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LOT GIAI TOI UU VA TAP SINH TREN MANG SUY DIEN

Nguyé&n Hitu Anh - D§ Vin Nhon
Trudng Pai hoc Khoa hoc Tir nhién
(Bai nhdn ngay 10 thdang 01 nam 2001)

TOM TAT: Mang suy dién la m@t mé hinh biéu dién ri thicc da dugc dé cdp dén-trong [1] va
[2]. Mét 56 thudt todn mé pthg mét qud trinh tu duy gidi todn dugc phdt biéu va chimg minh
dé c6 thé dp dung gidi ty dong cdc bai todn trén mdy tinh. Trong bai bdo ndy chiing t6i khdo
sdt van dé vé 10i gidi 161 wu trén mang suy dién, va khdo sdt khdi niém 14p hop sinh trén mang
suy dién dé lam cd s& cho vige b8 sung gid thiét ciing nhu viéc tim ra 1dp cdc thude tinh ddc
trung cho mang suy dién. '

Giéi thiéu

Trong [2] cdc téc gid da gidi quyét van d& tim mot I5i gidi trén mang suy dién. V4n dé ta
quan tim ¢ ddy 1a viéc tim mot 18i gidi t6t nhat (hay 15i gidi t6i wu) va tim cdc thudc tinh dic
trung cho mang suy dién ciing nhu tim thudc tinh b8 sung cho gi4 thiét clia bai todn trong
truding hdp né khong c6 18i gidi. Quan niém vé 13i gidi t6t nhat phu thudc vio viée ta quan
tim dén muc ti€u 6 wtu nao d6i vdi 10i gidi. Trong nhigu trudng hop 4p dung cu thé nhy hé
suy dién tinh todn hay hé suy dién trén cdc phan @ng héa hoc, mdi luat suy dién ¢ mot tham
s8 tuong ting dai dién cho do phic tap ciia luat suy di&n hay chi phi. Nhitng tham s6 niy déng
vai trd quan trong trong tinh hig¢u qua cta 15i gidi. Ching ta s& xem xét ¢Zc mang suy dién c6
trong s6, trong d6 ing véi mbi ludt suy dién ta ¢6 mot trong s& dwong tuong dng, va 13i gidi
t6i wu s& dugc dé cip dén theo nghia la tdng trong s6 thAp nhat. Ldi gidi ngdn nhat chinh 1a
16i gidi t6i wu trong trudng hop trong s& cia cdc luit din deula 1.

Khdi niém tdp hdp sinh va phuong phdp tim mét tip hgp sinh trén mot mang suy dién 13
cd sd cho viéc phat trién cdc thuét todn gidi quyét van dé kiém dinh gid thiét ciia bai todn suy
dién. Hon nita viéc khdo sdt v& tdp hdp sinh ciing 13 mot van dé dudc dit ra mot cdch tw
nhién trén mang suy dién nhim tim ra mét tap hop t6i thiéu cdc thudce tinh va cdc ludt suy
dién sinh ra tat cd cdc thudc tinh khéc.

Mang Suy dién c6 Trong sd va 19i gidi t6i uu

1. DPinh nghia va ky hiéu

- Dinh nghia 1: Ta goi mét mang suy dién c6 trong s6'1a mot md hinh (A, D, w) bao gdm:
mot tap hdp cdc thudc tinh A, mét tdp hop cdc ludt suy dién D, va mot ham trong s& dudng
w: D — R*. Mai ludt suy dién r thugc D c6 dang r:u=>v, vdiu va v Ia cdc tAp hdp con
khdc rng va rdi nhau clia A. Ta goi u la phin gid thi€t cha ludt r va ky hiéu 1A
hypothesis(r). Tip v dugc goi 14 phin két ludn clia ludt r va ky hiéu la goal(r). Tdp hdp
attr(r) = hypothesis(r) © goal(r) dugc goi la tdp hdp cdc thudc tinh trong luat r. Mang suy
dién c6 trong s& sé duge viét tit 1a MSDT.

Ghi chi:

¢ Tap hdp D cdc luit suy dién c6 thé vi€t dudi dang mét tdp hdp cdc quan hé suy dién ma
mdi quan hé suy dién xdc dinh cdc luit suy dién c6 trong s§ bing nhau.

e Trong mit MSDT (A, D, w) ta cé (A, D) 1a mot MSD.
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#

Vi du 1: Goi A 14 tip hgp gébm 3 canh clia m6t tam gidc (a, b, va ¢), 3 goc trong (A, B, va C),

nita chu vi p, dién tich S, 3 dudng cao (ha, hb, v hc), va cdc yé&u t8 khéc clia tam gide: A
={A,B,C,a,b,c,p,S, ha, hb, he, ...}. Tap cdc quan hé suy dién thé hién bdi cdc cong
thitc liét ké trong tip hgp sau diy:
D= {fl:A+B+C=180; f2:a/sin(A) = b/sin(B); f3:b/sin(B) = c/sin(C);
f4:a/sin(A) = ¢/sin(C); £5:2*p=a+ b + ¢; f6:S = a*ha/2;f7:S=b* hb/2; "
f8:S = c*hc/2; 19:S = sqrt(p*(p-a)*(p-b)*(p-¢));
f10:ha = b*sin(C); f11:hb = a*sin(C); f12:hc = b*sin(A) }.
Gid st cdc phép todn +, -, * va / dudc dit cho trong s& 1a 1, phép tinh cin bic 2 cé trong
56 1a mot hing s6 dwong cl, va cdc tinh todn ham lugng gidc c6 trong s& 12 mdt hiing s6
dudng c2; trong d6 cl >> 1 va c2 >> 1. Nhu th€ cdc quan hé suy dién c6 trong s8 tuong itng
nhu sau:
w(fl)=2;  w(f2) = w(f3) = w(f4) = 2*c2 + 2
wi(f5)=3; w(f6) = w(f7) = w(f8) = 2;
w(f9)y=cl +6; w(fl0)=w(fll)=w(fl2)=c2+ 1;
Khi d6 ta cé (A, D, w) 1a mot mang suy dién c6 trong s6.

Pinh nghia 2: Gia si (A, D, w) 12 mdt MSDT. Cho S = {fi,....fk} 12 mot ddy cdc ludt suy
dién va H 12 mot tip hdp cdc thude tinh. Dit
S(H) = H U goal(f,) néu hypothesis(f;) c H, ngudc lai S (H) = H.
Si(H) = Si1(H) U goal(f;) n€u hypothesis (f;) < Si.1(H), ngudc lai Si(H) = Si.1(H).
S (H) = Sk(H). w(S)=w(f)) + w(f,) + ... + w(f). Ta goi w(S) 12 trong s6 clia S.
Cho mdt bai todn H — G. Diy céc ludt suy dién S dudc goi 1a mét 1di gidi t6i vu cla bai
todn khi n6 thdéa mén cac di€u kién sau day:
(1) §1a mot 151 gidi cla bai todn H — G, nghia 1 S (H) o G.
(2) w(S)=min {w(S")! S 1a m6t 15i gidi cda bai todn H —> G }

2. Tim loi g_i_éii tdi vu

Trong muc ndy ta sé xem xét vdn dé tim 18i gidi t6i wu cho bai todn H — G trén mot

MSDT (A, D, w). Céch ti€p cdn dé gidi quyét van dé ndy 1a dua trén thuit gidi A" ([4]). D&
c6 thé dp dung thuit gidi ndy ching ta cin c6 mot biéu dién thich hop cho khong gian trang
thdi ctia bai todn ciing nhu cho yéu ciu cla bai todn.

Khéng gian trang thdi cia bai todn: Xét bai todn H — G trén mdt MSDT (A, D, w). Vdéi
mdi ludt r ma ta c6 thé 4p dung trén H d€ suy ra nhitng thudc tinh mdi (nghia 1a
hypothesis(r) bao ham trong H nhung goal(r) thi khong bao him trong H) s& din t6i mot
tdp thudc tinh méi H’ = H U goal(r).Ta néi ring r 12 mot canh ndi tit dinh H dén dinh H'.
Nhur thé, tdp hgp gom tdt cd cdc tip con (hay dinh) H’ clia A sao cho c6 mot diy S gom
cdc ludt (hay canh) théa mén diéu kién H’ = S(H), cling vdi cdc canh trong cdc diy S sé
cho ta mdt khong gian trang thdi ciia bai todn c6 dang do thi. Hon nita d6 thi niy c6 trong
s0 dugc dinh nghia bdi: trong s6 cdia canh r (téc 12 mét ludt suy dién) 13 w(r). D6 thi c6
trong s& niy s& dudc ky hiéu 12 Graph(H—G). Nhu da biét trong 1y thuy&t do thi, d6 dai
clia mot 16 trinh trén mot d6 thi c6 trong s6 12 tdng trong s& cla tt ¢ cdc canh trén 16
trinh. Tir cdch x4y dung do thi clia bai todn ta c6 ménh dé sau day:

Ménh dé 1:
(1) Mot day S gdm cdc ludt 1a mot 13i gidi cia bai todn H — G khi va chi khi S 12 mét 16 trinh

trén do thi Graph(H—G) n6i tit H dén S(H) va S(H) > G.
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(2) b6 dai cia mot 10 trinh S trén do thi Graph(H—G) 1a w(S), trong s clia danh sdch ludt §
trén MSDT (A, D, w).

Tir ménh d& ndy, viéc tim 13i gidi t6i wu cho bai todn H—G tudng dudng v6i viéc tim mot

dudng di ngdn nhat trén do thi Graph(H—G) tr H dén mot dinh muc tiéu H’ thoa diéu kién

H’ chita G. D6i vdi mbi dinh N trén do thi, dat h(N)=min{w(r) | hypothesis(r) c N}. Gid tri

h(N) nay cd thé xem 12 mdt udc lugng cho 16 trinh tr N d&n mét dinh muc tiéu. Tir d6 chiing

ta ¢6 thé viét thuat todn tim 13i gidi t6i wu cho bai todn nhu sau:

Thuét todn 1
Budc 1: Khdi tao trang thi xudt phét.
Open « {H}; Close « {};
g(H) « 0 // 86 dai 16 trinh dén H1a 0
f(H) « h(H); // dd dai 16 trinh udc tinh tir H dén muc tiéu 12 h(H)
found « false; // bién kiém tra qud trinh tim 18i giai
Budc 2: Thuc hién qué trinh 13p d€ Gm 101 gidi toi vu.
While (Open # {}) do Begin
Burde 2.1: Chon mot dinh N trong Open vdi udc tinh dudng di f nhé nhat.
Budc 2.2: Chuyén N tit danh sdch Open sang danh sdch Close.
Budc 2.3: if (N 1a mot muc ti€u) then Begin
Found <« true;
Break; // Két thic qud trinh lip
End
Budc 2.4: else
Duyét qua cdc dinh k& S ctia N (tc Ja ¢6 cung r n6i N va S) ma § ¢
Close, ing véi mdi S ta xét cdc trudng hdp sau:
1. S ¢ Open: Tinh g(S) = g(N) + w(r); {(8) = 2(S) + h(S),
B4 sung S vao Open;
2. S e Open:
If g(N) + w(r) < g(S) then Begin
g(S)  g(N) + w(r); £(S) « g(S) +h(S);
Cap nhét thong tin vé dinh k& trudc cda S trén 19 trinh;
End
End // Két thic vong lip while
Budc 3: Kiém tra két qud viéc tim ki€m.
If Found then K&t qua la tim dugc 15 gidi t6i wu va thi€t 1ap 11 gidi
Else K&t qua 1a bai todn khong c6 16i gidi.
Pinh 1¢ 1 Thuat todn trén cho mdt 13i gidi t6i wu cia bai todn va c6 do phitc tap la O(IAI”1DP).

Vi du 2: Gid st ta ¢6 mang suy dién c6 trong s6 (A, D, w) nhu trong vidu 1.
Xét bai todn H » G véi H = {a, b, B} va G = {S}. Trén mang suy dién (A, D), néu 4p
dung thuit todn suy dién ti€n dudc trinh bay trong [2] ta ¢6 thé tim dude mot 13 gidi S =
{2, f1, 13, 15, {9}. Trén mang suy di&n c6 trong s6 (A, D, w) 13i gidi S c6 trong s6 1a w(S)
= 4*c2 + ¢l + 15. Ap dung thuat todn 1 dé tim 19 gidi trén mang (A, D, w) ta ¢ thé tim
duge mot 1ai gidi t6i wvu S* = {f2, {1, f10, {6} vdi trong s6 12 w(S") =3*c2 + 7.
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Tap hop sinh

1. Khdi niém tdp hdp sinh

- Pinh nghia 3: Cho (A, D) 12 mot mang suy dién. Mt tap thugc tinh S < A dugc goi [a mot
tép hop sinh cia mang suy dién khi ta ¢ bao déng ciia S trén mang 1a A, nghia la S = A.

Tir dinh nghia v& tdp hop sinh & trén ta c6 cdc tinh cht sau:

(1) Néu S 1a mét tdp hgp sinh trong mot mang suy dién va S ¢ T thi T ciing 12 mét tip hop
sinh.

(2) N&u S 1a mét tap hdp sinh trong mang suy dién (A, D) va D’ 12 mdt tip hdp md rong cua
D, nghia 12 D < D’, thi ta cling ¢6 S 1a mgt tdp hdp sinh clia mang suy dién (A, D).

2. Tim tidp hdp sinh

Trong muc ndy s& trinh bay cdch tim mét tdp hgp sinh khong tdm thudng véi s§ phin tif
cang it cang t8t ctia mang suy dién. Ta c6 thé tim mot tdp hop sinh bing phudng phdp thit
dan. Tuy nhién chiing ta s& xdy dung mot thuit todn t6t hon bing cdch thi€t 1ap mot “biéu do
(hay db thi) phan cip” ciia mot mang suy dién.

- Pinh nghia 4: Cho m6t mang suy dién-(A, D). Ta xdy dung mot do thi dinh hudng

Graph(A, D) nhu sau:

(1) T4p hop dinh gdm tat ¢4 cdc thudc tinh va tat cd cdc luat suy dién, tic 1a A U D.

(2) Ung v6i mbi ludt r : hypothesis(r) — goal(r) ta thiét 1dp mot tap hop edges(r) gom tat
ca céc cung dinh hudng (x, 1) va (r, y) thda x € hypothesis(r) va y € goal(r) mot cdch
tuong tng. Tap hdp cdc canh cla db thi Graph(A, D) la hgp cilia tat c¢d céc tip hdp
edges(r) vdi r chay trong tip D;

Trong trudng hop trén do thi Graph(A, D) ta ¢6 degi(x) < 1 v6i moi x € A, thi ta c6 thé

hiéu ngim cdc dinh thudc D va xét mot db thi thu gon Graph){(A) gom:

(1) Tép hgp dinh 12 tdp hgp cdc thude tinh A.
(2) Tap hop canh gdm t4t cd cic cung (x,y) thda man diéu kién: C6 (duy nhat) mot
luét r sao cho goal(r) =y va x € hypotheis(r).

- Dinh nghia 5: Ta goi mét do thi dinh hwéng don gidn khong c6 chu trinh 1a mot biéu do
phdn cdp (hay mot db thi phan cdp). Pinh x clia db thi ma khong c6 cung huéng tdi s&
dudc goi 1a dinh mifc 0, va ta viét level(x) = 0. B&i vdi cdc dinh x khéc, ta dinh nghia mot
cdch qui nap mtc ciia né va mic cia dinh ndy c6 thé dugc cho bdi

level(x) = max {level(a) | ¢ cung n6i a véi x} + 1
Nhu thé tip hdp dinh ciia biéu do phan cdp dugce sip x€p thanh cdc mife, véi mic O clia
bidu db 1a tap hop tit ci cdc dinh mifc 0, mifc 1 clia bi€u d6 1a tap hop tdt cd cdc dinh mic
1, v.v..
Vi du 3: D6 thi trong Hinh 1 12 mét biéu d6 phén cdp véi 5 mic la:

Levelp = {a, A, B}, nghia la level(a) = level(A) = level(B) = 0.

Level; = {R, C}, nghia 14 level(R) = level(C) = 1.

Level, = {c. b}, nghia la level(c) = level(b) = 2.

Levels = {p}, nghia 1a level(p) = 3.

Level, = {S}, nghia l1a level(S) = 4.
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S\ level 4
PM level 3

[+ b level 2

el
a/R\A /C\\ level 1

Hinh 1: M4t biéu d6 phén cdp gobm 5 mic.

B level0

Ti cdc dinh nghia trén ta c6 thé dé dang chiing minh ménh dé va dinh Iy dudi day:

Ménh dé 2: Cho mang suy dién (A, D). Gid si d6 thi Graph(4, D) c¢6 do thi thu gon
Graphp(A). Khi 4y, n&u Graphp(A) 12 mét d6 thi phin c4p thi tap hdp S = Level, gom tit
ca cédc dinh mdc 0 s& cho ta mdt tip hop sinh clia mang suy dién. Hon nifa trong truding
hdp niy ta con co: ;

(1) S 12 tap hop sinh nhd nhat trén mang suy dién.

(2) T4p D la tip hdp luat t5i thi€u € Level, sinh ra A. N6i mot cdch khéc, n€u D’ 12 mét
tap hop con thit sy cla D thi S khéng phdi 12 tdp hdp sinh trén mang suy dién (A4, D).

Pinh Iy 2: Cho mang suy dién (A, D). ta cé:

(1) S ¢ A 1a mdt tdp hdp sinh trén mang suy di&n khi va chi khi cé mot tdp lndt D’ < D sao
cho Graph(A, D’) 1a mot db thi phan c&p va S chita tép hdp cdc dinh mitc O cla do thi niy.

(2) Ton tai mét tap ludt D’ < D sao cho Graph(A, D’) 1a mot do thi phan cAp.

Pinh 1y trén cho ta mot cdch tim mét tAp hdp sinh trén mang suy dién (A, D) bing thuit todn
sau diy:

Thuiét todn 2: Tim mét tip hgp sinh S trong mang suy dién (A, D) biing cdch xdy dung mdt
mang con (A’, D’) véi A’ = A v c6 Graph(A’, D’) 12 mdt biéu db phén cAp.
Budc l: A’ « {}; D' « {}; S « {};
Budc 2: For re D do
If not (attr(r) c A’) then
A" « A vanr(r); D' « D v {r}; va
Thuc hién viéc cdp nhiat A’, D’ va S theo 2 trudng hdp nhu sau:
e Trudng hgp 1: goal(r) ¢ A’
S « S U (hypothesis(r) - A’);
e Trudng hgp 2: goal(r) € A’
Loai 1’ (n€u cé) trong D’ ma goal(r’) = goal(r);
Loai mt s& ludt suy ra cdc X € hypothesis(r) ¢ bio ddm tinh phan cdp
cia biéu d6 va cdp nhat S.
Budc3: S « SU(A-A"), A"« A

3. B#é sung gia thi€t cho bai todn suy dién

Trong muc niy chiing ta xem xét viéc b8 sung gid thiét cho bai todn H — G trén mdt
" mang suy dién (A, D) trong trudng hdp bai todn khong gidi dudgc. Y twdng chinh & ddy 14 ti€n
hanh mét qu4 trinh x4y dung mdt biéu do phdn cdp vdi tp hdp dinh chifa G va uu tién cho
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viéc dit cdc phin tir cda H & mifc 0. Thuit todn cd bdn dudi ddy cho ta mdt cdch dé tim mot
tap thudc tinh H' sao cho H n H' = & va bai todn (H U H’) —» G la gidi dudc trén mang suy
dién. ‘
Thuét todn 3: Cho mang suy dién (A, D) va bai todn H — G khong gidi dugc (khong c6 13i
gidi). Tim H’ sao cho H N H’' = & va bai todn (Hu H’) — G la gidi dudc.
Bugc 1: A’ « H;, D'« {}; G« G-A’;
Budc 2: while (G#{} and D = {}) do
2.1: LAy ra mot r t D va cdp nhit D.
2.2: if hypothesis(r) N G # {} or attr(r) c A’ then Béquar
2.3: else Thém r vdo D’ va b sung attr(r) vao A’va trong trudng hgp goal(r) € A’
thi loai ra r’ tit D’ (néu c6) thda goal(r’) = goal(r) va loai mot s6 luit suy ra
cdc X € hypothesis(r) d€ bdo dim tinh phén cdp cla biéu db.

24: G+ G-A .
Budc 3: if G # {} then K&t thic vdi két luan:Van dé bd sung gid thiét 1a khong gidi
quyét dugc '

Budc 4: else (Trong trudng hdp niy Graph(A’,D’) c6 bi€u do phan cap twong tng la
GraphyyA’) Goi Ly 12 mitc O clia biéu d6 GraphpA’. Pit: H' - Lo- H. -

Pinh 1y 3: Thuit todn tim sy b8 sung gid thiét cho bai suy di€n dugc néu trén la ding va c6
d6 phirc tap 1a O(IALIDI).

Ghi chi: Chiing ta c6 thé si dung thém céc qui tdc heuristic trong budc 2 ciia thuit todn trén
nhim gidm thiéu s& thudc tinh & mc 0 va/hay d€ vu tién chon lya cdc thude tinh dude vu
tién cho viéc dung bé sung gia thiét cla bai todn.

Két ludn

Cé4c khéo sit vé 15i gidi t8i wu trén mang suy dién c6 trong sO va vé tdp hdp sinh cla
mang suy dién di gép phin gidi quyét day dd cdc van dé cd ban trén mang suy di€n 1am cho
m6 hinh mang suy di&n c6 thé dudc 4p dung mot cdch hiéu qua hon trong viéc thi€t k€ va cai
dit cdc hé gidi todn tw ddng ciing nhu cdc hé hd trd hoc gidi todn trén mdy tinh. Ching khéng
chi tim cho ta két qua ma con c6 khd ning cung cdp mot 10i gidi t6t va t nhién phd hgp véi
cdch nghi va cdch trinh bay 19i gidi ciia con ngudi. Py 12 mot trong nhifng uu diém cla mo
hinh so vdi cdc phuong phdp dudc trinh bay trong [3]. Ngoai ra, cdc két qua va phudng phédp
dudc néu 1én & day c6 thé duge md rong cho mang cdc doi tugng va dp dung vao céc hé gidi
todn phiic tap hon nhu [5].

OPTIMAL SOLUTION AND GENERATED SET ON DEDUCTION NET
Nguyen Huu Anh — Do Van Nhon

Abstract: Deduction Net is a model, which was proposed in [1] and [2]. It can be used to
represent knowledge. Some algorithms that imitate the thinking process of human being were
given and they can be used to solve problems on computers automatically. In this paper we
consider the problem of finding an optimal solution on deduction nets and the coneepl
“generated set”, which is useful for solving the hypothesis completior problem as well as
finding a set of attributes generating all of attributes.
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