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Abstract. This paper refers to the representation of a set of inference formulas by their truth value table.
A necessary and sufficient conditions for representing a given logical formula by a set of inference formulas
are proved. An algorithm for finding a set of inference formulas by their truth value is presented. Some
applications of inference formulas to Armstrong’s relations are discussed.

Tém tdt. Bai viét d8 cip dén mét 16p cong thirc logic suy din dang X — Y, trong d6 X va Y 14 cac tich
logic cda hiru han bién. Trong phin thi hai cda bai phit bidu va ching minh digu kién cin va dd d& mot
céng thic logic c6 thé biéu di&n duéi dang hdi cia cic céng thire suy din. Phin nay ciing trinh bay va danh
gid thudt todn xiy dung hdi suy din theo bdng gia tri cho trwéec. Phin thir ba mé t3 vii tng dung 1ép céc
cdng thirc suy din dé khdo sit cidc quan hé Amstrong trong 1y thuyét co s& dir lidu.

1. MO DAU

Céc cong thic logic suy din dang X — Y, trong d6 X va Y 1a céc tich logic cda hiru han bién
duoc st dung khd rong rai trong tin hoc. Ching déng vai trd chi yéu trong cdc motor suy dién cda
cac hé chuyén gia, trong viéc thé hién cdc rang budc dit liéu cda cic co s& dir lidu ciing nhu trong
cic thuit todn trich chon luit tir co s& dir liéu thudc linh vuc khai thic tri thic. Sagiv et al. da
chimg minh su twong dwong gifta cdc phu thudc ham trong co s& dir liéu quan hé véi mét tap céc
cdng thic cla dai s6 ménh dé [9]. Berman d3i chi ra ring chi ¢6 cdc cdng thiéc duong méi béo toan
sw twong dwong gira ba loai hinh suy din: suy din theo logic, suy din theo moi quan hé va duy din
theo céc quan hé hai bd [2]. Nhém nghién ctu cda Berman ciing dé xudt va phét trién khdi niém
vé céc phu thudc Boolean dwong [2]. Nguyén Xuan Huy va Lé Thi Thanh di khdo sit 16p céc phu
thuéc Boolean duwong t8ng quat theo nghia m& rong phép so sanh gifra céc tri trong m&i thudc-tinh
va chira ring véi cic phu thudc loai nay thi dinh Iy twong dwong vin bdo toin [10]. Theo ti€p cin
dai s8 va logic mdt s8 tac gid khéc ciing nhian dwgc nhitng két qud thi vi vé bi€u dién khéa, phin
khéa va cic tip déng trong 1y thuyét co s& dir liéu va céc hé thdng suy din [4,5,6,9]. Phin thi
hai cda bai viét phét bi€u v chirng minhh diéu kién cin va did dé€ mét cdng thirc logic c6 thé bidu
dién dwéi dang hoi cia céc cong thirc suy din. Phin nay ciing trinh bay va ddnh gia thuit toan xiy
dung héi suy din theo bdng gid tri cho truwéc. Phin thi ba chi ra mét vii dng dung 16p cac cong
thic suy din d€ khdo sit cdc quan hé Amstrong [1,8,12] trong 1y thuyét co s& di ligu.

Trong bai nay khai niém co’ bdn vé logic dwgc tham khdo trong [7], vé co s& dir liéu dwoc tham
khio trong [1, 3, 8, 12].

2. CAC CONG THU'C LOGIC SUY DAN

Cho U = {z1,...,7,} 13 tip cic bi€n logic bi€n thién trong mitn B = {0, 1}. Mbi vecto cac
phin t& 0/1 v = (vy,...,v,) trong khdng gian B™ duoc goi 1a mdt phép gdn tri. Khi d6 véi mdi cdng
thic logic f trén U ta cé f(v) = f(v1,...,vn) 12 tri chdn If cia cong thic f d6i véi phép gdn gid tri
v. Cho v 13 mdt phép gan gid tri, néu = 1A mot bi€n trong U ta ki hidu v(z) 14 tri (0 hodc 1) gdn cho
bién z trong v. Twong tu, véi tip bién X trong U, ki hiéu v(X) 14 giéi han cda phép gin gid tri v
trén tip bién X, v(X) = {z : v(z) | z € X}, trong d6 cdp z : v(z) cho bidt cy thé gid tri v(z) ing véi
bién z. Ki hidu E(v) 14 tip cdc bi€n trong U tai d6 z nhan gid tri 1, E(v) = {z € X |v(z) = 1}. V&
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bdn chit, todn td E cho phép ta dién td cic khai niém logic thong qua cic khéi niém cda ly thuyét
tap hop.
Thi du, v6i U = {z4, 22,23}, v = (1,0,1), X = {z;, 22}, ta cé:

v(z1) = (1), v(X) ={z1:1, z2:0}, E(v) = {z1, z3}.

Véi méi tdp X = {zi1,...,zik} C U, ta qui wéc viét tich logic (A) cda céc bién trong X nhw
mét day ki hiéu cda X : X = z;1...2; = 7i1 A ... A z;x. Nhu viy, trong trudng hop khong giy ra
nhim 13n, ki hiéu X vira bidu thi mét t:‘ip bién loglc trong U vira tleu thi cong thire logic dwoc lap
bd1i tich logic cdc bién trong X. Khi d6, néu coi X 13 mét tich loglc thl v&i mbi phép gan tri v, ta c6
X(v) = 1 khi va ch? khi E(v) 2 X.

Ta goi céng thiéc f : X — Y 12 mot cong thiéc suy din (ctsd) trén tip bién U. Véi hé
théng ki hiéu trén, néu X = {z;1, Zi2, ..., ik} v3 Y = {z,1, 2,2, ..., Zjm}, f s& c6 dang twdng minh
Tit NZig A .. AZig — Tj1 AZje A .. AZjm. Cho f: X — Y 1a mét ctsd trén tap bién U, véi mbi
phép gén tri v, ta c6 f(v) = 1 kht vd ch? khi (E(v) 2 X) = (E(v) 2 Y).

Ki hidu I(U) 13 t3p céc ctsd trén tap bién U.

Ta quan tim hai phép gin dic biét 1a phép gdn tri don vi, e = (1,1,...,1) vi phép gdn tri khing,
z=(0,0,...,0). Véimoictsd f€ I(U)tacd fle)=1—1=1va f(z)=0—0=1.

Véimbi tap hitu han cic céng thirc logic trén U, F = {fi, f2,..., fm} ta xem F nhu 13 mét cong
thic dang F = fi A fa A ... A frn va goi 12 o1 suy ddn (hsd). Khi dé véi mbi phép gén tri v, gid tri
chin ly cda hsd F s€ dwoc tinh 13 F(v) = f1(v) A fa(v) A ... A fn(v).

Véi mdi cdng thirc f trén U, bdng chan ly cda f, ki hiéu 13 T} 13 tip cic phép gin v sao cho
f(v) nhan gid tri 1, Ty = {v € B™| f(v) = 1}. Khi d6 bdng chin ly Tr cia hsd F trén U, chinh
13 giao cda cac bdng chin ly cia mdi cong thirc thanh vién trong F. Ta c6v € Ty kht vd chi khi
(VfeF): (F(v)=1).

Cho V 1a tap cdc phép gan tri trén U. Véi hai phin td u,v € V ta xét phép todn nhan ki hidu
12 u * v nhw 13 phép nhin logic trén cic thanh phin twong #ng cda u va v. Cu thé lanéu

u = (u1, U2, ...,Un) vd v = (v1,v2,...,0,) thi u*v=(us Avy, uz Avg, ..., up Avy).

Thi du, vé1 u = (1,1,0,1) va v = (1,0,0,1), tacé u* v = (1,0,0, 1).

Ta qui wéc tich cda tip réng cdc phin ti trong V chinh 13 phép gan tri don vi e = (1,...,1).

T4ap cac phép gan tri V dwoc goi 1a déng d8i véi phép nhan * néu V chira tich cia moi cdp phan
t& trong V, tic 1a (Vu,veV): (uxveV).

Dé thdy E(u*v) = E(u) N E(v).

Céc cong thirc logic f théa tinh chit f(z) = 1 dwoc goi 1a cac cdng thic dwong. Post [7] da
chétng minh ring moi cdng thic dwong déu c6 thé bidu dién thdng qua cic phép todn A, V, — vi
hing 1. Ta ciing biét moi cdng thirc logic déu cé thé bi€u dién dwéi dang chuan tuyén (hdi) [7]. Néi
c4ch khéc, m8i bdng T C B™ déu tng véi mét céng thirc logic dang chufn tuyén (hi). Vin dé bidu
dién mét cdng thic logic qua mdt tip cdc phép toan vi hing logic cho truéc chwa cé 1o gidi tong
quét [7]. Céc phin trinh bay duéi diy lién quan dén bai todn sau:

Bai todn 2.1. Xdc dinh di€u kién cin va dd d€ cd thé bidu dién mdt cong thic logic duwdi dang hor
suy ddn.

Dinh 1y 2.1. Vé1i mdi ctsd f € I(U), Ty chia cdc phép gdn tri don vie, khong z va déng vd1 phép
nhdn *.

Chitng minh. Choctsd f: X — Y. Dé thdy f(e) = f(z) =1,do db e,z € Ty. Gid sitr u,v € Ty. Dit
t = u*v, ta sé ching minh t € Ty. Gid st E(t) 2 X. Vi E(t) = E(u*v) = E(u)NE(v) nén E(u) 2 X
ViE(w)2 X. Vif(u)=f(v)=1nén E(u)2Y viaE(v)2Y vidodé E(t) =E(u)NE(v)2Y
Viy f(t) =1, vad do dé6 t € Ty. Dinh ly dwoc ching minh.
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Véi mdi hsd F trong I(U), vi bang chan Iy Ty cda F 13 giao cda céc bing chin 1y cia céc céng
thic thanh vién nén ta c6 hé qué sau diy.

Hé qua 2.1. V&1 méi hsd F trong I(U), Tr chiia cdc phép gdn tri don vi e, khong z vd ddéng véi
phép nhin *.

Bai todn 2.2. Cho bdng T trén tip bién U, T chia cdc phép gdn tri don vi e, khong z vd déng véu
phép . Hay zdy dung hsd F trén U nhdn T lam bdng chdn [4.

Thuét todn DF duéi diy gidi Bai todn 2.2.

Algorithm DF

Input Bdng T C B™ déng véi phép *, chira e v z..

Output Hoi suy dan F trén U thda tinh chit Tr = T.

Method
F =9,
for each u in B\ T do
X := E(u);
Y= N EW\X;
veT
E(v)DX
F:=Fu{X-—-Y}
endfor;
return F,
end.

Chiing ta minh hoa thuit todn trén qua thi du sau: Thiét ldp hsd cho bdng T sau:

9
I Ty | T3 | T4 F
0 BT
{21} T, | zo |23 | 24 | E

{2}

1]1]0 |0 |{z,z}
{zs}

1 1 1 0 {Zla Z2, 2:3}
{(II]_, ZS} 1 0 0 1 {-’513 $4}
{z2, z3} 00| 1|1 |{zs 24}
{z4} 110 |1 |1 ]{=z), 23 z4}
{12; 134} 0 1 1 1

{Z2, z3, 1134}

{CE]_, z2, Z4}

{561, T2, T3, 954}

= = O O O = O O +~= O
H = = O = O O = OO
= O O O +H = H= O O O
= = = O O O O O O

Vi T sé 13 bdng chan 1y cho hsd c¢in tim F nén F phdi thda hai digu kién (i) va (ii) sau day:
(1) (VteT): (F(t)=1), va

(i) (V¢ e B™\T): F(t)=0.

Dé tién theo dbi, ta st dung cdt E d€ ghi cc gid tri cda E(t) véi mdi dong ¢ cda béng.

Véi dong thé nhit u = (1,1,0,0) trong B™ \ T ta cé6 X = E(u) = {z1, z2} do d6

Y = ({21, 22, 24} N {21, 22, z3, z4}) \ {z1, 22} = {z4}.

Ta thu dwoc F = {z,2, — z4}.
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Véi dong thi hai w = (1,1,1,0) trong B*\ T ta cé X = E(u) = {z1, 22,23} do d6
Y = {z1, z2, 73, 24} \ {21, 22, 23} = {z4}.

Ta thu duge F = {z120 — z4, 212273 — z4}.

Véi dong thi ba u = (1,0,0,1) trong B\ T ta ¢6 X = E(u) = {z1, z4} do d6

Y = ({z1, 22, 24} N {21, 22, 73, 24}) \ {21, 24} = {z2}.

Ta thu duvoc F = {z122 — 74, T122%3 — T4,T12T4 — T2}

Véi dong thi tw u = (0,0,1,1) trong B* \ T ta ¢ X = E(u) = {3, z4} do d6

Y = ({z1, 22, 23, 24} \ {23, 24}) = {71, z2}.

Ta thu duoc F = {z122 — 74, 217273 — T4, T1T4 — T, T3T4 — T1Z2}.

Vé6i dong thi ndm u = (1,0, 1,1) trong B® \ T ta c6 X = E(u) = {z1, 3, 24} do d6
Y = ({z1, 22, 23, 24} \ {1, %3, 24}) = {z3}.

Ta thu duoc F = {5125 — 74, T122%3 — T4, T T4 — Tz, T3T4 — T T3, T T3Tg — T}
V&1 dong thi sdu uw = (0,1,1,1) trong B\ T ta c6 X = E(u) = {z2, z3, z4} do 46
Y ={{zi,o5; 33, ma} \ {72 35, 2y = {& }:

Ta thu duwoc diu ra cda thuit toan:

F= {331552 T T4, T1T2T3 — T4, T1Ty —* T2, T3Ty — T1T2, T1T3T4 — T2, T2Z3T4 — I1}~

Dinh ly 2.2. Vi bdng T trén U chia cdc phép gdn tri don vi e, khong z vd déng vdi phép *, thudt
todn DF tinh ding tdp céng thirc suy ddn F nhin T lam bdng chdn Iy.

Chitng minh. Goi F 1a tap cong thirc suy din thu dwoc qua thuat todn DF. Didu kién T chira e va
z 1a hi€n nhién. Ta ching minh véimdit € T, F(t) =1 vavéimbit € B*\ T, F(t) = 0. That vay,
gidstwteT, f=X—>Y €F va E(t) 2 X. Ta cé, theo thuit todn DF phdi ton tai mét u € B*\ T
dé X = E(u) va

Y= (] EW0\X

veT
E(v)DX
ViteT va E(t) 2 X nén E(t) DY, dodé f(t) = 1. Gid sk t € B* \ T ta chi ra ring trong F ton
tai mét cong thic f dé f(t) = 0. Xét cong thic f = X — Y x4y dung tir ¢ theo thuit todn DF. Ta
¢6 X = E(t) va

Y= ()] E@)\X.

vET
E(v)DX
‘i bi€u thirc tinh Y ta thiy X va Y khéng giao nhau. Két hop véi didu kién X = E(t) ta suy ra
f(t) = 0. Pinh ly dugc ching minh.

Dinh ly 2.3. D6 phic tap cda thudt todn DF la t = O(k.m.n) = O(n.4™""1), trong d6 n ld sé bién
trong U, m la s6 dong cida bdng T, k ld s6 dong cida bdng B\ T, k +m = 2™.

Chitng minh. Thuit todn lip k cong thic suy din. D& 1ap mdi cong thic ta phdi thuc hién m phép
duyét, m — 1 phép ldy giao hai tip hop va mét phép 14y hiéu hai tip hgp. Mdi phép todn tip hop
trén n phan t& cda U déu doi hdi d6 phirc tap n. Tong hop lai ta c6 t = O(k.m.n).
Vi k +m = 2" nén tich k.m dat tri 16n nhit khi k = m = 2"/2 =2""1L,
Khi dé & = O(n.2% 1271 = Ofna™ 1},

Dinh 1y dwoc chirng minh.

Két hop Dinh Iy 2.1 va Thuat todn DF ta thu duwgc két qué sau:

Dinh 1y 2.4. Bdng T trén U ld bdng chdn l§ cida mdt hsd khi vda ch? khi T chita cdc phép gdn try
don vi e, khong z va ddng vér phép *.
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Gidm d¢ phitc tap tinh todn théng qua t8 chire dir lidu

Néu bi€u dién mdi phin t& cda bing T nhw mdt s8 tw nhién vi si- dung k¥ thuit danh diu ta
dé dang tim dwoc cdc phin ti thudc phin bl cda T 14 B™ \ T. Khi d6 cc phép toan tip hop sé
dwgc t8 chirc théng qua céc phép todn thao tdc bit trén cac sb tu nhién di dugc cai dit sin trong
cdc bd xit If cda mdy tinh. Thi du, véi hai s8 tu nhién z va y bi€u di€n cho hai tip hop thi ta ¢

TNy=2zAy

tUy=zVy

z\ y =z A (noty)

zCykhivichikhizAy==z

Véi thi du d3 cho ta cé

T=1{0,8,4,2 10,86, 1,5, 13, 15}

Br\T={0,1,..,2"— 1}\ T = {12, 14, 9, 3, 11, 7}

Tap hop cdc két qud da trinh bay & phin trén ta thu duwoc 161 gidi cho Bai todn 2.1.

Dinh 1y 2.5. Céng thic logic f cd thé bi€u dién qua mdt hsd khi va chi khi bdng chin Iy cia f
chita cdc phép gdn tri don vie, khdng z va déng vé1 phép *.

D3&i véi ham logic c6 dang tuyén chuin tic di c6 nhitng két qua vé biéu dién t8i thiéu nhir thd
tuc Quine-McCluskey hay phuong phdp Blake-Poreski [7]. D81 vé1 mét hsd, bai todn tim dang biéu
dién t8i wu, tic 1a dang bi€u dién mét hsd cho trwéc dwéi dang mét hsd twong dwong va chira it ki
hiéu don nguyén nhit 13 thuéc 16p NPC [8].

3. QUAN HE ARMSTRONG

Cho tdp hitu han c4c phin t& goi 1a thudc tinh U = {z;, z2, ..., 2, } trong dé mdi z; bién thién
trong mot mién tri d; = dom (z;). Dit

Mot gquan hé R véi tip thudc tinh U 14 tip hitu han cdc 4nh xa ¢ : U — D thda tinh chét:
(Vz; € U) : t(z;) € d;. Mbi phin ti cda R dugc goi 1A mét bd cda quan hé.

Mbt phu thuéc ham (pth) f trén tip thudc tinh U 1a mdét ménh d€ dang f: X — Y; XY C U.
Cho quan hé R vd mot pth: f : X — Y trén cing mét tidp thudc tinh U. Ta ndi quan hé R thda
pth f, ki hiéu R/f néu (Vu,v € R) : (u(X) = v(X) = u(Y) = v(Y)) trong d6 u(X) 12 han ché cia
dnh xa u trén mién X. Quan hé R thda tip pth F, R/F, néu (Vf € F): (R/f). Néu R la mét quan
hé trén U, ta ki hidu Fr 13 tip toan thé cic pth trén U thda trong quan hé R, Fr = {f | R/f}.

Vé&imdi quan hé R trén tap thubc tinh U ta xay dung bang T c6 cac ¢t 1a cac phin tir trong
U va cic dong t(u,v) chita cic tri 0/1 dwoe tao tir cdc cdp bd u = (u1, uz, ..., un) v = (vi,v2, ..., Un)
nhu sau: t(u,v) = (t1,t2,...,tn), trong dé t; = 1 néu u; = v;, t; = 0 néu u; # v;.

Néu xem mdi pth f 13 mét ctsd thi R/f < Tr C Ty.

Quan hé R trén tap thudc tinh U dwoc goi 14 quan hé Armstrong cho tip pth F néu Ty = Tr
[1,10, 11].
Bai toan 3.1. [1,5,6,9] Cho tdp pth F trén U. Xdy dung quan hé Armstrong R cda F.

Bai todan 3.2. Cho quan hé R trén U. Xdc dinh zem R cé phdi la quan hé Amstrong cia mét tdp
pth F ndo d6 hay khong?
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