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PHU'ONG PHAP LAC BA LO VA THUAT TOAN
TiM KIEM XAP X1 DAY CON CHUNG DAI NHAT

NCGUYEN QUY KHANG

Khoa Todn, truong Pai Hoc Su pham Ha not 2

Abstract. In a paper entitled: “Fuzzy Automata and it’s applications for finding the longest
common subsequence” (P.T.Huy and N.Q.Khang - The 6-th Vietham Conference of Mathematics,
Hue-7-10/9/2002), using a weakly ordered structure we have introduced Knapsack Shaking Method as
fundamentals of application of fuzzy automata for finding the exactly longest common subsequence
of two text sequences. In this paper received results will be extended to solve approximate LCS
problems using the Knapsack Shaking method. Some new algorithms with their complexities are
presented.

Tém tit. Trong bio cio: “«Otémdt mo v ing dung trong bai toan tim day con chung dai
nhdt’” (P.T.Huy va N.Q.Khang, Hoi nghi Tosn hoc Toan quéc Ian 6, Hué 7-10/9/2002) chiing t6i da
dé xuat phuong phép lic ba 16 nhd viée xdy dung mét cau tric thit tir yéu, lam co s& cho viéc 4p
dung 6téméat md dé gidi bai todn tim chinh xdc diy con chung dai nhét cia hai xau text. Bai bdo
nay mé rong cic két qua toian hoc dé va trinh bay mét s6 thuit toin ing dung phuong phip lic ba
16 vao viéc gidi bai todn tim kiém xap xi day con chung dai nhat ctia hai xau va xem xét do phitc
tap tinh toén cla chung.

1. MO PAU

Bai toan so mau kiéu xau ky tw xuat hién trong nhiéu linh vuwc nghién ciru, chang han
viéc tim kiém thong tin tinh hodc dong trén mang. Moi hé soan thido van ban hay da s6 bo
soan thao cia ngoén ngtr 1ap trinh khong thé thidu lenh tim kiém; trong sinh hoc, nghién ctru
céc ban do gene dé phét hién nhitng thudc tinh can quan tam déi véi cay trong hoac co thé
song. Tim kiém, so mau cling can thiét trong vién tham... Hién nay, viéc xay dung thuat
todn méi hoic cai tién cac thuat toan so mau (chinh xdc hay xap xi) dang 1a mot van dé soi
dong.

Céc thuat toan so don va da mau chinh xéc hay xap xi da dwoc trinh bay trong céc cong
trinh [1,3,4,5,9].

Trong cic dang cia bai toan so mau, bai toan tim day con chung dai nhat, chinh xdc hay
xap xi, cia hai xau hay nhiéu xau cé vai trdo quan trong cd vé mat 1y thuyét lan tng dung
(xem [1,9]). Mot s6 cach tiép can chi yéu cé thé néu ra la: phuwong phap 6tomat hiru han
[1,4]; phwong phdp quy hoach dong [5] va sit dung khéi niém khodng cdch Levenshtein hay
con goi la edit distance ([1]).

Trong [6] da dé xudt mot hinh thirc 6t6mat md, cho phép xem xét mot cdch thong nhat
cac dang so mau do Knuth-Morris-Pratt hoidc Boyer-Moore dwa ra. Thuat todn so don mau
la ¢6 hiéu qua va dé cai dat. Ve linh vue nay, doc gia quan tam t&i 6t6mat mo, ngoén ngir va
cti phdp mo... ¢6 thé tham khdo [2,8].

Trong [7], ching t6i da trinh bay mot cau tric 6tomat mo gidi bai todn tim chinh xdc
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day con chung dai nhat cia hai xau. Co s& todn hoc cia né 1a nghién ciru mot cau tric véi
cac phan tir goi 14 cau hinh hay mot tap hiru han céc day con cia mau. Tl dé nghién ctru
nira nhém twr do céc tac dong trén tap cdu hinh dé nhan dwoc 6téméat mo gidi bai todn tim
day con chung dai nhat cia hai xau va dat tén cho phuwong phap dé 1a lic ba 16. Bang viéc
khai thdc thong tin vé mau twong tu nhu trong [6], phwong phép nay tranh dwoc cdc buée
so mau khong can thiét. N6 cling khong doi hoi bo nhé luu triv xau can duyét, ké ca dong
dir liéu trén moi trueong mang.

Trong nhiéu tng dung, ngudi ta khong doi héi xdc dinh chinh xdc day con chung dai nhat
ma chi can tim kiém xap xi véi mot do chinh xdc nhat dinh. Muc dich ciia bai bdo nay 1a
trinh bay cdc thuat todn tim kiém xap xi day con chung dai nhat cia hai xau.

Sau phan mé dau, trong Muc 2 s& phét biéu bai todn tim chinh xdc diy con chung dai
nhat cia hai xau cling nhw bai todn cho trwomg hop tim kiém xap xi. Muc 3 nhéc lai céc két
qué trong [7], lam co s& cho Muc 4, trinh bay co s& todn hoc cia céc thuat todn giai quyét
bai todn so mau xap xi va ddnh gia do phitc tap cia chiing.

2. PHAT BIEU BAI TOAN

Bai toan xac dinh day con chung dai nhat cia hai xau text duwoc xét trong [7] (Longest
Common Subsequence Problem-LCS Problem) la cho trudc xau mau P va xau dir liéu S, ta
xay dung thuat toan:

e X4c dinh chinh xé4c day con chung dai nhdt ciia P va S.

¢ X4c dinh do dai cia day con chung dai nhat cia P va S, khong doi héi chi ra day con
cu the.

Bai todan xéc dinh xdp xi day con chung dai nhat cia hai xau text P va S cling la bai
toan LCS cho trwong hop tim ki€ém xap xi, nghia la xay dung thuat toin de:

e X4c dinh day con chung cia P va S véi do dai 1ém hon hodc bang c.l(P) néu cé, trong
dé ¢ 1a mot hang s6 cho trude, I(P) 13 do dai cia xau P, thod man diéu kién 0 < ¢ < 1.

e X4c dinh su ton tai ciia day con chung cia P va S ¢é do dai lém hon hoac bang c.l(P)
véi 0 < ¢ < 1 néu cb, khong can chi ra day con cu the.

3. PHUONG PHAP LAC BA LO

Pé trinh bay phuwong phép nay, trueéc hét ta nhic lai mot s6 khai niém va két qua trong
[7].

Véi mot xau X tuy ¥ cho truéde, ta goi s6 lan xuat hién cic ky tw trong X 14 d6 dai cia
X, ky hiéu la I(X). Ky hiéu X[i] hay x; va Ax, theo thit tw 1a chir cdi thit i (i < 1(X)) va bdng
chir cia X. Céc bang chir dwoc néi téi déu la hiru han, khéac rong. Luc lwong cda bang chit
A ky hiéu 1a |A].

Cho xau mau P = ajas...a,, va xXau text S = b1by...b, trén bang chit A,m,n > 0. Ta ¢
I(P) = m, I(S) = n. Mot day con U ciia mdu P dwoc hiéu 1a xau nhan dwoc tir P bang cich
x04 trong P tir 0 dén m ky tu. Néu U 1a mot day con cida P va S thi U duwoc goi 1a day con
chung cia P va S. Khi khong gy nén nham lan, ta cing ky hiéu {(U) 14 do dai cia day con
U. Day chi s6 tao bdi céc chir con lai trong P sau khi xo4 duwoc goi 1a mot vi éri cda U.

Tir cach xay dung diy con, suy ra cé thé cé nhiéu vi tri khac nhau tng véi mot day con
U. Néu sap xép tat ca cac vi trf khdc nhau cia mot diy con U theo thit tu so sanh troéi dong
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thoi trén cdce chi s6 thl phan tir bé nhat dwoc goi 1 vi trf trdi nhdt cia U, ky hiéu 1 LI(U).
Thanh phan cudi cing bén phai trong LI(U) ky hiéu 1a Rm(U).

Xét mot vi du minh hoa cho céc khai niém néu trén. Gid sit P = acbdabad. Khi d6 P ¢6
day con 1a U = abd véi cde vi tri 1a cdc day chi s6 (1,3,4); (1,3,8); (1,6,8); (5,6,8). Ta cb LI(U)
=(1,34), BRm(U) = 4 = chi sé cudi cing bén phdi cia LI(abd).

DPé xét tdc dong trén tap cdc cdu hinh cia P sinh béi cdc ky tu xuat hién trong xau S,
ta can xay dung mot bang chir chung cho P va S. Khong mat tinh tong quét, ¢6 thé thay thé
tat ca nhitng ky tu ¢6 mit trong S nhuwng khong xuat hién trong P bang mot ky hiéu nao dé
khong thude Ap, chang han #. Khi d6 A = Ap U{#} 1a bdng chir chung cia P va S.

Ky hiéu khic dau do dai ¢t cia S, t < n 1a S;, day con chung dai nhat cia P va S; 1a
LCS(P,S,), con d6 dai ciia LOS(P, S,) 1a L(P, S,).

3.1. T4p céc cdu hinh
Pinh nghia 1. Mot cau hinh cia xau P do dai m > 0 14 mot tap hop céc day con cia P,
thod man céc diéu kién:

1. Tap rong @ la mot cau hinh cia P, ky hiéu 1a Cy va goi la cau hinh khéi dau.

2. Tap @ # C = {wy, @9, ..., xp}, v6i 1 < k < m, gom céc day con d6i mot phan biét va thoa
man cic diéu kién sau:

1) U(x;) =14 (do A6 l(z;) # Uzy) véimoi 0 < i+ j <k vdik <m),

ii) Véi hai day con tuy ¥ x;,z; thod man I(x;) > l(z;) thi Rm(z;) > Rm(z;) 13 mot cau
hinh cia P.

Tép céc cdu hinh cia P dwoc ky hiéu 1a CF(P).
3.2. Quan hé bic cau va hinh chiéu trén tip cic ciu hinh
Pinh nghia 2. Cho xau mau P do dai m > 0. Trén tap CF(P) ta xdc dinh mot quan hé “ <"
nhw sau:

1. C&u hinh réng Cy 14 phan ti nhé nhat (min), nghia la véimoi € € CF(P), hoac Cp < C
hoiic Cy = C (ta viét Cy < O).

2. Gid st C1, Cy 1a hai cau hinh tuy ¥ khic Co.Cy < € (hay néi C; troi hon Cy) néu thoa
man céc diéu kién:

i) Vé&i moi @ € Cp, néu ¢b y € Cy sao cho I(z) = I(y) th Rm(y) > Rm(z).

ii) C6 x € C; thoa it nhat mot trong hai diéu kién troi thue su sau:

+ Néu cé y € Oy, l(z) = I(y) thi Rm(y) > Rm(x).

+ Khéng ton tai y ¢ Cy sao cho I(z) = I(y).
Vi du 1. Cho P = abcabd. Ta c6 I(P) = 6, khi d6 C; = {a, ac, bcb, abad} 1& mot cadu hinh véi
x1 = a, ¥y = ac, x3 = beb,xy = abad. Cy = {a,ac,bad, abed} 1a cau hinh ma Cy < C; vi thod
diéu kién 2.i) va ¢6 y3 = bad € Cy va x3 = beb € C thoa 2.ii). Cau hinh C; troi hon cdu hinh
Cs = {b, bc, bab} theo Diéu kién trong 2.ii).

Gia st C € CF(P) v6i |Pl=m > 0.
Pinh nghia 3. Hinh chiéu cia C, ky hiéu la A(C), 1a mot véc to m chiéu ¢ € Z™ duge xdc
dinh theo cic quy tac sau:

1. h(Co) == 4o — (0707 70)



8 NGUYEN QUY KHANG

2. Véi Cy # C = {1, @0,..., 21}, gid st h(C) = (ui,ug,...,un) thi u; = I(z;) néu céd
t (1 <t < m), sao cho i = Rm(z;) va u; = 0 néu trai lai.

Vi du 2. Véi cidu hinh C; = {a, ac, beb, abad} & Vi du 1, ta ¢6 g = h(Cy) = (1,0,2,0,3,4).
3.3. Céc tinh chat

Tilr cic Pinh nghia 2 va 3 suy ra mot s6 tinh chat so cap sau day.

1. Quan hé “<” trén CF(P) cé tinh chdt bac cau, khong phan xa va phan déi xing.

Tuy quan hé “<” khong la quan hé thit tw, nhung dwoc sit dung dé so sanh cic diy con
c6é cuing do dai nén ta goi né la thit tw yéu.

2. Phan tir max 1 cidu hinh ¢é hinh chiéu ¢ = (1,2, .., m).

3. Trong s6 cac cau hinh gom k ddy con, k > 1, cAu hinh ¢6 hinh chiéu ¢ = (1, 2,3, .., £, 0,0, .., 0)
néu ton tai, s& 14 cau hinh cuc dai (troi nhat).

Tinh chat sau day suy truc tiép tir dinh nghia, néu lén tinh chat cia nhirng thanh phan
khéc 0 cia cdc véc to hinh chidu véi lru ¥ rang, thit tw yéu “<” trén céc cau hinh lién quan
téi cac phép so sanh do dai, toa A6 Rm() cia cac day con cé cuing do dai, va dic diém ting
dan cta cdc thanh phan khéc khong ciia moi véc to hinh chiéu q tir trai sang phai.

4. ChO q1 — h(01>7 g2 — h(CQ) Glé SL71' q1 — (U17UQ7 7um) va, g2 — (U17U27 ...7Um>. Khi dé
C) < Cy khi v& chi khi thod cdc diéu kién sau:

i. Véimoi 1 <4, k<m, néu u; = v, thl k <.

ii. Néu u;, vy 13 hai toa do chi s6 cao nhat khéc 0 cla ¢; va go thi u; < vg.

Hon nita, néu u; = v, thi ton tai ¢t < k sao cho w; < v. T tinh chat thit 4 trén, néu
q1 = g2 ta cé the goi C) va Oy la twrong dwong (day thue sir 13 mot quan hé twong dwong).
Vi du 3. Cho ¢, = h(C}), g2 = h(Cs), xét mot 86 trudng hop sau:

a) g1 = (0,1,0,0,2,3) v go = (0,1,2,0,0,3) thi ¢} < Co.

b) g1 = (0,1,2,0,3,0) Vi g2 = (0,1,2,0,3,4) thi C; < Cs.

¢) q1=1(0,1,2,0,3,0) va g2 = (1,0,2,0,0,3) thi C; va Cs la khong sdnh dugc.

3.4. Tac dong trén ciu tric

Trong phan nay, ta xét tac dong cia cdc xau xem nhuw cdc phan tit cia vi nhém tur do A*
sinh bdi bang chir A trén tap céc cau hinh.

Pinh nghia 4. Cho mau P do dai m va bang chir A = Ap U {#} véi # ¢ Ap. Téc dong bédi
A lén tap CF(P) la dnh xa ¢ : CF(P) x A — CF(P), duwoc xac dinh nhu sau:

1. o(C,#) =C véimoi C € CF(P).

2. ¢(Co,a) = C" = {a} véi moi a € Ap, Cy la cdu hinh khéi dau.

3. V&imoi a € Ap, moi cau hinh C £ Cy, gid sit ¢! = ¢(C,a). Khi d6 C’ duoc x4c dinh
theo cic bude sau:

i) bat ¢’ bang C,

ii) Bién doi €’ bdi mot vong lap theo bién j gidm tir k& dén 0 nhu sau:

a. Vé&ij =k, trén P tir trai sang phai néu cé xudt hién cia chir a tai vi trf ¢6 chi s6 16n
hon Rm(x;) thi b sung vao €’ diy con méi zya.

b. Vé&ij tir k—1 téi 1, trén P tir tri sang phai néu c¢6 xuat hién cia chir a trong khodng
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(Rm(z;), Rm(z;+1)) thi thay z; 11 bang x;a, trii lai ta gitt nguyén a;4.

c. Véi j =0, néu c6 xuat hién cla a & vi trf bén trai Rm(z,) thi thay z; bang a.

C6 thé mé rong ¢ trén vi nhém tuw do A* sinh bédi A.

T Pinh nghia 4, ta ¢6 cidc nhan xét sau day:

1. Diéu kién (1) cho thiy vi sao c¢6 thé thay thé tat ci cdc ky tu xuat hién trong S nhung
khong ¢6 mat trong P bdi ky hiéu # da néu trén.

2. Céc diéu kién (3.b) va (3.c) cho thay: v6éimoi i, i < k, x; € C va y; € C' thoad man
dieu kien Rm(y;) < Rm(x;).

3. Tur c4c dieu kién trong Pinh nghia 1, Dinh nghia 4 (3a, 3b, 3c) suy ra tinh ding dan
cla téc dong ¢, nghia 14 €’ 13 mot cau hinh.
Vi du 4. Xét cau hinh C3 = {b,bc,bab} v6i P = abcabd nhu trén. Ta cb: ¢(Cs,a) =
C'" = {a,bc,bca} va Rm(a) = 1 < Rm(b) = 2, Rm(bca) = 4 < Rm(bab) = 5. ¢(C3,d) = C" =
{b, be, bab, babd}.

Y nghia ctia cic tdc dong néu trong Dinh nghia 4 c¢6 thé dwoc giai thich nhw sau:

Thao tic (a) chira rang, tai buéc j = k can chon chi s6 trdi nhat cia cdc xuat hién trong
P cla a € Ap ké tit Rm(x) +1 dén m.

Thao téc (b) cho biét tai buéc thit j (k— 1 <5 < 1) can chon chi s6 trdi nhdt trong cdc
xudt hién cia a € Ap trong P, ké tir Rm(x;) +1 dén Rm(xsi1) — 1.

Thao tdc (c) doi héi tai buéc j = 0 can chon chi s6 trai nhat trong cdc xuat hién cia
a € Ap trong P, ké tir 1 dén Rm(x;) — 1, néu cé.

Néu viét cdc day con cia cau hinh C tir dwéi lén trén, thi duédi tic dong cia chir a, vi
tri ciia né dwoc thay déi goi 1én hinh dnh nhw khi zép vdt a vao ba 16 O, ta ldc C' dé vat a
roi dan xuong vi trf sau nhat c¢6 thé. Diéu nay gidi thich cho thuat ngit phwong phdp lic ba
6 (Knapsack Shaking Method).

Tinh chat sau day cia téac dong sé dwoc sit dung khi gidi bai toan tim kiém xap xi.

Ménh dé 1. Cho zdu P va ¢ la tdc dong trén cdc cdu hinh cia P.
1. Néu p(C,a) = C' thi hodc C = C' hoge C < C'(C' lréi hon C ).
2. Néu @(Chal) = 027 (,0(027CL2) = 037 ... thi vo moz 1 < k‘7 hOdC Cy =Cy hOdC Ci < Cp.

Chatng minh. Truc ti€p suy ra tir Dinh nghia 4. m
3.5. Otomat lién két v6i cdu tric CF(P) va 6tdmét mo

Vé otomat mo ching toi st dung cdc khdi nieém va dinh nghia nhuw trong [8].

Mobi trang thai mo duwoc xem nhw mot tdp mo trén tap ré hitu han phé dung Q =
{1,2,..,n}, cu thé nhu mot ham f: Q — R va duwoc bieu dién duédi dang véc to 16 f =
(f(1), £(2), ..., f(n)). Diéu nay cho phép coi moi trang thai clia 6témat md nhw mot véc to
toa do thuc, con phép chuyén trang thai la phép chuyén véc to thanh véc to. O day, ta coi

f(i) € N, i =1,2,...,n. Véi céc ting dung khéc, c6 thé xem f(:) 1 céc gia tri thue thudc doan
[0, 1].

Pinh nghia 5. Cho mau P do dai m va bang chir A = Ap U{#}, # ¢ Ap.(CF(P),<) la cau
tric xdc dinh theo Pinh nghia 4. Ta xay dung otomat mo khdi dau A = (4, Q, qo,d), trong
dé: A la bang chir; Tap trang thai Q géom cic véc to ¢ = h(C) véi C 1a cdu hinh dat dwoc
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tir Cp, nghia la hodac C = Cy, hodc ¢ w = ajas...a; € A* sao cho §(Co,a1) = Cp, 6(Ci,as) =
Ca, ..., 0(Cha) = Ciqp = C; go = (0,0, ...,0) 1a trang théai khéi dau; Ham chuyéné: Q x A — Q
dwoc xdc dinh bdi §(h(C),a) = h(¢(C,a)) véi moi C € CF(P) vaa € A.

C6 thé mé rong 6 trén A* dé nhan dwoc tédc dong clia mot day tir thudc A* trén tap trang
thai cia 6tomat A.

Ve tinh ding dan cia Dinh nghia 5 ta cé:
Ménh dé 2. Dinh nghia 5 la ding ddn, xdc dinh mét 6témdt véi chuyén don dinkh chi phu
thudc vao trang thdi q, khong phu thudc viéc chon cdu hinh C ma h(C) = q.
Chitng minh. Phép chirng minh ménh dé duwa trén bé dé sau day. Ban than bo dé ciing cho
ta nhirng tinh chat can 4p dung doi véi phép téc dong.
BS dé 1. Cho C1,Cy li cde cdu hinh dat dvoc te Co. Kha do:

2. Néu h(C1) = h(Cs) = q thi h(¢(C1,a)) = h(¢(C2, a)).

3.6. Bai toan tim chinh xic day con chung dai nhéit

Viéc tim chinh xdc day con chung dai nhat cia hai xdu P va S bao gom:

Bai toan 1. Xéc dinh LCS(P, S).

Bai toan 2. Xéc dinh L(P, S).

Phan nay nhac lai céc két qua dung lam co s& todn hoc cho hai bai todn trén da trinh
bay trong [7].

Bai toan 1 duwoc gidi quyét bang viec xay dung 6té6méat mo ma moi trang thai 13 mot cau
hinh C va 4p dung két qua sau day.

Pinh 1y 1. Cho zdu mau P va mot zdu text S. Xét otomdt B = (A, Q, Co, @) véi tap trang thdi
la cdc cdu hinh cia P véi haim chuyén ¢, trang thdi khéi dau la Co, con trang thdi két thic
la Cp = o(Co, 8). Gia st Cy, = {x1,xa,..,x1}, trong 4o xy, la day con véil(xy) = max{l(x;), i =
1.k} (hay zy ddi nhdt trong C,,). Khi @6:

1. Véi day con chung tuy § U cia P va S, ton tai x; € Cy, i > 1, sao cho:

i WU) =i = (x).

1. Rm(z;) < Rm(U).

2. LOS(P,S) = a.

Bai todan 2 14 hé qua cia Bai todn 1, do dé ta chi cin quan tam dén ham trang thai ¢
thong qua dinh 1y sau.

Pinh 1y 2. Cho zdu mau P, |P| = m va zdu text S; A = (A, Q,q0,0) la 6tomdt xdc dinh
theo Dinh nghia 5, qo la trang thdi khéi dav va trang thdi két thic la ¢, = 5(qo, S). Gid si
qn = (n1,m9,..,1%,0,..,0) v&i k la chi 6 cao nhdt ma ny # 0. Khi d6 ta ¢ L(P,S) = ny,.
Vi du 5. Tim x4u con chung dai nhat cda mau P = acdac va xau S = cdacda.

Ta c6 I(P) = 5, 1(S) = 6. Qu4 trinh tinh todn ddi v&i 6tomat 6 la tap trang thai 1a cau
hinh va ham chuyén ¢, véi day tdc dong S dé nhu sau.

CVO - ®7 Cl - @(007 S[H) - @(007 C) = {0}7

CQ - @(017 S[2D - @(017 d) - {07 Cd}7
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Cs = ¢(Ca, S[3]) = ¢(C2,a) = {a, cd, cda};

Cy = ¢(Cs, S[4]) = ¢(C3, ¢) = {a, ac, cda, cdac};
Cs = ¢(Cy, SI5]) = ©(C4, d) = {a, ac, acd, cdac};
Cs = ¢(Cs, S16]) = ©(Cs, a) = {a, ac, acd, acda};

Vi du 6. Cho P = wabvcaba va S = abvacbauabve. Ta c6 I(P) = 8; I(S) = 12; Ap =
{a,b,c,u,v} = A. Ta cé:
qo = (07 07 07 07 07 0707())7

q1 = d(qo, S[1]) = d(go, a) = (0, 1,0,0,0,0,0,0);

q2 = 6(q1, 5[2]) = d(q1,b) = (0, 1,2,0,0,0,0,0);

g3 = 9(q2, S[3]) = d(g2,v) = (0, 1,2,3,0,0,0,0);

qa = 6(g3, S[4]) = d(gs,a) = (0, 1,2,3,0,4,0,0);

g5 = 6(qu, S[5]) = d(ga, ¢) = (0,1,2,3,4,0,0,0);

g6 = 6(gs, S[6]) = 6(g5,b) = (0,1,2,3,4,0,5,0);

q7 = 6(ge, S|7]) = d(ge, a) = (0, 1,2,3,4,5,0,6);

qs = 6(qz, S[8]) = d(g7,u) = (1,0,2,3,4,5,0,6);

qo = d(gs, S[9]) = d(gs, a) = (1,2,0,3,4,5,0,6);

q10 = 8(go, S[10]) = 8(ge, b) = (1,2,3,0,4,5,6,0);
q11 = 5(61107 5[10]) = 5(6110771) - (17 2737470757670)%
q12 = 5(61117 5[12]) = 5(611170) - (17 2,3,4,5,0,6, 0)%
Vay L(P,S) = ng = 6.

4, BAI TOAN TiM KIEM XAP Xi

Trong phan nay, ching ta m& rong cdc két qua trén, xay dung co s& toan hoc cho hai bai
toan tim kiém xap xi day con chung dai nhat néu & Muc 2.

4.1. Co sd toén hoc

Nhw da dé cap, Pinh 1y 1 1 co s& todn hoc cho phwong phép lic ba 16. Déi véi bai toan
so mau xap xi, ching ta can m& rong nhuw sau.

Dinh 1y 3. Cho zdu mau P va xau text S. Xét 6tomdt ma tdp trang thdi la tap cdu hinh cia
P ciing véi ham chuyén @, trang thdi div la Cy. Xét Cy = p(Co, Sy) véit tuy 3, 1 <t < n. Gid
st Cp = {x1,x9,...,xx} trong @6 xy, la day con xy, dai nhdl trong Cy. Khi d6:

1. Véi day con chung tuy y U cia P va Sy, ton tai x; € Cy, i > 1, sao cho

©. LU) =i = l(z).

1. Rm(z;) < Rm(U).

2. a, = LOS(P, Sy).

3. Véi moi hdng s6 nguyén k cho truce, 1<k <I(P), S; la khic diav ngdn nhdt cia S
thod man L(P,S;) = k khi va chi khit la s6 nguyén bé nhdt sao cho C; ¢é k day con, nghia la
Ct = {:Jc17:)c27 73?]€} yieg} X = LCS(P7 St>



12 NGUYEN QUY KHANG

Chitng minh. Phép ching minh cdc két luan (1) va (2) cia dinh 1y da dwoc trinh bay trong
[7]. Ta con phéi chitng minh (3).

That vay, tir tinh don dinh cia 6témét véi ham chuyén ¢ ta cé ¢(Co, S;) = Cy, néu t > 1
thi ¢©(Co, S;—1) = Ci—1 va o(Ce 1, S[t]) = C;. Tir 6, trong truong hop k=1 hay t =1, ¢6 thé
ki€m tra truc ti€p dira vao Pinh nghia 4 vé phép téc dong . Con lai, chi can kiém tra trwong
hop k, ¢ > 1. Khi dé, tir Pinh nghia 4 suy ra néu C; ¢é dang C; = {x1,22,.., 2} véi t 1 chi
s6 bé nhat cé the, thi ¢, ; phai ¢6 dang {y1,v2,..., yx_1}. Vay 4p dung (2) suy ra ¢ 1a chi s6
bé nhat sao cho L(P,S;) = k. Péo lai, gid sir ¢ 1& chi s6 bé nhat, ¢ > 1 sao cho L(P,S;) = k.
Tir (2) va Dinh nghia 4 lai suy ra ¢ 14 chi s6 bé nhat sao cho C; gom k day con 1,...,z,. =

Tiép theo, dé trinh bay co s& toan hoc cho thuat toan gidi Bai toan 2, ta dwa vao khai
niém vét cia mot cau hinh.

Pinh nghia 6. Cho P la xau khic xau rong, {(P) =m va C la mot cau hinh cia P. Vét
cua C, ky hiéu Tr(C), 1a mot véc to dang Tr(C) = (by, bs, .., by,), trong d6 b; dwoce xdc dinh
bdi mot trong hai diéu kién sau:

1. Néu C = Cy thi b; =0 véimoi j, 1 <j<m.

2. Néu C = {xy, 29, ..., ¢}, l(x;) =i, 1 <i<k thlvéimoij=1,2..,m, b;=1khiva chi
khi 7 = Rm(z;) v6i i < k nao dé.

T céc dinh nghia, suy ra quan hé sau day gitra hinh chiéu va vét clia mot cau hinh.
B8 dé 2. Gid st ho(C) = (ur,us, ..., up) v6 Tr(C) = (b1, by, ..., by). Khi @6 b; = 1 khi va chi
khiw; #0 vt moi i, 1 <i<m.

Thuat ngtt vét ndy sinh tir chinh tinh chat nay. Két qud sau day néu lén méi lién hé gitra,
vét va cau hinh.
Meénh dé 3. Cho P la xdu khdc xdu rong trén bing chic A va C,C" la hai cdu hinh tuy 4 cia
P. Ta co:

1. Tr(C) =Tr(C") khi va chi khi C = C' hodc C va C' la twong dwong, nghia la h(C) = h(C").
2. Néu p(C,a) =C" véiac A nao d6 thi Tr(C) = Tr(C") khi va chi khi C = C".

Chitng minh. (1) dwoc suy ra tir Bo dé 2 va Ménh dé 1, con (2) 1a hé qua cia (1) va Bo de
1. |

DPé cai dit cdc thuat toan dua trén khai niém vét va cac tinh chat dic trung cia vét, ta
xay dung ham tdc dong a trén céc vét. Mot vét T 1a mot vée to m chidu véi toa do chi gom
0 hoac 1.

Véi xau P cho trude va moi chir a, ta quy wéc:

Ham Right(a,l) v&il < m tra lai gia tri la vi tri xudt hién trdi nhat cda a trong khic con
P[l+ 1]P[l+2]...P[m] néu cé, trai lai sé tra lai gid tri 0.

Ham Left(a,l) véil > 1 tra lai gid tri tri nhat cia a trong khiic con P[1]P[2]...P[l— 1] néu
c6, trai lai sé tra lai gid tri 0.

Ham Lm(a,s,t) v6i 1 < s < t—1 < m tra lai vi trf trdi nhat cda a trong khic con
P[s+1]P[s+ 2]...P[t— 1] cia P néu cé, trai lai tra lai gid tri 0.

Ta nhan xét rang Left(a,l) = Lm(a,0,1), Right(a,l) = Lm(a,l,m +1).
Pinh nghia 7. Cho xau P, I(P) =m > 1, Ap la bang chir cia P va A = Ap U {#}. Gid sit
cho trudc vét T = (b1, by, ..., by). V&i moi chir a € A, vét méi qua téc dong a sinh béi chir a
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len T, ky hieu [a a(T,a) =T = (d1,do, ..., dy,) duwoc xic dinh nhu sau:

1. Néua ¢ Ap(a = #) thh T! = T;

2. Néu a € Ap thi 7' nhan dwoc tir T bédi cac budce lan lwot nhu sau:

i. Khéidau 77 =1

ii. Xét mot bién j tir m gidm dan t&i 1. Moi truwong hop cia j xét:

Néu j la chi s6 dau tién thod Right(a,j) > 0 va b; = 1 thl dat brigh(a ) = 1

Néu ¢6 Lm(a, s,j) >0 v6i s < j—1 vab; =1 va by la vi trf ké phai nhat cia b; ma bs =1
thi dab brma,s ) =1 va b; = 0; { ta néi rang da day bj veé bén trai}

Né&u b; 1 chi 86 trai nhat khac 0, j7 > 1 va Left(a,7) > 0 thi ddy vi trf 1 tir vi trf j ve
phai t&i vi trf Left(a, 7), nghia la dat b; = 0 va bregia,y) = 1;
Vidu 7. P = aabeabd, T = (0,1,0,1,0,0,1), T' = a(T,b) thi T" = (0,1, 1,0,0, 1.0).

T" = (T, a) thy T" = (1,0,0,1,1,0,0).
Vi du 8. P = wabvcaba, T = (1,1,1,1,1,0,0,0), 7" = (T, v) th1 7" = (1,1,1,1,1,0,0,0), 7" =
a(T,¢) = (1,1,1,1,1,0,0,0).

Cé6 thé ddi chiéu két qua nay véi két qua tinh todn cic trang thai cia otomat trong Vi
du 6 (Muc 3.6).

4.2, CAc thuét toan tim ki€m

Phan con lai, dua trén cdc két qua trinh bay, ching ta xay dung cdc thuat todn cho bai
toan tim kiém xap xi day con chung ciia hai xau.

Thuét toan 1. Tim day con chung d6 dai > k, k cho truéec.
Vao: Xau mau text P trén bang chtr Ap, {(P) =m > 1.
S6 nguyen dwong k, k < m.
Xau text S trén bang chit A = Ap U {#}, I(S) =n.
Ra: Cho biét cé ton tai diy con chung cia P va S do dai > k khong. Néu cé, dwa ra két qua
tim kiém.
Noi dung Thuat toan 1:
0. implementation of ¢(C,a) using Definition 4;
1. initially assign C := &;
j = 1; {read string S left to right}
3. result := false;
4. while (result = false) and (5 < I(S)) do
begin

b

a) a := S[j]; {get a character of string S}
b) next -— ()0 C CL)

C) longest sequence in Chepe;
d) if i(x) > k then
begm

result := true;
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return(z);
end;
e)ji=j+1;
f) C = Crent;

end;
5. announce: ‘There isn’t’;

6. return (°7);

Thuét toan 2. Xdc dinh sw ton tai ciia diy con chung cé do dai > k.
Vao: Xau mau text P trén bang chtr Ap, {(P) =m > 1.
S6 nguyen dwong k, 1 <k < m.
Xau text S trén bang chivt A = Ap U {#}, I(S) = n.
Ra: Cho biét c6 ton tai day con chung cia P va S do dai > k khong.
No6i dung Thuét toan 2:
0. implementation of Right(), Left() and Lm() functions;
1. implementation of « using functions listed in the step 0;
2. initial assignment Tg := (0,0, ..,0);
3. j:=1; {read string S left to right}
4. stop := false;
5. while (stop = false) and (5 < I(9)) do
begin

a) a:= S[j] : {get a character of string S}

b) Thext := (T, a); {next trace}

¢) I:= location of the last element of T},.,: being 1;

{1 = max{jlb; = 11}
d) if [ > k then
begin
stop := true;

return (true);

end;
e)ji=7+1;
f) T:= Tnext;

end;
6. return (false);

Tir cadc két qua trinh bay trén, ta co:
Pinh 1y 4. Thudt todn 1 va Thudt todn 2 la ding dan.
Ta nhan xét rang, Thuat todn 1 c6 thé dwoc cai tién bang cdch ghi nhan céc vi tri xuat

hién cac day con cia cau hinh nho st dung day mat na bit cho cédc day con. Tir dé xéc dinh
duoc gia tri LI() cia cac day nay va day con dai nhat tim dwoc.
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4.3. Déanh gia thuét toan
4.3.1. D6 phirc tap thoi gian

Trudmng hop xau nhat x4y ra khi phai thue hién 6 lan lap bang I(S) = n.

Néu xem thoi gian thwe hién mot phép chuyén trang thai ¢(C,a) = ¢’ 1a nhw nhau déi
véi moi chit @ xuat hién trong S va 13 mot hang A ndo dé, thi theo Pinh 1y 2, do phitc tap
thoi gian cia Thuat todn 1 cé ¢ n). Dé xédc dinh ), ta nhan xét rang trong truong hop téng
quét, véi moi chir a xuat hién trong S vi a € Ap, 86 tdc dong can xét ¢6 c& n|Ap|/|A|. Tan
sudt xudt hién cia moi chit trong Ap 1a m/|Ap|. Vi vay tong s6 phép tac dong khi doc xong
xau S 1a n(|Ap|/|A)m/|A| = nm/|Ap|, nghia la A = m/|Ap|. Do dé, thoi gian thue hién Thuat
toan 1 ¢6 ¢& nm/|A|. Biéu nay ciing ding v6i Thuat todn 2. Bd qua hang s6 m/|Ap|, ta c6 do
phiic tap thoi gian cia Thuat toan 1 va Thuat todn 2 1a O(n), nghia la tuyén tinh doi véi n.

4.3.2. D6 phirc tap khéng gian
Thuét toan 1

Khong gian nhé cho Thuat todn 1 phu thudc vao cau tric lwu trir cau hinh C, giip
cho viéc tiang toc do tinh toan ham ¢, tinh nhanh ham Rm(U) vi thao téc tim chir a trong
khodng (Rm(x; 1), Rm(x;)) theo Dinh nghia 4 (3b). Cu thé 1a: dé lwu trit C, can lwu t6i
da m day con xi,...,x, Vay khong gian nhé can st dung c¢6 ¢ m?. Goi gid tri nay 1a
M. Bé tinh nhanh ham Rm(U), gid st U = Wa (coi Rm(e) = 0, € la tir rong). Khi dé
Rm(U) = Lm(a, Rm(W), m+1). Dé tinh Lm(a) trong khodng (Rm(x; 1), Rm(x;)) ta st dung
ham Lm(a, (Rm(z;_1), Rm(x;)). Vi thé, su cii dit qui ve viec xdc dinh ciu tric dir lieu ph
hop dé tinh nhanh ham Lm(a,4,7). Gid st bé nhé doi héi 1a M,. Mot cach chi tiét hon, cé
thé thdy M, c6 ¢ m|P|. Do dé, bo nhé can thiét dé Iwu trit mau P, cdu hinh € va d€ tinh
gid tri ham Lm() 1& m + M; + My, va nhu vay ¢6 ¢ m?. Cdu tric luu triv doan nhan chir
a c6 thuoc Ap khong cé c& |A| (bit), xem nhuw mot hang. Vay doé phirc tap khong gian ctia
Thuat toan 1 1a O(m?2).

Thuét toan 2

Twong twr nhw cach tinh cho Thuét toan 1, cau triic lru trit dé x4c dinh chit a c6 thudc
Ap hay khong c6 co |A|(bit). Ta can lwu triv 2 véc to vét Tr(C) va sTr(C) tiép theo cho
moi phép chuyén trang théi, do dé can c¢& 2m (bit). Trén thuc t& chi can lwu trit mot véc to
roi bién doi né, nghia la chi can ¢& m (bit). Pé lwru xau mau P can khoéng gian nhé c& m.
Ngoai ra, dé lwu trit dir liéu cho viéc tinh nhanh ham Lm() ching ta cin khong gian nhé c&
m|Ap|. Cdc ham Left(), Right() cé thé xem nhu céc truomg hop riéng cia ham Lm(). Tong
hop lai, khong gian nhé can cho Thuat todn 2 c6 c& 2m + m|Ap| + |A| = m(2 + |Ap|) + |A].
Vay, do phitc tap khong gian cia Thuat todn 2 1a O(m).

DPé két thiic bai bdo nay, chiing t6i dwa ra mét vi du minh hoa ng dung cia tim kiém
xap xi. Gid sit cho hai xau P= ‘given string patterns’, S= string pattern matching in LCS
problem’. Ta hay coi moi dau céch gitra cdc tir 1a mot ky hiéu boé qua dwoc (don’t care letter),
moi tir clia P va S 13 mot ‘chir méi’. Vi du A=given, B=string, C=patterns, C” =pattern ...
Khi d6 P = ABC, |P| = 3.8 = BC'DEFG. Tai moi buéce so céc chir, thay cho gia tri 0,1 ta
chdp nhan ci cdc gid tri trung gian (goi 1& Ao mo sdnh cip): tinh ti s6 gitra s6 chir cdi trung
nhau cila moi cap tir dwoc so véi do dai cia tir dai nhat, néu ti s6 dé virot mot ngudng
cho truée (chang han, 0.5) thi 18y, trai lai tra lai gid tri 0. Vi du so ‘given’ véi string chi c6 2
chir chung 14 i va n, vay tilé la 2/6 < e nén tra lai gid tri so sdanh 14 0. Véc to khéi dau 1a



16

NGUYEN QUY KHANG

g0 = (0,0,0), g1 — (0,6/6,0) — (0,1,0). Ghi 1 vio mét bién nhé. gs — (0,0,6/7) = (0,0,0.86)...
Tiép tuc tinh todn, ta thay tong dé mo nhan dwoc trén céc toa do bang 1+ 0.86 = 1.86 la
do xap xi Ién nhat dat dwoc. Nhu vay, bang cich sap xép va phan loai dit liéu cling véi tinh
toan mo, ching ta ¢é thé xir 1y hodc hién thi thong tin moét cach hiéu qua.

L&i ecdm on

Téc gid xin tran trong cdm on Ban Bién tap Tap chi Tin hoc va Diéu khién hoc vé nhirng nhan

xét quy bau cho ban thdo, 1am cho néi dung bai bdo dugc hoan thién hon.
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