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Bi€u dien tri thirc (1)

Biéu dién tri thirc (Knowlegde representation) la mét linh
vire nghién clru quan trong cua Tri tué nhan tao

o Nham phéat trién cac phwong phap, cach thire biéu dién tri thircva
cac cong cu ho tro viéc biéu dién tri thirc

Ton tai nhiéu phwong phap biéu dién tri thire
Luat san xuat (Production rules)

Khung (Frames)

Mang ngir nghia (Semantic networks)

Ontology

Céac md hinh xac suat

L o 0 O O O
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Bi€u dien tri thirc (2)

Tinh hoan chinh (Completeness)

o Phuwong phap biéu dién c6 hd tro viéc thu thap va thé hién moi
khia canh cua tri thirc (cta mét linh vwe cu thé)?

Tinh ngan gon (Conciseness)

o Phwong phap biéu dién c6 cho phép viéc thu thap tri thire mot
cach hiéu qua?

o Phwong phap biéu dién c6 cho phép viéc lwu triv va truy nhap dé
dang tri thtrc khGng?

Tinh hiéu qua vé tinh toan (Computational efficiency)

Tinh rd rang, dé hiéu (Transparency)
o Phwong phap biéu dién cé cho phép dién giai (dé ngwoi ding
hiéu) vé cac hoat dong va cac két luan cla hé thong?
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Bi€u dien tri thi’c b&ng luat (1)

Biéu dién tri thirc bang cac luat (rules) 1a cach biéu dién phd
bién nhat trong cac hé co sé tri thirc

a Mot luat chira dwng (biéu dién) tri thirc vé viéc gidi quyét mét van dé nao
do
o Cac luat dwoc tao nén kha dé dang, va dé hiéu

M6t luat dwoc biéu dién & dang:
IF A,ANDA,AND ... ANDA, THENB

A
o La céac diéu kién (conditions, antecedents, premises)

B

o La két luan (conclusion, consequence, action)
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Bi€u dien tri thi’c b&ng luat (2)

Ménh dé diéu kién ctia mét luat

o Khdng can s dung toan ti logic OR

a0 MGt luét voi todn ti logic OR trong ménh dé diéu kién, thi sé
dwoc chuyén thanh mét tap cac luat twong irng khéng chira OR

o Vidu: Luat(IF A,vA, THEN B)dwoc chuyén thanh 2 luat(IF
A, THEN B)va(IF A, THEN B)

Ménh dé két luan clia mot luat
o Khéng can s dung toan ti logic AND
o M6t luat vai toan ti logic AND trong ménh dé két luan, thi sé
dwoc chuyén thanh mét tap cac luat twong rng khéng chira AND
o Vidu: Luat(IF .. THEN B,AB,) dwoc chuyén thanh 2 luat (IF
. THEN B,;)and (IF .. THEN B,)

o Khdng cho phép str dung toan t&r OR!
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Cac kiéu luat

Cac kiéu luat khac nhau dé biéu dién cac kiéu tri thirc

khac nhau

Quan hé lién két

0 IF addressAt (x, Hospital) THEN heathIs (x, Bad)

Quan hé& nguyén nhan (két qua)

0 IF diseaseType(x, Infection) THEN templs (x,
High)

Tinh hudng va hanh déng (goi V)

0 IF diseaseType (x, Infection) THEN
takeMedicine (x, Antibiotic)

Quan hé logic
0 IF tempGreater(x, 37) THEN isFever (x)
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P thi AND/OR (1)

IF (Shape=Ilong) AND (Color=(green OR yellow)) THEN (Fruit=banana)
IF (Shape=(round OR oblong)) AND (Diam > 4) THEN (Fruitclass=vine)
IF (Fruitclass=vine) AND (Color=green) THEN (Fruit=watermelon)

@ AND

o OR

Shape=long Fruit = banana

Shape=round

Shape=oblong
Fruitclass = vine

Diam > 4 /
Color=green —0

/ Fruit = watermelon
Color=yellow
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P thi AND/OR (2)

Luat IF (Shape=long) AND (Color=(green OR yellow))
THEN (Fruit=banana) dwoc tao nén bdi cac luat:

o IF (Shape=long) AND (Color=green) THEN (Fruit=banana)
o IF (Shape=long) AND (Color=yellow) THEN (Fruit=banana)

Luat IF (Shape=(round OR oblong)) AND (Diam > 4)
THEN (Fruitclass=vine) dwoc tao nén bdi cac luat:

o IF (Shape=round) AND (Diam > 4) THEN (Fruitclass=vine)
o IF (Shape=oblong) AND (Diam > 4) THEN (Fruitclass=vine)
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Cac van dé vdi biéu diéen lu at

Cac luat c6 chwra cac vong lap
o IFATHENA
o {IFATHEN B, IFBTHENC, IF C THENA}

Cac luat c6é chlra mau thuan
5 {IFATHEN B, IF BTHEN C, IF AAND D THEN —C}

Céac két luan khong thé suy ra dwoc (tlr cac luat hién co)

Khé khan trong viéc thay déi (cap nhat) co sé tri thire

o Co s6 tri thtre ci: {IFA, THEN B,, IFA, THENB,, ..., IFA,
THEN B,}

o Can bd sung thém diéu kién C vao tat ca céac luat

o Co s tri theee moi: {IFA, AND CTHEN B,, IFA, AND C THEN
B,, ..., IFA,AND C THENB,}

Tri tué nhan tao - Artificial intelligence 10



S(r dung cac luat trong suy dién

So khép mau (Pattern matching)

o Dé kiém tra mot luat cé thé dwoc st dung (ap dung) hay khéng

o Vidu: Néu co sé tri thirc chlra dwng tap céc luat {IF A, THEN
B,, IF A, AND A, THEN B,, IF A, AND A, THEN B} vacac
sw kién (dwoc lwu trong b nhé [am viéc) bao gdm 2, va a,, thi 2
luat dau tién co thé dwoc str dung

Chudi suy dién (chudi ap dung cac luat)

o Xac dinh trat tw ap dung cac luat trong qua trinh suy dién

o V&i mot tap cac luat va mot tap cac sw kién (cac g,ié thiét), cac
luat né,O nén (ju’o’c str dung, va theo trat tw nao, dé dat toi (suyra)
mot két luat can chirng minh?

o 2 chién lwoc suy dién: tién (forward) vs. IUi (backward)
o 2 chién lwoc suy dién nay da dwoc trinh bay trong bai trwdc!
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Giai quyét xung dot

M6t xung dét (conflict) xay ra khi c6 nhiéu hon mét luat
co thé ap dung duwoc (phu hop voi cac sw kién trong bd
nh& lam viéc)

o Lwuy, mdt xung ddt khdng phai la mét mau thuan cla tap luat
Trong tre&ng hop xay ra xung dét, can mot chién lwoc

gidi quyét xung dot (conflict resolution strategy - CRS) dé
quyét dinh luat nao dwoc (wu tién) ap dung

S lwa chon thich hgp mét chién lwoc giai quy,ét Xung
doét co the mang lai nhi}r)g cai thién dang ké doi véi qua
trinh suy dién cua hé thong
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Chién lugc giai quyét xung dot

Ap dung luat xuat hién dau tién (theo th tw) trong co s&
tri thire

Khéng ap dung céac luat sinh ra cac két qua (sw kién) da
co trong bd nhd lam viéc

Ap dung luat cu thé nhat (luat cé nhiéu diéu kién nhat)
Ap dung cac luat phu hop véi cac sy kién duoc dwa vao
trong bo nh¢ lam viéc gan thoi diém hién tai nhat

Khong 4p dung lai mét luét, péu nd van sinh ra cung mot
tap cac sw kién (giong nhw lan ap dung trwéc cua no)
Ap dung luat c6 dd tin cay (chac chan) cao nhat

Két hop cla cac chién lwoc trén

Tri tué nhan tao - Artificial intelligence
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Hé thong suy dién dua trén luat (1)

Kién trac dién hinh cia mot hé thong suy dién dwa trén luat (Rule-

based system — RBS)

D& liéu quan sat duwoc

l

*\\\\\<§épnhét

Working
Hua ChV memory
Rule
memory Ap dung ]

(http://www.cwa.mdx.ac.uk/bis2040/johnlect.html)

Interpreter

Tri tué nhan tao - Artificial intelligence
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Hé thong suy dién dua trén luat (2)

B6 nh¢ lam viéc (Working memory)

o Lwu gilr cac sw kién (cac gia thiét dung, da dwoc chirng minh)

o Cac sw kién nay sé quyét dinh nhirng luat ndo dwoc ap dung (b&i
thanh phan Interpreter)

BO nh& cac luat (Rule memory)

o Chinh 1a co s& tri thire clia hé thong

o Lwu gilr cac luat cé thé ap dung

Bo dién dich (Interpreter)

o Hé thdéng bat dau bang viéc dwa mot sy kién (dir liéu) phu hop
vao bd nhé lam viéc

o Khi sy kién (di¥ liéu) trong bd nhé [am viéc phu hop véi cac diéu
kién cua mét luat trong bd nh& cac luat, thi luat dé sé duoc ap
dung

Tri tué nhan tao - Artificial intelligence 15



RBS - Uu diém (1)

Cach biéu dién phi hop
o Rat gan vai cach dién dat trong ngdn ng tw nhién
o Rat dé dang dé dién dat céc tri thirc bdi cac luat

Dé hiéu

o C4c luat dang IF-THEN rat dé hiéu (c6 |18 1a dé hiéu nhat) dbi voi
nguwdi st dung

o Trong mét linh vire (bai toan) cu thé, cach biéu dién bang luat
gilip cac chuyén gia trong linh vc nay cé thé danh gia va cai tién
cac luat

Tri tué nhan tao - Artificial intelligence 16



RBS - Uu diém (2)

Mot cach biéu dién tri thirc theo kiéu khai bao

(declarative)

o Ky sw tri thire thu thap cac tri thire (& dang céac luat IF-THEN) vé
mot [inh vwee cu thé, va dwa chung vao trong mét co s& cac luat
(rule base)

0 Ky sw tri thire (c6 thé) khéng can phai quan tam dén khi nao, lam
thé nao, va theo trat tw nao ma cac luat dwoc sir dung — Hé thdng
sé tw débng dam nhan cac nhiém vu nay

Dé dang m& rdng co s& tri thirc

o Chi viéc bd sung thém cac luat méi (cac tri thirc maéi) vao cudi
clia co so cac luat

Tri tué nhan tao - Artificial intelligence 17



RBS - Nhugc diém

Kha nang biéu dién bi gi¢i han
o Trong nhiéu linh v bai toan thuc té, tri thike clia inh vire bai
toan dé khong phu hop vaéi cach biéu dién dang (IF-THEN)

Sw twong tac gitra cac luat va trat tw cua cac luat trong

co s& luat co thé gay ra cac hiéu trng khéng mong mudn

o Trong qua trinh t‘hiét ké va bao tri métco s& ludt, mai luat m&i
dwoc dwa vao can phai dwoc can nhac (kiém tra) voi cac luat
da co tw trudc

o Rat kho khan va chi phi ton kém dé xem xét tat ca cac twongtac
co thé gilra cac luat

Tri tué nhan tao - Artificial intelligence 18



Bi€u dien tri thi'c b&ng khung (1)

Lam thé nao dé biéu dién tri thirc “Xe buyt mau vang”?
Giai phap th 1. Yellow (bus)

o Cau hai “Cai gi 1a mau vang?” co thé tra 1o dwoc

o Nhwng cau héi “Mau cla xe buyt 1a gi?” thi khéng thé tra 1&i dwoc
Giai phap th&r 2. Color (bus, yellow)

o Cau héi “Cai gi 1a mau vang?” cé thé tra 1o dwoc

o Cau hdi “Mau cua xe buyt 1a gi?” co thé tra 1&i duwoc

o Nhwng cau hai “Thudc tinh nao cua xe buyt cé gia tri la mau
vang?” thi khdong thé tra 101 dwoc

Giai phap th& 3. Prop (bus, color, yellow)
o Tat ca 3 cau hai trén déu co thé tra 1oi dwoc

Tri tué nhan tao - Artificial intelligence 19



Bi€u dien tri thi'c b&ng khung (2)

Mot d6i twong dwoc biéu dién bdi:
(Object, Property, Value)

o Puwoc goi la cach biéu dién bang bd ba ddi tuong-thudce tinh-gia

tri (object-property-value)

Néu chung ta gdp nhiéu thudc tinh cda cung
mét kiéu dbi twong thanh mét cau trac, thi
chiing ta c6 céch biéu dién hwéng doi twong
(object-centered representation)

Prop(Object, Property,, Value,)
Prop(Object, Property,, Value,)

Prop(Object, Property,, Value,)

Tri tué nhan tao - Artificial intelligence
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Bi€u dien hudng déi tugng

Céch biéu dién bang bd ba object-property-value la mét
cach tw nhién dé biéu dién cac doi twong

Céac ddi twong cu thé (Physical objects)

o Vidu: M6t cai ban cé cac thudc tinh chat liéu bé mat, sé ngan
kéo, doé rong, do dai, dé cao, mau sac, ...

Céc tinh hudng (Situations)

a Vidu: MétIép hoc cod cac thudc tinh ma sé phong hoc, danh
sach sinh vién tham dw, giao vién, ngay hoc, th&i gian hoc, ...

a Vi du:, Mot chuyén di nghi mét co cac thudc tinh noi khéi hanh,
noi dén, phwong tién di chuyén, phong nghi, ...

Tri tué nhan tao - Artificial intelligence
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Khung (Frame)

C6 2 kiéu khung: cu thé (individual) va tong quéat
(generic)

Khung cu thé (Individual frames). D& biéu dién mot doi
twong cu thé, chang han nhu mdt nguwodi cu thé, mot
chuyén di nghi mat cu thé, ...

Khung téng quat (Generic frames). Dé biéu dién mot
I&p (loai) cac doi twong, chang han nhw céac sinh vién,
cac chuyén di nghi mat, ...

Vi du
o Khung tdéng quét: Europian_City
o Khung cu thé: City_Paris
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Bi€u dien cua mdt khung

Mét khung dwoc biéu dién bang mot danh sach dinh
danh cac thudc tinh dwoc goi la cac slots

Gia tri gan cho mdét thubc tinh dwoc goi la filler of the
slot

(frame-name < Tén ctia khung
<slot-name1 fillerl>
<slot-nameR filler2>

)

fillers
Slots

Tri tué nhan tao - Artificial intelligence
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Khung don

Mot khung don (individual frame) cé moét thudc tinh dac
biét co tén la INSTANCE-OF, va gia tri cua thubc tinh
dac biét nay 1a tén ctia mét khung tdbng quét (generic
frame)

Vi du

(toronto % st dung chi¥ thwd'ng cho cac khung don
<:INSTANCE-OF CanadianCity>

<:Province ontario>

<:Population 4.5M>

)

Tri tué nhan tao - Artificial intelligence 24



Khung tong quat

Mot khung tdng quat (generic frames) ¢é thé c6 mét
thudc tinh dac biét l1a IS-A ma gia tri cua thubc tinh dac
biét nay la tén cua mét khung tong quat khac

Vi du
(CanadianCity % st dung tén bat dau chi hoa cho khung téng quat
<:I1S-A City>
<:Province CanadianProvince>
<:Country canada>

)

Tri tué nhan tao - Artificial intelligence
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Suy dién vdi khung (1)

Céc thudc tinh (slots) trong cac khung tong quét c6 thé
dwoc gan (lién két) véi cac thu tuc dé thwe hién va diéu
khién viéc suy dién

C6 2 kiéu tha tuc: IF-NEEDED va IF-ADDED
Thua tuc IF-NEEDED

o Pwoc thwe hién khi khéng ¢ gia tri can thiét dwoc gan cho mot
thudc tinh (no slot filler)
o Vidu: (Table
<:Clearance [IF-NEEDED computeClearance]>

)

computeClearance 1& mét thi tuc dé tinh toan (xac dinh) mrc
dd sach sé cua cai ban

Tri tué nhan tao - Artificial intelligence 26



Suy dién véi khung (2)

Thua tuc IFFADDED

0 Buoc thue hién khi mét thude tinh dwoc gan gia tri, dé cho phép
lan truyén anh hudng cua viéc gan gia tri cua thudc tinh dé doi
v@&i cac khung khac (vi du, dé dam bao cac rang budc trong bai
toan)

o Vidu: (Lecture
<:DayOfWeek WeekDay>
<:Date [IF-ADDED computeDayOfWeek]>

)

Gia tri cua thubc tinh :DayOfWeek sé dworc tinh toan (lai) khi
thudc tinh :Date dwoc gan gia tri

Tri tué nhan tao - Artificial intelligence 97



Khung - Gia tri mac dinh (1)

Hay xét khung tdng quét (generic frame) sau day
(CanadianCity
<:1S-A City>
<:Province CanadianProvince>
<:Country canada>

)

Hay xét khung cu thé (individual frame) sau day
(cityl34
<:INSTANCE-OF CanadianCity>
)

Poi v&i khung city134, gia tri (méc dinh) cho thudc tinh
:Country la canada

Tri tué nhan tao - Artificial intelligence 08



Khung - Gia tri mac dinh (2)

Hay xét khung cu thé (individual frame) sau day

(city135
<:INSTANCE-OF CanadianCity>
<:Country holland>

)

P6i v&i khung cityl35, thi gia tri cho thudc tinh
:Country la holland (ch&¥ khdng phai la gia tri mac dinh
canada)
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Khung - Tinh ké thua (1)

Céc thd tuc va céc gia tri thudc tinh cia mét khung tong
quat hon sé dwoc ap dung (k,é thtra) béi mot khung cu
thé hon, thdng qua co ché ké thwra

Vi du
(CoffeeTable
<:IS-A Table>

)

(MahoganyCoffeeTable
<:IS-A CoffeeTable>

)

Tri tué nhan tao - Artificial intelligence
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Khung - Tinh ké thua (2)

= Vi dl_]
(Elephant
<:IS-A Mammal>
<:Colour gray>

)

(RoyalElephant
<:I1S-A Elephant>
<:Colour white>

...)
(clyde

<INSTANCE-OF RoyalElephant>
...)

Tri tué nhan tao - Artificial intelligence 31




Khung - Suy dien

Quaé trinh suy dién trong phwong phap biéu dién bang khung
sé dién ra nhw sau
1. Ngw¢&i dung khadi tao mét khung (twong dwong vai viéc khai bao
sw ton tai cua mét doi twong hay mét tinh hudng)
2. CAc gia tri cia céac thudc tinh sé& dwoc ké thiva (ttr cac khung
tong quat hon)
3. C4c thl tuc IF-ADDED sé duoc thuc hién. Viéc nay c6 thé sé
dan dén viéc khéi tao cua cac khung khéac, va viéc gan gia tri
cua cac thudc tinh

Néu ngudi dung hodc mét thu tuc yéu cau viéc gan gia tri cho
mot thudc tinh, thi:

o Néu co6 gia tri cho thudc tinh, thi gia tri d6 sé dwoc gan

o Néu khéng, tha tuc IF-NEEDED sé dwoc thwc hién
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Bi€u dién bang khung - Uu diém

Két hop dwoc ca tri thire khai bao (declarative knowledge) va tri’thuﬁc
thu tuc (procedural knowledge) trong cung mét phwong phap biéu
dién

Céac khung duoc t chirc ¢d cau tric phan cap, cho phép dédang
phan loai tri thtrc

C4u truc phan cap cac khung cho phép gidm bét sy phirc tap va chi
phi trong qua trinh xay dwng co s& trithlrc

Cho phép thiét 1ap cac rang budc doi véi cac gia tri dwgc gan cho
cac thudc tinh (vi du: rang budc gia tri nhap vao phai nam trong mét
khoang gia tri cu thé)

Cho phép Iwu gilr cac gia tri mac dinh (st dung thudc tinh dac biét
IS-A, céc gia tri cua cac thudc tinh cia mét khung tong quat hon
dwoc str dung dé gan cho cac thudc tinh ciia méot khung cu thé hon)
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Bi€u dien bang khung - Nhudgc diém

Trong qua trinh thiét ké cau trdc phan cap cla cac
khung, can rat dé y dén sw hop ly cua viéc phan loai (cac
khung)

C6 thé gap van dé chi phi cao cho viéc thiét ké cac tha
tuc (IF-ADDED va IF-NEEDED) — Qué nhidu céng strc
danh cho viéc thiét ké cac tha tuc phu hop, thay vi tap
trung vao viéc kiém tra cau trdc va ndi dung clia cac
khung

Qua trinh khai thac cac khung cé thé khéng hiéu qua, vi
khéng c6 phuong phap hiéu qua dé Iwu trlr di¥ liéu cua
cac khung trong may tinh
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Mang ngu nghia (1)

... dé xuat b&i (Quillian,1966)

bong co.

o Dé hiéu vé cau tric cha bd nhé con ngudi, va viéc sir dung cau tric bd
nh& nay trong xtr ly (hiéu) ngén nglr

o Kiéu biéu dién nao cho phép Iwu gilr cac y nghia (meanings) cda cac tw
dé co6 thé stir dung lai cac nglr nghia nay (nhw trong bdé nhé con ngudi)?

o Gid s rang con ngudi str dung cuing cau triuc bd nhé cho cac cong viéc
Céc chirng minh vé tam Iy hoc da chi ra rang bd nhé cla con ngudi
sir dung cac lién két trong viéc xr ly (hiéu) cac tw

Yéu cau: can biéu dién dinh nghia t dién cla cac tw, dé

o So sanh va phan biét y nghia cia 2 tw

o Sinh ra cac cau “twa” (gan gidng) tiéng Anh dé mé ta sw so sanh nay
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Mang ngu nghia (2)

Mang nglr nghia (Semantic Network - SN) la phwong phap
biéu dién dwa trén do thj (graph-based representation)

M6t mang nglr nghia bao gdm mdt tap cac nit va cac lién
ket dé bieu dién dinh nghia cua mdt (tap) khai niém

CA&c nut biéu dién cac khai niém

Céc lién két biéu dién cac mdi quan hé gitra cac khai niém
Qua trinh suy dién (reasoning/inference) trong mang ngi»
nghta dwoc thye hién thong qua co ché lan truyén

Tac dong (Activation)
Ké thtra (Inheritance)

Tri tué nhan tao - Artificial intelligence
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Mang ngl’ nghia — Cu phap

Céac nut (nodes) biéu dién cac khai niém (concepts), hanh
déng (actions) hodc doi turong (objects) trong linh vwe bai toan
dang xét

Céc lién ket (links) la cac quan hé dwoc gan nhan va cé chiéu
(directional and labeled) gilra cac nut

Hai kiéu lién két: ke thira va cu thé

Lién két ké thira (Inheritance-oriented link) biéu dién:
o NGt A la mét 1op (loai) con clia nit B (vd: lién két1S-A)
o NGOt A la mét vi du (instance) ca nit B (vd: lién két INSTANCE-OF)

Lién két cu thé (Domain-specific link) biéu dién:
o Nat Alién quan téi (c6 quan hé véi) nut B
o Vidu: HAS, CAN, HAS-PART, CAUSES, HAS-COLOR, ...
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Mang ngl’ nghia — Vi du (1)

Breathe

B -
C
ANIMALZD2S . Skin

R e

N

0
&Wings FISH

\%‘ Feathers

Fly

BIRD

"/
X2
CANARY OSTRICH
S
: S
g &

Sing Yellow Fly Tall ,
(B. L. Vrusias, course Al-CS289)
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Mang ng’ nghia — Vi du (2)

covered_by

animal  —
travels_by skin

flying ‘x isa/ ‘\isa
travels_by

bird fish Ty
feathers ~—— |
covered_by swimming
isa isa isa isa
ostrich penguin canary robin
travels_by colour
colour
walkin llow
a 9 travels_by yello
red
instance_of

Opus instance_of

Tweety

colour - white

(http://www.cwa.mdx.ac.uk/bis2040/johnlect.html)
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http://www.cwa.mdx.ac.uk/bis2040/johnlect.html)

SN - Lan truyén tac dong

Poi vai 2 khai niém, viéc lan

truyén tac dong (spreading | Living Thing
activation) sé kich hoat tac Is-a |
doéng tr khai niém nay toi Animal IS-a

hwdng
Plant

Cho phép xac dinh cac khai Elephant
niém “nam gitra” lién quan is-a

dén ca 2 khai niém dé

o Vidu: Xétviéc lan truyén tac
doéng gitra 2 khai niém Mammoth
“Elephant” va “Plant”

khai niém kia, hoac theo ca 2
54 eats

is-a Food

Tri tué nhan tao - Artificial intelligence
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SN - Tinh ké thua

Cac thubc tinh (properties) cua lop Legs

(loai) cha dwoc ké thira cho caclop
(loai) con has-part

Keé thira toan bd (Universal Mammal

inheritance): Tat ca cac quan hé dwoc
ké thira Is-a
has-color

Ké thira mac dinh (Default
. . : ., " P Elephant
inheritance): Cac quan hé duocké P

thira, trie khi c6 cac thong tin mau | White
thuan (v&i nat cha) @ mét nat con IS/
has-color

Céc nghién ctru tm ly hoc chi ra rang Clyde
con nguwoi nhan thire “Clyde has-color
White” nhanh hon “Clyde has-part
Legs”

Grey

Tri tué nhan tao - Artificial intelligence a1



SN - Ngu nghia (1)

Biéu dién bang mang ng» nghia rat trwc quan, va gan
v&i nhan thirc (cach biéu dién) cua con nguoi

Nhwng: Doi v&i cing mét mang ng nghia, cac hé
thong khac nhau co thé co cac cach dién gidi khac
nhau

Ng{* nghia (sematics) cua cac mang nglr nghia?

o "Since the semantics of any given language is dependent of the
interpretation of the primitive elements....., the well-definedness of
a network language rests heavily on the set of node and link types
that it provides” (Brachman, p204, Readings in KR)
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SN - Ngu nghia (3)

Céc lién két co thé 1a...
o Lién két xac nhan (Assertional links)
Lwu gilr cac thdng tin vé khéng gian bai toan dang xét
C6 thé thay dbi khi khdng gian bai toan thay ddi
Vi du: “Jon hit Mary” (mot s kién cu thé da xay ra)
o Lién két dinh nghia (Definitional links)
Lwu gilr cac y nghia cua cac khainiém
Khéng thay déi khi khdng gian bai toan thay ddi
Vi du: “apple is-a fruit”, “apple has-color red”

Tri tué nhan tao - Artificial intelligence
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SN - Chuyén doi sang logic (1)

M6t gidi phap co thé dbi véi van dé xac dinh nglv nghia cla
cac mang nglr nghia: Chuyén doéi (transform) cac mang ngir
nghia sang logic

Y twdng: Nglr nghia cua logic da dwoc dinh nghja chuan —
Chuyén déi nglr nghia sang logic s& cho phép biéu dién chinh
xac nglr nghia cua cac mang ngr nghia

Viéc chuyén ddi chi don gian la biéu dién cac ndt 1a cac hang

va cac lién két la cac vi ttr hai ngbi (binary predicates)?

o Khdng qua don gian nhw vay

o Tuy nhién, cl phap clia cac mang nglr nghia c6 thé dworc viétlai
trong logic
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SN - Chuyén doi sang logic (2)

Po6i v&i cac lién két is-a
o VX elephant(x) - mammal(x)

Elephant _isa Mammal
Poi voi cac lién két (thudc tinh) cua

mot vi du (instance) Clyde —185-C0I0T__ \\hite
o hasColor(clyde, white)

Poi voi cac lién két (thudc tinh) cua
mot 1op (class)
o VX: elephant(x) — hasColor(x, grey)

Elephant has-color Grey

Xét viéc suy dién logic, néu cac phat

bieu trén la dung + “elephant(clyde)™?

o Suy dién mac dinh (default reasoning)
sé khéng con dung!
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Mang ngll nghia - Uu diém

R& rang (trwc quan) trong hién thi, dé hiéu dbi véi nguwdi ding

o SNs thworng dwoc st dung nhw 1& mot cdng cu trao dbi (Iam viéc)
gilra cac ky su tri thirc (knowledge engineers) va cac chuyén gia
(experts) trong giai doan thu thap tri thtrc

SNs la rat phu hop dbi véi cac bai toan biéu dién tri thirc &
dang phan cap cac khai niém
a Tri thire dwoc phan loai (phan 1&p) thanh mét cau trac phan cap

Co ché biéu dién phan cap ctia SNs hd tro qua trinh suy dién
nhanh chong

Hb tro co ché suy dién mac dinh (default reasoning)

Tap trung vao cac thanh phan chinh cua tri thirc va lién két
gilra chung
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Mang ng{ nghia — Nhugc diém

Khéng ton tai cach dién dich (interpretation) chung
(chuan) — Ngir nghia cla cac mang nglr nghia khong
dwoc dinh nghia mot cach chuan tac

Gap van dé trong viéc biéu dién cac thong tin tin pha dinh
(negation) va tuyén (disjunction)

2 Vd: “John does not go fishing”, “John eats pizza or fish
and chips”

Khé khan trong viéc chon cac thanh phan co ban
(primitives) phu hop

Kha nang suy dién han ché
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Su ké thua - Phan loai phan cap

Phan loai mdt cach phan cap (Hierarchical taxonomy) 1a

mot cach tw nhién trong viéc biéu dién

o Pwoc st dung trong cé 2 cach biéu dién tri thire: Khung (frames)
va Mang nglr nghia (semantic networks)

Sw quan trong cua viéc khai quat hda (abstraction)
trong viéc nhé va suy dién

o Nhom céac dbi twong ¢é cung chung céac thudc tinh

o Khéng phai 1p lai cac biéu dién cho tirng dbi twong riéng 1é

Sw ke thira (Inheritance) la két qua clia viéc suy dién
theo cac hudng (paths) trong mét cau truc phan cap

0 "Acé ké thira ttr B khdng?” twong duong véi “B cé quan hé bac
cau kiéu is-a (subsumption) vdi A khong?” 18



. N?

Bi€u dién cla su k& thira

Cac quan hé IS
o Clyde is an Elephant, Elephant is Gray

Suy dién (reasoning) v&i cac huwéng
(paths) va cac két luan (conclusions)
ma cac huéng do biéu dién

o Céac quan hé bac cau

Tinh bac cau clia cac quan hé

o Clyde is Elephant

o Elephantis Gray
o Clyde is Gray

Clyde



Mang ké thua (1)

Céu truc cay (tree structure) biéu dién cac quan hé
ke thwra

o CAac két luan dwoc dwa ra, bang cach ap dung bac cau cac
guan hé ké thira doi vai tat ca cac huwdng

0 Xét dén tat ca cac nut co lién két trong mang



Mang ké thua (2)

Cau truc lwéi
(L.?ttlc.exStru,Cture) lliterate Tax-payer  Salaried
bieu dién cac quan Acadenm )
~ X ~ caaemic
hé ke thwa
o M6t nat con cé thé AW
co nhiéu nut cha student Employee
(nhiéu ké thura) :

1
1

1

Gidng nhw cau truc ,

cay: Tat ca cac két :’ Ernest
n (Represents

luan dwoc dua ra “is-not”)

theo tat ca cac
hwdng



Mang ké thua (3)

Ké thira c6 thé bi huy bé (Defeasible inheritance)

o Giong nhw doi v&i cach biéu dién )
tri thire bang khung (frame-based
representation)
o Cac thubc tinh khéng phai ludn Elephant
ludn dwoc ké thira — chang co
thé bi hdy bd (defeated)
o CAac két luan duoc xac dinh bang

cach duyét tir nat hién théi va Clyde

chon phién ban dau tién caa
thuodc tinh (‘first,version of
property) can két luan



Mang ké thua (4)

Tinh nhap nhang trong ké
thira (Ambiguity in Pacifist

inheritance) / \
Hay xét vi du sau day:

Quaker Republican

o Nixon la nguoi yéu hoa
binh (pacifist) hay khéng? \ /

Nixon



Mang ké thua (5)

Ké thira cé thé bi huy bd

(Defeasible inheritance) Aquatic creature Gray
” v v A
o Cac lién két co cye (dwong AT*
hoac am)
a St duna auv tic dwérna di Mammal Elephant
ngan nhan dé xac dinh cuc 1
a Vi vay, khéng phai tat ca cac
Mot s6 hwdng (path) sé bj
ngan chan (pre-empted), T T
nhwng mét s6 hwédng duoc White whale Fat royal elephant

ch&p nhan (admissible) T T



Phan cap ké thua - Binh nghia (1)

M6t phan cap ké thira (inheritance hierarchy) G=<V,E>
|a mot dd thi cd hwéng va khdng chira vong lap (directed
and acyclic graph - DAG) véi cac canh dwong va am dé
biéu dién twong rng cac quan hé “is-a” va “is-not-a”

a Cac canh dwong duwoc biéu dién la: a « x

o Cac canh am dwoc biéu dién la; a * —x

M6t hwéng (path) 1a mot chudi cac canh

0 MC)’E hwéng dwong (positive path) la mét chubi ciia mét hoac
nhiéu canh dwong: a-...*X

o Mot hwong am (negative path) la mot chubi ctia cac canh dwong
va két thuc béi (chi) mét canh am: a-+ ... v e —X



Phan cap ké thua - Binh nghia (2)

Khéng ton tai bat ky hwdng (path) nao cé nhiéu hon mot
canh am

M6t hwdng (path) cé thé chang co canh dwong nao
Mb&i hwéng biéu dién mét Iy 18 (argument) ddi véi mot két
luan (dwoc dwa ra theo hwédng do)

o Hwéng a- ...+ x biéudién kétluan “ais an x”
a Huwéng a- ...+ ves—x biéu dién kétluan “ais notan x”

Mot két luan cé thé dwoc xac nhan bang nhieu ly 18 (dat
dwoc bang nhiéu hwéng)

Tuy nhién, khdng phai tat ca cac ly 1& (tat ca cac huwdng)
déu co cung murc do tin cay



Su du thua

Mot canh dworng b ew |a dw thira

(I’edundant) '[I‘Oﬂg G dé| vOi nl:lt a Aquatic creature
néu ton tai mét hwong dwong (b ety
...*t . *w)CE (m=1), sao cho: T
1. M6i canh clia hwong bet;e ...ty la Mammal (w)
chap nhan dwoc trong G 4ddi véi nat a;
2. Khéng ton tai cvat saocho c«—tla ’
chap nhan dwoc trong G doéi véi nat a;

3. Khoéng téntai ¢ saocho c*—w & Whale (1,)

chap nhan duwoc trong G dbi véi nat a T
] Blue whale (b)
Dinh nghia twong tw, déi véi mot canh
am b e—w ladw thwa



NuUt ngan chan

Mot nat y trong hwéng ac« ...y

e...*v duwoc goila nat ngan Aquatic creature (x)
chan (pre-emptor) cua canh

dwong v *x ddi véi nat a néu Ar Yo X
(ye—Xx)CE Mammal (V)
Mot nat y trong hwéng a-« ...y ’

.... * v dwgc goi la nat ngan Whale (y)
chan (pre-emptor) cua canh T

am v « —x doi v&i nut a néu

(y «X)CE Blue whale

o Xem vi du bén!



Ontology

M6t ontology 1a mét déc té (biéu dién) hinh thirc va rd
rang vé cac khai niém

Mot ontology la mét tr vieng dung chung, dwoc dung
dé biéu dién (md hinh) mdt Iinh vwe cu thé

o Cac dbi twong va/hodc cac khai niém

o Cac thubc tinh va cac quan hé cua chang

M6t ontology c6 thé dwoc xem nhw 1& mot co sé tri thire
Mot ontology co thé phuc vu cac muc dich khac nhau

o Vidu: M6 hinh co s& di¥ liéu (database schema) la mét ontology
Co s& tri thirc chira dwng cac tri thirc cu thé can thiét
cho viéc gidi quyét van dé ctia mét linh vuce



Ontology — Muc tiéu

Muc tiéu vé mat cdng nghé
o RA&t nhiéu cac hé thdng dwa trén tri thtrc st dung mot
ontology mao ta cac tri thirc cua linh vwe lién quan

a Viéc xay dwng ontology 1& mét nhiém vu rat ton kém (vé thoi
gian va cdng strc) trong qua trinh phat trién mét hé thong dwa
trén tri thirc

a Tai sao khéng gidm chi phi bang cach chia sé cac ontology?

Vi du: Cac ontology “co ban” mé ta khéng gian, thoi gian,
s6 lwong, ...

Muc tiéu vé mat khoa hoc

o Pé hiéu dwoc cac van dé nén tang trong qua trinh khai niém
hdéa (nhan thirc cac khai niém) cia con ngudi



Cac khia canh cua mot ontology (1)

No&i dung cua ontology
o Céc kiéu dbi twong, cac kiéu quan hé
o Vidu, baitoan sap xép cac khdi (blocks)
Céc Iop dbi twong: Blocks, Robot Hands
Cac thudc tinh: shapes of blocks, color of blocks
Cac quan hé: On, Above, Below, Grasp
Céc qua trinh: ké hodc xay nén mot tda thap

Kiéu clia ontology

Cac quan hé phan loai co ban (vd: instance-of, subclass) la gi?

Céc dinh nghia cla cac khai niém (va cac rang budc dbi véi ching)?
Kha nang dién dat cia ngdn ngir dinh nghia cac khai niém?

Hwédng qué trinh (process-centric) hay huwéng déi twong (object-
centric)?

o 0O O O



Cac khia canh cua mot ontology (2)

Muc dich sir dung cua ontology
o Chia sé tri thire

Vi du: Gitra nhitng ngudi st dung, gitra cac hé théng, ...
o S dung lai tri thire

Vi du: St dung lai (mét phan) tri thirc khi cAc mé hinh hodc hé thdng
thay d6i

a Muc dich chung (tbng quéat) hay cu thé cho mét linh vuc

Viéc xay dwng ontology
o Ontology s€ dwgc thu thap hay xay dwng?
a Néu dwoc thu thap, thi can kiém tra:

Chat lwgng cua tri thirc?

Sw khac biét vé ndi dung?

Sw tin cay cua tri thirc?

Céac kha nang st dung trong twong lai?



Xay dung ontology

Xac dinh gi¢i han (pham vi) va muc dich sty dung

Can nhac viéc str dung lai cac ontology da cé va lién
quan dén linh vwc dang xét

Liét ké cac khai niém

Dinh nghia sw phan loai

Binh nghia cac thudc tinh

Dinh nghta cac khia canh (cac rang budc)
Xéc dinh cac vi du cu thé (instances)

Kiém tra cac bat thwong (anomalies)



Pham vi va muc dich su dung

Khéng ton tai mdt ontology “chuan” cho mét Iinh vwc cu thé

oMbt ontology 1& mét sy khai quét hoa vé mot linh ve cu thé, va
luén ton tai nhiéu ontologies phu hop

Viéc khai quat héa nay nén tinh dén:

o Viéc st dung trong twong lai cia ontology (muc dich str dung)

o Cac kha nang mé rong (cta ontology) c6 thé dw doan trwdc

Céc cau hoi can phai dwoc tra 1o & giai doan nay:

o Ontology nay dwgrc dung cho linh viec nao?

o Ontology nay sé dwoc dung dé lam gi?

o Nhirng kiéu cau hdi nao ma ontology nay cé thé dwa ra cau tra
i ?

o Ai sé dung va bao tri ontology nay?



Can nhac s dung lai cac ontology

Vé&i sw phat trién rat nhanh chéng cla Internet
va cla Iinh viec Semantic Web, sé ton tai rat
nhiéu ontologies co thé khai thac

It khi ching ta phai bat dau viéc xay dwng mot
ontology tw dau
0 Gan nhuw luén ton tai mot sd ontology c6 thé khai thac, hoac

la dé& st dung ludn, hodc 1a dé bat dau cho viéc xay dwng
ontology mong mudn



Liet ké cac khai niém

Xac dinh (theo mét danh sach) tat ca cac khai niém lién
guan sé xuat hién trong ontology

o Céc danh tir (nouns) thwdng 14 co s& dé xac dinh cac tén 16p
(class names)

o Cac déng tir (verbs) hoac cum déng twr (verb phrases) thuwong la
co s& dé xac dinh cac tén thudc tinh (property names)

Nén s dung cac céng cu xay dwng tri thirc, dé thu dwoc
o Tap cac khai niém
o Céu truc (phan cép) ban dau cda cac khai niém nay



Pbinh nghia su’ phan loai

Cac khai niém lién quan can duoc td chire lai v&i nhau
thanh mdt ciu tric phan cap phan loai (a taxonomic
hierarchy)

o Hai chién lwoc thuworng dwoe dung: top-down vs. bottom-up

o Can can nhac dén hai yéu td: sw tin cay (chinh xac) va hiéu qua
(suy dién)

Pam bao rang phan cap thu dwoc thuwe sw 1a mot phan

loai khai niém

o Néu Ala mét Idp con cta B, thi moi vi du clia A ciing phai la vi du
cla B



binh nghia cac thudc tinh

Thwong dwoc thye hién két hop v&i buwdc trvdce (dinh
nghia sw phan loai)

Yéu cau: Néu A 1a mét I&p con cla B, thi moi thudc tinh

cua B déu phai dwoc ap dung cho A

o Nén gan cac thudc tinh véi I6p cao nhat (phu hop) trong cau tric
phan cap

Khi xac dinh mét thudc tinh cho mét 1&p, can ngay lap
tirc xac dinh cac théng tin vé mién va gia tri cua thudc
tinh do



Pinh nghia cac rang budc

Céc rang budc vé sb chiéu (sb phan t& cia mét tap hop)
Céc gia tri co thé dwoc gan

Cac dac diém cia quan hé
a Tinh dbi xtrng, bac cau, dao, ...

Template Slots MIA|C|*®| +| -
Mame Type Cardinality Other Facets

@hndy Syrmbol single allowed-values={FLILL MEDILIM LIGHT}

@cnlnr Syrmbol single aIlnwed-value5={HED,HDEE,WHITE}

@ﬂavnr Syrmbol single allowed-values={DELICATE MODERATE STROMG?}

|E| grape Instance  multiple classes={Wine grape}

@makerl Instance  single classes={\inery}

@name String single

@sugar Symibol single allowed-values={DRY SWEET, OFF-DRY?}

(protege.stanford.edu/amia2003/AMIA2003Tutorial.ppt)



Xac dinh cac vi du

Bb sung vao ontology céc vi du (instances) cu thé

SO lwong cac vi du thwdng Idn hon nhiéu sb
lwong cac 16p

Vi vay, viéc bd sung cac vi du vao mot ontology
thwong dwoc lam tha cong

o LAy tr cac ngudn di¥ liéu sén cé (vd: tr cac co s& dir liéu)

a Trich tw dong tir mot tap cac dir liéu van ban



Kiém tra cac bat thudng

Pé kiém tra cac mau thuan cé thé co trong mot ontology;,
(hoac c6 trong moét ontology di kém véi cac vi du)

Cac vi du clia cac mau thuan

o Khéng twong thich vé mién, vé gia tri, vé cac dac tinh bac cau,
doi xirng, dao,...

o Khéng twong thich véi rang budc vé sb chiéu ciia mét thudc tinh



Cac vi du vé ontology

CYC (dung chung, tbng quét)

o 105kiéu khai niém, 108tién dé

SENSUS (mé réng cua WordNet, dung cho xtr ly van ban)
o 70.000 khai niém

SUMO (tbng quat)
2 1000 khai niém, 4200 danh gia

UMLS (Iinh vie y-sinh)
a 135 kiéu nglr nghia, 54 quan hé ng» nghia, 975.354 khai niém

WordNet (ttr vng)
o 152.059 dang tw, 115,424 cum tw



'UMLS ontology

= For bio-medicine

Heart Diseases

(Figure by MIT OCW)

—3 Coronary Aneurism

—»  Coronary
Arteriosclerosis
— Carcinoid . )
Heart Disease Angina Pectoris
variant
o —» Coronary ————» Angina Pectoris
— Endocarditis Desease
Angina unstable
— Coronary Thombosis
— Myocardial — % Myocardial
Ischemia Stunning
L Coronary Vasopasm
—» Arrhythmia

L3 Myocardial —» Shock Cardiogenic
Infarction




'CYC ontology

= Encode all of human common sense knowledge

]
[ Individual Object ] [ Intangible ] [ Represented Thing ]

- A
= j / \ TN
. e A
- F %

[ Event ] [ Stuff ] [Intangib]eObject] [ Collection J \

A
[ Intangili%mff J

\
Y

[ Relationship J

(sir)

A\
\_ [ InternalMachineThing

[ SomethingExisting { Attribute Value ]

TangibleDbjectJ { Attribute J

\_.

[ C‘ompositeTangible&hltangibleObject} [ TangibleStutf ]

Intelligence

b




