number of | Number of Numb.e rof Ratio between Ratio between
Problem applied .

evaluated solved solved/eval applied/solved

Type roblems roblems sample roblems roblems

P P problems P p
Problem 1 132 129 78 0.98 0.6
Problem 2 18 17 15 0.94 0.88
Problem 3 105 102 85 0.97 0.83
Problem 4 384 366 334 0.95 0.91
Problem 5 53 49 35 0.94 0.71
Problem 6 111 101 76 0.91 0.75

Ngoai ra, h¢ thong giai toan trén server (IPSS - Intelligent Problem Solving System) duoc xay dung
nhu mot nén tang xur ly trung tdm, dam nhiém viéc thue hién cac suy luén va giai cac bai toan trong
mién tri thirc vé cac nguyén té hoa hoc. Cac hé thong nay cung cap cac API cho phép cac ing dung
phia client truy cép va su dung cac chirc nang giai toan mot cach linh hoat. O phia client, cac g
dung hd tro (IPSC - Intelligent Problem Solving Client) c6 thé dugc trién khai trén cac thiét bi di
dong hodc cac thiét bi ddu cudi khac, dong vai tro 1a giao dién twong tac v6i ngudi ding. Thong qua
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cac ing dung ndy, ngudi ding c6 thé nhap gia thiét, muc tiéu cua bai toan dudi dang ngon ngir dic
ta don gian, dong thoi nhan lai 101 giai twong Gmg tir hé thong.

Trong kién triic nay, phan xtr 1y phirc tap duoc tap trung tai phia server, noi thyuc hi¢n cac thao tac
suy luan, tim kiém va ap dung tri thirc. Do do, hé thong st dung mo hinh co s¢ tri thitrc Che-COKB-
SP dé biéu dién tri thirc mién va to chirc cac thanh phan lién quan dén bai toan, két hop véi cac thuat
giai suy luan da dugc dé xuat trong nghién ctru nham giai quyét cac 16p bai toan khac nhau mét cach
hiéu qua. Viéc tach biét giita client va server khong chi gitp toi vu héa hiéu ning xir Iy ma con ting
kha nang mo rong va tai sir dung hé thdng trong nhiéu ngir canh tng dung khac nhau. Bén canh do,
hé théng con tich hop chiic ning tra ciru tri thirc, cho phép ngudi dung nhanh chéng truy cap céac
thong tin can thiét lién quan dén cac nguyén td hoa hoc, tir d6 nang cao kha nang tu hoc va khai thac
tri thirc.

—,-" /
/ . /
: ,' Chon yéu ﬁ' o Xac dlnh )—Tra cu‘u—i-' Chon |’0@I /
e / cau _ yéuciu tra ciru
f—; ]/ /
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' ¥ i ”:/ N 5
/ / ¥ ~Xac dinh loai™.
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;x' todn // ’ Vm ki&m
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Hinh 1. Luu d6 hoat dong tra ciru tri thirc va giai toan ctia tmg dung

5. KET LUAN

Bai bao da dé xuat mot mo hinh cai tién cho Che-COKB thong qua viéc tich hop theo hudng tiép can
sir dung Bai toan mau (Sample Problems), nham mo phong co ché suy luan dya trén kinh nghiém ctia
con nguoi trong qua trinh giai bai toan. Khac voi cach tiép can dya trén cac phuong phap suy luan
truyén thong, mo hinh dé xuét bd sung mot thanh phan tri thirc méi 1a tap cac bai toan mau, dong vai
trd nhu ngudn tri thirc kinh nghiém da duoc tich lily va c6 thé tai sir dung. Trong mé hinh nay, mdi
bai toan mau dugc bicu dién dudi dang mot cau trac gom tap gia thiét va chudi suy luan twong tng,
cho phép hé théng khong chi luu trir két qua ma con luu trit ca cac budc giai bai toan va cac su kién
c6 thé suy dién tir gia thuyét cua bai toan mau.

Trén co s& d6, mot co ché suy luan két hop gitra suy luan dua trén luat, sy kién va suy luan dya trén
bai toan mau cling dugc trinh bay. Cu thé, khi d6i mat voi mot bai toan méi, hé théng c6 thé thuc
hién viéc nhan dién va dbi sanh voi cac bai toan mau da co, tir do tai su dung toan bo hodc mot phan
chudi suy luan phu hop, thay vi phai suy dién lai tir dau. Cach tiép can nay giip dinh hudng qua trinh
suy luan, giam khong gian tim klem va han ché céac budc suy luan du thira. Dong thoi, trong truong
hop khong tim dugc bai todan mau phi hop, hé thong van c6 thé quay vé co ché suy luan truyén théng
dé dam bao tinh day dua va chinh xAc.

Trong tuong lai, nghién ctru c¢6 thé dwoc mé rong theo mot sd hudng nhu phat trién cac phuong phép tu
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d6ng khai pha va xdy dung tap bai toan mau tir dit lidu tri thirc hodc tir cac ngudn bai tap thuc té, nhim
giam sy phu thude vao viéc xay dung thu cong va mo rong quy mé hé thdng. Ngoai ra, viéc chuan hoa
biéu dién cac phuong trinh phan tmg hoa hoc va cac dang tri thire lién quan s& gop phan nang cao tinh
nhét quan va kha ning lién két giita cac thanh phan tri thirc. Nghién ctru co ché chuyén doi giita ngon ngi
ty nhién va ngdn nglr déc ta 1a mot hudng quan trong, giup ting kha nang twong tc voi nguoi dung va
mé& rong pham vi img dung cia hé théng trong cadc mdi truong hoc tap thong minh.
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