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TIEP CAN MO TRONG MOT SO THUAT TOAN SO MAU

NGUYEN THI THANH HUYEN, PHAN TRUNG HUY

Abstract. In this paper, a fuzzy approach using fuzzy automata in exact string matching algorithms is
introduced. Comparing with traditional algorithms, it is shown that there are some remarkable improvements
for speed of these. This approach can be extended easily for single- or multi- approximate string matching
algorithms, in both cases of one occurrences or all occurences of patterns.

Tém tat. Trong bai ndy, mot cach tiép can me ¢é st dung 6témat mo trong mot s8 thuat todn so mau xau
chinh xdc dugc dua vao giéi thieu. Khi so sdnh véi nhitng thuat todn truyén théng, cdc thuat todn nay da
cho thay sur cdi thién ddng ké vé t8c d6. Céch tiép can nay cé thé dé dang duoc mé réng dé so miu xau
xap xi trong truémg hop don mau, da mau cé tinh dén nhieu lan lap.

1. MO PAU

Trong xu thé phat trién ciia khoa hoc cong nghé, tim kiém mau 13 mét van dé thoi sur béi tmg
dung clia né trong rat nhiéu bai todn ma hién nay dang dwoc quan tdm nghién citu. Ching han bai
todn tim kiém tuwong tur trong cdc CSDL gen va cic viing bao ton gen; tim kiém mau lap trong nén
dir liéu; so mau két hop véi logic mo dé nhan dang tiéng néi, dung cho céc hé théng diéu khién
béng tiéng néi, nhan dang tir, ding cho viéc phat hién va chinh 16i ci phép chuong trinh dich, nhan
dang 4nh, dung trong vién thdm, xir 1 4nh; so mau dé phét hién virtt ...

Hién nay da cé céc thuat todn tim kiém mau kinh dién, duwoc dénh gid tot, thai gian thire hién
nhanh, nhu thuat todn Knuth - Morris - Pratt (KMP), Boyer - Moore (BM), Rabin - Kapp,... ([1, 2,
3]) va dwoc st dung mot cdch hiéu qua trong cdc trinh soan thio, x 1§ vin ban, trinh xit 1§ 4nh.
Tuy nhién, trong cic thuat todn nay, mic do tring khép véi mau (khi nhin theo quan diém cia hé
md ta goi 14 do mo) chuwa duwoce phdn 4nh tire thoi. Hon nira, tim kiém mau trong nhitng bai todn
thue té doi héi khong chi nhanh ma con phéi c¢é su mém déo, két qua trd 1oi khong chi 13 nhitng
doan giong hoan toan v4i mau ma ca nhimg doan gan giong mau. Trong nhirng tinh hudng nhu vay,
cach tim kiém theo tiép can md va xap xi 13 can thiét. Trong bai nay chiing t6i trinh bay mot cach
tiép can mo ¢ st dung Otémat mo dé tim kiém chinh xdc xau véi nhieu [an lap. Mot s6 so sanh
phén tich véi nhirng thuat todn kinh dién nhu thuit toin KMP, BM ciing duoc duwa vao xem xét
cho thay su tiép can m& 1 mém déo va cai thién dang ké téc do tim mau trong nhitng dong dir liéu
lém. Viéc thir nghiém bang mét chirong trinh dwoc cai dit trén cac thuat todn cia ching téi dua ra
nhitng s6 lidu cu thé cho thay thai gian tim kiém c6 thé gidm di 20% trong nhiéu trudng hop véi
nhirng tép dir liéu 16n tir 1000 KB dén trén 100.000KB.

Dong thoi, dé tién cho viéc so sanh sau nay, ching t6i cling trinh bay lai mét sé thuat todn kinh
dién. Céc thuat todn nay gidi quyét bai todn co ban sau: Cho trude mot chusi van ban (ki tu hodic
nhi phan) do dai N va mot mau do dai M, tim sur xuat hién cia mau trong chuoi.

2. THUAT TOAN TIM NHIEU LAN LAP MAU THEO TIEP CAN MY

2.1. Ph4t biéu bai todn

C6 mot dong s cac ki tur trén bang chir A (c6 thé 13 tép hodc dong dir liéu trén mang) ma ta can
phai tim kiém s6 [an va vi trf xudt hién cla mau p véi do dai M. Ban chat cia van dé tim kiém 1a
duyét tir trai sang phai va xét tirng ki tu xuat hién trén s.

Yéu ciu khi moi [in phat hién ra sy xuat hién cia mau p sau khi doc xong mot ki tu trén s thi
thuat toan phai xdc dinh vi tri xuat hién cia mau va tang s6 lan xuat hién mau lén 1.
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2.2, M6 hinh cia Otémét m&
Viéc nghién ctru Otémat md va trng dung da dwoc nhiéu téc gid quan tam. Poc gid ¢é thé xem
[4].
Gid stir A 1a bang chit cdi biéu dién p va s; p 13 mau do dai m; A, 13 tap cdc ki tu xuat hién
trong p va tat cd cdc ki tu con lai thuoe A — A, dé don gidn, ta ki hiéu #.
Vay, khong mat tinh tong quét, trong bai todn niy ta gid thiét A = A, U {#}.
Ta xét Otomat mo A = (Q, A, 6, go, F), trong dé:
+ Q: tap hiru han cdc trang thai mo trén tap néen X = [1,..,k]. Moi trang thai mo 1a mot tap
mé trén X véi céc gid tri mo nguyén thuoc doan [0, ..., m), ta bidu dién ¢ = (vy, .., vg).
+ Ham chuyén trang théi dwoc xdc dinh théng qua ham TFuzz sé diroc mo ta sau.
Véi g = (v, .., vx), ta co:
3(q,a) =q¢ = (v}, ...,v) ma v, = TFuzz(v;, a).
+ g0 =(0,0,...,0).
+ F: tap htru han cdc trang thdi mo g5 = (vq,...,v5) ma 3 : v; = do dai mau ¢. Trong bai nay,
truong hop tim mot mau, k=1, qo =0, gy =m, Q ={0,1,..,m}.

2.3. Xay dung TFuzz vi ban chit thuit todn
2.3.1. Ban chit thuit toan
Khi chiing ta duyét s tir trai sang phai, bit dau tir ki tw thit i = 1,2, ... ta sé ki hiéu ki tu thit
14 s, ta goi \; 13 d6 mo xuat hién clia mau cho t6i diém thit 4 trén s. O day, d6 md duwoc hiéu 1a
do dai clia khic dau dai nhat trén p ma da khép cho t6i diém s; (hinh 1).
AL
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po ||
Hinh 1
Vay khi ta nhan duoc A; = m thi chirng t6 ¢6 thém mot lan xuat hién mau tai vi tri ¢ —m + 1.
2.3.2. Hoat dong cia Otomat

Khdi dau Otomat tir trang thai go méi khi nhan dwoc mét k¥ tu s; va Otémdt dang & trang
théi ¢ thi ta nhan duoc trang thai méi ¢' = (g, s;) va néu ¢’ € F thi bdo ¢ mot [an xuat hién mau.
Do d6 ham TFuzz sé phai duoc xay dung mét cdch thich hop dé phén dnh duoc ban chat cia thuat
toan trén.

Ta sé& sir dung mot vi du minh hoa dé dé dang hiéu dwoc cdch xay dung bang TFuzz.

Vi du 1. p= aababaab, A= {a, b, #}, A,= {a, b}.

TFuzz:
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2.3.3. Ban chit cia TFuzz

Tai trang théi 0, khi doc duwoc s; = @ thi nhan duoc g1 =1, ¢é nghia \; =1, ...

Chéng han véi ¢ = 4, néu doc dugce s; = a thi ¢; = 2, diéu nay nghia la \; ;| = 4 va khi doc
duoc s; = a thi \; = 2. Vay, ban chét cla ¢ tai tirng thoi diém 14 phan dnh d6é mo ¢é mau trén s
tai thoi diém twong g,

Vay cé thé hinh thirc hod 5(\;_1,s;) = \;.

Truong hop k=1, & day ta cb: A\; = TFuzz(A\;_1, s4).

Vi du 2. Ap dung bang trén, véi
p = aababaab
s = aabaababaababaababaabb

Céch tim mau nhu sau:

s= a a b a a b a b a a b a b a a b a b a a b b
7 1 2 3 45 6 7 8 910111213 14 15 16 17 18 19 20 21 22
AN O 1 23 4 2 3 45 6 7 8 45 6 7 8 4 5 6 7 8 0

! ! !

ghi nhan ghi nhan ghi nhan

11-84+1 =4 16-84+1=9 21-8+1 =14

2.4. So sanh vé&i thuéat todn KMP

Ban chat cda thuit todn nay theo khia canh tinh todn \; rat gan v4i phuong phép tinh todn
clia thuat todn rd KMP. Do dé, ta sé so sdanh dé thay sur gin nhau va gidi thich 1y do cla sur cdi
thién ddng ké téc do theo tiép cdn mo so v6i thuat todn KMP.

Truée hét, ta nhic lai thuat toan KMP trong truéng hop tim moét mau va tim nhiéu lan lip
mau.
2.4.1. Thuat todn KMP tim mét lan 18p miu
2.4.1.a. Tu twdng cla phuong phép

Khi doan dau ciia mau p da khép véi mot doan trén s;, gid st 1a p1pa...pj_1 = si—ji18i—j12...8i—1,
p; 7 s; can phai bat dau so mau lai tlr vi trf ¢ — k + 1 nao dé trén vin ban (trudng hop xau nhat
h = j — 1 trong thuat todn brute - force). Néu Jh > 0 sao cho h — 1 ki tu dau ciia mau khép véi
h—1 ki tu cudi cla doan syss...s; 1 (ki hiéu 1& s(i — 1)) hay ¢6 nghia 13 da khép véi b — 1 ki tu cudi
ctia doan p(j — 1) thi ta c6 thé bd qua h — 1 phép so sdnh va tiép tuc so sanh 2 ki tu p;, va s; (hinh
2).

Né&u s; # py, thi ta phai tiép tuc It con trd trén mau. Pé khic phuc nhuoc diém do tinh huéng
ndy gay ra, ta ¢ gang tim h sao cho py, ¢6 nhieu khd ning bang s;. Vi s; # p; nén p;, phai khéc p;.
Vi h phu thuoc vao 7, ta ki hiéu h = next[j]. Nhu vay, v6i mai j, ta can xdc dinh next[;] 1a s6 h 16n
nhét sao cho h — 1 ki tu dau cia mau khép véi b — 1 ki tur cudi cia doan p(j — 1) VA pj 7 Prext[j]-

2.4.1.p. Xay dung bang next

1) next|[1] =0
2) Tai thoi diém ¢6 pipa..pj—1 = pi—ji1...pi—1 tinh next[d]
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a) Néu p; # p; thi next[s] :=j
b) Néu p; = p;, dich tiép mau di sang phai sao cho h — 1 ki tu dau cda mau khép véi h— 1 ki
tu cudi cliia doan p(i — 1), véi h 13 s6 16n nhat, h < § < i ¢ tinh chdt nay, h=next[{]. Nhung
h— 1 ki tur cudi cia doan p(i — 1) da khép véi h— 1 ki tu cudi cda doan p(j — 1) — h = next|[j].
Vay next|i] = next|j] (hinh3).
- |
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next| j] = next|1]

Hinh 3

Thuat toan
procedure initnext;
var i, j: integer;
begin i := 1; 7 := 0; next[1] := 0;
while ¢ < m do
begin
while (5 > 0) and (p; # p;) do j := nextlj];
ti=t+1;7:=7+1;
if (p; = p;) then next[i]:=next|j]
else next[i]:=7;
end,;

1

end,;

Vi du 3. Vi p = aababaab, ¢6 bang next nhu sau:

i 123456 78
nextlif 0 0 2 0 2 0 0 2

2.4.1.c. Tim kiém mau dya trén bang next
Goi j 14 con trd trén mau p, ¢ 13 con tré trén xau s
1) Bat dau tir dau xau va dau mau i :=1;5 := 1
2) Tim doan trén xau s khép véi doan diu cla mau
Glé Sl71‘ co PipP2.-.Pj = Si—j+1---54
a) Néu j =m, vi trf xudt hién mau 1a ¢ — m + 1.
b) Néu j < m. Kiém tra su khép nhau & ki tu tiép theo i :=4+1;7: =5+ 1
+ Néu p; = s; thuc hién 2a)
+ Néu p; # s;, tiép tuc 1l con trdé mau dé quay vé buéce 2

Thuét toan KMP

function kmp : integer;
var i, j : integer;
begin
t:=1;7 := 1; initnext();
while (j <=m) and (: <= n) do
begin
while (5 > 0) and (s; # p;) do j:=next[j];
ti=t+1;7:=7+1;
end,;

1
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if 7 > m then kmp:=¢—m
else kmp:= 0;

end,;

2.4.2. Thuat todn KMP tim nhiéu Iin 18p miu
2.4.2.a. Tu tudng cia thuit tosn

Khi st dung thuat toin KMP, néu j > m, ta dwgc 1 xudt hién ciia mau tir vi tri 4 —m. Dé tim
xuét hién tiép theo, néu bt dau so mau tir s;, ta c6 thé bd qua moét s6 xuat hién mau vi mau cé
thé 16ng nhau. Vi vy ta sé xét s;, trirot mau di mét s6 vi tri sao cho h— 1 ki tur dau clia mau khép
v6i b — 1 ki tur cda cudi cia s(i — 1) hay chinh 14 A — 1 ki tu cudi cia p(m) (hinh 4).

Nhu vay, ta sé mé rong bang next trong KMP cho 7 =m +1

m m+1

h = pextfm+1]

4 N NN

nextlm |

Hinh 4
2.4.2.b. Xay dung bang next

+ Véi ¢ <= m, bang next duoc xay dung giong nhur trong KMP.

+ Vé6ii = m+ 1, dé don gidn, ta gid st dang xét moét mau mé rong p’ gom m + 1 ky tu tir
mau p nho thém mot ky tu gid # khong thuoc A, vao dudi cua p vé bén phai, nghia la p 1a
khiic dau cta p’. Khi dé viéc 4p dung ciing phirrong phép KMP dé xay dung p’ sé cho ta gid
tri next[m + 1] thod man: khic dau do dai next[m + 1] cia p ¢é khic dau gom next [m + 1]-1
ky tu 1a tring v6i khic duéi cia p, dé thay pl, | = # thod man # = pl, 11 <> Prext[m+1]- Vay
next [m+ 1] ¢6 thé dé dang tinh duoc nhu sau: diéu kién dirng cia vong lap While thay i < m
béi ¢ <= m va trong vong While can ¢é dieu kién if (i <=m) and (p; = p;) then ... thay cho
chi xét if p; = p; then ... nhu mot lan lap mau.

Thuat toan

procedure initnext ();
var i, j : integer;
begin
t:=1;7 :=0; next[1]:= 0;
while (¢ <= m) do
begin
while (5 > 0) and (p; # p;) do j:=next[j];
ti=t+1;7:=7+1;
if (1 <=m) and (p; = p;) then next[i] = next|j]
else next[i]:=7;
end ;

1

end,;

Vi du 4. p= aababaab, ¢6 bang next nhu sau

i 123456789
nextif 0 0 2 0 2 0 0 2 4
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2.4.2.c. Tim kiém mau dya trén bang next
Thuat toan

procedure kmp();
var i, ] : integer;
flag: integer;

begin
t:=1;7 := 1; initnext(); flag:=0;
repeat
while (j <=m) and (: <= n) do
begin
while (5 > 0) and (s; # p;) do j:=next[j] ;
ti=t+1;7:=7+1;
end,;
if (j > m) then
begin
ghi nhan vi tri xuat hién mau ¢ — m;
flag:= flag + 1;
end,;
j:=next[m + 1];
until 7 > n;
end,;

1

2.4.3. So sanh thuit todn theo ti€p can m& va thuit toan KMP

Qua st trinh bay vé thuat todin KMP & trén, ta ¢6 thé nhan thay (hinh 5): 5 — 1 = \;_; nhung
c6 thé \; £

h-1=1-1 .
5 | | ||
]
p [ i |
P [7] |
=~ next|j]
Hinh 5

+ Truong hop 1: A\, =5
Tang 4,7 lén 1. Véi truong hop nay toc do thao tic cia thuat todn nhu trong céch tiép can
mo.
+ Truong hop 2: A\; # 7
Ta gitr nguyén con tré 4 trén s va dich chuyén trén mau, nghia 13 dimg lénh j:=next[j]. Nhu
vay phdi mat thoi gian dich chuyén theo bang next, tham chi ¢6 thé nhiéu Ian.
Vi du 5. p=aababaab, stt dung bang next trong vi du 4 dé tim su xuat hién cia mau trong xau s
nhu sau:

5=a ac.... 1 =3
p=aababaab 7 =3
Dich lan thirl: aababaab J:=next[j]=2

Dich Ian thir 2: aababaab J:=next[j]=0
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Ta thdy c6 2 lan ding j:=next[j] va 2 lan so sdnh s; va p;. Néi chung, ¢6 thé x4y ra nhiéu lan
dung next va so sanh s; v6i p; (j khdc nhau). Piéu nay lam cham déng ké so véi tiép can mo: moi
lan nhan 1 ki tu s; 1 mot [an diéu chinh gid tri md theo 6tomat La:

)\i == rI‘Fl]_ZZ()\i,l7 Sl)
Lénh nay thuc hién rdt nhanh néu TFuzz duwoc biéu dién duéi dang mot mang va dwoc tinh
todn can than trurde theo thong tin ciia mau p.
Bang s6 liéu sau so sanh t6c do thuc hién viéc tim sur xuat hién cda mau p trong tép dir licu 16n
s theo 2 thuat toan KMP va tiép can mo trén may PC IBM t6c do 233MHz.

mau p kich thuéc tép S Tkmp Truzzy
1) aababcab 1400 KB 17% s 11%s
2) MDSVF6V 140.000 KB 30 s 30s
3) bacabccaa 1200 KB 16% s 10% s
4) SO068FAB50 140.000 KB 37 s 30s

2.5. Cai dit thuit todn tim nhidu [in 13p miu theo ti€p can m&
2.5.1. Xay dung bang TFuzz

Ta ¢6: 0.y
+ TFuzz(0,z) = { R
17 r =D

+ TFuzz(i, #) =0, Vi=0,1,...m

{ v+ 17 néux = Pi+1,

+ TFuzz(i,x) = ) B
next[i + 1] sao cho ppext(it1) = @, V6l & # piy1, #

i—0,1,...m,

(bdng next str dung & day duoc xay dung nhu trong thuit toan KMP tim moi xuat hién cia
mau).

Goi A[0...k] 1a méng luwu gitr bdng chit cdi A clia otomat, A = Ap U {#}. Mang duoc sip theo
chiéu tang cta ki tur va Alk] = #. Dé thuan tién khi truy nhap dén cic chit cii trong bdng chir cai,
ta st dung mang index xdc dinh vi trf cia chir trong bang:

i, néu c = Ali]

indexle] = { k, ndue ¢ {A[0], A[1], ..., Alk— 1]}
TFuzz 14 mang [0...m, 0...k|, v61 TFuzz |1, 7]=d6 md m&i khi do mo i gip ki tu x ¢é index|x|=j.
Thuit toan xay dung bang TFuzz
procedure initTFuzz();
var i, j, t: integer;
begin
for ¢ := 0 tom do
TFuzz[i, m]:=0;
for j:=0 to k do TFuzz|0, j]:=0;
TFuzz[0, index[p1]] = 1;
for ¢:=1 to m do
for £:=0 to k-1 do

begin
if i = m then j:=next[i + 1]
else j : =1+ 1;

while (5 > 0) and (p; # A[t]) do j:=next[j];
TFuzz[i, index[A[t]]:=7;

end,;

end;
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2.5.2. Thuat todn tim ki€m mAu dya vao bang TFuzz
procedure FPM();

var i, flag: integer; fuz: array[1..50] of integer; {* d6 mo*}
begin
©:= 1; flag := 0; fuz[0] := 0;
while (con doc dugc s;) do
begin
fuz[i] = TFuzz[fuz[i-1], index[s;]];
{* d6 m& méi = TFuzz[do mo cu, ki tu s; doc duoc] *}
if fuz[i] = m then
begin flag := flag + 1;
ghi nhan vi tri¢ —m + 1
end,;
end; {while}
if flag = 0 then ghi nhan 0;
end,;

3. TIEP CAN TONG QUAT

Hién nay c6 rat nhiéu tdc gid da xem xét cic phrong phép so mau chinh xéc theo mot s6 tiép
can chinh: ngoai thuat toin KMP theo huéng duyét mau tir trai sang phai con c6 cich tiép can
theo Boyer Moore (BM) theo huwéng duyét tir phai sang trdi (Turn Boyer-Moore Algorithms) hoac
tir nhitng diém nao dé gitta mau. Twong Gng nhur vay, trong tiép cAn md cling ¢é nhiéu cich xem
xét. Céc céch xem xét nay déu cé thé dwoc xét bdi mot cdch nhin théng nhat theo so d6 4p dung
otomat mo sau day. Do muc tiéu cia bai bdo, ching t6i chi xét truong hop tim kiém chinh xdc tat
cd cac lan lap v6i don mau, tuy nhién cich ti€p can cho da mau cé thé dé dang phét trién khong
khé khan, va cling c¢6 thé phét trién thém cho cdc phuong phdp tim mau xép xi don va da mau.

Cho mau P la xdu mau d6 dai m trén bang chir A, A, 1a bang chtr cdc k¥ tu xudt hién trong P.
3.1 Otémat mé tim miu P

Labo A= (Q, A", f,q0, F = {qt}), trong dé:

i) AF 1a bang ki tur vao, méi ky tur dwoc xem 1a mot xau k ki tu trén A, k = ¢(m) 13 ham theo
doei m.

ii) @ 1a tap hiru han céc trang thai , moi trang théi c6 dang mot cap (nl,n2) cc s6 tu nhién,
0<nl,n2<k+1, nl goila dé mo cia thoi diém da xét, Ay goi 1a bude nhay tiép theo thoi
diém da xét. qo = (0,1),qs = (m,x) véi x 13 56 tu nhién tuy ¥, 0 <z < k+ 1

iii) Gid st ta c6 mot ham xéc dinh @6 mo cia mau khi so sdnh ky tw u (u € AF) véi mau P 1a
Fuz(q, u, P) thé hién @6 mo cé mau P khi xét t6i tic dong gay ra bdi u. Gid st Jump(q, u, P)
13 mot ham tinh todn budc nhay tiép theo (trén xau dich S ndo dé chira u tir tréi qua phai ké
tir diém dau xau u, sau khi sénh mau P véi u dé c¢6 thé nhan v méi trén S sao cho su xuat
hién ciia P chi c6 thé x4y ra v6i uw méi va bude nhay khong gay ra kha niang bd s6t mot sur
xuat hién nao cia P). Khi dé ta c6 thé hién ciia ham chuyén trang théi f:
flg,w) =¢', & dé ¢'=(Fuz(q,u, P), Jump(q, w, P)) duoc tinh tir ¢ = (nl,n2),u va P.

3.2. Hoat déng ctiia Otémit

Gid str ta c6 xau dich S trén bang chit A va xdu mau P. Ta can stt dung 6tomat A dé doin
nhan s6 [an cé mau P trong S. Bat dau khéi dau tir o va duyét tir ddu trai xau dich S sang phai,
xét w 1a khiic dau do dai k = ¢(m) xem nhur mot ky tu cda A*, khi sénh véi P, két qué tinh todn
flgo,u) = ¢ = (n1',n2") cho ta biét d6 md nl’ cda mau P khi xét t6i u. Néu nl’ = m nghia 1
q¢' € F va cho thay da gap mau. Gid tri n2' cho biét sau khi sanh w va P, can thuc hién buéc nhdy
n2' ké tir vi trf ddu clia u trén xau dich S dé téi vi tri dau xau con méi v/ clia S. Qué trinh lai sdnh
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u' va P thuc hién bai f(¢/,u') = ¢, va qué trinh cit thé tiép dién... cho t6i khi khong thé 1ay duoc
cic xau con u trén S do dai du k thi dirng.

3.3. Mot s6 vi du

Vi du 6. Truong hop so mau mo theo tiép can xét trong muc 2 & trén, dé dang kiém tra la truong
hop riéng cia phuong phip xét & day véi k = m vA bude nhdy jump ludén 1a 1. Ham Fuz(q, u, P)
= TFuzz(nl,index[ul]) trong dé ¢ = (nl,n2),ul 13 chtr dau cla w, 1A mot chir trén bang chir A va
nam trén xau dich S.

Vidu 7. Truong hop thuat todn kiéu xét nguoc Boyer-Moore, k = m va Fuz(q, u, P) dugc xét nhu
khtic dudi dai nhat triing nhau cla w va P khong phu thude ¢, con bude nhdy Jump(q, u, P) cling
khong phu thuoc ¢ va chi can thod man yéu cau khong bd s6t sur xuat hién cda mau P. Veé chi tiét
dé nghi doc gid ¢6 thé suy luan va tinh todn nhu cich tiép cin mo & muc 2 két hop tinh than thuat
todn Boyer-Moore, chang han theo [AV,CL]. Cai dat thir nghiém da cho thay trén file 16n c¢o 140MB
mét mau dai 8 ky tur thai gian tim kiém 14 ¢& 26s trong khi d6 thuat tosn tiép cdn md kiéu 1 néu
trong muc 2.5 mat 30s, thuat toin KMP méat 35s.

Vidu 8. Vidusau day dua vao mot thuat todn méi rat nhanh dua trén so do 6tomét & trén cé ké
thira cdch tiép can md & muc 2. S6 lieu chay thir trén tép co140 000 KB mat thoi gian khodng 26s
v6i mau c6 do dai tir 8 dén 14.

Xay dung otomat:

a) Heso k=m+ 1,90 = (0,1)

b) Dua vao ham TFuzz(n,index|a]) ta bidu dién tdc dong f(g,u) = (nl’,n2') cla 6tomat méi nhu
sau: gid st ¢ = (nl,n2). Khi dé

i) Tinh nl’ = TFuzz(nl,index|u1]),

ii) Néunl’ =m hosicnl’ =nl +1 thi n2' =1

iii) Con trai lai {nghia 1a n1’ < nl v nl’ < m} thi xét:
Néu ugpm-n1 € Ap, thi n2' =1,
Con trai lai dit n2' = m + 2 — nl’ va sau dé nl’ = 0;

iv) Fuz(q,w, P)=nl’, Jump(q, u, P)=n2’

c) Hoat dong clia otomat trén: Dé tim s6 1an va vi tri xuat hién cia P trong xau dich S, khéi
dau bién trd ¢ trén S : 4 = 1, khéi ddu v = ug = khiic dau m + 1 k¥ tu cia S xem nhu ky tu
khéi dau thuoe AF. Khéi dau ¢ = ¢o = (0,1). Dé khong mat thong tin vé P, ta xem rang da
bo sung m k¥ tu # vao cudi S. Ta bat dau tinh f(q, u)

Vong ldp téng qudt: tinh ¢/ = (nl’,n2') = f(g,u), néu nl’ = m két luan tang thém maot xuat hien
cla P trén S va vi tri cudi cia xuat hién dé 1a & vi tri ¢ trén S, n2' chi ra buéc nhay tiép cia
im&i:=1 + n2'; uméi=khic con m + 1 k¥ tur clia S ké tir vi trf iméi.

Tiép tuc xét f(gméi,umdi) va cit thé cho t&i khi khong the 1y duoc uméi di m + 1 ky tur thi
dirng. Viéc thém m ki tu gid # vdo cudi xau dich S ddm bdo trudng hop chir dau cia xau wméi
néu di m + 1 ky tu, luon luon 1a mot ky tu clda xau S do dé phép tinh nl’= TFuzz(nl,index|u]) &
buéc i) khong bd qua viéc xét mau P trén S [an cudi. Ta cé thé kiém tra rang trong trwong hop S
16n, A so véi Ap nhiéu lan 1é6m hon thi x4c suat cia kha ning nl = nl’ =0 va n2' = m +1 13 16n,
nghia 13 xay ra nhiéu buéc nhdy dai khong can tinh, hon nira néu m kha 16n thi d6 dai budc nhdy
cang 16n, diéu nay cdi thién hon nhiéu so vé1 thudt todn tiép can mo & muc 2, vi ¢ d6 ludn luén
chi zét bude nhdy lo 1. Kiéu duyét van 15 huéng left-to-right. Day 1a mot vi du vé wu diém cia
viéc xét dang tong quat & muc nay. trén hinh 6 minh hoa mét tinh huéng nhu vay.
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i imdi
U
N\
== . adaaabcag abcalb

P=abcab/g.g_hp-?

F= a b c a b

bude nhay dai . P= b cab

Hinh 6

Qua moét s6 vi du trén, bing mé hinh da xét, ta con ¢é thé xay dung nhiéu dang khéc nhau cho
nhitng tng dung, ca tim kiém chinh x4c hay xép xi, don hay da mau.
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