Tap chi Tin hoc va Diéu khién hoc, T. 18, S. 4 (2002), 295-308

THUAT TOAN PHAN RA LOP THONG TIN CO CAU TRUC

DANG CAY NHI PHAN VOI THONG TIN CHUA & PINH TRONG
TREN TAP KHOA VO HAN

PO BUC GIAO, PHAM NCOC HUNG VA PO VIET HUNG

Abstract. The notion of a binary search tree plays an important role in computer science, especially in
the theory of data structures. For that reason we can find many papers concerned with theory of search
tree in the literature. After having read these papers we noticed that, above all, questions of the optimal
construction and inductive generation of search trees are studied, where equivalent transformations of search
trees are often used. In this paper we will proper the theorem, which says that every binary search tree can
be uniquely transformed into an optimal binary search tree by using a composition algorithm for the infinite
set of keys of binary search trees with information in node.

Tém tit. Khéi niém vé cay nhi phan déng vai trd rat quan trong trong khoa hoc may tinh, dic biét 1
trong ly thuyét cau tric dit liéu. Nhitu két qud nghién ctu dua trén cdc phép bién déi tuong duong tim
thay trong cdc tai liéu da céng bS. Trong bai bdo nay ching téi stt dung thuat todn phan da dé tim cay t&i
uu nhi phan trén tap khéa voé han véi cde théng tin chira & dinh trong cia cay.

1. PAT VAN PE

Trong qué trinh luu trir cdc thong tin duéi dang cAy tim kiém nhi phan, ngudi ta thuong dua
ra mot tiéu chudn nao dé dé danh gid va t6 chitc lai cdc thong tin duéi dang cAy tim kiém t6i wu va
xay dung bang ma cho céc thong tin duwoc luu trir trong cay t6i wu dé.

Mét trong nhitng phuong phép hay dung dé t6 chitc lai cdc théng tin va luu trit né duéi dang
cay nhi phan 1a phuong phép tién dé do H.Thiele néu ra trong [5]. T két qud dé cia H.Thiele,
ngudi ta da xay dung cic thuat todn twong duong va thuat toin tim ciy t6i wu duwa trén viéc xét
duyét cic khéa cia cay da cho ([1,..., 4]). Chinh vi vay khi tap khda cia ciy qué 16n thi thuit todn
twong dwong va thuat todn toi wu sé bi kéo dai qud trinh tinh todn nhat 13 khi tap khéa 1a tap vo
han. Pé khic phuc nhwoc diém trén, trong bai bdo nay, chiing ta &p dung thuit todn phan ra dé
tim cay t6i wu va luwu trir cic thong tin da dugc phan loai trong cay toi wu d6. Thuat todn phan ra
dua trén viéc chia nhd tap khéa ban dau thanh n tap con (n — 1 tip hiru han va 1 tdp vo han mot
phia). Sau dé dp dung phuong phép tién dé cia H.Thiele dé tim cay chuan tic trén tirng tap con
dé6. Céng viéc nay c6 thé tién hanh dong thai trén tat cd cic tap khoéa con. Tiép theo ghép néi céc
cdy chuan tic clia tirng tap con theo quy ludt céc khoéa cé gid tri ting dan ta duwoc cAy chudn tic
trén toan tap khéa ban dau. Tir dé ding thuat todn bé déi cAy chudn ta duoc cAy toi wu trén tap

khéa ban dau.

2. CAY TOI UU TREN TAP KHOA VO HAN K

2.1. Cay nhi phan mét chiéu véi théng tin chita & dinh trong trén tap khéa vé han

Gid st D 13 tap khong rong cédc documents ndo dé va moi phan tir cla né ta goi la mot
thong tin, K 1& mot tap bat ki cdc phan tir ma trén dé thda man quan hé so sanh, tic 1a véi moi
phan tir z,y € K bao gitr cling thod man x < y hoiic x > y. Khong mat tinh tong quét va dé cho
don gidn ta lay K 1a tap s6 nguyén duong K = {1,2,3,...}. K duoc goi la tap khéa cia céc cay nhi
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phan. Ta ky hiéu 7 1a cay rong va dat D, = DU {7}
Pinh nghia 1. (Pinh nghia dé qui cay nhi phan véi thong tin chtra & dinh trong)

a) 7 13 mot cay.

b) Néu 71,75 1a hai cay va x € K, d € D thi day ky hiéu [z, d](T7,Ts) cung 1a mot cay. Dang
do thi cia cay [z, d]|(Ty, To) nhu sau:

[x, d]

T, T,

[x,d] 14 dinh trong cia cay, chita khéa = va thong tin d, T7 14 cAy con bén trii, Tb 14 ciy con
bén phai. Pinh ngoai hay con goi 1& 14 chira ky hiéu rong. Tap tat cd cdc cay dinh nghia nhu trén
ky hiéu qua TREE va goi 13 tap cdc cay nhi phan véi thong tin chita & dinh trong trén tap khéa K
(goi tat 1a cay nhi phan).

Pinh nghia 2. (Pinh nghia ham danh gid hay ham két qud )
Ta ki hieu “=" (“#£”) dé chi sy dong nhat bang nhau (khdc nhau) gitra céc cay.
Gid st T' 14 mot cay nhi phan va l € K. Ta dinh nghia ham f: TREEXK — D, nhu sau:
a) NeuT =7 thi f(T,0) = f(r,]) =7 vé6imoi l € K
b) Néu T = [w, d)(T}, Tb) thi:

F(1, D néu l <z
f(Th=<4d néu l = x
f(Ts, D néu l > x

Pinh nghia 3. (Pinh nghia su twong duong )

Gid st 71, Ty € TREE. Ta néi T} 1a twong duong véi Ts trén K (ki hieu T} ~ (K)Ts) khi va
chi khi £(T1,1) — f(T, 1) véi moi [ € K.

Tir dinh nghia trén, ta néi Ty khong tuong dwong vé6i T trén K (Ky hiéu T} % (K)T5) néu ton
tai mot khéa ly € K sao cho f(T1,lo) # f(T2, o).

2.2. Cay chuén tic trén tap khéa v6 han K

Pinh nghia 4. (Dinh nghia cay chuin tic). Cay N € TREE goi 1 ciy chuan tic néu N 1a mot
trong hai dang sau:

a) N=71

b) Néu N £ 7 thi N = [z1,d1| < 7, [xe,do] <7, ..., [¥n,dp] <7, 7> ...>Véiag; €K, dieD

va 1 < @9 < ... < Zp.
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Dang d6 thi clia cAy chuan tic N:

N =[x, d;]
t [Xzy dz]
VAN

/N

T T
Néu N,T € TREE va N = (K)T thi ta néi N 1a cay chuan tic cia T trén K.

2.3. Bang ma cuda cay trén tap K

Gid st T € TREE. Bang ma cia T ta kg hiéu la m(T) va dinh nghia m(T) = {z/x € K sao cho
f(T,z) # 7} Neu T =7 thi m(T) = 2.

Neu N = [z, d1] <7, [®2,do] < Ty ooy [T di] < 7, 7> 00 > thl m(N) = {&1, 29, ..., @y}, & day
z;lamaciad; (1 =1,2,...,n).
2.4. Cay t6i uu trén tap khéa v6 han K

Truéc hét ta dua vao mot s6 ki hiéu sau:

a. v(T) = s6 cic dinh cia cay T (ké ca 14 )

b. Deep (7) = s6 céc cung cla dudng di tlr goc cia cady T dén 14 7 trong T.

c. h(T) 1a chiéu cao cia cay T' va h(T') = max Deep(7)/7 1a 14 cia T'}.
Pinh nghia 5. (Pinh nghia cay t6i uu tren K)

Cay Ty € TREE goi 1a cay to6i wu trén tap K, néu Ty thod man cdc dieu kién sau day:

a. v(To) = min{~y(T)}/T € TREE va T =~ (K)Tp.

b. A(Ty) = min{A(T)}/T ¢ TREE va T ~ (K)T.

c. |Deepr;) — Deep(7;)| < 1 v6i moi ¢ # j

d. Khéa & dinh cha bat k¥ trong cay Ty nhé hon khéa & dinh cay con phai va 16n hon khéa &
dinh cay con tréi.

3. THUAT TOAN PHAN RA TIM CAY TOI UU TREN TAP KHOA VO HAN K

Input: Cay T' € TREE va tap khéa v6 han K

Output: Cay t6i vu Ty = (K)T.

Trong [2], ngudi ta da chi ra thd tuc thue hién tim cay t6i wu Ty cia T trén tap vo han K. O
day ta ding thuit toin phan ra dé gidi quyét bai todn trén véi muc dich rit ngén thoi gian tinh
todn trong viéc tim kiém cay tof wru trén tap khéa vo han K.

3.1. Phan hoach twong duong trén tap khéa vé han K
Chia K thanh n tap con K, Ks, ..., K, sao cho chiing thda man déng thei ba diéu kién sau:

. UK, =K
=1
2. KN K; =& (i#j).

3. Moiphan tir x € K; va y € Ky déuthéaménz <y véii=1,2,...,n— 1.
Céc tap K1, Ko, ..., K,, thda man ba diéu kién trén goi 12 phan hoach tuwong duong trén tap khéa K.
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3.2. Quy tic dan xuit

Truéc hét ta dwa vao khai niém phuong trinh cay. Gid st Ti,T € TREE va “=" 1a mét ki
hiéu khong thudc tap K U D U {[,], <,>}. Khi dé day k§ hieu 71 = T3 goi 14 mot phuong trinh
cay. Pat EQU ={Ty = Ty/T1,T> € TREE}. EQU duogc goi 1a tap tat ¢d nhirng phuong trinh cay
tren TREE.

Gid st X C EQU va Ty — T, cEQU.
Pinh nghia 6. (Pinh nghia dan dwoc) Phuong trinh cay 73 = 75 1a dan duoc tir X (k¥ hieu
X + Ty = Tb) khi va chi khi Ty = Ty € X hoac Ty = Ty dan duoc tir cdc phan tir trong X bang cich
4p dung céc qui tdc dan xust sau:

Quy téc 1(R1): X =T =T véi moi T cTREE
Quy téc 2(R2): Neu X F Ty =Ty thi X F Ty =T}
Quy tic 3(R3): Neu X FTi =To va X FTo =T5 thi X F T, =T
Quy tac 4(R4): Néu X + Ty =T) thi X F |2, d] < Ty, Th >= [z, d] < T}, Tp >
Quy tac 5(R5): Néu X +Tp = T4 thi X F [z, d] < Ty, Th >= [x,d] < Ty, T4 >

3.3. C4c tién dé cia TREE trén tap khéa vé han K
Do K v6 han mét phia bén phai nén trong K ton tai phan tit bé nhat ma ta ky hiéu 13 2.

Tién d& az;. [z,d] < |y, d']| < Ty, Te >, T3 >= [z, d] < Ty, T5 > la mét tién @é néu x <y
Dang do thi:

Tién dé axs. [z,d| < [y, d'| < Ty, Ty >, T3 >= [y, d'| < T, [x,d] < Ty, T3 >> la mét tién dé néu
y<x
Dang d6 thi:

[x, d] = [y, d’]
[y,d] T, T, [xd]

T1 Tz Tz T3

Tién d& axs. [v,d] < T1, [y, d'| < T, Ts >>= [x,d]| < Ty, T5 > la mét tién dé néu y <z
Dang do thi:

[X7 d] = [X7 d]

T, Ty
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Tién dé azy. [v,d) < Ty, Ty >= Ty la mét tién d€ néu = < Tmn
Dang do thi:

[x, d] = T,

/\

T T,

bat AX = {aw1, ams, axs, axy}, va goi AX 1a hé tién dé trén tap khéa vo han K.

Trong [2] nguai ta da chi ra dwge thut todn tim ciy téi wu Ty cia T trén tap khéa vo han K.
Nhung dé tim dwoc Tp can phai duyét toan bo khéa trong K, nén do phitc tap lén, qué trinh tinh
todn cham lai. Pé khic phuc nhiroc diém nay ta xay dung hé tién dé trén mai tap khéa con K.
3.4. C4c tién dé cia TREE trén tap khéa hitu han K; (1=1,2,...,n—1)

Do K; hitu han nén trong K; ton tai phan tir bé nhat va phan tit 1ém nhat ma ta ki hiéu twong
ing 1& ; min, €5 max-

Tién dé ax;. [v,d] < [y, d'] < T, Ty >,T53 >= [x,d] < Ty,T5 > la mét tién @6 néu Timn < x <
Y < Zimax

Dang d6 thi:
x,d] = [xd]

Tién dé ax;s. [x,d] < [y, d'| < Ty, Ty >,T5 >= [y, d'| < T4, [z,d] < Ty, T5 >> la mét tién dé néu
Zq min S y<zx S Zi max
Dang d6 thi:

[x, d]

/\

[y,d] T, T, I[xd]

/N

T1 T2 Tz T3

Tién dé axis. [z, d] < T, [y, d'] < Ta, T >>= [x,d] < Ty, T3 > loa méi tién 86 néu x;mm <y <2 <
i max

Dang do thi:
x,d = [xd]

/NN

T, [y.d] T, T,

/N

T, Ty
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Tién d& axy. [z, d] < Ty, Ty >="T\ la mét tién @€ néu x> T;max
Dang d6 thi:
[X’ d] = T]_

/\

T, T,

Tién d& axs. [v,d] < Ty, Ty >= Ty la mol teén € néu x < X;min

Dang do thi:

[x, d] = T,

/\

Tl T2
bat AX; = {axi, azio, axis, axiy, axis} (0= 1,2,...,n— 1) va goi AX; 1a heé tién dé tren tap
khéa htru han K.
3.5. Céc tién dé cia TREE trén tap khéa vé han K,
Do K,, v6 han mét phia bén phéi nén trong K, ton tai phan tir bé nhat ma ta ky hiéu 1a 2, min.
Tién d& axn;. [v,d] < [y, d'| < T, T >, T3 >= |z, d] < T1,T5 > la mét tién ¢ néu x <y
Dang do thi:

Tién dé axps. [v,d] < [y, d'] < T, Ty >,T5 >= [y, d'] < T, [x,d] < Ts,T5 >> la mét tién dé néu
y<x

Dang d6 thi:

[x, d]

/N /N

[y,d] T, T, [xd]

T, T,

T, Ty

Tién d& azns. [v,d] < T1, [y, d'] < Th, T3 >>= [x,d] < Ty, T3 > la mét tién dé néu y <z
Dang d6 thi:



THUAT TOAN PHAN RA LOP THONG TIN ¢O CAU TRUC 301

Tién d& axpg. [v,d] < Ty, Ty >= Ty lo mol tién 36 néu x < Ty min
Dang do thi:

[x, d] — T,

/\

Tl TZ

bat AX,, = {axn1, azne, a3, axng} va goi AX, 1a he tien deé tren tap khéa hiru han K.
3.6. Cay chuén tic trén K; (i = 1,2...,n). Cay chuan tic trén K; dinh nghia nhu cay chuan téc
trén K (Pinh nghia 4).
Pinh ly 1. (Tinh duy nhat cia ciy chuan tic)

Gid st Ny, Ny la hai cay chudn tac trén K;. Khi @6 néu Ny ~ (K;)Ny thi N = No.
Chatng minh. Dimg phurong phap phan chirng dua vao dinh nghia ctia ciy chuan tic.
Pinh 1y 2. (Su ton tai dang chuan tic)

Vi moi T € TREE ton tai duy nhdt cay chudn tic N; trén K; sao cho:

Chatng minh. Tinh duy nh&t cia ciy chudn téc suy tir Pinh 1§ 1. Phén b. suy ra tir phan a. Do
moi tién dé trén cdc K; 14 mot phuwong trinh cady gém hai cdy tuong duong nhau va céc quy tic dan
xuat bdo tén tinh twong dwrong. Phian a dwoc chitmg minh dua vao dinh nghia dé quy cia cay 7.
3.7. Cay t8i uu trén tap K;(:=1,2,...,n). Cay t6i wu Tjo trén tap K; cing dinh nghia tuwong
tu nhu cdy téi wu trén tap K (Pinh nghia 5).
Pinh 1y 3. (Su ton tai cla cay tdi uu trén K;)

Véi mor cay T € TREE bao gio cing tén tai ciy Tio € TREE théa man déng thot cdc dicu
kién sau.

b. Tyo ~ (K;)T
Y(Tyo) = min{~(T)/T € TREE va T ~ (K;)Tio}
d. WM(Tyo) = min{(h(T)/T € TREFE va T ~ (K;)Tio}
. |Deep(r;) — Deep(r;)| < 1 véi mot i # j

o

o

f Khéa ¢ dinh cha bt ky cia céy Ty nhé hon khéa & dinh cay con bén phdi va lén hon khoa
¢ dinh ciy con bén trds.
3.8. Thuit todn chuyé&n vé ciy chudn tic trén tap khéa K; (i =1,2,...,n—1)

Muc dich ciia thuat todn t6i wru cay nhi phan 1a dua mét cAy nhi phan bat ki vé cAy nhi phan
t61 ru twong dwong véi né trén tap khéa K;. Qué trinh nay qua hai budc sau:
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1. Pua cay bat ky vé dang chudn tic.
2. Tir dang chuén tic chuyén vé dang hoan chinh.

Thuét toan 1.
Input: Cay T € TREE, tap khéa K; (: =1,2,...,n—1).
Output: N; € TREE la cay chuan tic trén K;, N; ~ (K;)T.
Buéc 1:
+ Ap dung tién dé axy v6i cay T (loai céc dinh ¢6 khéa khong thuoce tap khéa K;)
+Ap dung tién dé ax;s véi cay T (loai cde dinh ¢é khéa khong thuoc tap khéa K;)
Buéc 2: Kiém tra xem N; ¢6 phéi 14 dang chuin tic khong ?
+ Néu ding thi chuyén sang buée 4.
+ Néu sai thi chuyén sang buéc 3.
Buéc 3: Thuc hién Ian lwot cic tién dé sau:
+ Thuc hién tién deé ax;;.
+ Thuc hién tién deé axs.
+ Thuc hién tién dé ax;s
Quay lai buée 2.
Buéc 4: Cay N; =~ (K;)T 1a dang chuan tic.
Thuét todn 1 thue hién dong thoi trén cic tap khéa Ky, Ko, ..., K, va cho ta cic dang chuan
tg,C N17 N27 ceey anh (7)‘ déy Nz ~ (I(l)T vélT — 17 27 ey I — 1.
3.9. Thuét todn tim ciy chuén tic cia T trén tap khéa v6 han K,
Input: Cay T € TREE, tap khéa v6 han K,,.
Output: N,, € TREE la cy chuan tic trén K, (N,, =~ (K,,)T)
Thuét toan 2.
Buéc 1: Ap dung tién dé awx,, v6i cay T (loai cdc dinh khong thude tap khéa vé han Kn)
Buéc 2: Kiém tra xem N,, ¢6 phai 14 dang chuan tic khong ?
+ Néu ding thi chuyén sang buéc 4.
+ Néu sai thi chuyén sang buéc 3.
Buéc 3: Thue hién lan luot cic tién dé sau:
Thuc hién tién dé ax,;.
Thuec hién tién dé axy,s.
Thuec hién tién dé axy,s.
Quay lai budce 2.
Buéc 4: Cay N, ~ (K,)T 13 dang chuan tic.
3.10. Thuit todn néi cdc cay chuin tic N; =~ (K;)T (i =1,2,...,n) thanh ciy chuin tic
N =~ (K)T.
Thuét toan 3.
Input: Céc cay chuan tic N; ~ (K;)T (i = 1,2, ...,n)
Out put: Cay chuan tic N ~ (K)T.
Buéc 1: Khéi tao N 1a cay rong. Khéi tao bién dém ¢ = 1.
Buéc 2: Kiém tra i > n ?
+ Néu ding thi sang buéc 4.
+ Néu sai thi sang buéc 3.
Buéce 3: Kiém tra cdy N; ¢6 1a cAy rong khéng ?
+ Néu la cay rong thi ting ¢ = i + 1 (loai bd cay rong ra khédi qua trinh ghép).
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+ Néu 14 cay khong rong thi ndi cay N; vao cudi cay N theo nguyén tdc dong nhét 14 bén phai
nhét trong N véi dich trén cing cda N; va sau d6 tang ¢ = ¢ + 1.

Quay lai buéce 2.
Buéc 4: Cay chuan tac N ~ (K)T.

3.11. Thuat todn chuyén ciy chuin tic cia T vé cay t6i uu trén tip khéa vé han K

Sau khi thue hién thi tuc néi cdc cAy chuan tac N; trong thuat todn 3 (muc 3.10) ta duwoc cay

chudn tic N ~ (K)T. Sau d6 chuyén N ve cay t6i wu Ty ~ (K)N ~ (K)T.
Thuét toan 4.
Input: Cay chuan tic N =~ (K)T.
Output: Cay t8i vu Ty =~ (K)N =~ (K)T.
Buée 1: Ding ham Numr(p) dé do chiéu cao clia cay chuan tic N (p la con trd tré dén dinh cia
N). Sau dé 4p dung (Numr(p) div 2 ) lan tién dé azs_ nguoc.
Buéc 2: Ding ham Numl(p) va ham Numr(p) dé do chiéu cao cia cay con trai va cay con phai cla
N (gid str ta do dugc m,n).
+ Ap dung (m div 2) lan tién dé az,_ thuin cho cay con trai cia N.
+ Ap dung (n div 2) [an tién dé axs_ nghich cho ciy con phii cia N.
Buéc 3: Chuyén sang xét ciy con trai va cAy con phdi cia N.
Quay lai buée 2.
Buéc 4: Cay hién thoi Ty 1a cay toi uw.
3.12. Thuat todan phan ra xay dung cay t8i uu trén tap khéa vé han K
Input: T' € TREE, tap khoéa v6 han K.
Output: Cay t6i vu Ty = (K)T.
Buéc 1: Chia tap khéa v6 han K thanh n tap con K, Ko, ..., K, sao cho ching tao nén mot phan
hoach tuwong tren K.

Buéc 2:

+ Ap dung Thuét todn 1 dé xdy dung cdc cdy chudn tic N; cia T trén tip khéa hiru han
K, (i=1,2,....,n—1).

+ Ap dung Thuat todn 2 dé xay dung céc ciy chuan tic N, cia T trén tap khéa vo han K,,.
Buéce 3: Ap dung Thuat todn 3 dé ghép céc cay N; (i = 1,2, ..., n) thanh cay chuan tic N ~ (K)T.

Buéc 4: Ap dung Thuét todn 4 dé chuyén cay chuan N (xay dung & buéc 3) ta duoc cay t6i wu
Ty ~ (K)N ~ (K)T,

4. GIAI THUAT CHO CAC TIEN PE

4.1. Luu trit cdy nhi phan

Vi T 1a cAy nhi phan nén ta dimg cdch lru trit méc néi dé luu trir cy. Moi niit clia cay sé 1a
mot con trd gom cac truomg diroc khai bdo nhir sau:
Type TREE = "Node;
Node = Record
Key: integer; { khéa cda nat}
Info: String; { thong tin dugc luu trir tai nat}
Left: TREE; {Tré dén cay con trii}
Right: TREE; {Trd dén cay con phdi}
x, y: Integer; {Toa do cda ntt trén man hinh do hoa}

End,;
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4.2, M6 ta thuit todn cia tién dé axq,azin (=1,2,...,n—1)
Buéce 1: Trd p vao dinh cia cay 7. Gia st p; 14 niit con trai cia p.
+ Niit p khic rong
Néu ¢ + Nt con tréi p; khéc rong
+ Nt con trai clia p; hodc nit con phéi cla p; khéc rong
thi chuyén sang budc 2, nguoc lai chuyén sang buée 3.
Buéc 2: Néu gis tri khéa ctia p khong 16n hon gié tri khéa cia py thi:
+ Nuit con trai cia p sé 1a nit con trai cia p;.
+ Xoéa nit p; ra khéi cay.
+ Chuyén sang budc 3.
Nguwoc lai chuyén sang buée 3.
Buéc 3: Chuyén sang xét niit con tréi (hodc nit con phai) cia p. Sau dé quay lai buéc 1.
4.3. Mb ta thuit todn cia tién dé axe_ thuin, axis_ thuin ((=1,2,...,n—1)
Buéce 1: Tro p vao dinh cia cay T. Gia str p; 1A niit con tréi cla p.
+ Niit p khic rong
Néu ¢ + Nt con tréi p; khéc rong
+ Niit con trai clia p; hoic nit con phai cia p; khic rong
thi chuyén sang buée 2, nguoc lai chuyén sang buéc 3.
Buéc 2: Néu gid tri khéa cia p 16n hon gis tri khéa cia p; thi:
+ p1 sé 1a dinh.
+ Nut p sé 1a ntit con phai.
+ Nuit con phai cia py sé l1a nit con trai cia p,.
+ Chuyén sang budc 3.
Nguoc lai, néu khéa clia p nhd hon khéa cia p; thi chuyén sang buéc 3.
Buéc 3: Chuyén sang xét niit con tréi (hodic niit con phéi) cta p, sau d6 quay lai buée 1.
4.4. Mb ta thuit todn cia tién dé axe_ nghich, axis_ nghich i =1,2,...,n—1)
Buéc 1: Tro p vao dinh cia cay T. Gid sit p,. 1a ntit con phéi cia p.
+ Niit p khic rong
Néu ¢ + Nt con phéi p, khéc rong
+ Niit con trai clia p, hodc nit con phéi cia p, khic rong
thi chuyén sang buée 2, nguoc lai chuyén sang buéc 3.
Buéc 2: Néu gid tri khéa cia p nhé hon gié tri khéa cia p, thi:
+ p, seé 1a dinh.
+ Nut p sé 1a nat con trai.
+ Nuit con phai cia py sé l1a nit con trai cia p,.
+ Chuyén sang budc 3.
Nguwoc lai, néu khéa clia p lén hon khéa clia p, thi chuyén sang budc 3.

Buéc 3: Chuyén sang xét niit con tréai (hodc nit con phai) cia p. Sau dé quay lai buéc 1.
4.5. Mb ta thuat todn cia tién dé axs nghich, az;s (i=1,2,...,n—1)

Buéc 1: Tro p vao dinh cia cay T. Gid sit p,. 1a ntit con phéi cia p.
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+ Niit p khic rong
Néu ¢ + Nt con phéi p, khéc rong
+ Niit con trai clia p; hoic nit con phai cia p, khic rong

thi chuyén sang buée 2, nguoc lai chuyén sang buéc 3.

Buéc 2: Néu gié tri khéa cia p khong nhé hon gi tri khéa cia p, thi:

+ Nuit con phai cia p sé 14 niit con phai cia p,.

+ Xoéa nit p, ra khéi cay.

+ Chuyén sang budc 3.

Nguoc lai, néu khéa clia p nhd hon khéa cia p, thi chuyén sang buéc 3.
Buéc 3: Chuyén sang xét niit con tréi (hodic niit con phéi) cta p, sau d6 quay lai buée 1.
4.6. Mb ta thuit todn cia tién dé axiy (1 =1,2,...,n—1)

Buéc 1: Trd p vao dinh cia cay T
+ Niit p khic rong
Néu ¢ + Nt con phéi p, khéc rong
+ Nut con trai clia p; khéc rong

thi chuyén sang buée 2, nguoc lai chuyén sang buéc 3.
Buéc 2: Néu gia tri khéa cia p 16n hon x; pax thi:

+ Nut con trai p; sé 1A nit dinh.

+ Xéa nit con phai p, va nit p ra khdi cay.

+ Chuyén sang budéc 3.

Nguwoc lai, chuyén sang buéc 3.

Buée 3: Chuyén sang xét niit con trai (hodc nit con phai) cia p. Sau dé quay lai buée 1.
4.7. Mb ta thuit todn cia tién dé axy,azis (1 =1,2,...,n—1)
Buéc 1: Trd p vao dinh cia cay T
+ Niit p khic rong
Néu ¢ + Nt con phéi p, khéc rong
+ Nut con trai clia p; khéc rong

thi chuyén sang buée 2, nguoc lai chuyén sang buéc 3.

Buéce 2: Néu gid tri khéa cia p nhd hon @; min (n mm v6i tién dé az,4) thi:

+ Nt con phai p, sé la dinh.

+ Xéa nit con trii p; va nit p ra khoi cay.

+ Chuyén sang budc 3.

Nguoc lai, chuyén sang buéc 3.

Buéc 3: Chuyén sang xét niit con tréai (hodc nit con phai) cia p. Sau dé quay lai buéc 1.

5. Vi DU MINH HOA

Bai bdo nay da gidi quyét day di bai toin: cho T € TREE tim cay toi uu cia 7' tap khéa vo
han bang thuit todn phan rda. Né cé ¥ nghia trong viéc nghién ciru 16p thong tin cé cau tric dang
cady nhi phan. Duéi day ta xét mot vi du cla thuat todn phan ra trén tap khéa hiru han véi muc
dich mo6 phéng hoat dong cia thuat mot cich truc quan.

D& cho don gidn, ta chon tap khéa K = {1,2,...,25}



306 PO PUC GIAO, PHAM NCOC HUNG VA PO VIET HUNG

CayT=  [7,d]
/\
(15, d,] [11, d,]
9, d;] (2, dy] [10, d] (3, d,]
[4, dg]ﬁ| d] T/[>dm] [13, d@ d,l [15d,5]  [19,d,,]

AT N NN S

T T T [217 d15] [67 d16] T 1 T T [177 d17] T T [187 dlg] [237 dlg]
T T T T T T T T T T

Buéc 1: Chia tap K thanh 3 tap con

K, =1{1,2,3,4,5,6,8,9,10},

Ky ={11,12,13,14,15,16,17}

K3 ={18,19, 20, 21,22, 23, 24, 25}.

Dé thay Ki, Ky va K3 1a mot phan hoach twong dwong trén K véi:

Zimin = 1, Z1max = 10,

ZTomin = 11, Xomax = 17,

ZT3min = 18, Xzmax = 29,
Buéc 2: Ap dung Thuat todn 1, trurde hét loai béd cde dinh ¢6 khéa khong nim trong K; (i = 1,2, 3)
bang cach ap dung ax;, axs;s. Sau dé dliing cic tién dé ax;y, axs, axis dé tim cAy chudn tic N; trén
K; (i=1,2,3).

Dé dang kiém tra N7 14 cdy chudn tic cla T trén Kq véi Ny

N,= [4,dJ = (K) T

/\

to7d)]

/N

t (10, dg]

/N

T T

Ny 13 cay chuén téc cia T trén Ky v6i Ny -

N,=[11,d] ~(K) T

A

N ~ ~ v ~ s .
N3 1a cay chuan tac cia T trén véi K3 véi Na:

T
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N,=[18,d;] = (Ky) T

/\

U194y
T [23,d)
T T

Buée 3: Ap dung Thuat toén 3, ghép N1, Na, N3 ta duoc cdy chuén tic N cia T trén K véi:

N=[4,dg] = (K) T

/\

To7,dy]

/N

T [10,d4]

Buéc 4: St dung Thuat todn 4 ta duwoc cAy t6i wu can tim Ny cia T trén K 13

T [11,d4] = (K) T

[7,d,] [19,d;4]
N
[4, dg] [10, dg] [18, d,g] [23,d,4]
NN NN

6. KET LUAN

Bai bdo nay 1a su mé rong vé phuong phap luan cia thuat todan phan ra trén tap khéa hiru han
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v6i muc dich tang téc do tinh todn trong viéc phan loai, tim kiém thong tin duéi dang cay tim kiém
nhi phan cé kiéu dir liéu dong.

Phuong phép nay c6 thé mé rong cho lép cAy nhi phan véi thong tin chira & céc 14, Vé miit

logic ta ¢6 thé mé rong 16p cdy mot chicu trong bai bdo nay thanh 16p cdy n chiéu va dp dung thuat
todn phan ra trén l6p cay n chiéu. Van dé nay ching toi sé dé cap trong bai béo tiép theo.
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