Chwong 7: Tri thirc va suy
luan khong chac chan




NOI dung

Gidi thiéu xac sat

Luat Bayesdinh |i Baye
Certainty factors — Blsd chic chin
Hé chuyén gia MYCIN

Logic md vatng ding



Gi1ol1 thiéu
Céac nguyén nhania sr khdng ctic chin:
o Dt liéu/thdng tin/tri thirc 6 the: khéngda, khéngdang tin @y,
khdngdung, khdng chinh xac
o Cac phep suy An co tte khéng lp logic: suy ldn ngroc tir két
luan vé diéu kién (abduction reasoning)

o Viéc mo & day du va chinh xadoi hoi do phaic tap tinh toan, 4p
luan cao.

X1 Iy truong hyp khéng clic chan:
Q Tlep can thong ké&: quan tandén mac dd tin tuong (belief) @a mbt
khang dinh.

Ly thuyét xac sdt Bayesian (Bayesian Probability Theory)
Pai s6 chic chin Stanford (The Stanford Certainty Algebra)

o Suy luan theo Loggic nx (Fuzzy Logic) quan tardén mac do that
(truth) aia mot khang dinh.



Xac suat
Hitu dung dé:
0 M6 ta mot thé gioi hoan toan ngu nhién (cli bai, ...)
0 M6 ta mdt thé gidi binh throng (mdi twong quan thng
ké,..)
o M0 ta cac ngai I¢ (ti I& xuat hién 13i,...)
o Lam @ sy cho vic hoc cia may (quy ap cay qut
dinh,...)
huong xac sat dugc ding cho:
o Sy kién: xac sat cia viec quan séat Bt ching &y naodo.
0 Gia thuyét: xac suat dé gia thuyét dang.
Theo xAc st truyén thong: tan  xuat hien twong déi

cia mdt sy kién trong ndt thoi gian dai § tién dén xac sat caa
no.
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Ly thuyét xac suat

Cho cac s kién (menhdé) e, ...e, :
P(e) 0[0,1] (i=1,....n)
P(e,) + P(e) + ... + P(t) = 1
Vi du: déng xu Ht: P(mit_sip) = P(mit_ngra) = 0.5
dong xu khongiéu: P(mit_sip) =0.7 P(rit_ngra) = 0.3
Néu s kién e va g déc ldp nhau
P(g Dey) = P(g) * P(e)
P(e Ue) = P(g) + P(g) - P(&) * P(e)
P e)=1-P(e)
Vi du: tung 2dong xu: cac kh niang co ti¢ xay ra 1a SS SN NS NN, suy ra:
P(SOON) = ¥4 = 0.25 P(SIN) = % = 0.75



XAc suat cé diéu kién
Xéac suit tien nghém (prior probability) hay xs vadiéu

kign (unconditional probability)ia xs aa mbt s kign trongdicu
kién khoéng co tri tirc bd sung chos co it hay ving it caa no.

Xac suit hau nghém (posterior probabilit) hay xs c¢

dieu klen(condltlonalprobabll|ty) la xs @ia mot s kign khi
biét trudc mot hay nhéu su kién khac

P(e Ue)
P(ele) = P(e)

P(cum) = 0.001 P(s) = 0.003

P(cum0 sot) = 0.000003

nhung ciim va ét |a cac g kién khéngdoc 1ap
cac chuyén gia chodii P(t | cim) = 0.9
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Suy luan Bayesian (1)
P(h|e) l1a xac gt khang dinh gid thuyét h ding cho teéc

bang chinge
P(elh) * P(h

<= |uat Bayes
P(e)

P(hle) =

Cong thrc nay ndi ing xac sat ding cia g thuyét h khi
quan satiuoc hing chrng e, lAng Wi Xac sut cho Bing
chiing ta & quan satiugc hing ching e rju gia thuyét h
la dling, nhan §i xac sut tién nghém aa h, &t ca chia
cho x&c séit tién nghém aia viéc quan séiuoc hing
chirng e.



Suy luan Bayesian (2)

Vi du: Bang chrng (triéu ching): kénh nhan bsot
Gia thuyét (bénh): benh nhan bcam cum

P(cam) * P(8tlcdm, 5501 % 0.9

P(cum|st) = . —
P(sHt) 0.003

0.3

CA&c con 8 ¢ vé phai thi & dat duoc hon con © & Vé tréi

s Khi ndo king ching e khong laming xac st
ding dia gi thuyét h?
o Khi xac sut cua gi thuyét hda la 1.0
o Khi bang ching e khdng lién quan gén gia thuyét h



Tai sao st dung luat Bayes?

ri thirc V& nguy@n nhan (knowledge of causes):
P ($t | cim

thi & dang caiuogc hon 1a tri thrc vé chan doan
(diagnostic knowledge):

P (cum | ét).
Luat Bayes cho phép ching tadung tri thic vé
nguyén nhawé suy ra tri thirc vé chan doan.



Cé&c van dé trong suy luan Bayes

Viéc tinh todn cac xac sutién nghiém va du nghém
liEn quandoi hél mot su thu thap dir liéu rat 16n

Trong thrc t phai xir ly nhiéu triéu chrng
o Chi co vai treu ching ladoc lap nhau:

, P(sls) = P(9)
o Néu chung khongoc lap nhau:

_ P(d)*P(5&S,&... s, | d)
P(, &S, &... sn)

P(dll&SZ - n)

Doi véi thong tin phit dinh:
P(nots)=1-P(s) va P(notd|s)=1-P(d|s)
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Sw ddc 1ap clha cac diéu kién trong
luat Bayes

Trong thrc € cO nhéu gia thuyét canh tranh nhau, vay
cong thrc Bayesdng quét nht 1a;

P(e | B * P(h)
2 (P(e | ) * P(h) )

Poi hoi tat ca cac P(e | J) phai déc lap nhau.
Gia S cac clhim d6 va $t ladoc 1ap ve diéu kién khi cho
trudc bénh I
P(cac chm do, it | i) = P(cac chm do| s3i) P (Ht| i)
Khi do ta co i két luan:
P(cac chm do, sHt, i) = P(cac chm do, sot | svi) P (i)
= P(cac cAm do | i) P(sHt | s3i) P (i)

P(hle)=
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CAac yéu td chac chan Stanford

Khéng phii 1a xac sdt, ma lado do ar tu tin.
Ly thuyét chic chin la mdt cd gang hinh tlic hoa tp cin
heuristic vao suy kn v&i sy khéng clic chin
Cac chuyeén gido sr ty tin trong cac Kt luan cua hp va cac
OUGC SUy [Filg bang tir khong co &, ‘gan nhr chac chan’, ‘co

Kha nang cao’, ‘co tly’. Pay khong phi 1a xac sdat ma a
heuristic cow kinh nghém.

Céac chuyén gia c6 &hdat sy tu tin vao cac réi quan & ma
khong pli cé aam giac la ndé khongung.

MB(H | E) do d6 tin tuéng aia gi thuyét H, cho trde E
MD(H | E) do d6 khong tin tréng
O<MB(H|E)<1trong khi MD(H|E)=0
O<MD(H|E)<1trong khiMB(H|E)=0

CF (H | E)=MB(H | E) — MD(H | E)

12



Pai s6 chac chan Stanford (1)
CF(fact) O[-1,1] :  dit liéu da cho, @ liéu suy Idn duoc, gia thuyét
Mot CF tién vé 1 cho thy sy tin twong di kién lading
Mot CF tién vé -1 cho thy s tin teéng di kién la khéngddng
Mot CF xung quanh O choaf ton tai rat it bing @y cho viéc ung b hay cléng

lal dit kién. => ndt giéi han duoc dua ra nfim tranh véc suy ldn véi théng tin
khong clac chan nhr vay (vd: 0.2)

CF(rule) O[-1,1] :thé hién ar tin twrdng aia cac chuyén gia vao tidyccaa Iuat.

Két hop cac CF
CF (A And B) = Min[CF(A), CF(B)]
CF (A Or B) = Max[CF(A), CF(B)]
Vi du: CF(kenh nhan bsit) = 0.9
CF(bsnh nhan bhit hoi) = 0.6
CF(b3nh nhan bsot And bnh nhan bhat hoi) = 0.6
CF(2nh nhan bsot Or bénh nhan bhat hoi) = 0.9
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Pai s chac chan Stanford (2)

Truyen CF trén céc lit:
CF(Q) = CF(If P Then Q) * CF(P)
Vidu: CF(bénh nhan bsot) = 0.€

CF(If bénh nhan bst Then Enh nhan bcim) = 0.5
CF(kénh nhan bcum) =0.4

Két hop nhiéu CF tr nhiéu luat

If P Then Q -> CF,(Q)

If R Then Q -> CF,(Q)

CF(Q) = CH(Q) + CR(Q) - CF(Q) * CFA(Q) <hi CF1 & CE2 < 0
= CF4(Q) + CF,(Q) + CF,(Q) * CF,(Q) ! )
CFl S + CFz(lgg Ngoal ra
~ 1 Min (ICF(Q)I, [CF(Q))

Khi CF, & CF, > Q
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Pai s6 chac chan Stanford (3)

Vidu CF(ténh nhan bsst) = 1
CF(énh nhan bhic hoi) = 0.8
CF(If bénh nhan bhac hoi Then Enh nhan bcum) = 0.5
CF(If bénh nhan bsdt Then Bnh nhan bcim) = 0.

CF,(bénh nhan bcum) = 0.4
CF,(bénh nhan bcuam) = 0.6
CF(enh nhan bcum) =0.4+ 0.6 -0.24 =0.76

00 02 04 06 0.8 1.0

CF, >

CF,
Tinh chit:  két qua CF phii nim trong khang [-1,+1]
két hop cac CF ngith nhau & x6a kot 1an nhau
Phépdo CF It hop phii mang tinh tugn tinh
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Mycin

Muc dich: Gitp d& cac bacstrong viéc chan doan va

diéu tri cac @nh truyén nhém
1. Nhan dang cac o quan b nhiém benh
>, Chon céc lai thudc khong clé cac @ quan nay

Giao dén ngroi dung:baéi thoai véi bac § dé thu
thap di li¢u

1. Dit liéu tong quét ¢ bénh nhan

>, CAac Kt qua xét nghém

3. Cac treu chrng aia kénh nhan

EMYCIN = MYCIN —Trith wc Y hoc
= Swron hé chuyén gia (ES shell

)
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Biéu dién tri thirc ciia Mycin

Dt KiEn: [ Thong &6 | Ngircanh | Gia tri CF
Nhan ra G _quan_1 | Klebsiellg .25
Nhay cam | Co_quan_1 | Penicillin| -1.0
Luat: Luat + dién giai cua Iuat
IF (a) the infection is primary-bacteria, and

(b) the site of the culture is one of the serile sites, and
(c) the suspected portal of entry is gastrointestinal tract
THEN there is suggestive eviderceé) that infection is bacteroid

IF: (AND

THEN:

(same_context infection primary_bacte
(membf_context site sterilesite)
(same_context portal Gl) )

(conclude context_ident bacteroid tally
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Suy luan cua Mycin

Ngir canh: cacdoi tuong dugc thao luan bai Mycin

n Céc keu doi tuong khac nhau:dnh nhan, théc, ...

0 Puoc t chic trong ndt cay

bong @ suy dén: tiép cin hueéng tir muc tiéu hay suy
dien lui

o Tim kiém sau gn nhr 1a vét an

0 C6 the suy Iuin véi thong tin khéng clic chin

0 CO the suy Itin wi dit lieu khéngday da

Cac tén ich gl thich: M6-dun ‘hoi-tra 1o v 6i cac
cau hi tal sao, nlx thé nao.
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Vi du Mycin

Chan @¢a Johndang h dau (1.0). Khi téi kém tra nd, thy no stng tiy
(O 6) and boi do (0.1). Toi khong co nht ké th:ng toi nghi anh ta
c6 hi sot (0.4). Toi bét John 1& Mt van dong vién marathon, cac
khép cia anh ta taong xuyén lam vdc qua 4i (1.0). John c6 th
di chuyén chan éa anhay.

Liéu chan éa John bgay, qua i, hay i nhiém tring?

IF dau va ét THEN bi nhiém trang 0.6
IFdauvasng  THEN b chan throng 0.8
IF qua i THEN bi nhiém tring 0.5

IF bi chan theong ANDd6 THEN L gdy 0.8
IF bi chan theong AND di chugn dugc THEN quami 1.0
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Mot luat heuristic cua Mycin

IF tuoi bénh nhan <7 THEN khdng nén &p thudc tetracyline

Tri thac mién:
o Tetracyline lamioi mau xrong dang phat tén
o tré em drgi 7 tudi thi dang moc ring

Tri thac giai quyét van dé:
o Trudc khi ké ndt loai thuoc phai kiém tra cac cbng cH dinh
o CO hai lai chong cH dinh: lién quanién bénh va lién quarén bénh

nhan.

Tri thac vé thé gidi:

o Ham ang mau nau thi khondgp

Luat heuristic bién gth #t ca nhitng thong tin nay va vi
vay ho trog mot pheong phap gii quyét van dé hiéu qua
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Piéu khién cai trong luat ciia Mycin

IF su nhiém trang la Bnh viém mang néo

And ar nhiém trang 1a do vi khén
And ch co ching a5 gian tép
And tudi cta kBnh nhan > 1
And énh nhan la it nguoi nghién nrou
THEN ching a5 cho viém phi song @u khuan 0.7

Tri thaec mién:
o Cé&c Bnh nhan bnghién ruou thidang nghi ng véi vi khuan viém
phoi song @u khuan
Tri thic giai quyét van dé
o Loc ar chan doan theotng hrdc
Tri thic vé thé gidi
o Nguoi nghién reou thi hém khi cdrdi 17 twi
o Cau bi gay $¢ cho cha racua cac té nho.
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Logic Mo (Fuzzy Logic)
Mot SO phan aia the gidi la nhi phan:
o Con mimi @a toi la mdt con meo
Mot so phan thi khong

o An thi kha cao, Bo thi thibc loal cao, toi thi lai cao,
Tran thi knOng caaiin

Nhi phan co6 th biéu dién bing mdt do thi:

Logic mo ciing c6 ti¢ bieu dién bang dé thi, nhueng

2. do thi lien tuc:\/
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Tap Mo

Cho S l1a Mt tap hop va x 1a ndt phan tir caa &ip
hop d6. Mot tap con nv F aia Sduoc dinh ngha
b1 mot ham tw cach thanh vierpF(x) do “muc
do” ma theodod x thuwe vé tap F. Trongdo, 0<
UF(x) < 1.

o Khi pF(x)=0 => XU F hoan toan.
o Khi pFXx)=1 => X[ F hoan toan.
Néu Ox, uF(x) = 0 hac 1
thi Fduoc xem la “gion”

Ham thanh viémF(x) theong duge bieu dign dudi
dang do th.

23



Vi du Tap Mo

Vidu: S latap hop tat ca cac sé nguyén dwong va F la tp con md cua S
dwoc goi la “s6 nguyén nho”

U

. S6 nguyén nhp

1 2 3 ...

Vi du: Mét sw biéu dién tdp md cho céac tap nguwdi dan 6ng thap, trung
binh, va cao.

___Thap Trung binl Cac

g 4'6" 5 56" 6 6'6” Chiéu cao
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Tinh Chat cia Tap Mo

Hai tip my bang nhau

A=BneudxOX, PA (X)=pB (X)
Tépcon AOBNeuOxOX,  PA (X) B (X)
Mgt phan tr co the thugc vé nhieu hon mbt tap
mo.
Vi du: mot nguoi dan 6ng cao 5'10” thic vé ca
hai ip “trung binh” va “cao”.
Tong cac gia ti mo cia mpt phan tr khac 1
UThap(x) + uTrungbinh(x) HuiCao(x)# 1
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‘M hoa (fuzzification)

= Tu ham thanh vién chouéc, ta cé th suy radugc maic
do mot thanh vien théic vé mot tap hop, hay gia tr mo
cua nodol vél mot tap mo.

/%l@%
L

Tre Trung nién Gia

,,“ HH T i
2325 28 35 40 55 Tudi

e . ~ \ \
Gla trz =
N An Bio Cha
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Hop cua hai tap mo

Khai nigm: Hop cia hai p mo (ACB) the hign
muc do mot phan tr thuoc vé€ mot trong hai §p la
bao nhiét
cong thec:. p AOB(X) = max (HA(X) , uB(X) )
Thi du: AOB
UTre(An) = 0.8 AN A
va HdTrung nién(An) = 0.
=> uTre O Trung Nién(An)
=max(0.8,0.3) =0.8
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Giao cua hai tap mo
Khai nigm: Giao dia hai 8p my (AnB) thé hi¢n
muc do mot phan tr thuoc ve ca hal éip la bao
nhiéu
cong thec:.  p AOB(X) = min UA(X) , uB(X) )
Thi du: ~_AnB

UTre(An) = 0.8

va HdTrung nién(An) = 0.

=> uTre O Trung Nién(An)
=min( 0.8, 0.3) = 0.3
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Bu cua mét tap mo

Khéi niém: BU aia mdt tap mo thé hién mac do

mot phan tir khéng thc vé tap d6 1a bao nhiéu.

Cong thirc: HL=A(X) =1 -pA(X)
Thi du: A
uTré(An) =0.8
=> W= Tré(An)
=1-0.8=0.:
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‘ Luat mo’

= Mot luat mo 1a mot biéu thic if - thenduoc phat
biéu & dang ngon ng tu nhien tte hién ar phu
thudc nhan gt gitra cac bin.

= Thi d/t Bién
if nhiét do lalanh Gia tri ciia bién
vagia dau lare (hay tap mo)
then swéi am nhieu. 4
Hoac:

if mot ngudi ¢ chiéu caolacaovace bap la lwc
lzong then chei bong 16 hay.
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v

Nhan xeét

Logic md khéng tuan theo cacauveé tinh bu aa
logic truyén thong:
UH-ALOA(X) = 1lva un-A0OAKX) =0

u-ALOA(X) =max (0.8,0.2)=0.8
u-ALA(X) =min(0.8,0.2) =0.
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Tha tuc ra quyét dinh mo
(fuzzy decision making procedure)

Mo hda
(fuzzification)

¢

Suy luan mo (fuzzy
reasoning)

!

Khw tinh mo
(defuzzification)

Chuyén céc gia trcia dr
liéu thue € vé dang md

Thuc hién tat ca cac It
kha thi, cac Kt qua s
duoc két hop lal

Chuyén két qua ¢ dang mb
vé dang di liéu thuc t#
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Hé thong md dung trong diéu tri b&nh

IF st nhe THEN liéu lugng asperingéhap

IF sot THEN liéu lwong asperindinh throng

IF sot cac THEN liéu luong asperin cac

IF sot rat caoTHEN liéu luong asperineao nlat

SN SRC

41 °C

37 38 39 40
/T>< AT X C CN
|

0 200 400 600 800 1000 mg
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Vi du: M6t bénh nhan s 6t & 38.7 d6. Hay xac
dinh li eu lworng asperince ¢ an thi et de cap cho
bénh nhan

Bwéc 1 Mo hda gia trx = 38.8d4 cho ta thy 38.8
thuoc ve cac §p mo nhue sau

1

0.7 |y N _ <o e
0.3 el
37 38 38.£ 39 40 T o

uSot nhe (x) = 0.3 uSot (x) = 0.7
uSét cao (x) =0  pSot rat cao (x) =0
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Vi du (tt.)

Bwéc 2: Ta thay coO 2 Iuit 1 va 2 c6 th ap ding
cho ra hai ku luong aspirine:

uThap (x) =0.3  pBinh throng (x) = 0.7
Két hop cac gia trmo nay hi ta dugc vingduoc
t0O mau sauday:

BT

CE L LR R L L EEE L) NG

0 200 400 600 800 mg
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Vi du (tt.)

Bwéc 3: Phi my hoa Kt gua bang cach tinh tmg
tam dia deén tichduoc to trong hinh tré

o Chiéu xuong truc hoanh tatwoc gia ti +480mg

Két luan: liéu luong aspirine &n cap cho &nh
nhan la 480mg.
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