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‘TOAN TU DANH NHAN VA CAC PHEP TOAN QUAN HE

NGUYEN XUAN HUY

1— DAT VAN BE

Cho n mién Dy, Dy, -.., D, (n > 1) chira ede dir lidu ngiyédn t3, ti: 14 eae don vidir
digu khong thé chia nhé duge nira trong mot h¢ eo =& dir ligu (HCSDL) cho trwde. Quan hé

n

R v0i cac thudc tinh Ay, A2,... A, 12 mot tip cac ham r:'iAx, Aa, .., A,,j — U DB sao <¢ho
i=1

v6i ¥V 4 €A1, Ag, ..., An)} thi r(A)) € D;. M3i han nhir trén deye goi 1a mot b clia quan
thé R. Tong s bo trong mot quan h¢ duag: gri 1a' lye lugng cla quan hé d6, s5 luwong cac
dhufe tinh dwge goi 1a bic cia mdt quan hé. P& chi ra danh sach thuge tinh trong m)t quan
hé R ta viét R (A1, A2, ..., Ap). V6i mbi quan hé R ta ky higa AR 1a tip cic thudc tink
«ctia R. Néu B C A(R) ta viét R.B d& chi ro xuit x& cia nhom thude tinh B; trong trudng
hop khong the xiy ra nhiam ldn ta chi viét B. Néu B1a m)t thude tinh (hodic nhém thude
tinh) va r 12 mot by cha quan hé R ta s& viét r.B 1& bi&a difn mdt (hodec mdt nhém) cie
gia tri thanh phin treng r tng véi thuge tinh (hodic nhom thudc tinh) B. Chi tiét hon, thay
s«cho ¢ ta thuong viét <rjy, r2, ..., ra > holic <r. A, r. A2, .w, r.Aa > vanhu viy ta dd ngim
«qqui dinh ri=r A1 li=1,2, ..., nk

Haj thufc tinh A va B dwge goi 1a kha hop n&u ching chiaa nhirng gia tri thudc cing
-mot mién. Hai nhom thedc tinh M va N dwoc goi 1a khd hgp néu tdn tai mot song anh
“9:M — N-sao cho voi YA € M thi A va @(A) 1A kha hop. M& rong ra, hai quan ha R va $
.duge goi 1a kha hop ndu AR va S#(S) 1a hai tap thude tinh kha hgp. Trong thuc tién cai
-dit cac HCSDL ngudita thudng echip nhin dinh nghia chiit hon nhyr sau: Hai nhém thude
#inh M = {Ay, A2, ..., Am} va N =By, By, ..., Baj duoc gei 12 khi hop néu:

() m=n, va
(i) Vi=1, 2,.., n: Aj va Bj kh3 hop.

Trong [2], [3] Codd — tac gid cla md hinh quan h2 d dinh nghia mdt dai 3 quac
Yhé¢ v6i mot s3 phép toan trén cic quan he dung de difn dat cac yéu ciu tim kidm di ligu
strong CSDL.

Trong [1] Beck da d® xu#t mol s3 toan bk thao tac trén cac bd cla quan hé nhim
thé hién cac phép toan cha dai s6 quan h& néi riéng va cac ciu lénh cda cic ngdn ngi
«quan hé¢ (nhw SEQUEL, QBE, PDL) n¢i chung d& tién t&i thuit tean t6i wu héa cac cau hdi
strong edc ngdn ngir quan heé.

Muyc II cda bai nay s& d@ xudt them mdt vai tean t& thao tic bd. Muc IH trinh biy
-cac dinh nghia m& rong va cac thuit toan cli tién cho cac phép toan quan hg. Viée m& romng
~chc phép toan quan h@ 12 mét yéu ciu tit yéu dé& gitt cho viec din dat cic ciu hodi durge
-gon hon va qui trinh thwe hién eidc cau hdi d6 dv van hon, Cic thuit toan cai tién vé cor
"ban dya trén toan tir danh nhin bd nhim muc dich gidm 35 lin so sanh b). Bidu 46 twong
sdrong voi vige gidm s lin trao ddi gita bd uhs trong va cac thiét bi lwu tri. Hide qed
«clia cac thuit toian duge néu trong muclV.
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Il - CA€E TOAN TV THAO TAC BO

XéT tdp cac fodn t& sau [1]:

1. for each r € R do M;

Ngit nghia: véi n6i b r thudée quan hé¢ R thue hlcn toan tir M.
2. fos each r € R with b do M;

Ngit nghia: voi mdi b r thude quan hé R, néu didu kién logic b dirge théa min thi
ghue hién toan 1 M.

3. rf’a € S with b thep M else N;

Ngir nghm Néu 18n tai mét bo s trong quan he¢ S théa man di8u kién (loglc) b thk
thwe hi¢n toan t¢ M, nguoc lai thge hién toan tir N. Toan tir 3, (&n ¢6 dang ngin 1A:

if Js € S with b then M;

M va N trong cac dang trén ¢6 the 12 nhitng to4n th tréng:

4. construct & = {t1, t2,.... tn);

Ngit nghia: Tao mét bo t (trén midn nhé trung tam) 1a cac gid tris t1. fa,
cho trude.

5.add t te T

Ngit nghia: Pua thém bd t vio quan he T.

Ngoii ra ta xél thé¢m mot tean t& va hai thi tye siu day s
6. label r in R

Ngit nghia: danh nbhén cho bo r frong quan hé R. B duge dank nhan s& khéng
tham gia va. qua trinh xét duyét quan h¢ R;ta noi ring bo d6 duge laai v& mit logic khoi
guan k¢ R. Vige nay deoc thuc hién théng qua viéc lap chi din trén cic bo clia quan hé R’
chiing han. Mdi phiin t& eha chi ddn bao gém hai thanh phinrkhéa tuy®n chon va dia chi-
{con trd) téi bo. Viée danh nhan cho mét b tirong duong véi viée loai bd tam thoi mét
phin tir cia chi din trd t6i bo do.

7.1 in R-

iy 14 mit ham logic nhan gla tn ding (true) néu bo t ¢6 mit trong quan h({ R,.
nguoc lai hdm nhan gia tri sai (false).

8. test (t, b).
Piy ciing 1a mdt ham logic nbhan gis tri ddang néu bo t tlida min bitu thite logic b,-
ngwoc lai ham nhin gia tri sai.
Ky hi¢w A, B 1a cac thuée tinh, € 12 mét gia tri hing. 0 1a m¢t. phép so sanh:
)=+ < <> >

€ic diy ky hiéu dang sau day dwoc goi 1a cac bidu thic don:
(i A 8B
G A 8 C

Bitu thirc duge x4y dung tir che bidu thitc don va eac phép toan \/ (OR), /\ (AND);.
7 (NOT) theo kién triic dé¢ quy tuong tw nhu vi¢c kién thiét cac bidu thire trong cic ngon
agir lp trinh bde cao.

9. Pinh nglu"a. Cho b 1a m6t bidu thire. t 14 mot bo chira céc gia tri tng vdi cac:
thude tinh Ai(i =1, 2, .., n'5en the Ja t =(t. Ay, t. A2, - ... (L As) Ta néiriing b(} t thda
man bidwe thitc b néu sau khi thay moi tén thuéc tinh A; lrong b bdng gia tri t.Ajetabot
tht ta duge m{t gid {ri hing ding. Néu gi4 tri nhin duge 1a sai, ta néi ring bo t khéng
thda min bidu thte b. Ham test hoat dong theo nguyén tic néi trén.

10. Sauw cuing ta xét ham eard (R) x4ac dinh lyc lugng cla quan hé R.

Céhc todn f& 1., 3. va 2., 7. doi héi trao ddit véi by nhé ngoai. Cac tean tir 4. va ham
8. dwoc thyce hién hodn toan trém bd nhé trung tAm. Toan tr 5. va ham 10. doi héi cung:
lim Ja mot Fin trae ddi vé6i bé nho ngodi. That vay, khi cin dwa thém mot bo vao quan he
eho trude nguwéi ta thudng dua bd d6 vao viang dém trén bé nho trung tam. Chi khi nao
ving d¢m diy ngwdi ta m6i dd n6 vaoe b6 nhé ngodi. Véi mot cai dit t8t (nhu dung chi dan
ching han), ta co the ting site chira elia ving d¢m, thay vi ding n6é d& lwu trir noi dung cha:
)t b ta ¢li edin luu trit mot phiin t& ela chi din t6i bé do.

N
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Lyc Iwgng cGa méot quan hé thuwong duge luu trit eung véi quan hé dé. Khi goi téi
moét quan hé thi gia tii cia lye lwgng duge doc 1én mién nhé trung tam, do dé bam card
chi doi héi mot lan trao ddi & giai dean dau tién khi goi téi quan he.

Nhé& t6 chie chi dan. toan t& danh nhan 6. ciing khong doi hdi thudong xuyén phai
trao déi voi bo nhé ngodi. Lwu ¥ rdng trong nhiéu truong hop ching ta khéng thé nap
toan the che bo ctia mot quan hé 1én bo nhé trung tam néu nhu chidgu dai ctta wdi bo qua
16n, nhung chi dan cho quan h¢ d6 van ¢6 thé dua hét 1én bo nhé trung tau.

II1 — CAC PHEP TOAN QUAN HE

Cac thuat toan & myc nay dwoc dién dat qua ngdn ngir twa ALGOL.
1. Phép chiéu.

1) Pinh nghia. Cho quan hé R va Y la mot nhom thude tinh cda R. Phép chiéu quan
hé R trén nhom thudc tinh Y s& cho quan hé két qua T =R [Y] xac dinh nhu sau: truée
hét tir R loai di nhirng thudc tinb khong thuédc Y, sau doé trong s6 cac b gidng nhau chi
gitr lai mot bo.

2) Thuat toan T=R [Y]; YC A4 (R)

for each r € R with (r.Y not in T) do
add r.Y to T.

_3) Pinh nghia (phép chiéu trén tip bu). Véi nhém thude tinh Y cha quan hé R ta xéc
dinh Y = o4 (R) \\'Y va goi Y 1a phiin bu cfia Y trong quan hé R. Mt dang khac cta phép
chiéu goi la phép chiéu trén tap bu duwge dinh nghia nhu sau:

R/Y=RI[Y]

4) Thuat toan: T=R /Y i Y C A(R)

for each r f_R with (r.Y not in T) do
add r . Y to T.

Phép chiéu bu tién lgi trong {ruong hop ching ta muén loai bd di mot vai thuoe tink

eda quan hé R va sd thuge tinh duge git lai nhid¢u hon s6 thudc tinh loai bé.

2. Phép chon (md rong).

1) Pinh nghia. Cho b 1a mot bitu thwre logic trén tap cdc thuoc tinh cia quan h¢ R
Khi d6 phép chon cdc bo etia R thda man ditu kién b cho ta mét quan h¢ T = R(b) x#c dinh
nhu sau:
T = zr &€ R:r thoa min bf
2) Thuat toan T =R (b)
for each r € R with test (r, b) do

add r to T.

3. Tich Descartes.

1) Néu r 1a mot b etia quan hé R va s 1a mot bo cia quan hé S ta ki hi¢u (r,s)
1a mot ham thda méan:

= g y = S
(r,s)IJ(R) r va <r s>|a4(s)

Trong thuc tién cai dat, (r,s) phu thugc vao trat tuw cu thé cha céac thuge tinh
trong cic quan hé R va S.
Thi du, néu r={r1, T2, I3 ., Ta) € R V2
s= (s, 82,..., sm ) €S thi
(r,s)={r1, ra,, Tny SI, 82, ey Sm )

Toan tit construct (4.) s& dam bio trat tir cha cac thude tinh trong tirng trwong hop
cu the.
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Binh nghia. Tich Descartes gitta hai quan hé R va S 14 quan hé¢ T=R* S dugc xic
dinh nhir sau:
T={(r,s):r€ER vasESY.
2) Thuat toan T=R=*S
for each r € R do
for each s € S do
begin construct t=(r, s):
add t to T
end

4. Phép két néi (mé rong).

1) Pinh nghia. Cho hai quan hé R va S va B 12 mdt nhém thudc tinh cla chang:
B S A(R) U A4(S), b 12 mot bidu thire logic. Phép két néi quan h¢ R véi quan hg S theo
diéu kién b, B cho ta quan hé R=R.b, B.S duwgc x4c dinh nhu sau:

T =R » S(b)/B 1)

Theo trat tw tir trai sang phai, thoat tién 14y tich Descartes R * S, sau d6 thuc hién
phép chon trén két qui nay va cudi cung (néu cin) loai bd di nhém thudc tinh B. Nhu vay,
phép két ndi con c¢6 hai treong hop rieng 1a T=R b.S=ReS(b) va T=R..S=R eS8,
Trudong hop riéeng th hai (R..8) twong duong voi trudng hgp b 1a mot bidu thiee hing ding.

Luu ¥y réng bidu thirc (1) chi ¢6 ¥y nghia mo td chc bd cla quan h¢ k&t qua T, viéc
cai didt thudt toan cho T dwoc thuwe hién nhu sau:

2) Thuat toan T=R.b, B.S

for each r € R do

for each s €S do
begin construct t ={r, s); _ '
if (test (t, b)) AND (t.B not in T)

then add t.B to T
end

5. Phép hop.

1) Pinh nghia. Cho hai quan hé khd hop R va S, phép hop R va S s cho quan he
T =RWS xac¢ dinh nhu sau:
T={t:t €R hojc t €S}.

2) Thuét toAn T=RWVU S

for each r € R do

add r to T; .
for each s € S do
if s in R then label s in R
else add s to T

6. Phép giao.

1) Binh nghia. Giao c@ia hai quan hé kha hgp R va S cho ta quan h¢ T=RNS dwge
x4ac dinh nhu sau:
T={t:t€ER va tES}

2) Thuat toan T=RNS

for each r € R do

if r in S then begin
add r to T;

label r in S
end



Cho b1 va bz 1a hai bi%u thire logic trén R, d& dang kitm tra cac king ding thirc sau:
R(by) (b2) = R(by /\ b2) = R(bp) N\ R(b2)

R(b; V ba) = R(b;) V R(ba).

Tir d6 thidy rdng vi¢éc md& 16ng phép chon =& tiét kiém duge cac phép giao va hop
trung gian.

7. Phép trir,

1) Pinh nghia. Hi¢u c@a hai quan h¢ khd hop R va S 1a quan h¢ T=R \ S duge
xac dinh nhu sau: .

T={t:tER vat€ s}

2) Thuit toan T=R\ S. '

for each r € R do

if rin S then label r in S

else add r to T

8. Phép chia. Cho quan h¢ R va B la mét nhém thuée tink clia R. Véi mdi y € R/B
ta dinh nghia tap
Vp = fx"c € R[Blva(y, ) € B}
va goi Yp la tap dnh cfia v trén B.
1) Dinh nghia. Cho quan k¢ R va nh¢m thuce tinh B S 4 (R) va quan h¢ S sao cho
[B] va S 1a kha hop. Phép chia quan 1:¢ R cho quan h¢ $ theo nhém B cho ta quan h¢

=R:B:S duge xiac dinh nhu sau:
T={y:vE€R/B va }'BE_S}.
Néi cach khée, T ¢om nhiing phan (& ¢da R/B ¢6 tap anh trén B chtwa S.
2) Thuat toan T=R:B:S
n = card (S);
for each r &€ R do

begin k = 0; construct t=(r .B);
for each q € R with ¢.B=1t do
begin
ff ¢.Bin S thenk=k+1;
label ¢ in R

end ;
if k=n thenaddtito T
end

9. Téom tat.

Trong [ 1] khong trinh bay ) hép chia, cac phép toan chon va két 1éi duge trinh
biy voi cdc bitu thie don.

Nhirng tac gid khong cai diit jhép chia thuong gid thiét 1ing phép toan nay céd the
d wgc bitu difn qua cac ph(p chiéu, phép trir va tich Descartes nhir sau:

R:B:S = R[B]N(®R[B]*$)\ R [B]
hodc ding phép chi€u trén tip bu thay cho [—l;] ta co:
R:B:S=R/B\ ({R/B#*8S)\ R)/B.

IV — PANH GIA MOT SO THUAT TOAN

1.' Vé¢i cae qnan hé¢ R va S cho truée ta dat:
m = card (R),
n = card (S},
p =card (R N S).



Gid thiét ring néu quan hé¢ R cé4 m bo thi viec x4c dinh xem mot bo t cho trude
¢6 mit hay khong trong R doi hoi fim) phép so sinh b) L v6i cae b) cda R. U dav ta ciing
ch&p nhan thém ring viéc tim kiém cd b) t hay modt phin t' cha né trong R déu doi hoi
{ (m) phép so sanh, ¢6 nghia 14 ham f(m) khong phu thujc vao chidu dai cka bo trong R.

N6i chung f(m) 1A moét ham phu thude vao m va td chirc sip xé&p cac bo trong R.
Puong nhién, voi mdi té cnte sip x&p cho trude f(m) 1a mot ham dong bién [4¢].

Trong céc thuit toan 5, 6 va 7 & muc III ta thiy néu r € R thi viéc ki&m tra (r in
S) ¢6 the can f(q) phép so sainh véi q &g n. N&u truge dé6 trong S di cé mot s6 bo dugce
danh nban thi ¢ << n. Ta xét truong hop xfAu nhdt 1a treong hop p bd cda RN 'S sip xép
& cudi cla quan hé¢ R. Theo gid thiét nay viéc kiém tra digu (r in S) cho m-p b¢ dau tién
clia quan hé R doi hoi f(n) phép so sanh cho mdi bo, tirc 1&a doi hdi cd thdy (m-p).f (n)
phép so sanh. Voi p bd cubi cia R. vi chung ciing c6 mit trong quan hé S nén sau mdi
bude ching ta danh nhin dwege mot bo trong S va do dé s§ cac phép so sanh cin thiét

P
cho p bo niy 1a 2, f(n —i+1).
i=1

Tdng cong lai, trong trudng hop x4u nhdt, cic thuat toan 5, 6 va 7. doi hoi

p
(m — p f(n)+ Zf(n -i+1
i=1
phép so sanh. .
Né&u ta b6 cdc toan tir danh nhin trong ciac thult toin 5, 6 va 7 thi s& nhin duwoe
cdc thudt toan twong trng cho cic phép hop, giao va hitu hai quan h3 néu trong [ 1]
Vay cac thuit toan twong wng trong [ 1] doi hdi m.f(n) phép so sanh,
Tong ké&t lai ta c6:
Ddnh gid 1.
a) Trong trrong hgp xdu nhit, cac thuit toin 3.5, 3.6 va 3.7 doi héi (m —p).f(n) +

+ Z (n —i+1) phép so sanh (p = 1).
i=1
b) Cac thuat toan twong wng trong [1] doi héi m.f(n) phép so sanh.

¢) So vai cac thuat toan twong wng trong [1), viée ding toan t&r danh nhin trong
cac thuat toan 3.5, 3.6, va 3. 7 tiét kiém duoc

p P p
mf(n) — [(m — p)f(n) + Z f(n —i+ D] =pf(n) — Z fh—i+ 1) = Z [fm) - fa-i+ D]
i=1 i=1 i=1
phép so sanh (p > 1.
Trong trueong hgp p =0, tire 1a cic quan h3 R va S khing c¢6 phin td chung thi cac
b12u thirc cia a va b 14 nhu nhau, va do @9 bidu thirc clia ¢ bing 0.

2. Xét thuat toan chia 8. 2. V&i nhém thude tinh B cho trude ta thye hién mot phan
hoach Il theo quan h¢ nhi nguyén P sau day:

def — —
Ve, €R:rer’ © r.B =1 .B.
D& thdy p la quan h¢ twong dwong. Goi v 1 s3 16p tusng drong trong phan hoach
R/p. S5 bo trong 16p k (k =1, 2,..., v) duwgz ky hidu 12 me. Ta cb :
. v
m = card(R) = Z mk.
k=1
Trong thuét toan 3. 8. 2 (a thiy toin tir dinh nhin duye ddt cho m>i b) cla quan
h¢ R. Do dé sau mdi buge & vong for trong, s3 b) cia R dugy: gidm di 1. Mit khic, mdi
vong for ngoai quét hét m)t 16p tuong duoang. Khing lam gidm td1g quit. ta cE\i vong for
ngoai thir k s& quét hét lop twong duyng tht k va do d) s3 b) cda R duye giam byt mk
phian t& so v4i vong for ngoai trude dé.
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V&i n = card (S)'ta thdy toan t&r if q.B in S doi h3i trang binh f(a) {in so sinh cho
mdi ¢ &€ R, do d6 m b¢ cha R s3 doi hdi m.f(n) phép so sinh tro13 S cho toin tir if q.3 in
m

S va z f(m — i+ 1) phépsosinh trong ban thin R choto4n tk for exchq € R withq. B=t.
i=1 :

Ngoai ra, ta d& ¥ ridng sau mdi vong for ngoai, voi phin tir r &Fdiu 15p tiép theo thi
viée xdc dinh q € R with q. B =t thwc chdt 12 viée chon ngay q =r, do d6 cac phin t& &
-dau mbi 16p twong duwong s&8 khong doi hdi piiép so sinh nio che vong for troag diu tién

k—1
-ctta 16p d6. Dt mp =10, ta thidy sau l6p tht k—1.thi s3 b elia R duge giam di 2‘: mj
k—1 =0
phin tr (k =1, 2,..., v), vi do d6 R céOn m — z mj by & lic bit dau xét 16p thir k, do dé
k—1 j=0
néu khéi1g chon q =r thi s& e¢in f(m — Z m;) phép so sanh cho phin tk diu tién cda lap
j=0 v k—1
‘thir k. Tong cong cho cic phin t& dia tien cha v 16p ta co: Z f(m — Z mj). Trir gia tri
m k=1 j=0
aay vao Z f(m —i+ 1) ta duwgc tdng s5 cac phép so sanh trong bin thin R cho toan Lk
i=1
for cach q € R with q. B=t. Tong két lai ta cb:
Ddnh gid 2. Thuat toan chia 3. 8. 2 doi hdi trung binh
m v k—1
Z flm—i+1) — Z flm — Z m;j + m.f(n) AZY
i=1 k=1 =0

phép so sanh, trong d6 m =card (R), n = card (S), v 1a s 16p twong duong, mj la s bo
trong 16p j (j=0,1,.., v) v&i mg = 0. :

m m
6é y ring Z tm—i+ 1= Z f(i) ta vidt lai (2) dudi dang sau:.
i=1 i=1
m v k—1
p Z f() + m.f(n) — Z f(mn — Z mp.
' i=1 k=1 j=0

Cudi cung ngirdi vidt xin chan thanh cam on phd giao s H8 Thudn, Vign Khoa hoe
‘tinlt toin va diéu khi&n, di doc va gbp ¥ kién ti mi cho bAi ndy, didc bi¢t 1a cach dién dat
phan chirng minh cho danh gia 2.
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ABSTRACT
A labelling operator and relatienal operattons

A set of algorithms of relational operations in the realization of DBMS is described.
A qaantitative efficizazy of thes»alghrithms with using of labelling operator is derived.
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