TAP CHI KHOA HQC TINH TOAN VA DIEU KHIEN, Tap 111985), S6 4 (1-6)

MOT VAI THUAT TOAN THUC HIEN PHEP CHIA
' TRONG MO HINH QUAN HE
NGUYEN THANH THUY

Pai hoc bdch khoa Ha Noi

_NGUYEN XUAN HUY
Vién tinh todn va ditu khién

i 1. MO’ DAV ' o
Quan he R voi tap cae thude tinh a(R) = {ax, s ah} va chc midn gid tri Di, i =1, h
h

duge xem nhu 1A tap cac anh xa {r a.(R)—>UD [Vi=1 h' r (aj) E Dy hay la tﬁp cac bo

=1
lr=<ai.al>1=l,h,mi€Di V1=1,h}.
Gia st M S a« (R) 1a tip con céc thude tinh - ~
a
RIM =={r.M|r €R}.

N6i ring S va R [MI] 1a khi hop néu nhue SV R [M] vin 1a4 mién gi4 tri c6 thd nhan
duge cha cac thudc tinh trong M trong céc midn gi4 tri twong tng.

Ta dinh nghia phép chia nhur sau
R:M:S=’y€RIm|Vx€S<y,x>€B'. ‘
Trong [1] a3 dwa ra mot thuit toan tim R:M:S c6 luu y d&n thi thuat danh nhin. D2
dénh gi4 thuit to4n do, tac gid da dua vao dinh nghia quan hé¢ twong duong p nhu sau
‘ r,rEB rer ?——I-l) ﬁ=r’.»ﬁ
Thuat toan (1] 12 nhu sau:

Thugt todn 1 t
. n:=card (8);
{loop 1:} for each rr&€ R do
begin k: =0; _
comstruct t:=<r.M>;
[loop 2:} for each q € R with.q. M =1 do
begin if (g.Min S) thenk:=k+1;

label q in R
end ;
Ytest:} if k =n then add t to T
end
" Trong [1], tac gid d4 chi ra dé phie tap thm gian clia thuit toan 1 la ‘
v k-1
cost = 2 f@ =3 fm— I m)+mf@)

i=1 k=1 . j=o

= card (R), n = card (S), v = card (R/p),
mj j= l,v 1a s6 phin t& trong lap toong duang thu- b mg=10.



Du6i day ta s& dua ra mot vai nhén xét vé thi:sfnt toan trén va néu len mot thuit todn
odi tién. '
7

© 2. MOP THUAT TOAN KHAC TiM R:M:S

Ta ¢6 cac nhé&n xét sau: -
1) Néu S=¢ (card (S)=0) thi R:M:S=RIM] (1

2) NéuSe¢ va SER[M] thi R:M:S =9 e

Vi trong trudng-hop nguec lai, néu dy y ER:M:S
thi Vx €S<y, x> E€R.Do vay S S C R M)

3 Giast <t, x>ER; <t, y>ER; tER M), 5, yéR [M] thi x+y (3)

Tir day suy ra ring néu nhuw ta xét cac bo <t, x> € R v6i t € RIM] cho truse, -
dén mot lac ndo d6 di chi ra dwge ring S C 1y = {x € RIM] | <t, x> €R thi sy xudt hién
vé sau clia cac bop <t, x >khong &nh hu-ong gi va ¢o thé khong cin xét chung

Tt nhin xét trén ta suy ra ring’ doan chuong trinh
k: =0; _
construct  t:=<r.M>; -
for’each q€&€R wilh q. M=t do
begin if q.M tn S then k: =k +1;
label q in R;
| end )
s& tinh gia tri k thda min di®u kién sau:
(i) k la s6 phin t& cha tu thude vao S
(i) k=n khi va chi khi SCty (4

Mot cai tién tric tiép chia thuﬁt todn1 1a cho 1énh {test ’vao trong vbng Iip floop" f
Thujt toan T.L.1
n: = card (8); . :
{1oop1 :} for each r €R do '
. begin k: =03 construet t: = < 1‘.1\:1‘):
construct p: = <r.M>;
label r in R;
if pin S then k: =k-+1;
fleop 2:} While k <n and not eof (R) do
begin getnext q from R;
if @M =t then
begin label q in R;
if @M in S then
begin k: = k+1;

if k=nithen add tt, T
end
end
end )

“T& nhin xét 3) ta suy ra ring thuit toan T. L 1 cung tmh dung két qui mong mudn tirc
la im duge déing T=R: M:S.

Ta ching t6 ring thuat toan T. Ll lam viéc t6t hon thuit toén 1.
That vdy

i) B6i v6i cac bo t € R [M] khong thuéc R:M: S thi theo (4) ta ¢6 k<<n = card (S) va do
vy lAm viéc clia hai thuit toan d6i v6i t 12 nhu nhau. ~

ii) P6i v6i cac bo t @ R[M] va t €R: M: S, thuat toan 1 Jam vide véi thoi gian Ia
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2 f(m— 2 mj=i) + mpf(n)
i=1 j=0 o -
v6i mp 1a 8§ phin t& chia 16p twong dwong thir p trong R/p cln’ra t.
Ta xem xét lam -viée (_:ﬁa thult toan T.L.1 mét cach chi tiét. '
Gid s& k =n sau khi @4 duyét 8, phin tlr cha 16p twong duong the p, dé thiy 8, € m)y
Cp =< mp0p phiin t& con lai clia 16p thir p s& duge xem xét vé sau bdi vong lip {loopl : . T&t
~ nhién 1 theo nh4n xét 3), k ludn ludn gitt gia tri k =0. .
b2 duyét Cp = mp — 9 phﬁn tee do’ irong Iin duyét méi ta phii mét

. p 1
2 fm = S mij—Tp -—1)+(mp—9p) f (n)
i=1 j=0

& day TVp la s6 phiin tlr clia tap R dwoe duvét k& tir phin tr diu tién (k& ci n6) clia 16p thi
p dén phan t& thir 8p+1.
D& thiy Tp 2> 8,.
Dsi v6i 8p phiin G (’Llu cha lo’p thtr p ta phai mat
8 p-1 -
S fm~ mi—D + 8f (n)
Coi=t o =0
Do vay, gia tong cOng 48 x& Iy 16p tht p la
6p p—1
B=mp f(n)+ 2 f(m— > mj—1)
i=1 - j=0
mp=6, p=1
+ = w3 mj-Tp—-i)
o i=t j=0
Ta s& ching t6 ring B < A(S). '
That vay, do tinh don didu cta ham f va Tp > 0,

6, p—1
" B= mpf(n)+ Zf(m— Smi—1i)
, i=1 j=0
‘mp—8p
+ = f(m—zmj—e - i)
i=1 j=0
9 p—1 .
= mpf (n) + 2 f(m - 2 mj~i)
i=1 j=0
mp -1
+ > f(m— 2 mJ e 1)
; i=’p+1 -0
Kmpf@+ = f(m - Smj—1)=A
i ' i=1 j=0 ' . ' .

Ménh dé 1

Gia ctia thuat ton T.L.1 khéng vuot qui gia ctia thuit toan 1.

Ta lwu ¥ ring d6i v6i thuat toan T.L.1 ta vAn chua khic phuc dwoc nhuwoc didm ce
ban 13: Vi nhiim myc dich x& Iy ting 16p twong dwong nén phii chi phi
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m p—1 :
>tw- 2 f(m— 2 m;j)
‘ : i=1 P= =1 j=0
d8 kidm tra didu kién _
q.M=1t d6i véi thuat toan l hay thdm chi

e mp‘—o . -1
Z<2f<m- 2 mi-i) + = f(m— zm,-v - ).
p=1 i=1 =1 S i=1 j=

Mot § tuéng la:
P6i voi mbi 16p twong juohg cia quan hé g, nhu d3 x4c djnh & irén, ta dung mot

phan b nh6¢ d& chita t € RIM). Goi mang d6 1a mang left (Thyc ra trong thuc hanh
néu khong the luu trix left trong bo nhé trong thi nén td chuc mot tép repret & thiét bi nhd
ngoai va left s& chira cic con trd téi cAc phiin tir clia repret)

M3&i khi duyét mot b r = <ry, 12>, r1 € R [M], r2 € R [M], ta xem xét r1 € R [M] di
thufc left chua. Néu c6 rdi thi kidm tra xem r2 c6 thudc S khong, néu ding thi ting cai dém
tuong \’mg 18n 1. Néu chwa c6 ry trong left thi tgo ra 13 phin tir méi va cho cai dém tueong
tng 12 1 néu nhu r2 thuée S, bing 0 néu nguwoc lai. - -

Nhu viy, trong cach 1am nay céc 16p tuwong dwong déu dugc xt ly hét 16p nay roi
méi d€n 16p kia, nhu trong thuit fo4n 1 va thuat toadn T.L.1. _ .

Cha ¥ d&n cac nhan xét 1) va 2) v tu tudng trén, ta di dén thuat toan sau (Thuit
toan T.L.2). . ]

Chii thich _ ,

Phiin tir méng left (i) chta t € R [M] kbac nhau, dai dién cho 16p twong duong tht i
trong R/P. Thuc ra khi cai dit, mang left nén dwgc td chire ddng nhd cdu trac danh sdch moéc

ndi. Tuy nhién ciing c6 th® ming left chita cac con trd twong ung dén cic phin tik clia tip
repret nhu di néi & trén. Khi d6 mét vai thay ddi nhéd trong thut toan cin phdi duge thyce hién.

Count 1a ming vi Count (i) dm s§ phin t& cia 16p twong dwong thiri c6 trong S.
Ham find(t) v6i t € R [M] cho.chi s6 k clia mangleft sao cho left(k) =t (néu tim dwoc)
va find(d=0 trong trudng hegp nguge lai. .
Thuat tean T.L. 2 _
Yao : Quan hé R, tap thudc tinh & (R)
M C a(R).
Quan hé S kha h0p véi R IM]
Ra:  T=R:M:S={yERIM | Vx€3<y, x> ER]}
Phuong phdp

begin n: card (S);
if n=0 then T= R [M] else

begin d€m: =0
’dém dung d& chi s6 phin tir hién c6 cda ming left;

~ for eachr €R do

begtn Construct t:=<r.M>; . ‘
Construct p:=<r.M>;
k ;= find(t) ;

if k=0 then [dién thém dai dién vao cubi cia left |
begin dém: = dém +1; :
left (d€m):=t;
t=dém;
count (k) : =0



end ‘

{k thda min ditu kién left () =t |

if count (k) <n then

) if pin S then

begtn count k) : = count (k) + 1;

if count (k)==n then add tio' T _

. enid o . -

end o

- end

end

Ménh dé 2 .
Thu4t toan T.L.2 tim dung T=R:M:S
Ménh d2 3 |
) Né&u khoéng cha ¥y dén didu kién count (k) = n trong lénh kigm tra thi thuit toan T.L.2
c¢6 d0 phire tap thoi gian 1a ’
. , v
(m = V) + Z fG) + mf(n), & day
i=1"
m = card(R), n = cafd(S), v = card(R/p).
Néu S = RIM] thi @6 phtre tap thoi gian cla no Ia
. . .
(m =W+ Y, £
i=1
Churng minh :
. v
D& x4y dung danh sach feft ta phii ding dén bam find va nhu viy phai tén E £@).
- i=1
Sau khi d8 ¢6 c4c phiin t&r dai dién left) i = 1, v clia che 16p twong duong trong R/P, chc
phin t&r con lai clia R s& duge tim bdi bam find véi thoi gian (m — v)F(v).
Néu SE RIM] thi 42 kidm tra biu thtre logic p in S ta phii tén mf(n).
v
Do vay, .th(‘)irgian tdng cong 1a E £G) + (m — v) f(v) + mf(n)
i=1 , _
Khi S = RI[M] thi phan chi phi mf(n) @& kidm tra xem p in S hay khéng 1d khéng cin
. v .
thiét, do vy trong trudng hgp ndy ta mit 2 £G) + (m — v) f)v).
i=1|
Ménh d@ 4
Thuit toan T.L.2 ¢é d9 phire {ap thoi gian Ia

. . v )
Y )+ (m = ) + (m - ) (mp - ap)') f(n)

=1 p=1
' Count(p) = n
v
khi 8 khéng bao ham trongR[Mlva 1a ), f@)+(m =) f(v khi S==R [M],
. i=1 1

m = card (R), n = eard(S), v = card (R P),
mp 13 &5 phiin t& cha 16p twong duwong thir p,
O a8 vhtn i clia 16p tyong duong th pdyye wét &6 42 két hogr ring count (p)¥m.



Chirng ndnh:

Ly luan nhu trong ching minh ménh d& 3, d& thwe hién thd tyc find d6i 'véi cae ho
r € R ta phai chi phi 7

: ‘ v ,
: Y1)+ (m = )
. ‘ i =1 , .
Bay gio ta chuy®n sang danh gia théi gian thuc hién phép ki&m tra p in S.

Thyc vay, nho phép kidm tra count (k) < n ta s& tranh dwoc phép kidm. tra thua
d6i v6i cie b <t, p>=r t € R[M], p €RIM] 4 xem rdng p in S, khi di co
sount (k) =n, k = find (1). ‘ : -

Ta lwu y ring d2 xac dinh count (k) = n ta phai duyét 8k phin t& cha 16p tweng duong
thit k. P6i v6i mk ~ Ok phiin t& con lai khong ciin phdi xem xét xem phin thubc R M]cé nim

irong S hay khéng. Tir day suy ra thoi gian d® thuc hién phep kidm tra Ox phin t& cla 16p
k 1a 6 f(n). Do d6 th01 gian tdng cong 12 .

v v
E mi £(n) + E 0 f(n) = E mef) + ), mefm -~ Y, (ok =0 ) =
k=1 k=1 . k=1 k=1 i k=1
count (k) <In count(k)=n count(k) <n count(k)=n count(k)=n.
. v »
= mf(n) — E (mg — 8x) (). .
k=1

count (k) =n

Thoi gian thye hién ciia thuit toan T.L. 2 1

v
2 f(1)+(m~v) f(v)+[m— > (mg = 0] f (n).
i=1 k=1

count (k) = n
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_1 : \

P
<< E 1@ - 2 f(m- > my) + mf ()
i=1 . p=1 j=0 o

] ) c2= (m-v)f_cv)+ = (4 mén).
' i=1




