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1. it van dé

Phuong phap tim 161 giai dua trén cac ca suy luan mau da cé (Case-based reasoning -
CBR) dude khoi xudng ti thap ky 80 va ngay cang thu hit méi quan tam cua nhiéu nha
nghién cuu [1, 2, 3, 4]. CBR hoat dong theo cd ché so sanh bai toan can giai véi cac bai toan
mau da co 1oi giai va tim cach dua ra mot 161 giai dua trén 161 giai mau. Da c6 nhiéu hé.
thong CBR dudge phat trién nhu cac hé chuyén gia chan doan hong héc, lap ké hoach hay lap
luan veé luat.

Tuy vay, co ché suy luan cua CBR van chua duge hinh thic héa chit ché. Nhiéu
nghién cuu va ing dung chi chu trong vao viéc tim kiém bai toan ct tuong tu va dua ra loi
sial mdi bang cach thay thé tu khéa. Dac tha caa CBR la su dung lai 161 giai cii, do d6 mét
56 16n trong cac bude suy dién dé dua ra 16i giai méi bi loai bo. Piéu nay dan dén van dé khé
dam bao dude tinh dung dan vé mat logic ctia 16i giai méi. Thém niia, cai dat CBR thuong
kho tong quat hoéa do phai phoi hgp gitta cac tri thie kinh nghiém 1a cac 161 giai da biét va
cac tri thice tong hop vé mién bai toan. Chua ton tai tng dung CBR nao tan dung dudc niang
luc suy dién va tinh tuong minh cua logic vi ti. Trong bai bao nay, ching téi phan tich khia
canh suy dién cua CBR va dé xuat mot phuong thic cai diat CBR béng logic vi tit cdp mot.
Trong phuong thice nay, 161 giai ca déng vai tro 1a cac kinh nghiém suy luan gitip ting téc

d6 tim 161 giai mdi va tinh ding dan cia 16i giai méi duge dam bao bang suy dién.
2. Case-based reasoning
2.1. Khai niéem

CBR la phuong phap tim loi giai dua trén viéc st dung lai cac 16i giai (ca suy luan)
trong qua khia. CBR la phuong phap tuong d6i méi va chua duge hinh thic héa mét cach
chat ché. Vé co ban, CBR tim 161 giai nhu sau (hinh 1) [2]:

# Luu cac ca suy luan da gap trong qua khit vao CSDL ca suy luan.

¢ Khi tim 101 giai cho mét bai toan méi, trude tién tim kiém cac bai toan tuong tu
trong CSDL ca suy luan.
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# Dua ra 10i giai méi bang cach hiéu chinh 1di giai ctia ca suy luan tim dudge.
¢ Luu ca suy luan mai tao ra vao CSDL ca suy luan.

Ca suy luan thong thuong dude biéu dién dudi dang mot bo gom ddc ta bai todn va loi
gidi. Qua trinh tim 16i giai cho bai toan mdi duge bat dau bang viéc tim kiém ca suy luan
tuong tu. Pac ta dude tao ra bang cach chi sé héa cac dic trung va viéc tim kiém théng

thudng dude thuc hién bang cach so sanh cac chi so nay.

Loi giai cia ca suy luan thudng dude biéu dién bang cac khung tri thic (frame). Cac
khung tri thic phu hgp véi viée md ta nhiéu khai niém tri thitc khac nhau, nhat la cac tri

thie dudi dang kinh nghiém.

Qua trinh tao ra 16i giai mdi tir 101 giai da c6 thuong dude tién hanh theo hai budc: tai
su dung va hiéu chinh. Trude tién, 161 giai cit dude tai st dung théng qua cac phuong phap
don gian nhu thay thé ti khoa. Sau dé, can hiéu chinh 16i giai nay sao cho thue su phu hgp
vdi bai toan cin giai. Viée hiéu chinh phu thuéc rat nhiéu vao mién ting dung va hién tai thi
véi mbi hé CBR cu thé thi ngudi ta lai phat trién mét co ché riéng. Co thé néi hiéu chinh
chinh la nhin to quyét dinh su thanh cong cua CBR va chua ¢6 mot co ché hiéu chinh cé thé

ap dung mot cach tong quat.

Loi giai mdi dude tao ra 6 thé duge cap nhat vao CSDL ca suy luan dé su dung lai
trong tuong lai. Viéc cap nhat khong nhat thiét 1a thém ca suy luan méi ma cé thé la hiéu
chinh ca suy luan ca dé cho n6 mang tinh dai dién hon. CSDL ca suy luan cang khéng nhat
thiét chi luu cac ca suy luan thanh céong ma ciing ¢6 thé chia ca cac ca suy luan khéong

thanh cong.

CBR dang dugce nghién ciu va ung dung mot cach rong rai, dac biét la voi nhing hé
chuyén gia can téi cac tri thie dang kinh nghiém. Mét sd cac nghién ctu dién hinh la hé
chuyén gia tao mén an Trung Hoa CHEF, chdn doan bénh PROTOS, giai quyét xung dot
quéc t& MEDIATOR, tu van luat HYPO. CBR ciing bat dau dude ting dung hiéu qua trong
cong nghiép va kinh doanh nhu hé trg giap khac hang SMART cua Compagq, hé trg giap
thiét k& CLAVIER cua Lockheed [3]. Mot hudng nghién ctiu mdi la phat trién cac hé CBR
hoi thoai cho phép ngudi su dung tham gia vao qua trinh hiéu chinh loi giai [5].
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Hinh 1. Case-based reasoning.

2.2. Tim hiéu CBR théong qua hé chuyén gia CHEF

CHEF [4] 1a mdt hé chuyén gia trg giip viéc tao cach ché bién mén an Trung Hoa.
CHEF chitta 10 ca suy luan vé cach ché bién mén an va mét s tri thic tong hgp vé nau an.
Hinh 2 mé ta cach ché bién mon “dau xao thit bo”.

A half pound of beef

Two tablespoons of soy sauce
One teaspoon of rice wine

A half tablespoon of corn starch
One teaspoon of sugar

A half pound of green bean
One teaspoon of salt

One chunk of garlic

Chop the garlic into pieces the size of matchheads

Shred the beef

Marinate the beef in the garlic, sugar, corn starch, rice wine and soy sauce
Stir fry the spices, rice wine and beef for one minute

Add the green bean to the spices, rice wine and beef

Stir fry the spices, rice wine, green bean and beef for three minutes

Add the salt to the spices, rice wine, green bean and beef

Hinh 2. Cach ché bién “dau xao thit bo™.

Gia su, chung ta can cach ché bién “xip lo xao thit bo”. Khi d6 ti cac théng tin “thit
bo”, “xao” va tri thuc “xup 10" va “dau” cung la “rau”, CHEF tim ra cach ché bién gan giong
nhat la “dau xao thit bo”. Néu chi don thuin thay “xip 16” vao vi tri cua “dau” thi chua thé
goi ]a tao ra mot cach ché bién méi. CHEF van dung cac tri thitc vé nidu an khac dé hiéu
chinh cach ché bién nay. Trudc tién, ti su khac nhau vé kich thuée gitta “dau” va “xip 107,
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CHEF sé thém cong doan “thai xup 1¢” trude khi xao. Thém nua, tu cac tri thic “xap lo chua
nhiéu nude”, “thit bo khéng nén xao vdi nhiéu nudc”, va “néu xao chung khong ngon thi cé
thé xao riéng ré”, CHEF chinh sia cach ché bién thanh “xao xup ld va thit bo riéng ré”.
Hinh 3 la cach ché bién “xup lo xao thit bo” do CHEF tao ra.

Ro rang, CHEF khéng chi don thuan la hé thong tim kiém/thay thé ma con c6 nang
luc suy dién dua trén cac luat.

2.3. Biéu dién tri thicc va suy dién

Trong cac hé thang CBR, tri thitc duge luu song song bang hai dang: ca suy luan va
luat suy dién. Ca suy luan la cac tri thic dang kinh nghiém va luat la cac tri thuce da duge
hinh thic héa cao cho suy dién. Vi du, CHEF chia ca suy luan la cac cach ché bién mét so
mon an dién hinh va cac luat nhu “néu xao chung khéng ngon thi xao riéng ré”. CHEF van
dung luat nay dé dua ra cach giai quyét la xao xup 1o va thit bo riéng ré. Biang viéc su dung
cac luat, CBR hiéu chinh 16i giai cia ca suy luan trong qua khit va dua ra 101 giai méi phu
hop véi bai toan. Nghia 1a, CBR khong chi don thuan 1a hé tim kiém ma con la mét hé suy
dién va théng qua viéc suy dién CBR tim cach dam bao tinh thoa dang cua loi giai. Tuy
nhién viéc phoi hop gita ca suy luan va luat suy dién thuong rat phic tap va khé xay dung
dude mot co ché tong quat.

Gia su, néu CBR ¢6 chita cac luat du dé c¢6 thé tu suy dién ra 1oi giai cho cac ca suy
luan mau thi hién nhién né cing sé suy dién ra 10i giai cho bai toan mdi ma khong can
tham khao téi ca suy luan mau. Tuc la trong truong hgp dic biét nay CBR dam bao duge
tinh dung dan vé mat logic cua 10i giai. Vay trong trudng hgp nay y nghia cua ca suy luan
nam d chd nao? Ban chat clia ca suy luan mau trong hé théng l1a lam ting hiéu suat tim loi
giai. Trong thuc té, con ngudi van thuong tim 18i giai bang dua vao kinh nghiém giai cac bai
toan tuong tu trong qua khu. Viéc xuat phat tu 16i giai cua tinh huéng tuong tu sé rut ngan
thoi gian dé dua ra 16i giai can thiét. Giéng nhu vay, cac ca suy luan mau chinh la cac kinh
nghiém gitp hé thong thu hep khéng gian tim kiém loi giai.

A half pound of beef

Two tablespoons of soy sauce
One teaspoon of rice wine

A half tablespoon of corn starch
One teaspoon of sugar

A half pound of brocoli

One teaspoon of salt

One chunk of garlic

Chop the garlic into pieces the size of matchheads

Shred the beef

Marinate the beef in the garlic, sugar, corn starch, rice wine and soy sauce
Chop the broccoli into pieces the size of chunks

Stir fry the broccoli for three minutes

Stir fry the spices, rice wine and beef for one mlnute

Add the broccoli to the spices, rice wine and beef

Stir fry the spices, rice wine, broccoli and beef for a half minutes

Add the salt to the spices, rice wine, green bean and beef

Hinh 3. Cach ché bién “xup lg xao thit bo".
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Nang luc cua cac hé suy dién dude quyét dinh bai luong kién thuc va phuong phap
suv dién. Thong thudng, véi cac phuong phap suy dién cang hiéu qua thi nang luc biéu dién
cang thap. Do d6, khong phai Iic nao ching ta ciing dé dang hinh thic héa duge cac tri
thiic, nhat la tri thie kinh nghiém dudi dang cac luat suy dién. O diém nay, cac ca suy luan
ngoai viée lam tang hiéu suat tim 16i giai con 1a mét phuong phap hé trg dac luc cho ching

ta trong viéc biéu dién tri thuc.

Mat khac, bang viéc st dung cac ca suy dién, viéc bo sung (hoc) tri thic duge tién
hanh mot cach tu nhién. Néu ngudi st dung chap nhan 1oi giai thi co thé cap nhat né vao
CSDL ca suy luan. Nhu vay, véi cac bai toan tuong tu chiing ta hoan toan cé thé hy vong hé

thong sé dua ra loi giai v tée do nhanh hon.

Tém lai, CBR la phuong phap tim 161 giai két hgp gitta suy dién va van dung kinh
nghiém chi khong loai bo suy dién. Memory-based reasoning (MBR) 1a phuong phap phat
trién dua trén CBR theo hudng chi van dung kinh nghiém va loai bé han suy dién [6]. MBR
thong thuong duge car dat trén cac may tinh song song va tan dung niang luc tinh toan cao
nay dé tim ca suy luan tudng tu tit cac CSDL 16n [7]. Trong cac phudng phap nay, van dé
danh gia dé tuong tu dé tim ca suy luan mau théa dang nhat la dac biét quan trong. Viéc
hinh thuc héa do tudng tu cang khé khan nhu viéc hinh thic héa cac tri thic dang kinh
nghiém. Suy luan tudng tu (analogical reasoning - analogy) 1a mot cach tiép can su dung su
tuong tu vao viée tim loi giai [8]. Khae véi CBR tinh dd tuong tu trong cung mét mién bai
toan, analogy tinh do tuong tu gitia cidu truc cia cac mién bai toan va tim cach anh xa tri
thuce tir mién nay sang mién kia.

3. Cai dat CBR béang logic vi tu

Trong muc nay ching t6i dé xudt mot phuong thic cai dat CBR bang logic vi tit cap
mot. Loi giai cho mot bai toan mdi dude suy dién bang cach uu tién ap dung cac luat da
duge su dung trong ca suy luan mau. Phuong thiic nay cho phép dam bao tinh dung dan vé
mit logic cua 1oi giai do n6 duge suy dién tit cac luat chita trong hé théng. Cac ca suy luan
mau luu tri trong hé théng duge xem nhu 1a cac kinh nghiém suy luan va sé lam téing tinh
hiéu qua trong viéc tim loi giai. Chang t6i giéi han bai toan la cac bai toan dang Yes/No va
su dung phuong phap phan bac (SLD) dé ching minh.

3.1. Biéu dién ca suy luan

1) Pac ta ca suy luan va tinh do tuong tu

Chung to1 dinh nghia dic ta bai toan 1a tap cac vi tit xuat hién trong cau hoi va trong

cac diéu kién (su thue) cua bai toan. Vi du, véi bai toan
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Bai toan 1

Su thuc:
skilful(John)
mechanic(John)
truck(T)

Cau hot:

repair(John, T)
thi dac ta tuong ung sé la tap hop {skilful, mechanic, truck, repair}.

C6 nhiéu phuong phap dé so sanh d6 giong nhau cua dic ta, ¢ day ching toi tinh do
tuong tu sim(c,, ¢,) gita hai dac ta ¢, va ¢, nhu sau:

: 2s
sim(c, ,C2)=— (1)
n; +ng
trong d6 s 1a s6 cac vi tir giong nhau gitta hai dic ta; n,, n, 1an lugt 1a s vi tif trong ting dic
ta. Nhu vay do tuong tu sé nhan gia tri tiu 0 dén 1.

2) Lol giai cua ca suy luan

Loi giai cua mét ca suy luan duge dinh nghia 1a tap cac luat giai duge dung trong cay
chitng minh cta ca d6. Gia st hé thong st dung cac luat sau dé chitng minh bai toan 1:

skilful(x) maintain(x, y) -> repair(x, y)

mechanic(x) vehicle(y) -> maintain(x, y)

truck(x) -> vehicle(x)

Khi dé 161 giai cua ca suy luan tuong tng sé chinh la tap chua cac luat nay. Hinh 4
minh hoa mot ca suy luan hoan chinh.

Description skilful, mechanic, truck, repair

skilful(x) maintain(x, y) -> repair(x, y),
mechanic(x) vehicle(y) -> maintain(x, y),
truck (x) -> vehicle(x)

Solution

Hinh 4. Vi du vé ca suy luan
3.2. Qua trinh tim loi giai
Viéc tim 161 giai cho mdt bai toan méi dude tién hanh nhu sau:
- tao dic ta cho bai toan
- st dung cong thiec (1) tim ca suy ludn mau phu hgp nhat véi bai toan
- chiing minh bai toan bang cach uu tién ap dung cac luat ctua ca st dung mau

Diém khac biét so vdi cac hé CBR khéc la ¢ phudng phap tai su dung/hiéu chinh 161
giail. Loi giai méi duge dua ra bang phuong phap SLD chi khéng phai dudc tao ra truc tiép
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tu 101 giai ci. Tuy nhién, thay vi ap dung cac luat mét cach tuan tu thi ching ta uu tién ap

dung cac luat trong 1oi giai cua ca suy luan tudng tu.

Xét bal toan sau:
Bai toan 2
Su thuec:
skilful(Tom)
mechanic(Tom)
motorbike(M)
Cau hoi:
repair(Tom, M)

Dic ta cua bai toan nay sé la {skilful, mechanic, motorbike, repair}. D6 tuong tu gitia
diac ta nay va dic ta cua ca suy luan trong hinh 4 theo céng thue (1) 1a 0,75. Gia su day la ca
suy luan gan giéng nhat vdi bai toan 2. Chuing ta ciing gia st rang hé thong chita mot tap
cice luat suy dién mé ta trong hinh 5. Khi d6 hé thong sé wu tién ap dung cac luat cua ca suy
luan noi trén va tao ra dude cay ching minh va ngusi su dung sé nhan dudce cau tra 16i
"Yes”. Cac luat dude ap dung trong cay chiung minh sé la r200, r201, r203.

3.3. Khdo sdat

Chung ta co thé thay 161 giai (tap cac luat duge st dung) cua ca suy luan va 1oi giai
cho bai toan la rat giong nhau. Tuy chuing ta suy dién ti cac luat cua hé thong nhung déng
thdi, trén khia canh mot hé CBR, ciing c¢6 thé néi rang chung ta da thanh céng trong viéc

hiéu chinh loi giai mau thanh loi giai cho bai toan méi.

Lai giai thu duge hién nhién 1a 16i giai ding didn do n6 duge suy dién tit cac su thuc va
luat trong hé thong. Y nghia cia ca suy luAn mau 1a 6 chd né gép phan tiang tée dd tim kiém
loi gial. R rang, viée vu tién ap dung cac luat cia ca miu sé han ché duge su bung né cua
khong gian tim kiém trong qua trinh xay dung cdy chitng minh. Néu khéng uu tién su dung
cac luat trong ca suy luan mau, viéc tim kiém c6 thé duge tién hanh véi nhiéu nhanh khong
liécn quan gi dén 161 giai cudi cung. Hinh 6 mo ta khong gian tim kiém truyén thong, tic la
khong uu tién cac luiat cua ca suy luan mau. Cac luat nhu “skilful(x) assemble(x, y) -> repair(x,
y)" va “electronic_engineer(x) electrical_good(y)-> assemble(x, y)" dugc su dung trudc va tao ra mot
nhanh tim kiém khéng can thiét (nta cdy bén trai). Vdi cac CSDL luat 16n, khéng gian tim
kiém c6 thé bi bung nd dan dén khéng tim duge 11 giai trong mot thoi gian cho trude. Vi
phuong thic dé xuat, ching ta wu tién ap dung cac luat cia ca suy luan méau va khi dé
chung ta chi can tim kiém trong mét khong gian hep. Vi du nhu véi bai toan néu trén lania
bén phai, phan in dam trong hinh 6.
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r100: skilful(x) assemble(x, y) -> repair(x, y)

r101: electronic_engineer(x) electrical_good(y) -> assemble(x, y)
r102: television(x) -> electrical_good(x)

r103: radio(x) -> electrical_good(x)

r200: skilful(x) maintain(x, y) -> repair(x, y)
r201: mechanic(x) vehicle (y) -> maintain(x, y)
r202: truck (x) -> vehicle(x)

r203: motorbike(x) -> vehicle(x)

Hinh 5. Cac luat suy dién cua hé thong.

~repair(Tom, M)

r1OO/ - - /N‘
- e

~skilful(Tom) v ~assemble(Tom, M) ~skilful(Tom) v ~maintain(Tom, M)
v
~assemble(Tom, M) ~maintain(Tom, M)
”01: r201
v
~electronic_engineer(Tom) v ~electronical_good(M) ~mechanic(Tom) v ~vehicle(M)
v

~vehicle(M)

r202 r203

~truck(M) ~motorbike(M)

l

]
Hinh 6. Khong gian tim kiém truyén thong.

Tém lai, véi phuong thic dé xuit ching ta tan dung duge uu diém cua CBR la su
dung lai kinh nghiém va uu diém cua logic vi tit 1a ning luc suy dién va tinh dung dan.
Thém nua, phuong thic nay dé dang cai dit va van dung cho 1dp cac bai toan thong dung
van duge cai biang logic vi tit. Mot diém can luu ¥ 6 day 1a cac ca suy luan mau néu trén mdi
chi ap dung cho truong hop 16i giai khang dinh, tdc 1a ton tai mot cay chiing minh. Vi
trudng hop phu dinh, chiing ta sé phai thit moi nhanh tim ki€m c6 thé va thoi gian dé dua
ra cau tra loi phu dinh tuong duong véi thoi gian suy luan trong cac hé théng suy luan
truyén thong.
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4. Két luan

Trong bai bao nay, ching t6i da khao sat CBR trén géc do 1a mot hé suy dién va chi ro
ban chit cua mé hinh nay. Tri thic trong CBR dude biéu dién bang mot mé hinh lai gita
cac kinh nghiém suy luan va luat. Loi giai duge dua ra dua trén su van dung déng thai hai
loai tri thiic nay. Cé thé néi CBR rit gan véi mé hinh suy luan ctia con ngudi.

Chung toi dé xuat mot phuong thic cai dat CBR bang logic vi tu cdp mot. Trong
phuong thie nay, 161 giai cua ca suy luan mau dude Iuu bang tap cac luat giai trong cay suy
luan. Ldi giai cua bai toan mdi sé dude tim kiém hiéu qua bang viéc suy luan tu tap cac luat
giai cua ca suy luan mau. Piém méi cua phuong thitc nay la dam bao dude tinh dung dén vé
mat logic cua loi giai. Phuong thic dé xuit c¢6 y nghia quan trong trong viéc dua ra mot cach
tiép can hinh thic cho CBR. Hudng nghién citu tiép theo cua chung toi 1a hinh thic hoa

chat ché va khao sat tinh hiéu qua cua phuong thic nay.
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CASE-BASED REASONING AND AN IMPLEMENTING APPROACH
BY PREDICATE LOGIC
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Tran Vu Viet Anh
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Case-based reasoning (CBR) is a recent approach to problem solving and learning. It
derives a solution for a given problem by searching previous cases and adapting the
solution of the most similar case. This method has received a lot of attention over the last
few years and many systems have been implemented. However, the solution revising of
CBR 1s based on problem domain, which makes it complicated. In addition, the soundness
of obtained solutions cannot be guaranteed in many cases because of the shortness of
inferring process. This paper discusses CBR on the view of reasoning and proposes a
framework to implement CBR by predicate logic. In this framework, previous cases are

used to reduce the inference cost and the obtained solution is guaranteed to be sound.
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