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TOM TAT

Bai toan suy luan logic 1a mot trong nhitng bai toan pho bién cua cac hé thong thong
minh nhu: khai phd di liéu, suy luén tri thirc, dw doan/du bao, xay dung/kiém tra
mach logic cho cdc linh kién dién tt, ... Hién nay, c6 mot s6 phuong phap giai quyét
bai toan nay nhu: thuat toan suy dién tién, thuat todn suy dién luii, phuong phap
Vwong Hao, phwong phap Robinson, phwong phap hop giai. Trong bai bao nay,
chting tdi tap trung vao phwong phép suy dién lui va dé xudt mot ki thuat st dung
bd nhé dém toan cuc d€kiém tra tinh ding, sai ctia cac su kién trude khi chitng minh
nhadm tang tinh hiéu qua cho phuong phép suy dién luii d6i véi bai toan suy luan
logic. Bén canh do, chiing t6i cling nghién cttu va xem xét viéc loai bo nhirng luat
cting nhu sy kién khong can thiét trong qua trinh chitng minh d€ lam tang tdc d¢
suy dién. Ttr 46, dé xuat thuat toan suy dién lui st dung bd nhé dém toan cuc cho

bai todn suy luan logic.

Tt khoa: bai toan suy luan logic, by nhd dém toan cuc, thuét toan suy dién lui.

1. MO PAU

Nhu chung ta da biét, khong c6 mot phuwong phap tong quat nao dé€ giai quyét
tat ca cac bai toan. Mot s6 phuwong phap phtt hop cho 16p bai toan nay nhung khong phu
hop d6i véi 16p bai toan khéc. Do vay, tuy theo ting bai toan, ching ta cé nhitng phuong
phap giai quyét khac nhau, trong d6 phuwong phap biéu dién va phuong phép tim kiém
trong khong gian biéu dién d6 12 mot van dé hét strc quan trong. Diéu nay quyét dinh
dén tinh kha thi trong giai quyét bai toan cling nhu tdc d6 thuec thi bai todn nhanh hay
cham. Bai toan suy luan logic la mét trong nhiing bai toan pho bién trong linh vyec tri
tué nhan tao véi phuong phap bidu dién tri thite bang logic [6]. Cling v6i si phét trién
vé nhitng thanh twu trong viéc tao ra cdc may tinh c6 téc do cao, ching ta c6 thé ching
minh dwoc cac bai toan logic bang phuong phap don gian nhat 1a 1ap bang chan tri. Tuy
nhién, d phtc tap cua phuong phap nay la qua 16n, 0(2"), diéu rat khé thue hién khi
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bai toan ¢ s6 luong cac bién ménh dé 16n [2].

D&i véi bai toan suy luan logic, chiing ta sé bidu dién tri thitc cta bai toan bang
logic hinh thitc va chitng minh su kién da cho dung hay sai. D€ giai quyét bai toan nay,
chting ta c6 nhiéu phuong phép nhu: thuat todn suy dién tién, thuat toan suy dién Iui,
phuong phap Vuong Hao, phuong phap Robinson, phwrong phap phan giai trén logic vi
tt,... Trong bai bao nay, ching t6i dé cap dén bai toan suy luan logic trén co so tri thirc
gom co tap cac sy kién dung ban dau, tap cac luat san xuét va chiing minh mot sy kién
da cho dung hay sai. Véi bai toan nay, hai phuong phap thong dung thuong duoc st
dung 1 thuat toan suy dién tién va thuat todn suy dién Iti. Thuat toan suy dién tién cé
wu diém 1a cho ra mot khoi lwgng thong tin 16n tir cac thong tin ban dau va rat phu hop
khi bai toan c6 ban chat 1a thu thap thong tin roi 18y ra diéu can suy dién khi né xuat
hién. Thuat toan suy dién 1t ¢6 wu diém 1a tap trung vao dich can chimg minh va xem
xét nhitng luat san xuét lién quan dén van dé chiing minh. Khi tim kiém, thuat toan nay
chi tap trung tim kiém trén mot phéan co sé tri thiee phtt hop véi muc dich tim kiém [5].
Tuy nhién, thudt toan suy dién lui hién nay c6 mot sd nhugc diém nhat dinh nhu: viéc
chiing minh cdc sy kién trung gian bi ldp lai cho du sy kién d6 da duwoc chiing minh
trudc do; viéc chiing minh tat ca cac su kién p; trong luat san xudt p; Ap; A...Apx = ¢
dé két luan q 1a khong can thiét khi chung ta da chitng minh dugc mot su kién p; nao do
sai. That vay, néu mot p; da dwoc chiimg minh sai thi p; A p; A...A pg s€ mang gid trinh
sai va chung ta suy ra duoc g sai; viéc st dung tat ca cac luat san xuat ¢ vé€ phai la q sé
dan dén khong toi wu, nhat 1a khi da c6 mot luat san xudt chitng minh dwoc su kién q la
dung. Nhitng nhuoc diém nay lam cho thoi gian chting minh cua bai toan khong t6i uu
cting nhu lam lang phi b nhé may tinh.

2. BAI TOAN SUY LUAN LOGIC
2.1. Luat san xuat

Luat san xuat duogc hinh thanh trén co so6 1a cac cau Horn dang chuan va duoc
st dung dé biéu dién tri thitc phuc vu cho viéc van dung thuat toan suy dién tién va
thuat todn suy dién ui. Cau Horn dang chuan c6 ct phap la p; Ap; A...Apx = g, trong
d6p1, 02, - -, Px 12 cac bién manh d&, q 1a mot bién ménh dé hoic hang false. Vi cau Horn
dang chuan nhu trén, khi n = 0, cdu Horn sé ¢6 dang la — g va dugc goi la mot su kién
g; khin > 0, cau Horn c6 dang p; A p; A...Apy = q va dugc goi la luat san xuat, viét dudi
dang if-then nhu sau [3, 4]:

if p; and p, and ... and p; then g
2.2. Bai toan suy luan logic

Mot trong nhitng bai todn quan trong trong logic ménh dé la bai toan chitng minh
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tinh dung dan ctia phép suy dién P > Q hodc mot sy kién g nao d6. Day ciing 1a bai toan
suy luan logic thuong gip trong toan hoc cling nhuw trong thuc tién cudc sdng. D& str
dung cac phuong phép suy dién cho bai toan suy luan logic, ching ta c6 thé phat biéu
bai toan nhu sau:

Cho tap su kién gia thi€t dang F = {f}, f,, ..., fu} va tap luat san xudt R =
{ry, 72, ..., T}, trong d6 1, i = 1,1 1a cac luat san xudt. Chiing minh két luén g dung hay
sai.

Dé giai bai todn nay, chting ta c6 thé st dung thuat toan suy dién tién hodc thuat
toan suy dién 1ti. Trong d6, suy dién tién 1a qua trinh suy dién bat dau tir tap cac su kién
gia thiét dang da biét, van dung cac luat thich hop p; Ap; A...Apx = q, sao cho
D1, D2, -, Pk la nhiing su kién da biét 1a dting dé€ rut ra nhiing su kién g dung méi va ct
ti€p tuc nhu vay cho dén khi c6 duoc sy kién can chiing minh la dang (chitng minh dwroc
sw kién két ludn la diing) hodc khong c6 luat nao d€ sinh ra sy kién dung mai (chitng minh
st kign két lugn 14 sai). DSi véi suy dién i, chiing ta bat dau tir su kién can chting minh
q va thay vao d6 la nhiing su kién py, p,, ..., pg trong v€ trai cta luat p; Ap, A...Apx = q
ma ludt nay co6 vé phai la sy kién can chitng minh. Chung ta lan luot chiing minh céc sy
kién py,py, ..., Pr- Néu py,py, ..., pr duoc ching minh dang thi ta két luan g dung, nguoc
lai dén mot p; nao d6 ma khong thé chiing minh ding dwoc tir cac gia thiét thi ching ta
quay lui, st dung cac luat khac sinh ra g d€ thuc hién viéc chiing minh. Trong truong
hop khong c6 luat nao dé chtiing minh duoc g chuing ta két luan q sai [2, 5].

3. THUAT TOAN SUY DIEN LUI

Thuat todn suy dién Iui 1a mot trong nhitng phuwong phap kha phd bién va hiéu
qua dung d€ giai quyét bai toan suy luan logic. Véi bai toan suy luan logic dwoc phat
biéu: cho tap su kién gia thiét dang F = {f},f, ..., fn} va tap ludt san xuat R =
{ry, 12, ..., i }. Ching minh két luan g dung hodc sai.

Goi T la tap cac sy kién can chiing minh tai thoi diém dang xem xét. Dau tién,
chung ta khoi tao T = {g} la su kién can chiing minh. Lay trong T ra mot su kién p dé
chiing minh, dat S(p) = {r € R|right(r) = p} la tap cac luat san xudt trong R sao cho v&
phai ctua luat nay bé”mg p. Ct mdi luatr € S(p), ching ta cap nhatlai T bé”mg cach loai bo
khoi T su kién bén vé€ phai, thém vao T cac sy kién bén v€ trdi cua luat r, T =
T \ right(r) U left(r) va tién hanh chiing minh bang dé quy cac su kién trong T. Néu tat
ca cac su kién trong T déu dung thi chiing ta c6 p ding (cdc sw kién déu suy dan veé sw kién
cin chitng minh thudc gid thiét), nguoc lai ching ta quay lui, 18y luat san xuat khac tie S(p)
va tiép tuc chiing minh bang dé quy cac sy kién sinh ra tir luat nay. Néu tat ca cac luat
nay duoc st dung ma ton tai sy kién can chtiing minh khong thudc gia thiét thi p duoc
két luan la sai [2, 5]. Thuat toan suy dién 1ui dwoc thé hién nhu sau:
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Input:
Tap su kién dung F = {f1, 2, ..., ful},
Tap quy tac R = {ri, r2, ..., rul},
Két luan can chang minh g.
Output:
Khang dinh két luan g ding hoac sai.
Method:
bool backwardChaining(g)
{
T = {g};
if (T < F)
return true;

else

{
p = get(T);
S(p) = {r e R | p = right(r)};
if (s(p) = 9)
return false;
else
{
for (r e S(p))
{
result = true;
T =T\ {right(ri)};
T=Tu {left(ri)};
for (q e T\ F)

return result and backwardChaining(q);

C6 thé thay rang, thuat todn suy dién lui 1a mot thuat todn dé quy quay lui. D&
chting minh mot két luan g nao doé la dung hay khong, chiing ta phai chiing minh tat ca
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nhiing su kién duoc sit dung d€ sinh ra g. Qua trinh nay tiép tuc nhu vay cho dén khi
tat ca cac su kién can chiing minh thudc tap su kién dung ban dau F (khﬁng dinh g diing),
hoac khong thé tim ra luat d€ cé th€ trién khai ti€p cac su kién dang can chitng minh
(khiang dinh g sai). Thuat toan suy dién lti néu trén c6 mot s cac nhuoc diém nhu sau:

(i) Ban chat cta thuat toan la dé quy quay lui, trong qua trinh chttng minh, mot
s0 su kién duoc chitng minh la dung hodc sai nhung khong luu lai két qua, do dé khong
str dung lai duoc két qua chiing minh trudc d6. Diéu nay dan dén viéc phai chtiing minh
1ap lai nhiéu [an cac su kién can chiing minh gay ra lang phi vé thoi gian va ton kém vé
khong gian bo nho.

(ii) Viéc chirtng minh tat ca cac su kién trong tap T\F la khong can thiét khi co
mot sy kién g € T\F duoc chiing minh 1a sai. That vay, vi tat ca cac su kién trong tap
T\F duoc phoi hop voi nhau theo toan tir A nén khi mot su kién q € T\F dwgc ching
minh 1a sai thi sw kién g (dwoc suy dién tiv hdi ciia cic sy kién trong T\F) cling mang gia tri
la sai.

(iii) Viéc st dung tat ca cac luat trong S(p) sé dan dén khong t6i wu, déc biét 1a
khi da c6 mot luat d€ chtiing minh duoc su kién p la dtiing thi khéng can phai dung nhirng
luat khac d€ chiing minh lai p ntra, bdi vi viéc chitng minh lai p boi cac luat khac chi lam
mat thém thoi gian ma khong thé thay d6i két qua caa p.

4. THUAT TOAN SUY DIEN LUI SU DUNG BO NHO PEM TOAN CUC

Nhing han ché néu trén lam cho thuat toan suy dién lui c6 toc dd thuc hién cham,
ddc biét la lang phi trong viéc chitng minh lai nhitng sy kién da chitng minh dung hodc
sai. Trong phan nay, chung t6i dé xuat thuat toan suy dién lui str dung bo nhé dém toan
cuc, dong thoi bo sung thém mot so ky thuat nham loai bo nhting thao tac chitng minh
khong can thiét cho phép chiing minh su kién két ludn g nhanh hon so véi thuét toan
suy dién hién cb. Cu thé nhu sau:

- D€ khic phuc dugc nhuoc diém (i) vé viéc chiing minh lai sy kién da duoc
chiing minh 1a ding hodc sai ctia thuat toan suy dién i & trén, chiing t6i sit dung thém
hai by nhé dém toan cuc gom: GlobalTrue d€ luu lai nhiing sy kién dang hodc da duoc
chting minh la dung; GlobalFalse d€ lvu lai nhitng sy kién da dugc chiing minh la sai.
Hai b nhé dém toan cuc nay lam nhiém vu kiém tra nhting su kién da dwoc chiing minh
la ding hodc sai d& khong phai chiing minh lai cac sy kién nay nham lam giam s& lan
chting minh cac su kién. Do ¢6 st dung GlobalTrue d€luu lai cac su kién da dugc ching
minh dtng (bao gom cdc sw kién di dwoc khing dinh trong F) nén tap cac sw kién can chiing
minh tai vong lap T\F dugc thay boi T\GlobalTrue da rat gon dwoc nhiéu su kién can
phai chitng minh.
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- D& khic phuc nhwoc diém (ii) vé viéc phai chiing minh tat ca cac su kién trong
tap T (cdc sw kién trong T dieoc lién két voi nhau qua todn tir A) khi co mot sy kién q € T duoc
chitng minh sai, chiing ta cho ditng vong ldp foreach (q € T) va tra vé két qua chiing
minh la sai, viéc chitng minh cac sy kién con lai khac khong c6 y nghia vi khong lam
thay ddi két qua nay. Tuong tu nhu thé, d& khac phuc nhugc diém (iii) vé viéc phai st
dung tat ca cac luat dé€ chiing minh sy kién, chting ta cho ding vong lap foreach (r €
$(g)) khi c6 mot luat nao d6 chiing minh sy kién la diing ma khong can st dung cac luat
khac (chiing ta cé thé'siv dung mot trong cdc lugt trong S(g) ding dé chirng minh g diing, khi
tdt ca cdc ludt trong S(g) khong thé chitng minh g ding thi méi két ludn la g sai).

Véi nhitng v twdng nhu trén, ching toi dé xuat thuat toan suy dién lui st dung
bd nhéd dém toan cuc nhu sau:

Input:
Tap sy kién dung F = {f.1, f2, ..., f«},
Tap quy tac R = {ri, r2, ..., ra},
Két luan can chang minh g.
Output:
Khang dinh két luan g dung hoac khéng dung.
Method:
bool backwardChainingUseGlobalCaching(g)
{
if (g € GlobalTrue)
return true;
if (g € GlobalFalse)
return false;
S(g) = {r € R | g = right(r)};
if (s(g) = 9)
{
GlobalFalse = GlobalFalse U {g};
return false;
}
T=0;
result = true;
foreach (r e S(g))
{
result = true;
T=Tu {left(r)} \ GlobalTrue;
foreach (q € T)

{

rs = backwardChainingUseGlobalCaching(q);
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if (rs = true)
GlobalTrue = GlobalTrue v {q};
else
{
GlobalFalse = GlobalFalse U {q};
result = false;
break;

}

if (result = true)
break;

}

return result;

5. KET LUAN

Thuat toan suy dién lui dwoc st dung kha phd bién trong cac bai todn suy luan
logic. Ban chat thuat toan nay la dé quy quay lui, khong luvu lai cac két qua trung gian
cho nén viéc chiing minh céc su kién bi ldp lai cting nhw st dung cac luat khong toi vu.
Trén co s& phan tich nhitng nhuwoc diém ctia thuat toan suy dién i, bai bao da dé xuat
ky thuat st dung bd nhé dém toan cuc d€ luu tri nhiing su kién da duoc ching minh
dung va nhitng sy kién da duwoc chiing minh sai nh3m trénh viéc chiing minh ldp lai
nhtng su kién nay gay ra lang phi vé mat thoi gian va khong gian bd nhé. Bén canh do,
bai bao cling duwa ra mot s6 ky thuat nham han ché viéc xem xét cac su kién, cac luat
khong mang lai y nghia trong qud trinh chitng minh.
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ABSTRACT

The logical reasoning problem is one of the common problems in intelligent systems
such as data mining, knowledge inference, machine learning prediction, building
and testing logic circuits for electronic components, etc. Today, we have many
methods to solve this problem, such as the forward chaining algorithm, the
backward chaining algorithm, Wang’s method, Robinson’s method, and the
resolution method. In this paper, we present the backward chaining algorithm and
propose a technique that uses global caching to check the correctness of the
propositional variables before proving them. This technique aims to increase the
efficiency of the backward chaining algorithm for logical reasoning problems. In
addition, we also study and consider removing unnecessary rules and facts from the
proof process to increase the speed of inference. Therefore, we propose a backward

chaining algorithm using global caching for logical reasoning problems.

Keywords: logical reasoning problem, backward chaining algorithm, global

caching.
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