CHUONG 4. KY THUAT XU LY CHUOI
4.1 Mot s6 khai niém
411  Chudiki tw

Chubi ki tir, hay con goi 12 xau ki tu, 12 mot day céc ki tu viét lién nhau. Trong do, cac
ki tu dugc lay tir bang chir cai ASCII. Chuoi ki tr dugc hiéu la mot mang 1 chiéu

chira cac ki tu.
Céch khai bdo chudi ki tu nhu sau:
char s[100];
hoac char *s = new char[100];

Vi duy trén 12 khai bdo mét chudi ki tu s c6 do dai ti da 100 ki tw, trong d6 chudi s
c6 t01 da 99 bytes tuong ung 99 ki tu c6 y nghia trong chuoi, va byte cuoi cung luu
ki ty két thac chuoi 1a \0’. Ki hi¢u \0’ 1a ki tu bat bu¢c dung dé két thuc mdt chuoi.

Hang xau ki ty dugc ghi bang cip déu nhay kép. Vi du, “Hello”. Néu giita cap dau
nhdy kép khong ghi ki tyr ndo thi ta c6 chudi rong va do dai chudi rong bang 0.

4.1.2  Nhap/ xuat chudi ki tu

Trong ngdn ngir 1ap trinh C, ta c6 thé sir dung ham scanf véi ki ty dinh dang 13 %s
dé nhap mot chudi ki tw do ngudi dung nhép vao tr ban phim vao chuong trinh.

char str[100];
scanf(“%s”, &str);

Nhuge diém ctia ham scanf khi nhap noi dung chudi ki tu c6 khoang trang thi két
qua luu trong chudi khong diing nhu nguoi ding mong muén. Khi nhap chudi c6
chtra ki ty khoang tréng thi bién kiéu chudi chi luu dwgc phan dau chudi dén khi
gap khoang trang dau tién, phan con lai dugc luu vao vung nhé dém dé gan cho
bién kiéu chudi tiép sau khi gap 1énh scanf dinh dang chudi 1an ké tiép.

Thong thuong, dé nhap mot chudi ky ty tir ban phim, ta sir dung ham gets().
Cii phdp: gets(<Bién chudi>)

Vidu4.1:

char str[100];

gets(str);

Pé xuit mot chudi (biéu thirc chudi) 1én man hinh, ta sir dung ham puts().
Cii phdp: puts(<Biéu thirc chudi>)

Vidu4.2:

puts(str);

Mot chuong trinh thyec thi sir dung nhiéu bién luu trit di liéu. Trong khi d6, viing
nh¢ chuong trinh thyce thi thi han ché, do do, nguoi dung thuong luu trit dit li¢u trén
file text dé ho trg cho chuong trinh thyc thi tot.

Cho f 12 input file dang text thi dong 1énh f >> s doc dit liéu vao dbi twong s dén khi
gap dau cdch.
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Vidu4.3:
Trong file input.txt chira thong tin sau:
35 4 5 11

Doan 1énh sau day s& goi 4 lan dong 1énh £>>s dé thyc hién chirc nang doc thong tin
trong file input.txt va in nd1 dung doc dugc trong file ra man hinh.

ifstream f (“input.txt”);
char s[100];
for(int i=0; i<4; i++)
{
f>>s;
cout<<"\t"<<s;
}

Mudn doc day dit mot dong dir liéu chira ca dau cach tir input file f vao mot bién
mang ki tu s ta c6 thé dung phuong thirc getline nhu vi du sau day

char s[1001];
f.getline(s,1000,\n");

Phuong thire nay doc mot dong t6i da 1000 ki tyr vao bién s, va thay dau két dong
\n' trong input file bang dau két xau /0" trong C.

Ta c6 thé st dung phuong thirc g<<s cho phép ghi chudi s vao file dang text, trong
do g la output file dang text.

ofstream g(“output.txt”);
g<< " Hello!";
Sau khi két thuc thao tac, ta dung phuong thirc dong file
f.close();
g.close();
413  XA&u con

Cho 1 xau ki tu s. Néu xd6a khoi s mot s6 ki tur va don cac ki tu con lai cho ké nhau,
ta s€ thu duoc mot xdu con cua xau ki tu s.

Vidu4.4:
s = “Ky thuat lap trinh”;
S1 =*“Ky lap trinh”, S2 = “Ky thuat”, S3 = “thuat” 1a xiu con ctua xau ki tu s.

Cho 2 xau ki tu s1, s2. Mot xau ki tu s vira 1a xau con cua sl, va vira la xau con ctua
s2 thi s dugc goi la xau con chung cia 2 chudi sl va s2.

Xét x = "xaxxbxcxd", y = "ayybycdy", xau con chung cua x, y la "abed", "abd",
"acd",... va chiéu dai ctia xau con chung dai nhat 1a 4.

Thuat toan xac dinh chiéu dai xau con chung dai nhat.

Xét ham 2 bién s(i,j) 1a dép sb khi giai bai toan véi 2 tién t6 i:x va j:y. Ta c6:
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- S;(0,0) = S(i,Q) = 5(0,j) = 0: mdt trong hai xau 14 réng thi x4u con chung la
rong nén chicu dai la 0;

- Néu x[1] = y[j] thi s(i,j) = s(i-1,j-1) + 1;

- Néu X[l] ;é Y[J] thi S(la.]) = Max { S(i_laj)’ S(i’j_l) }
Pé cai dit, trude hét ta co thé sir dung mang hai chiéu v vé6i qui ude v[i][j] = s(ij).
Sau do ta cai tién bang cach sir dung 2 mang mot chiéu a va b, trong d6 a 1a mang
da tinh ¢ budc thur i1, b 1a mang tinh & budc thir 1, tire 1a ta qui udc a = v[i-1]
(dong i—1 cﬁa~ma tran v), b = v[i] (dong i cia ma tran v). Ta co6, tai budc 1, ta xét ki
tu x[1], vd1 moi j = 0..len(y)-1,

- Néu x[i] = y[j] thi b[j] = a[j-1] + 1;

- Neéu x[i] # y[j] thi b[j] = Max { a[j], b[j-1] }.
Sau khi doc dir liéu vao hai xau x va y ta goi ham XauChung dé xac dinh chiéu dai
to1 da cua xau con chung ctia x va y. a,b 1a cic mang nguyén 1 chiéu.
4.2 Céc thuit toan tim kiém chudi
Cic thuat toan nay déu ¢c6 cung y nghia la kiém tra mot chudi P ¢6 nim trong mot
van ban T hay khéng, néu c6 thi nam o vi trf ndo, va xuat hién bao nhiéu lan. Vi dy,

kiém tra chudi “lap trinh” c¢6 nam trong ndi dung cua file van ban KTLT.txt hay
khong, xuat hi¢n tai vi tri nao va xuat hi¢n bao nhiéu lan.

4.2.1 Thuat toan Brute Force

Thuat toan Brute Force thtr kiém tra tit ca cac vi tri trén véan ban tir 0 cho dén ki tu
cudi cung trong van ban. Sau moi lan thtr thudt toan Brute Force dich mau sang phai
mot ky tu cho dén khi kiém tra hét van ban.

Thuat todn Brute Force khdng can giai doan tién xir 1y ciing nhu cac mang phu cho
qud trinh tim kiém. Do phuc tap tinh todn cua thuat todn nay la O(N*M).

DPé md phong qud trinh tim kiém, ta thu nhé van ban T thanh chudi T. Y twong cia
thuat todn nay 13 so sanh tirng ki tu trong chudi P véi timg ki ty trong doan con cua
T. Bit dau ting ki ty trong P so sanh cho dén hét chudi P, trong qué trinh so sanh,
néu thiy c6 su sai khdc giita P va 1 doan con cta T thi bat dau lai tir ki tr du tién
cua P, va xét ki tu tiép sau ki tu ctia 1an so sanh truée trong T.

Thuat toan
//Nhap chudi chinh T
Nhap chudi can xét P
if ((len(P)=0)or (len (T)=0)or( len (P)>len (T))
// len : chiéu dai chudi
P khong xuét hién trong T
else
Tinh vi tri dung STOP = len(T) — len(P)
Vi tri bit dau so sanh START = 0
// ta can vi tri dimg vi ra khoi STOP
//chiéu dai P 16n hon chiéu dai doan T con lai thi di nhién P khong thudc T
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So sdnh céc ky ty giita P va T bat dau tir START
IF ( cédc ky tu déu giéng nhau )
P c6 xuét hién trong T
ELSE
Tang START Ién 1
Durng khi P xuét hién trong T hoic START > STOP

Vidu4.5:
T = “I LIKE COMPUTER” n=len(T)=14
P = “LIKE” m = len(P) =4
start = 0

stop =n-m = 10

Bude 1: 1 LIKE COMPUTER 1 = start =0
LIKE j=0
P[jl="L"'=T[i+j] =

> tang i1én 1 (ky tu tiép theo trong T)

j = 0;( tr& vé dau chudi P so sanh lai tir dau P hay P dich sang phai 1 ky tu.

Budce 2: 1 LIKE COMPUTER i=1
LIKE j=0
plil="L"!="T[i] =
-——->tang 1 lén mot, j=0
Budce 3: ILIKE COMPUTER  1=2
LIKE j=0
pljl ==Tli+j] =
---->tang j 1én mat,
khong tang i vi ta dang xét T[i+]].
(chi khi nao c6 su sai khac mai tdng 1 1én mot)
Budc 4: 1 LIKE COMPUTER i=2
LIKE j =1
pll==Th+j] =
————— > tang j lén mot
Bude 5: 1 LIKE COMPUTER i
LIKE j=2
pljl ==T[i+j] ="K
————— > tang j 1én mot

Bude 6: 1 LIKE COMPUTER i=2

Il
\®)
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LIKE j =3
plj] == Tli+j] =
————— > tang j 1én mot -—---> j =4 = m : hét chudi P ------> P ¢6 xuat hién trong T
Két qua: Xudt ra vi tri i = 2 la vi tri xudt hién dau tién cia P trong T
4.2.2 Thuat téan Knuth — Morris — Pratt

Thuat todn Knuth-Morris-Pratt 1a thuat toédn c6 do phuec tap tuyén tinh dau tién dugc
phat hién ra, n6 dya trén thuat toan brute force voi y tuong 191 dung lai nhiing thong
tin cta lan thir trude cho lan sau. Trong thudt toan brute force vi chi dich ctra s6 di
mot ky tu nén c6 dén m-1 ky tur cua cira sO0 moi 1a nhimg ky tu cua cira sO vira xét.
Trong do co the c6 rat nhiéu ky tu da duoc so sanh giong voi mau _va bay gio lai
nam trén cira s6 méi nhung dugc dich di Ve vi tri so sanh v&i mau. Viée xtr ly
nhimg ky tu nay c6 thé dugc tinh toan trude rdi luu lai két qua. Nho d6 1an thir sau
c6 thé dich di duoc nhiéu hon mot ky tur, va giam s6 ky tur phai so sanh lai.

Xét 1an thir tai vi tri j, khi d6 ctra s6 dang xét bao gom céc ky tu y[j...j+m-1] gia s
su khac biét dau tién xdy ra gitra hai ky tw x/i] va y[j+i-1].

Khi dé x[1...i]=y[j...i+j-1]=u va a=x[i]'y[i+j]=b. V&1 trudong hop nay, dich ctra )
phai thoa man v 1a phan du cia xau x khép véi phan dudi ciia xau u trén vin ban.
Hon nita ky tu ¢ & ngay sau v trén mau phai khac véi ky tu a. Trong nhitng doan
nhu v thoa man céc tinh chat trén ta chi quan tdm dén doan c6 do dai 16n nhat.

] 1+j-1
y u b
X u a
x|v|c

Dich cira s6 sao cho v phii khép véi u va ¢ #a
Dich cira s6 sao cho v phai khép véiu vacla
Thuat toan Knuth-Morris-Pratt str dung mang Next[i] dé luu trit d6 dai 16n nhat cua
xau v trong truong hop xau u=x/1...i-1]. Mang nay c6 thé tinh trude voi chi phi vé
thoi gian la O(m) (vigéc tinh mang Next thuc chat 1a mdt bai todn qui hoach dong
mot chicu).
Thuat toan Knuth-Morris-Pratt ¢6 chi phi vé thoi gian 1a O(m+n) vi nhiéu nhat 1a
2n-1 14n sb 1an so sanh ky tu trong qua trinh tim kiém.

Vidu

Pé minh h(_)g chi tiét thuét toan, chung ta s€ tim hiéu tirng qué trinh thuc hién cua
thuat toan. O mdi thoi diém, thuét toan ludn dugce xac dinh bang hai bién kiéu
nguyén, m va i, duoc dinh nghia lan luot 12 vi tri tvong tmg trén S bat dau cho
mdt phép so sanh v&i W, va chi s6 trén W xac dinh ki tu dang dugc so sanh. Khi
bat dau, thuat toan dwoc xac dinh nhu sau:

m: 0
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S: ABC ABCDAB ABCDABCDABDE

W: ABCDABD

i 0
Chiing ta tién hanh so sanh cdc ki ty cia W tuong Gng véi cac kit ciia S, di
c}}uyén lan lugt sang cac chir cai tiép theo néu chiing giong nhau. S[0] va W[0]
déula ‘A’. Tatingi:

m: 0

S: ABC ABCDAB ABCDABCDABDE

W: ABCDABD

1. 1
S[1] va W[1] déu la ‘B’. Ta tiép tuc tang 1 :

m: 0

S: ABC ABCDAB ABCDABCDABDE

W: ABCDABD

. 2
S[2] va W[2] déula ‘C’. Tatingilén 3 :

m: 0

S: ABC ABCDAB ABCDABCDABDE

W: ABCDABD

i 3
Nhung, trong budc thi tu, ta thdy S[3] 1a mot khoang tréng trong khi W[3] =
khéng phit hop. Thay vi tiép tuc so sanh lai ¢ vi tri S[1], ta nhan thay rang khong
c6 ki ty 'A" xuat hién trong khoang tir vi tri 0 dén vi tri 3 trén xau S ngoéi trur vi tri
0; do d6, nho vao qud trinh so sanh cdc ki ty trude do, chiing ta thay rang khong co
kha ning tim thay xau dii ¢6 so sanh lai. Vi vay, chiing ta di chuyén dén ki ty tiép

theo, gdin m=4 vai=0.

m:_ 4

S:  ABC ABCDAB ABCDABCDABDE
W: ABCDABD

1; 0

Tiép tuc qué trinh so sanh nhu trén, ta xac dinh dugc xau chung "ABCDAB", véi
WI[6] (S[10]), ta lai thay khong phit hgp. Nhung tir két qua cta qua trinh so sanh
trudc, ta da duyét qua "AB", ¢6 kha ning s& 1a khai dau cho mot doan xau khép, vi
vay ta bat dau so sanh tir vi tri nay. Nhu ching ta da thay cac ki ty nay da trung
khép vé1 hau ki ty trong phép so khép trude, chiing ta khong can kiém tra lai chiing
mot 14n nita; ta bat dau véi m =8, i=2 va tiép tuc qua trinh so khdp.
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m:
S: ABC ABCDAB ABCDABCDABDE
W: ABCDABD
1: 2

Qua trinh so khép ngay lap tirc that bai, nhung trong W khéng xuét hién ki tu  “,vi

vy, tatdng m 1én 11, va gdn 1 =0.

m: 11

S: ABC ABCDAB ABCDABCDABDE
W: ABCDABD

1; 0

Mot 14n nita, hai xau trung khop doan ki ty "ABCDAB" nhung ¢ ki tu tiép theo,
'C', khéng tring véi 'D' trong W . Giéng nhu trude, ta gan m =15, vagén i =2,
va tiép tuc so sanh.

m: 15

S: ABC ABCDAB ABCDABCDABDE
W: ABCDABD

i 2

Lan nay, chiing ta da tim dugc khép twong ing véi vi tri bat dau 1a S[15].
4.2.3 Thuat téan Boyer Moore

Thuat todn Boyer Moore la thudt toan c6 tim kiém chudi rat co hi¢u qua trong thuc
tien, cac dang khac nhau cua thudt toan nay thuong dugc cai dat trong cac chuong
trinh soan thao van ban.

Khiéc voi thuat toan Knuth-Morris-Pratt, thuat toan Boyer-Moore kiém tra cac ky tur
cuia mau tur phai sang trai va khi phat hién su khac nhau dau tién thudt toan s€ tién
hanh dich ctra s6 di. Trong thuat toan nay c6 hai cach dich cta so6:

Cich thtr 1: gan gidng nhu cach dich trong thuat toan KMP, dich sao cho nhiing
phan da so sanh trong lan trudc khdp véi nhitng phan giong no trong lan sau.

Trong lan thir tai vi tri J» khi so sanh dén ky tu i trén mau thi phat hién ra sy khac
nhau, lac d6 x[i+1...m]=y[i+]...j+m-1 ]=u va a=x[i]'y[i+j-1]=b khi 6 thuat toan
s& dich ctra s6 sao cho doan u=y/[i+j...j+m-1] giébng véi mot doan méi trén mau
(trong cdc phép dich ta chon phép dich nho nhét)

v bl u | |
xl |a| u dlCh
xl Jel w ] |

. e vy . N
Dich sao cho « xuat hi¢n lai va c# a

Néu khong c6 mot doan nguyén ven ctia u xuat hién lai trong x, ta s€ chon sao cho
phan doi dai nhat ctia u xuat hién tr¢ lai & dau mau.



v bl w |
o
x | [a] u o

x [ u | |

Dich dé mjt phén déi ciia u xuét hi¢n lai trén x

Cach thu 2: Coi ky tu dau tién khong khop trén van ban la b=y/[i+j-1] ta s€ dich sao
cho c6 mot ky tu glong b trén xau mau khO’p vao vi tri d6 (néu ¢ nhiéu vi tri xuat
hién b trén xAu mau ta chon vi tri phai nhat)

v | bl u | |
x | al u kg

ic
X | | b| khong chira b |

Dich dé ky tu b @n khép véi vin ban.

Néu khong c6 ky tu b nao xuét hién trén mau ta s& dich cira sd sao cho ky tu trai
nhat cia cura sO vao vi tri ngay sau ky tu y/i+j-1]/=b dé ddm bao sy an khop

v | b u | |
N
X | khong chtra b |

Dich khi b khong xuét hién trong x
Trong hai cich dich thuat toan s€ chon cach dich c6 1gi nhat.

Trong cai dat ta ding mang bmGs dé luu cach dich 1, mang bmBc dé luu phép dich
thir 2(ky tu khong khép). Viée tinh toan mang bmBc thuc sy khong c6 gi nhiéu dé
ban. Nhung viéc tinh truéec mang bmGs kha phirc tap, ta khong tinh tryc tiép mang
nay ma tinh gidn tiép thong qua mang suff. C6 suff[i]=max {k | x[i-k+1...i]=x[m-
k+1...m]}

Cac mang bmGs va bmBc c6 thé duogc tinh toan trude trong thoi gian ti 18 voi
O(m+d). Thoi gian tim kiém (d6 phtc tap tinh toan) ciia thuat toan Boyer-Moore 12
O(m*n). Tuy nhién v&1 nhiing ban chir cai 16n thuat toan thyc hién rat nhanh. Trong
truong hop tot chi phi thuat toan c6 thé xudng dén O(n/m) 1a chi phi thap nhat ciia
cdc thuat toan tim kiém hién dai c6 thé dat duoc.
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BAI TAP CHUONG 4
Bai 1. Cho file input.txt chira ndi dung sau:
Mon hoc: KV thuét 1ap trinh nang cao
S6 tiét: 30
Viét chuong trinh doc noi dung trong file input.txt ra man hinh theo ding dinh dang
trong file.
Bai 2. Cho file input.txt chira ndi dung sau:
6
35 2 6 4 12 9

Viét chuong trinh doc ndi dung trong file input.txt luu vao mang 1 chiéu, sau d6 in
ra man hinh tong cdc phan tir trong mang.

Bai 3. Cho file input.txt chtra ndi dung sau:
S6 phan tir 1a: 5
Gia tri mang la: 4 . 7 13 9

Viét chuong trinh doc ndi dung trong file input luu vao blen mang 1 chiéu, sap xép
mang 1 chiéu tang dan, sau d6 luu két qua mang da sap xép vao file output.txt.

Bai 4. Cho file input chtra n6i dung sau:
S6 dong: 4

S cot: 5

6 8 0 -5

12 7 21 -45

2 6 9 3 4

1 6 -7 3 9

Viét chuong trinh doc noi dung trong file input luu vao bién mang 2 chiéu, tim
dong c¢6 tong 16n nhat, sau do6 luu két qua vao file output.txt.

Wn W

Bai 5. Cho file input.txt chtra ndi dung sau:
S6 phan tu: 4

3 6 2 9
4 7 9 1
5 2 6 8
4 2 7 3

Viét chuong trinh doc ndi dung trong file input, dém sb phan tir chan trén
bién ctia ma tran, sau d6 in két qua ra man hinh.

Bai 6. Cho file input.txt chtra ndi dung sau:

S6 phan tu: 3
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Ma tran A

3 6 3

4 3 1

2 5 2
Ma tran B

1 4 9

8 3 7

2 5 6

Viét chuong trinh doc noi dung trong file input, tinh ma tran tong S = A+B, ma trin
tich P = AxB, sau do6 luu 2 ma tran két qua vao file output.txt

Bai 7. Viét chuong trinh cai dat thuat todn tim chiéu dai xau con chung dai nhét
trong 2 chudi ky tu cho trude.

Bai 8. Viét chuong trinh cai dat thuat todn tim kiém chudi Brute Force.
Bai 9. Viét chuong trinh cai dat thuat todn tim kiém chudi Knuth — Morris — Pratt

Bai 10. Viét chuong trinh cai dat thuat todn tim kiém chudi Boyer — Moore
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