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CAC LGP SIEU PO THI PHI CHU TRINH
VA CAC THUAT TOAN BPOAN NHAN CHUNG

NGUYEN VAN PINH

Abstract. In [1] and [4], #-acyclic hypergraphs were introduced, where 8 is Berge, «, 3, or . Several
desirable properties of these corresponding acyclic database schemes have been established.

In this paper we give a simple and clear presentation of the above classes of acyclic hypergraphs and the
algorithms for their recognition.

Tém t&t. Trong [1] va [4] da dinh nghia mét loat cdc ki€u siéu d6 thi phi chu trinh, bao gém: Berge-phi
chu trinh, a-phi chu trinh, B-pht chu trinh, v-phi chy trinh. Nhiéu tinh chdt mong mudn cia cic luoc
d6 CSDL phi chu trinh twong tng ciing da duwoc nhiéu tédc gid nghién ciru va chimg minh.

Trong bai bdo nay, cic loai siéu db thi phi chu trinh s& ducc gisi thiéu moét ciach ngén gon va rd rang
cung véi céde thuat toan doan nhan chiung.

1. SIEU PO THI PHI CHU TRINH VA LUQC PO CSDL PHI CHU TRINH

Pinh nghia 1. Trong mé hinh CSDL quan hé, mot lvge d6 CSDL R trén mot tap thuoc tinh
U 1a mot tap cic luge do quan hé, ky hieu R = {Ry, Ra, ..., Ry} sao cho R; C U, i = 1,...,m,

1<U< R; = U. Mot CSDL quan hé r trén R 13 tap cdc quan hé {r1,ra, ..., 7} trong d6 moi r; 13 mot
<i<m

thé hién cia lroc dd quan hé R;.

Pinh nghia 2. Mot siéu do thi 13 mot cap H = (W, €) trong dé A 1a mot tap hiru han cdc dinh va
£ C 2V — {0} 13 mot tap céc siéu canh ma méi siéu canh (dé don gidn ta ciing goi 14 canh) 13 mot
tap con khéc rong cia .

Nhur vay, mét lwge d6 CSDL R= {Ry, Ry, ..., Ry} trén tap thuoc tinh U hién nhién duoc xem
nhur mét siéu do thi véi tap cdc dinh 13 tap thudce tinh U, con cdc luge dd quan hé con Ry, Ry, ..., Ry,
1 cdc siéu canh cia siéu do thi nay. Ta goi H = (U, R) 1a siéu do thi lién két véi lwoc do CSDL R
— {Ri, Ry .., Ryn).

Pinh nghia 3. Cho H = (N, &) 13 mot siéu do thi, cic dinh s,¢t € N. Mot dudng di tir dinh s t6i
dinh ¢ 13 mot day gom k canh (k > 1) Ey, Fs, ..., By, sao cho:

(a) seFEy,

(b) t € I,

(C) EimEi+1 #@ néu 1 <i< k.

Ta cung néi day trén la mot duong di tir By t61 .

Hai dinh (hay hai canh) dugc goi 1 lién théng néu nhu ¢ mét dudng di tir dinh (canh) nay t6i
dinh (canh) kia.

Mot tap dinh (canh) 13 lién thong néu moi cap dinh (cap canh) déu lién thong. Mot thanh phin
lién thong 1a mot tap lien thong cuc dai cdc canh.

Khong lam mat tinh tong quét, trong bai bdo nay, ta luon gid thiét siéu do thi H = (U, R) lién
két véi luge db CSDL R = {Ry, Ro, ..., Ry} 1 lién thong.

Pinh nghia 4. [2] Siéu do thi H = (N, €) duoc goi 1a Berge-phi chu trink néu né khong chira mot
Berge-chu trinh, la mot day c6 dang:

(E17 L1, E27 L2y -eey Em7 Lmy Em+1>7

trong dé:
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(a) x1,@o,..., T, 12 cAdc dinh phan biét cia H,
(b) E1, Fs, ..., E,, 14 cdc canh phan biét cia H va E,, 11 = Fy,
(¢) m > 2, ¢é nghia 13 ¢6 it nhat hai canh tham gia,

Nhéan zét 1. Theo dinh nghia 4, dé thiy rang H = (N, &) 1a Berge-chu trinh néu ton tai 2 canh
EﬁEj € & voi |El N Ej| > 2.
Vi du 1. Xét siéu do thi & hinh 1.

Hinh 1

Siéu do thi nay cé hai canh B, = AEF va Ey = AFEC lam thanh mot Berge-chu trinh
(E1, E, Es, A, E7) nhu & hinh 2.

Ey E,

Hinh 2.

Pinh nghia 5. [4] Mot sieu do thi H = (N, £) duoc goi 1a y—phi chu trinh néu né khong chira mot
~vy—chu trinh 14 mot day cé dang:

(E17 L1, E27 L2y -eey Em7 Lmy Em+1>7

Cho R = {Ry, Ry, ..., R} 13 mot lwoe dd CSDL. Thuat todn Graham [5] 4p dung mot s6 hiru
han [&n hai quy tic (thao tac) sau len R = {Ry, Ry, ..., R,u} cho téi khi khéng thé ap dung dwoc quy
tdc nao thém nita:

(a) Néu A 13 mot thude tinh chi xuat hién ding trong mét R;, thi loai A khéi R;,

(b) Loai R; khéi luge do CSDL R, néu ¢6 mot R;,4 # 7, sao cho R; C R;.

Ta néi thuat toin Graham la thanh céng néu véi dau vao R né két thic véi mét tap rong;
nguoc lai thuat todn 1a thdt baa.

Chii ¥ rang, dwong nhién thuit todn Graham cé thé duwoc thue hién trén mot siéu do thi. Khi
dé6 thao téc (a) 1a loai bd mot dinh chi xudt hién diing trong mot canh, con thao téc (b) 14 loai bod
mot canh bi chira trong mot canh khéc.

Pinh nghia 6. Cho H = (N, &) 13 mot siéu do thi. Khi dé:
(a) H duoc goi 1a a-phi chu trink (thudng chi goi 13 phi chu trink) néu thuat todn Graham 1
thanh cong véi dau vao 1a H.
(b) H dwoc goi 13 B-phi chu trinh néu moi siéu do thi con cia H (1a mot tap con cia &) déu 1a
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a-pht chu trinh.
Trong [4], Fagin da dua ra nam dinh nghia tuwong duong cia tinh B-phi chu trinh, bén dinh
nghia twong duong cia tinh v-phi chu trinh, v& da chitng minh dinh 1§ sau vé mdi quan hé gitra cac
loai siéu d6 thi phi chu trinh.

Pinh ly 1. [4] D6t v6i cdc I6p siéu d6 thi phi chu trinh, tinh phi chu trink dugc kéo theo bdi trat
tu sau: Berge-pht chu trinh = y-pht chu trinh = G-phe chu trinh = a-pht chu trinh. Khong cé mot
phép kéo theo nguoc ndo dugc théa man.

Tir dinh 1y trén, dé dang chitng minh hé qué sau vé sur lién hé gitra cdc kiéu siéu db thi chu
trinh.
Hé qua 1 Néu siéu d6 thi H la chu trinh, ta cd trat tu cdc phép kéo theo nhu sau: a-chu trinh
= B-chu trinh = y-chu trinh = Berge-chu trinh.

Ta néi mét lwoc Ao CSDL R 1a 0-phi chu trink néu siéu do thi lien két véi né H = (U, R) 1a
6-phi chu trinh (v6i 8 = Berge, a, 3 hay v).

2. CAC THUAT TOAN POAN NHAN CAC LGP SIEU PO THI PHI CHU TRINH

2.1. Thuat todn dodn nhan tinh Berge-phi chu trinh

Trong truong hop téng quét, ¢6 thé mé rong thuat todn tim ki€m “rudc tién theo chiéu réng”
(Breadth-first) hoac “trudc tién theo chiéu sau” (Depth-first) dé xéc dinh xem mot do thi vé huéng
¢6 chu trinh hay khong cho truong hop cia siéu do thi. Theo [8] thuat todn 16 rang 13 ¢é thai gian
da thtre.

Trong bai bdo nay, ching téi dua ra mét thuat todn mai, dua trén nhan xét 1 rang moi sieu do
thi H=(N,&) ¢6 |E;NE;| > 2, E;,E; € £,1+# 7, déu la Berge-chu trinh. Néu |E; N E;| < 2,1 # 4,
khi dé ta c6 thé ap dung céc dac trung dinh lwong cho céc siéu db thi w-phi chu trinh [7]. Tir dé ta
xay dung duoc thuat toan da thirc sau:

Thuét toan 1.

Input: H = (N, &), véi |N]| =n, |E] =m.

Output: Quyét dinh ‘H 13 Berge-phi chu trinh?

Procedure: Var 4,7 : integer

1. fori:=1tom—1do
forj:=¢+1tomdo
if |E; N E;| > 2 then go to 7;

end,;

2

3

4

5. end;

6. if > (|Ri/—1)=mn—1 then goto &;
1<i<m

7. print “H is Berge-cyclic”; exit;

8. print “H is Berge-acyclic”;

9

. End.

2.2. Thuat todn dodn nhan tinh a-phi chu trinh

Dinh nghia 6 da dung thuit todn Graham dé xdc dinh tinh a-phi chu trinh cla mét siéu do thi.
Thuec ra, thuit todn Graham duwoc mé td & trén méi chi 1 cdc quy tiac khir dinh va khir canh, thé
hién céc quy tac ndy bang ngén ngit thuat toin khong phai 1a don gidn. Chiing té6i da “lrong hod”
hai quy téc cia thuat toan Graham v trinh bay thuat todn duéi dang mot thi tuc. Trong [6] da cai
dat thuat todn nay, va da chimg minh réng thuit todn Graham 13 Church-Rosser, theo nghia siéu
do thi két qud 14 duy nhat, khong phu thude vao day cdc thao tdc duge thuc hién. RS rang thuat
toan la da thirc theo m + n.
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Thuét toan 2. Input: H = (N, &), véi |N| =n,|E] =m.
Output: Quyét dinh H 13 a-phi chu trinh?
Procedure:
Var COUNT_ALL, COUNT_OLD, COUNT_EDGE : integer;
COUNTALL = Y |B;
1<i<m
Repeat
1. COUNT_OLD := COUNT_ALL,;
2. fori:=1tomdo /*loai cdc canh bi chtta trong canh khic */
for 7 : =1 tom do
if (¢ # j) and E; # § and (E; C Ej) then

begin
COUNT_ALL : = COUNT_ALL - |E;|;
E; = 0;
end,;
end,;
end,;

3. fori:=1tondo /*dém sd canh chita dinh x; dé loai dinh co lap */
COUNT_EDGE := 0;
for 7 : =1 tom do
if x; € E; then COUNT_EDGE := COUNT_EDGE + 1,
end,;
if COUNT_EDGE = 1 then
begin
COUNT_ALL := COUNT_ALL - 1,
for 7 :=1tom do
Ej = Ej — {xl}7
end,;

end,;

end,;
Until COUNT_ALL = COUNT_OLD;
If COUNT_ALL =0 /* khi d6 siéu do thi két qué la rong */
Then print “H is a-acyclic”;
Else print “H is a-cyclic”;
END.

2.3. Thuat todn dodn nhan tinh S-phi chu trinh

Truéce hét, ta trinh bay mét vai khai niém lién quan dén tinh $-chu trinh clia mét siéu doé thi.

Cho (S1, ..., Sy, Smt1) 1A mot day cic tap, trong dé cdc tap Sy, ..., Sy, 14 phan biét, va S, 1 = 5.
Ta goi S; v Sivq 14 ldng gieng (1 < i < m). Day (51, ..., S, Sme1) néi trén dwoc goi 1a mot chu
trinh thudn tdy néu m > 3 va voi ¢ # j thi ;N S; # @ néu va chi néu S; va S; 1a ldng giéng cia
nhau.

Mot B-chu trink trong siéu do thi H 13 mot day canh (S, ..., Sy, Smt1) sao cho néu X =
S1N..NSy, vasS =8 —X (1 <i<m)thi (S],...,5,,,5,,.1) 1& mot chu trinh thuan tuy.

Néi céch khéc, -chu trinh 14 moét day canh ¢6 dang (S; N X, ..., S, N X,S], ., NX) trong dé
(S1,....80,, 80, .1) 1a mot chu trinh thuandy. Hién nhién la moét chu trinh thuan tdy cing 13 S-chu
trinh, ng véi trueong hop X = 0.

Trong [4] da chimg minh su twong dwong cia hai dinh nghia sau:

(i) Mot siéu do thi 1a B3-chu trinh néu né c6 mot B-chu trinh.

(ii) Mot sieu do thi 1a S-chu trinh néu né c¢6 mot siéu do thi con 1a a-chu trinh.
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Néu (Si,..., Spm, Smt1) 1& mot B-chu trinh, ta néi (S;, Sz, S3) bat dau mot B-chu trinh. Goi
S = (51,5, 55) 1a mot bo ba canh phan biét cia H. Pit X = S, NS, N S v 8, = S, — X, v6i
i—1,23

Dé thay ring, theo dinh nghia $-chu trinh, néu S} NS, = @ hodc S} N S5 = @ thi S khong thé
bt dau mot B-chu trinh ndo cia H. Vay véi muc dich xéc dinh S = (S, Ss, S3) ¢6 bat dau mot
B-chu trinh khéng, c6 thé gid thiét cé dong thoi S NS, # © va ShN S, # 0.

Goi T={E €&:(E=25)) hoic (E = S3) hoac (X C Eva En S, =0)}.

Dé thay 14 So & T

batT' ={E—- X :EecT}, rorang1a §; € T' va S4 € T'. Trong [4] da chirng minh rang S; va
S% thuoe cting mot thanh phan lién thong cia siéu do thi 7' néu va chi néu S = (51, S, S3) bat dau
mot B-chu trinh cia siéu dé thi H.

Tir d6 ta c6 thuit todn thai gian da thirc sau day dé doian nhéan tinh $-phi chu trinh cla siéu
do thi H = (W, £), thuat todn nay 1a sy mé rong tu nhién cia thuat toan xéc dinh cdc thanh phan
lién thong cia mot do thi vo hudng thong thuong [8].

Thuét toan 3.

Input: H = (N, &), véi |N]| =n, |E] =m.

Output: Quyét dinh ‘H 13 3-phi chu trinh?

1. for each S = (S, Ss, S3) of H do

X:leﬂSQHSg;;

=5 - X;
Sy =5 — X,
L =83 — X;

If SN S, =0 or S5NS3 =0 then go to 1;
2.T:={Fe&:(E=S5)or (E=2S3)or (X CFEand ENS,=0)};

T ={F-X :EcT})
3. Kiém tra xem S} va S% cé thuoc ciing mét thanh phan lién théng trong 17 hay khong ? Néu
ding thi két ludn siéu dé thi H 1& B-chu trinh, thuat todn két thiic. Con néu sai thi quay lai
buée 1 néu van con mot bo ba méi chua duoc xét. Nguoc lai, néu moi bo ba da dugc xét ma
khong ¢6 bo ba nao c6 thé 1a bit ddu mot B-chu trinh, thi siéu db thi 7 1 phi chu trinh. Thuat
toan két thic.

2.4. Thuat todn dodn nhan tinh ~-phi chu trinh
Trong phan nay, ching ta gidi thiéu mot thuat todn da thirc ciia D’Atri v Moscarini [3] dé dosn
nhan tinh ~4-phi chu trinh. Thuit todn bao géom viéc 4p dung mét s6 hitu han 1an cic quy tic sau
day, theo mot thit tu bat ki cho dén khi khong thé p dung dwoc thém mot quy tic ndo nita.
Thuat toan 4.
Input: H = (N, &), véi |N]| =n, |E] =m.
Output: Quyét dinh H 1 ~-phi chu trinh?
1. Néu mot dinh 1& ¢é ldp (isolate - chi thudc diing mét canh) thi loai bd dinh dé;
2. Néu mot canh chi chita diing mot dinh (sengleton) thi loai boé canh dé (nhung khong loai bd
dinh d6 khéi cdc canh khic chita né);
3. Néu mot canh 1a rong (empty - khong chita dinh nao) thi loai bé né;
Néu hai canh chtra cling cdc dinh nhu nhau thi loai bé mét trong chting;
5. Néu hai dinh 1& twong duong canh (edge equivalent - tikc chiing thude cling mot s6 canh nhu
nhau) thi loai bé mot trong hai dinh d6 khéi moi canh ¢é chita né.
6. Ro rang thuat toin luén két thiic, néu né két thic véi siéu do thi két qua 1 mét tap rong
thi H 1a ~-phi chu trinh, trai lai thi H 1& 4-chu trinh.
Tinh ding dan cda thuat todn nay da dwoc Fagin chirmng minh trong [4]. Trong mot bai bo
khéc, ching t6i sé cai diat va ching minh thuat todn 14 Church-Rosser, tirc 1 siéu do thi két qué
sau khi 4p dung thuat toin 13 duy nhat, khong phu thuoc vao day cic thao tdc dwoc thuc hién.

=
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Vi du 2. Ap dung thuat todn 4 cho siéu dé thi cho & hinh 3.
Céc canh cia siéu do thi la:
ABC
BCDE
C

DEF Hinh 3

Vi dinh A, F 1a ¢o 1ap va canh {C} chi chita ding mot dinh, nén ching bi loai theo quy tic (1) va
(2), siéu do thi con lai la:

BC

BCDE

DE

Ta thay D va E 1a twong dwong canh, B va C cling vay, theo quy tic (5), ta loai E va C khéi ca hai
canh chita né. Siéu do thi con lai la:

B

B D

D

Bay gio, canh thir nhat va tht ba chi chita mét dinh, loai bé cac canh d6, con lai:

B D
Cuéi cling, ca hai dinh B va D déu 1a chi ¢6 trong ding mot canh, loai chiing theo quy téc (1), con
lai mot canh khong chira dinh nao, ta loai canh rong nay theo quy tic (3), két qua cudi ciing 1a tap
rong cic canh. Vay R 1a y-phi chu trinh.
Vi du 3. Xét lwoc do CSDL R = {AB, BC, ABC } ¢6 siéu do thi lién két cho trong hinh 4.
Dé thay lroc dd R 13 Berge-chu trinh (theo nhan xét 1) nhung
R 12 a-phi chu trinh (dé kiém chiing rang thuat todn Graham
13 thanh cong trén R). R ctng 14 S-phi chu trinh, vi moi siéu
d6 thi con ctia R déu 13 a-phi chu trinh. Nhung cé thé thay
R 13 4-chu trinh vi khéng c6 quy tic nao cla thuit toan 4 dp

dung duoc cho R.
Hinh 4
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