Chutong 5 — Chudi ky tw

Chuong 5 - CHUOI KY TU

Trong phan nay ching ta sé hién thuc mot 16p biéu dién mot chudi néi tiép
cac ky tu. Vi du ta c6 cac chudi ky tu: “Pay 1a mot chudi ky tu”, “Tén?” trong d6
cip ddu “ “ khong phai 12 by phan cua chudi ky tu. Mot chudi ky tu réong duge ky
hiéu . Chudi ky tu ciing 14 mot danh sach cac ky tu. Tuy nhién, cdc tac vu trén
chudi ky tu c6 hoi dic biét va khac véi cdc tdc vu trén mot danh sich triu tugng
ma ching ta d3 dinh nghia, ching ta s& khong dan xuit 16p chudi ky tu tit mot
l6p List nao trude day.

Trong cdc tdc vu thao tdc trén chudi ky tu, tdc vu tim kiém 12 khé khan nhat.
Ching ta sé tim hiéu hai gidi thuat tim ki€m vao cudi chuong nay. Trong phan
dau, ching ta dac biét quan tdm dén viéc khic phuc tinh thiéu an toan cta chudi
ky tu trong ngon ngit C ma da sd ngudi lap trinh da ting st dung. Do d6 phan
trinh bay tiép theo day lién quan chit ché dén ngdén ngit C va C++.

5.1. Chubi ky tu trong C va trong C++

Ngon ngit C++ cung c4p hai cdch hién thuc chudi ky tu. Cach nguyén thuy la
hién thuc string ctia C. Giong nhu nhitng phan khéc, hién thuc string ctia ngon
ngit C c6 thé chay trong moi hién thuc ctia C++. Ching ta sé goi cdc do6i tugng
string cung cdp bédi C 1a C-String. C-String thé hién ci cac diém manh va ci
cac diém yéu ctia ngoén ngil C: ching rat phdé bién, rat hiéu qua nhung ciing rat
hay bi dung sai. C-String lién quan dén mot loat cdc tdp quan ma ching ta sé
xem lai duédi day.

Mot C-String c6 kiéu char*. Do d6, mot C-String tham chiéu dén mot dia
chi trong bd nhd; dia chi nay 1a diém b&at dau cha tap cac bytes chia cac ky tu
trong chudi ky tu. Vung nhé chiém béi mot chudi ky tu phadi duge két thic bang
mot ky tu dic biét “\O”. Trinh bién dich khong thé kiém tra gitp quy dinh nay,
su thidu s6t sé gay 16i thoi gian chay. N6i cach khdc, C-String khong c6é tinh
déng kin va thiéu an toan.

Tap tin chuidn <cstring> chia thu vién cdc ham xi ly C-String. Trong céc
trinh bién dich C++ cii, tap tin nay thuong c6 tén la <string.h>. Cac ham thu
vién nay rat tién lgi, hiéu qua va chda hau hét cac tdc vu trén chudi ky tu ma
ching ta can. Gia st s va t 1a cac C-String. Tdc vu strlen(s) trd vé chiéu dai
clia s, strcmp(s,t) so sanh tiung ky tu cha s va t, va strstr(s,t) trd vé con
tré tham chiéu dén vi tri bat dau cha t trong s. Ngoai ra, trong C++ tdc vu xudt
<< dugc dinh nghia lai cho C-String, nho vay, 1énh don gidn << s s& in chudi
ky tu s.
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Mic du hién thuc C-String c6 nhiéu uu diém tuyét voi, nhung né ciing cé
nhiing nhugc diém nghiém trong. Thuc vy, né c6 nhilng vadn dé ma ching ta da
gap phai khi nghién cttu CTDL ng#in xé&p lién két trong chuong 2 ciing nhu céc
CTDL c6 chita thudc tinh con trdé néi chung. That dé dang khi nguoi sit dung cé
thé tao bi danh cho chudi ky tu, ciing nhu gay nén rac. Trong hinh 5.1, ching ta
thay ro phép gan s = t dan dén ca hai van dé trén.

“important string" "acquires an alias”

Lost data Alias data

Hinh 5.1- Su thiéu an toan cta C-String.

Mot van dé khac ciing thudng ndy sinh trong cac tng dung c6 st dung C-
String. Mot C-String chua khéi tao cAn dugc gan NULL. Tuy nhién, rat nhiéu
ham thu vién cua C-String sé gip su c¢6 trong thoi gian chay khi gap doi tugng
C-String la NULL. Chéng han, 1énh

char* x = NULL;
cout << strlen(x);

dugc mot s6 trinh bién dich chdp nhan, nhung v6i nhiéu hién thuc khac cia thu
vién C-String, thi gap 16i trong thoi gian chay. Do d6, nguvi st dung phéi kiém
tra k¥ luéng diéu kién truéc khi goi cac ham thu vién.

Trong C++, viéc dong goéi string vao mot 16p cé tinh déng kin va an toan
dugc thuc hién dé dang. Thu vién chuan STL c6 16p String an toan chia trong
tap tin <string>. Thu vién nay hién thuc 16p c6 tén std: :String vua tién loi,
an toan viua hiéu qua.

Trong phan nay ching ta sé tu xay dung mot 16p String dé cé dip hiéu k§ vé

cach tao nén mot CTDL c¢6 tinh dong kin va an toan cao. Chiang ta sé khong phai
viét lai toan bd ma chi st dung lai thu vién da c6 C-String.
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5.2. Pac ta caa 16p String

Dé tao mot hién thuc 16p String an toan, ching ta déng géi C-String nhu
mot thudc tinh thanh phin cta né va dé thuan tién hon, ching ta thém mot
thudc tinh chiéu dai cho chudi ky tu. Do thudc tinh char* 12 mot con trd, ching ta
can thém céc tac vu gan dinh nghia lai (overloaded assignment), copy constructor,
destructor, dé 16p String clia ching ta tranh dugc cdc van dé bi danh, tao réc,
hodc viéc st dung d6i tugng ma chua duge khdi tao.

5.2.1. Cac phép so sanh

V6i mot s6 ting dung, sé hét stc thuan tién néu ching ta bo sung thém céac téc
vu so sanh <, >, <=, >=, ==, != dé so sanh ting cép d6i tuong String theo ting
ky tu. Vi thé, 16p String cia ching ta sé chita cac tdc vu so sanh dugc dinh
nghia lai (overloaded comparison operators).

5.2.2. Mot sb constructor tién dung

Tao d6i tugng String ti mot C-String
Ching ta sé& xay dung constructor v6i thong s6 char* cho 16p String.
Constructor nay cung cidp mot ciach chuyén d6i thuin tién mot d6i tugng C-
String sang d6i tugng String. Viéc chuyén déi thong qua cach goi tudng minh

nhu sau:
String s(*“‘some_string”);

N ke

Trong 1énh nay, déi tugng String s dugc tao ra chia dit liéu 1a “some_string”.

Constructor nay doi khi con dugc goi mot cach khong tuong minh béi trinh
bién dich mdi khi chuong trinh can dén su ép kiéu (type cast) ti kiéu char* sang

String. Lay vi du,
String s;
s = “some_string”’;

Dé chay 1énh thi hai, trinh bién dich C++ truéc hét goi constructor clia ching ta
dé chuyén “some_string” thanh mot doi tugng String tam. Sau d6 phép gan

dinh nghia lai ctia String dugc goi dé chép d6i tugng tam nay vao s. Cudi cung

destructor cho ddi tuong tam dugc thuc hién.

Tao déi tuong String tit mot danh sach cac ky tu
Tuong tu, ching ta cling nén cé constructor dé chuyén mot danh sach cac ky tu
sang mot ddi tuong String. Chang han, khi doc mot chudi ky tu tir ngudi su
dung, ching ta nén doc ting ky tu vao mot danh sdch cdc ky tu do chua biét trude
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chiéu dai cta né. Sau d6 ching ta sé& chuyén d6i danh sach nay sang mot déi
tuong String.

Chuyén tir mot ddi tugng String sang mot C-String
Cudi cung, néu c6 thé chuyén déi nguodc tir mot doi tugng String sang mot doi
tugng C-String thi sé rat c6 loi cho nhiing trudng hop string cin dugc xem 1a
char*. D6 1a nhiing lic ching ta can st dung lai cdc ham thu vién cta C-String
cho c4c d6i tugng String. Phuong thic nay sé dugc goi 1a ¢_str() va phai trd vé
const char* la mot con tré tham chiéu dén dir liéu biéu dién String. Phuong
thic c_str() c6 thé dugc goi nhu sau:

String s = ‘“‘some_String”’;
const char* new_ s = s.c_str();

DPiéu quan trong & day la c_str() trd vé mot C-String nhu la cac ky tu hing.
Ching ta c6 thé thdy dugc su cdn thiét nay néu ching ta xem xét dén viung nhé
chiém béi chudi ky tu new_s. Vung nhé nay ré rang la thuoc do6i tugng cta 16p
String. Ching ta thdy ring 16p String nén chiu trach nhiém vé ving nhé nay,
vi diéu d6 cho phép ching ta hién thuc ham chuyén d6i mot cach hiéu qua, dong
thoi tranh duge cho nguvi st dung khéi phai chiu trach nhiém vé viéc quén x6a
mot C-String da duge chuyén doi tir mot doi tuong String. Do d6, ching ta khai
bao c_str() trd vé const char* dé€ nguvi st dung khong thé st dung con tré
tra vé nay ma thay déi cac ky tu dit liéu dugec tham chiéu dén, su thay déi nay chi
thudc quyén cua 16p String ma thoéi.

V6i mot s6 it dic tinh dugc md ta trén ching ta c6 duge mot cach xit 1y chudi
ky tu vd cung linh hoat, hiéu qua va an toan. Lép String cua chdng ta 1a mot

ADT déng kin hoan toan, nhung né cung cdp mot giao dién that day du.

Chung ta c6 déc ta 16p String nhu sau:

class String {
public:
string(Q;
~String();
String (const String &copy); // copy constructor

String (const char * copy); // Chuyén déi tu C-string

String (List<char> &copy); // Chuyén d6i tir List cac ky tu

void operator =(const String &copy);

const char *c_str() const; // Chuyén ddi sang C-string
protected:

char *entries;
int length;
¥
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bool operator ==(const String &first, const String &second);
bool operator >(const String &first, const String &second);
bool operator <(const String &first, const String &second);
bool operator >=(const String &First, const String &second);
bool operator <=(const String &first, const String &second);
bool operator !=(const String &fFirst, const String &second);

5.3. Hién thuc 16p String

Céc constructor chuyén déi C-String va danh sach cdc ky tu sang d6i tugng
String:

String::String (const char *in_string)
/*
pre: Con tré in_string tham chiéu dén mot C-string.
post: Déi tugng String duge khéi tao tir chudi ky tu C-string in_string, va né nim gii
mot ban sao ciia in_string, chudi ky tu trong in_string khong thay dai.
*/
{ _ _
length = strlen(in_string);
entries = new char[length + 1];
strcpy(entries, in_string);

}

String::String (List<char> in_list)
/*
post: Déi tugng String dugc khéi tao tir danh sach cac ky tu trong doi tugng List, va né nim
gilt mot ban sao khéc, d6i tugng in_list khong thay ddi.
*/
{ N
length = in_list.size();
entries = new char[length + 1];
for (int i = 0; 1 < length; i++) in_list.retrieve(i,entries[i]);
entries[length] = "\0";

Chtng ta chon cach hién thuc phuong thic chuyén ddi d6i tugng String sang
const char* nhu sau:

const char*String::c_str() const
/*
post: tra vé con trd chi ky tu dau tién cia chudi ky tu trong ddi tugng String. Luu ¥ ring ¢ day

c6 viéc chia sé cing mot chudi ky tu.
*/
{

}

return (const char *) entries;

Cach hién thuc nay ciing khong hoan toan thich dang do né cho phép truy
xudt dif liéu bén trong ctia d6i tuong String. Tuy nhién ching ta sé thdy nhiing
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cach gidi quyét khéc ciing gip mot s6 van dé. Cach gidi quyét nay con c6 dugc uu
diém 1a tinh hiéu qua.

Phuong thic c_str() tra vé con tré chi dén mang cac ky tu chi c6 thé doc chd
khong thé stta d6i do ching ta da ép kiéu sang const char*. Tuy nhién ngudi
lap trinh c6 thé ép kiéu ngugc trd lai va gan vao mot con tré khéc lam ph4 vo
tinh déng kin cia dit liéu clia ching ta. Mot van dé nghiém trong hon chinh 1a bi
danh dugc tao béi phuong thic nay. Ching ta thdy rang ngudi 14p trinh nén s
dung con tré tra vé ngay sau khi vita goi phuong thic, néu khong nhiing gi xay ra
s& khong luong truée duge. Lay vi du sau:

String s = "abc';
const char *new_string = s.c_str(Q);
s = "def";

cout << new_string;
Lénh s = "def" da lam thay d6i dit liéu ma new_string chi dén.

Mot chién luge khédc cho phuong thic ¢_str() cé thé la dinh vi ving nhé
dong méi dé chép dir lidu cia doi tuong String sang. Cach hién thuc nay ré rang
14 kém hiéu qua hon, dac biét d6i1 v6i String dai. Ngoai ra n6 con c¢6 mot nhuge
diém nghiém trong, d6 1a kha nang tao rac. String ma c_str() tra vé khong
con chia sé dit liéu v6i doi tuong String nita, va nhu vy nguoi lap trinh phai
nhé delete né khi khong con st dung. Chang han, néu chi viéc in ra nhu dudi
day thi trong bd nhé da dé lai rac do cach hién thuc vira néu.

String s = "Some very long string";
cout << s.c_str();

Tém lai, tuy ching ta van giit phuong an dau tién cho phuong thic c str(),
nhung ngudi lap trinh khong nén st dung phuong thiic nay vi né phd vd tinh
déng kin ctia d6i tuong String, trit khi mudn st dung lai cdc ham thu vién cia C-
String va da hiéu that ro vé ban chat cia su viée.

Cubi cung, ching ta xem xét cdc tdc vu so sanh dugc dinh nghia lai. Hién thuc
sau day ctia phép so sanh bing dugc dinh nghia lai that ngdn gon va hiéu qua
nh¢ phuong thic c_str().

bool operator ==(const String &Ffirst, const String &second)

/*

post: Tra vé true néu déi tugng First gidng dsi tugng second. Nguoc lai tra vé false.
*/

{

}

return strecmp(first.c_str(), second.c_str()) == 0;

Céc tdc vu so sanh dinh nghia lai khéac c¢6 hién thuc hiu nhu tuong tu.
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5.4. Cac tac vu trén String

Ching ta sé phéat trién mot s6 tac vu lam viéc trén cac ddi tugng String.
Trong nhiéu truong hop, cdc ham ctia C-String cé6 thé dugc goi truc tiép cho cac
doi tugng String da chuyén doi:

String s = "'some_string';
cout << s.c_str() << endl;
cout << strlen(s.c_str()) << endl;

D6i v6i nhitng ham khong thay d6i cac thong s6 String nhu strcpy, ching
ta s& viét cdc phién ban dinh nghia lai ¢6 thong s6 1a d6i tugng String thay vi
char*. Nhu ching ta da biét, trong C++, mot ham dugc goi 1a c6 dinh nghia lai néu hai hoéc ba
phién ban khac nhau cia né ¢6 trong cung mot chuong trinh. Chiang ta da cé cac constructor va
cdc tac vu gan dinh nghia lai. Khi mot ham dugce dinh nghia lai, ching phai cé cdc thong s6 khac
nhau. Cén ct vao céc thong s6 dugc géi khi goi ham, trinh bién dich biét duge can phai st dung
phién ban nao.

Phién ban dinh nghia lai cho strcat c6 khai bao nhu sau:

void strcat(String &add_to, const String &add_on)

Nguoi sit dung c6 thé goi strcat(s,t) dé néi chudi ky tu t vao chudi ky tu s.
s 1a mot String, t c6 thé 1a String hodc C-String. Néu t 1a C-String thi truéc
hét constructor c6 thong s char* sé thuc hién dé chuyén t thanh mot déi tugng
String cho hop kiéu thong s6 ma strcat yéu cau.

void strcat(String &add to, const String &add _on)
/*
post: String add_on dugc ndi vao sau String add_to.
*/
{
const char *cfirst = add_to.c_str();
const char *csecond = add _on.c_str();
char *copy = new char[strlen(cfirst) + strlen(csecond) + 1];
strcpy(copy, cfirst);
strcat(copy, csecond);
add_to = copy;
delete []copy;

Trong phuong thic trén cé goi strcat véi hai thong s6 1la char* va const
char*, tai day trinh bién dich sé goi dung ham thu vién cida C-String chu
khong phai goi dé quy chinh phuong thic nay.

Do add_to la d6i tugng String, léenh add to = copy truéc hét goi
constructor dé chuyén copy kiéu char* sang d6i tuong String, sau d6 méi goi
phép gan dinh nghia lai cia 16p String. Néi cach khac, diéu nay din dén viéc
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chép chudi ky tu hai 1an. P& tranh diéu nay ching ta hay thit thay déi dong 1énh.
Chang han, mot cach don gian ching ta khai bdo strcat 14 mot ham friend cta

16p String. Khi d6 ching ta c6 thé truy cap dén thuoc tinh entries cta l6p
String: add_to.entries = copy.

Ching ta can ham dé doc cdc doi tugng String. Ching ta c6 thé thuc hién
tuong tu nhu déi véi C-String, tac vu << s& dugc dinh nghia lai d€ nhan thong
s6 1a mot String. Tuy nhién, ching ta ciing c6 thé dung cach khac dé xay dung
ham read_in nhu sau:

String read_in(istream &input)
/*
post: Tra vé mot doi tugng String doc tir thong s6 istream (ky tu két thic chudi ky tu duge
quy uéc 1a ky tu xuéng hang ho#c két thic tap tin)
*/
t
List<char> temp;
int size = 0;
char c;
while ((c = input.peek()) = EOF && (c = input.get()) = "\n")
temp.insert(size++, C);
String answer(temp);
return answer;

Ham trén st dung mot doi tugng temp dé gom cédc ky tu tir thong sé input,
sau d6 goi constructor dé chuyén déi temp nay thanh déi tuong String. Ky tu két
thic chudi ky tu 1a ky tu xuéng hang hoac ky tu két thiac tap tin.

Mot phién ban dugc dé nghi khac cho ham read_in 1a thém thong sé thid hai
dé chi ra ky tu két thic chudi ky tu mong muén:

String read_in(istream &input, int &terminator);

post: Tra vé mot doi tugng String doc tir thong so istream (ky tu két thic chudi ky tu duge quy ude

12 ky tu xudng hang hoic két thic tap tin, ky tu nay ciing duge tra vé thong qua tham bién
terminator.)

Tuong tu ching ta c6 phuong thic dé in mot doi tugng String:

void write(String &s)
/*
post: Déi tuong String s dugc in ra cout.
*/
{
if (strlen(s.c_str())>0)
cout << s.c_str() << endl;
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Trong céc phan tié€p theo ching ta s& st dung cdc ham thu vién cho 16p
String nhu sau:

void strcpy(String &copy, const String &original);
post: Ham chép String original sang String copy

void strncpy(String &copy, const String &original, int n);
post: Ham chép nhiéu nhat la n ky tu ti String original sang String copy.

int strstr(const String &text, const String &target);
post: Néu String target la chudi con (subtring) ciia String text, ham tra vé vi tri xuit hién
diu tién cta target trong text; nguoc lai, ham tra vé -1.

Cac hién thuc ctia cac ham nay theo cach st dung lai thu vién C-String ducgc
xem nhu bai tap.

5.5. Cac giai thuat tim mot chudi con trong moét chudi

Phan sau day ching ta sé tim hiéu lai cach hién thuc ctia mot vai ham thu
vién clia C-String. Cac phép xi ly co ban trén chudi ky tu bao gom: tim mot
chudi con trong mot chudi, thay thé mot chudi con biang mot chudi khac, chen mot
chudi con vao mot chudi, loai mot chudi con trong mot chudi,.. Trong d6 phép tim
mot chudi con trong mot chudi c6 thé xem 1a phép co ban nhat, nhitng phép con
lai c¢6 thé dugc thuc hién dé dang sau khi da x4c dinh dugc vi tri cia chudi con.
Ching ta s& tim hiéu hai gidi thuat tim chudi con trong mot chudi cho truéc.

5.5.1. Giai thuat Brute-Force

Y tudng giai thuat nay vo cing don gidn, dé 1a thi so trung chubi con tai moi
vi tri bat dau trong chudi da cho (Hinh 5.2). Gia st ching ta cian tim vi tri cha
chudi a trong chudi s. Céc vi tri bt diu so trung a trén s 14 0, 1, 2, .. Mbi lan so
trung, ching ta 1an luot so sanh tung cip ky tu cha a va s tir trai sang phai. Khi
gap hai ky tu khac nhau, ching ta lai phdi bat diu so trung ti dau chudi a véi vi
tri méi. Vi tri bat dau so trung trén s 1an thi i sé 1a vi tri b4t dau so trung trén s
lan thi i-1 cong thém 1. Céc ky tu in nghiéng trong hinh vé bén dudi 1a vi tri
that bai trong mot 1an so trung, phan c6 nén xam bén trii ching 1a nhing ky tu
so trung da thanh cong. Mot 1an so trung nao d6 ma ching ta da duyét qua dugc
hét chiéu dai clia a xem nhu da tim th4dy a trong s va gidi thuat ding.

Cho i la chi s6 chay trén s va j 1a chi s6 chay trén a, j luon dugc gan vé 0 khi bit
dau mot 14an so trung. Khi gap that bai trong mot 1an so trung nao d6 thi cd i va j
déu da tién dugc j budc so véi lic bat dau so trung. Do d6 dé bat dau so trung cho
l14n sau, i can lui vé j-1 buéc.
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Hinh 5.2- Minh hoa giai thuit Brute-Force

// Giai thuat Brute-Force
int strstr(const String &s, const String &a);

/*
post: Néu chudi a la chubi con ctia chudi s, ham tra vé vi tri xuat hién diu tién cta a trong
s; ngudc lai, ham tra vé -1.
*/
{
int i = 0, // Chi s6 chay trén s.
j = 0, // Chi s6 chay trén a.
Is = s_.strlen(); // So6 ky tu cia s.
la = a.strlen(), // S6 ky tu cua a.
const char* pa = a.c_str(); //Dia chi ky tu dau tién cda a.
const char* ps = s.c_str(); //Dia chi ky tu dau tién cia s.

do {
it (pa[j] == ps[i]){
i++:
J++;
eise {
i =i—- { — 1); 7/ Luivé cho lan so trung ké tiép.
J=0;

}
} while ((g<la) && (i<ls));
it (g>=1a) return 1 — la;
else return -1;

Trudng hop x4u nhat cda gidi thuat Brute-Force 1a chudi con a trung véi phan
cudi cung cta chudi s. Khi d6 ching ta da phai 1ap lai Is—la+1 lan so trung, véi
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Is va la 1a chiéu dai cha chudi s va chudi a. Mbi 1an so trung da phai so sanh la
ky tu. S6 1an so sanh t6i da 1a la*(Is-la+1) ~ la*ls.

5.5.2. Giai thuat Knuth-Morris-Pratt

Giai thuat nay do Knuth, Morris va Pratt dua ra, con goi la giai thuat KMP-
Search.

Trong vi du trén ching ta thay gidi thuat Brute-Force phéi so trung dén lan
thi 11 méi phat hién dugc vi tri cAn tim. Gidi thuat KMP-Search du6i day tiét
kiém dugec mot s6 1an so trung va chi phai so trung dén 1an thid 5. Hon thé nita,
chi s6 i chay trén s ciing khéng bao gio phai lui lai. P& c6 duge diéu nay, ching ta
hay c6 ging rut ra nhan xét ti hinh 5.3 bén du6i. Trong lan so trung thi nhat,
khi i=4 thi a; # s;, khi d6 a s& dugc dich chuyén vé phia phdi sao cho doan dau cta
a trung khép v6i doan cudi ctia a trong phan da duge duyét qua (chi tinh phan
mau xam). Trong hinh vé 14 hai ky tu 1 va 0 c¢6 gach du6i. Lan so trung ké& tiép
chinh 1a tir vi tri nay, va nhiing 1an so trung trung gian gitta hai 14n nay c6 thé
bé qua. Piéu nay cé thé 1y gidi nhu sau: néu phan dau cha a trung véi phan cudi
cia a thi né cling trung véi phan tuong Gng cia s bén trén, do phan cudi cia a via
méi duge so trung thanh cong v6i phan tuong tng cta s. Puge nhu vay thi i méi
hoan toan khong phdi lui lai. Trong 1an so trung méi, chinh s; nay sé dugc so
sanh véi aj, véi j s& duge tinh toan thich hgp ma ching ta sé ban dén sau. Trong
vi du ching ta thdy j = 2, 1an so sanh dau tién cGa lan so trung thi hai 14 so sanh
giltia s4 va ag.

Tuong tu, khi 1an so trung thd hai that bai tai sg, chudi con a s& dugc dich chuyén
rat xa, tiét kiém dugc rat nhiéu lan so trung. Ching ta dé dang kiém chiing, véi
nhiing vi tri trung gian khac, phan dau cia a khong trung v6i phan cudi (chi tinh
phan mau xdm) cta a, nén ciing khong thé trung véi phan tuong Gng trén s, cé
thuc hién so trung ciing sé that bai ma thoi.

B4t dau 1an so trung thd ba

(=8, j=1

10 11 12 13 14 15 16 17 18 19 20
I1|0|1|0|1|0|0|1|0|1|1|0|1|0|0|1|1|1|1|0|1|

a |[2]ofafofof1[1]1]
altfof1fojofaf1]1]
afalofafofof1]1]1]
altfof1]ojof1]1]1]
al1f[of1]ojof1f1]1]

Bt d4u 1an so trung thi hai
i=4,3j=2)

Hinh 5.3- Minh hoa gidi thuat Knuth-Morris-Pratt
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Hinh vé dué6i day giip ching ta hiéu dugc cach tinh chi s6 j thich hgp cho dau
modi 1an so trung (trong khi i khong 1ui vé ma gilt nguyén dé tiép tuc tién té6i).

Trich tir hinh vé trén, chung ta c6 dugc két qua sau day.
Xétvitrii = 4, j = 4, do so sdnh s; v6i a5 that bai, ching ta dang mudn biét
phan cudi cia a ké tir diém nay tré vé trude (tic chi tinh phdn mau xdm) va phan
diu chia a trung dugc bao nhiéu ky tu. Goi a” = a. Ching ta sé nhin quét tir cudi
phan mau xdm cha a va tir dau cta a’, ching ta sé biét dugc c6 bao nhiéu ky tu
trung. D6 1a hai ky tu 1 va 0 dugc gach duéi.

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
olol1]o]1]1]o]1]ofof1]1]1|1]0]1]

Ol |r|r -—

jJ=4, s6 ky tu trung 1a 2
[1[1]1]

—» i
a |[aJoJaJo]o1]2]1]

Nhu vay, diéu nay hoan toan khong con phu thudc vao s nita. Ching ta c6 thé
tinh s6 ky tu trung theo j dua trén a va a’. Pong thoi ta thay sd ky tu trung nay
cling 1a chi s6 ma j phdi lui vé cho l1an so trung ké& ti€p a; véi s;, i khong déi.
Ching ta bat dau v6i j = 1 va xem hinh 5.4 sau day.
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J=1, s6 ky tu trung 12 0 (khi dém s6 ky tu trung, luén phai dich chuyén a’ sang
phai so véi a, tic chi so sénh phan cudi ctia a v6i phan dau cla a’, trudng hop
l nay xem nhu khong c¢6 ky tu trung).

a [12]ol1lojo]1][1]1] next; = 0
a [1]oJ1JoJoJ1]1]1]

1 j=2, 56 ky tu trung 12 0
a |1]lol1]olof1]1]1] next, = 0

a [1JoJ1JofoJ1]1]1]

l j=3, s6 ky tu trang 1a 1

[1]o]alofofa]1[1] next; = 1
a [aof2Jofo1]1]1]

Q

l =4, s8 ky tu trung 1a 2
[1]ofafofof1]1]1] next, = 2
a [a]of1fofoJ1[1]1]

Q

lj=5, s6 ky tu trung 12 0
[1]of1JoJo1]1]1] nexts = 0

a [1]JoJ1JoJo 1]1]1]

Q

| 36, 56 kg ty trimg 12 1
[1{of1]0fofa[1]1] nexts = 1
a [2[ofz]ofolz 11

Q

l =7, s6 ky tu trung 1a 1
[1[of1]ofof2[2]1] next; = 1
[1fofzJofofa]a]1]

Hinh 5.4- Minh hoa gidi thuat Knuth-Morris-Pratt

Q

mq

Gia s ching ta da tao dugc danh sidch next ma phan ti thi j chia tri ma j
phéi lui vé khi dang so sdnh a; v6i s; ma that bai (a; # s;), d€ bit dau 1an so trung
ké tiép (i giff nguyén khong déi). Hinh 5.4 cho thiy next; luén bing 0 v6i moi a.
Chung ta c6 giai thudt KMP-Search nhu duéi day.

LAan so trung thit nhat luén bat dau tir ky tu dau cia s va a, nén hai chi s6 i va
j déula 0.
e Truong hgp dé hiéu nhat 1a trong khi ma aj=s; thi i va j déu dugc nhich
t6i. Piéu kién diung cta vong lip hoan toan nhu gidi thuat Brute-Force
trén, c6 nghia 1a j di dugc hét chiéu dai cia a (tim th4dy a trong s), ho#c i di
qud chiéu dai cha s (viéc tim két thidc that bai).
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Truong hop aj=si (véi j#0) trong mot 1an so trung nao dé6 thi nhu da néi
& trén, chi viéc cho j lui vé vi tri da dugce chia trong phan ti thd j trong
danh sdch next. Nho vay trong 1an lap ké ti€p sé tiép tuc so sanh a; nay

v6i s; ma i khong doi.

Riéng truong hop déc biét, véi j = 0 ma aj#si, ta xem hinh duéi day

i
s [..1]aToToTaToTo s s a]oaa].]
lij, s6 ky tu trung 14 0
al1Jol1]oJol2]1]1]

B4t ctt mot 1an so sénh s; nao d6 véi ap ma that bai thi chudi a cling phai dich
chuyén sang phai mot budc, dé 1an so sanh ké& tiép (cing la 1an so trung méi) cé

thé so sanh ag v6i si,1. Nhu vay ta chi can ting i va gilt nguyén j ma thoi.

//

/*

*/
{

Giai thuat Knuth- Morris — Pratt

int strstr(const String &s, const String &a);

post: Néu a la chubi con clia S, ham tra vé vi tri xuat hién dau tién cia a trong s;

nguoc lai, ham tra vé -1.

List<int> next;
int i = 0, // Chi so chay trén s.

Jj = 0, // Chi s6 chay trén a.

Is = s.strlen(); // S6 ky tu cla s.

la = a.strlen(), 7/ S6 ky tu cha a.
const char* pa = a.c_str(); //Pia chi ky tu dau tién cia a.
const char* ps = s.c_str(); //Pia chi ky tu du tién cia s.
InitNext(a, next); // Khéi gan cdc phan tif next;, nexty,..,next, ;.

// Khong st dung next.

do {
if (pa[jl==ps[i]){// Van con ky tu trung trong mot lan so trung
i++; // nao d6, i va j dugc quyén nhich téi.
J++;
}
else
if g ==0) // Pay la truong hop dic biét, phdi dich a sang phai
i++; // mbt buée, c6 nghia la cho i nhich t6i.
else

next.retrieve(j, j); // Chojlui vé tri da chia trong next;.
3} while ((g<la) && (i<ls));
if (g>=1a) return 1 — la;
else return -1;
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Sau day ching ta sé& viet ham InitNext gian céc tri cho cdc phan ti cia
next, tdc la tim s6 phan ti trung theo hinh vé 5.4. C6 mot diéu kha thd vi trong
giai thuat nay, dé chinh la ham tao danh sach next lai si dung ngay chinh danh
sach nay. Ching ta thay ring dé tim s6 phan ti trung nhu da néi, ching ta can
dich chuyén a” vé bén phai so véi a, ma viéc dich chuyén a’ trén a ciing hoan
toan giong nhu viéc dich chuyén a trén s trong khi di tim a trong s.

// Ham phu trg¢ gén cac phan tir cho danh sich next.

void InitNext(const String &a, List<int> &next);

/*
post: Gan céc tri cho céc phan ti ciia next dua trén chudi ky tu a.
*/
{
int i = 1, // Chi s6 chay trén a.

—
|

= 0, // Chi sb chay trén a’.
la = a.strlen(), // S6 ky tu cta a (ciing 1a cta a’).

const char* pa = a.c_str(); //Dia chi ky tu dau tién cla a (ciing 1a cta a’).
next.clear();

next.insert(l, 0); // Ludn ding v6i moi a.

do {
it (pa[jl==pali]){ 7/ Van con ky tu trung trong mot lan so trung
i++; // nao dé6, i va j duge quyén nhich téi.
J++; // Tivitri i trén a tré vé truée, j xem nhu da
next.insert(i, j);// quét dugc s6 phan ti trung ctia a’ so véi a.
¥
else
if (J == 0){ // Truong hgp déic biét, phai dich a sang phai
it++; // mot buéc, c6 nghia la cho i nhich téi.
next.insert(i, j);
};
else

next.retrieve(j, j); 7/ Cho jlui vé tri da chia trong next;.
} while (i<la); // i=lala da gan xong la phan ti clia next,
// khong st dung next,.

Ham tao next dugc chép lai tir gidi thuat KMP-Search trén, chi c6 vai diém
b6 sung nhu sau: v6i i chay trén a va j chay trén a”, va a” luon phai dich phai
so v6i a, chung ta khéi gan i=1 va j=0.

Do i tang dén dau la ching ta xem nhu da so trung xong phan cudi cta a (ké
ti vi tri i nay tré vé trude) véi phan dau cta a’, nén next; da dugc xdc dinh.
Trong qud trinh so trung, trong khi ma a; van con bing a’j, i va j déu nhich
t6i. Vi vay, ching ta d& thiy rang j chinh 12 s§ phan ti da trung dugc cta a’ so
v06i a, ching ta c6 phép gan next;=j.
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Khi a; # a”j, ching ta st dung y tuéng cia KMP-Search 1a cho j lui vé
next;. Van dé con lai can kiém chiing 1a gid tri cia next; phéi c¢6 true khi né
dugc st dung. Do ching ta da gan vao next; va da st dung next;, ma i luén luén
di truéc j, nén ching ta hoan toan yén tam vé diéu nay.

Cudi cung, chi con mot diéu nhé ma ching ta can xem xét. D6 1a trudng hop cé

nhiéu phuog 4n cho s ky tu trung nhau. Chang han véi a 1a “10101010111..” va
J=8, s6 ky tu trung khi dich a’=a vé bén phai so véi a la:

l Vi tri j dang xét

a 10101010111... S6 ky tu tring la 6
a’ 10101010111...

a 10101010111...

a’ 10101010111...  S6 ky tu tring 1a 4
a 10101010111...

a’ 10101010111... S ky tu tring la 2

Sinh vién hdy tu suy nghi xem cdch chon phuong an nao la ding dan nhat va
kiém tra lai cdc doan chuong trinh trén xem ching cé can phai dugc sta déi gi
hay khong.

Ngoai ra, giai thuat KMP-Search con c6 thé cai tién mot diém nhd, dé la
trugec khi gan next;=j trong InitNext, ching ta ki€m tra néu paj=pa; thi sé&
gan nexti=next;. Do khi so trung pa; ma that bai thi ¢6 1ui vé panexti=paj cing
sé& that bai, ching ta nén lui han vé panext;j -

S6 14n so sanh toi da trong KMP-Search 1a Is+la.
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