C Programming
Basic - week 14



Noi dung
e Cau truc di liéu tir dién
e Bang bam
e Ham bam
e Ban do nén
e XU ly xung dot
e Bai tap



TU dién Q

e TU dién mo hinh héa mot tap hgp tim
kiEm dugc cua cac cap khoa - phan tur

e Cac thao tac chinh cda tlr dién bao gom
tim kiem, chen, va xo0a phan tu

e Khoa |a duy nhat nhung cac phan tu co
thé cd cung khoa

e Ung dung:
- Danh ba dia chi

- Xac thuyc the tin dung

— Anh xa tén mién (vd csci260.net) v4i dia chi IP
(vd 128.148.34.101)




Cac phuadng thuc

- findElement(k): néu tur dién chla phan tir véi
khoa k, tra vé phan td, n€éu khong tra vé phan
tu dac biét NO_SUCH_KEY

- insertItem(k, o): thém cdp (k, o) vao tur dién

- removeElement(k): néu tu dién chl’a phan ta
vOi khoa k, x6a khoi tu dién va tra vé phan tu,
néu khong tra vé phan tu dac biét
NO_ SUCH_KEY

- size(), isEmpty()

- keys(), elements()



Key-Indexed Dictionaries

Al]

0

1 Introto C5 1
Kev Value 2 Intro to C5 2
1 Infro to CS 1 3
2 Intro to CS 2 4
3 Theorv of Computation
7 Data Structures 5| Theory of Computation
g Digital Logic 6

7 Data Structures

8

g Digital Logic

Space-efficient only if the cardinality of the set
is close to N



Tim kiém khoéng so sanh

e Lam thé& nao dé tim kiém ma khdéng thuc hién so sanh cac
phan tu?

e NEu chung ta c6 mot “oracle” nhan vao khda cua mét gia
tri df liéu va tinh toan, trong thdi gian t6i da cho trudc, vi
tri ma khoa do xuat hlen trong tap di liéu?

data key K

T~

location of /

matching record

within the

collection

Néu container hé tro truy c&p ngau nhién véi chi
phi ©(1), twong tw mang, ta c6 chi phi tim kiém
o(1).



\ J \ ? J
Ham bam va bang bam
MOt cach hiéu qua dé cai dat tir dién la bang bam
S’ dung mot bang (hoac danh sach) kich thudc N

(bang)
— Can chia cac khoa vao khoang [O,N—1]
— Xung dot xay ra khi cac ph‘an t’r co cung khoa

Khoa khong phai khi nao cling la s6 nguyén hoac
d trong khoang [0,N-1]

MOt bang bam cho mot loai khdéa bao gom

— Ham bam h

- Mang (bang) kich thudc N

Khi cai dat tu dién véi bang bam, muc dich la luu
trir cap (k, o) tai chi muc i = h(k)



VD

e Khi thi€t ké bang bam Iuu
trir cac doi tugng (SIN,
Name), vGi SIN (social
insurance number) la sO
nguyéen duong 9 ch{r s6

e Bang bam su dung mot
mang kich c6 N = 10,000 4,
va ham bam 9998

~ A Ae 9999
h(x) = 4 chu sO cuoi cua X

—{025-612-0001|
»(981-101-0002]

BWN—O
diSIRARAIS

—»{451-229-0004 |

—»| 200-751-9998

®’® .




Ham bam
e Ham bam h anh xa khda co kiéu nhat dinh thanh
cac sO6 nguyén trong khoang [0, N — 1]
e \VD:
h(x) = x mod N la ham bam cho cac khda s6 nguyén
SO nguyén h(x) dugc goi la gia tri bam cua khoda x
e Ham bam thudng bao gom hai ham thanh phan
— Ban do ma bam
hl:keys — integers
— Ban d0 nén
h2: integers - [0, N — 1]



Ban do ma bam

e Ep kiéu s6 nguyén
— Cac bit cua khoa
dudc coi nhu cac so
nguyén
— Phu hgp cho khoa co
chiéu dai ngan han
s8 bit cua kiéu sd
nguyén
- VD:
e ‘A" -> 65
e ‘N ->78

e T6Ng thanh phan

- Phan vung cac bit cua
khoa thanh cac thanh
phan cé chiéu dai xac
dinh (vd 16 hoac 32 bit)
va tinh tong cac thanh
phan

— Phu hop véi khoa so co
chiéu dai xac dinh va >
s8 bit ciia kiéu s6 nguyén

n-1

.X=(.X1,.x2, X, =>h().) X,

(S N [ i—0
32 bits 32 bits 32 bits
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Ban d6 ma bam (2)

e Tich Gy da thuc

— Phan chia cac bit cia mot khoda vao chudi cac
thanh phan co d0 dai xac dinh (vd 8, 16 hoac
32 bit)

d,a, ..a,
— Tinh da thic

p(z)=a,+a,z+a,z+ .. +a, 2"}

tai gia tri z xac dinh, bo qua tran so

- P3c biét phu hgp vdi chudi (vd chon z = 33
sinh ra toi da 6 xung dot trong tap hop 50,000
tu’ tiéng Anh)
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Exercise 14.1

e Viet ba ham cai dat ba phudng phap
ban do ma bam

e Khda dau vao cua ép ki€u sé nguyén
va tich Iy da thuc la chuoOi

e Khda dau vao cua tong thanh phan I3
kieu s6 nguyén I6n long
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Ban do nén

e K&t qua cla ban dd ¢ Nhan, cong, va chia

m& bam can phai (MAD):
chuan hoa vé [0,N- - h2(y) = lay + b| mod
1] b e o
, . —ava b lacacsé
e Phuong phap chia: nguyén khdng am
- hy(y) = |yl mod N sao choamod N # 0
— Kich thuéc N cua - Ngudgc lai, moi sb
bang bam thudng nguyén dudc anh xa
dudc chon la sO thanh b

nguyén to
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Cai dat bang bam

#define MAX_CHAR 10
#define TABLE_SIZE 13
typedef struct {
char key[MAX_CHAR];
/* other fields */

} element;
element hash_table[TABLE_SIZE];
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Phuong phap chia

void init table(element ht[]) |int hash(char *key)
{ {

int 1i; _ return (transform(key)
ht[i] .key[0]=NULL; - '

) }

int transform(char *key)

{
int number=0;
while (*key) number += *key++;
return number;

}
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Phan giai xung dot

e Xung dot xuat hién khi k, # k, nhung h(k,) =
h(k;)

e K&t qua la ham insertitem() va findElement() trd

nén phuc tap hon
e Chién thuat phan giai xung dot

— DPia chi dong (bang bam mad) - cac slot ngoai h(k) bi
déng va khong su dung dudgc

— Dia chi md (bang bam ddéng)- tim mot vi tri trong khac

trong bang

h(k;)

h(k,)
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Cau truc dir liéu bang bam
e Bang bam ma:
- Phudng phap chudi xich

e Bang bam dong
- MG tuyén tinh
- M@ bac hai
- Bam kep
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Cau truc chudi xich

4 14

e Mang cac con tro

e MOi con tro quan ly
mot danh sach lién
két tudng U'ng VOi
mot bucket (dia chi)

e VD vé bang bam
chuoi xich vdi ham
bam
N mod 10
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Exercise 14.2

e Cai d3t ciu tric bang bdm chuoi xich vdi
cac thao tac sau:
— Init
— Hash function
— Insert (cho khoa va phan tu)
— Search, Delete (khoa cho trudc)
— IsEmpty
— Clear
— Traverse
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» y
Khai bao
Data structure declaration

#define B ... // size of hash table
typedef ... KeyType; // int
typedef struct Node
{
KeyType Key;
// Add new fields if it is necessary
Node* Next;
i
typedef Node* Position;
typedef Position Dictionary[B];
Dictionary D;
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Khdi tao bang bam

void MakeNullSet()

{
Nt I;
for(i=0;i<B;i++)
D[i]=NULL;

b
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Tim kiém
int Search (KeyType X) {
Position P;
int Found=0;
//Go to bucket at H(X)
P=D[H (X) ];

//Traverse through the list at bucket
H (X)

while ((P!=NULL) && (!Found))
1f (P->Key==X) Found=1;
else P=P->Next;

return Found;

}

22



{

Chen phan tu

void InsertSet(KeyType X)

int Bucket;
Position P;
if ('Member(X, D)) {

Bucket=H(X);

P=D[Bucket];

//allocate a new node at D[Bucket]

D
D
D

Buc
Buc

Buc

kKet]
kKet]

ket]

= (Node*)malloc(sizeof(Node));
->Key=X;
->Next=P;
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X6a phan tu

else { // Search for X

void DeleteSet(ElementType X){

int Bucket, Done;
Position P,Q;
Bucket=H(X);
// If list has already existed
if (D[Bucket]!'=NULL) {
// if X at the head of the list
if D[Bucket]->Key==X)
{
Q=D[Bucket];
D[Bucket]=D[Bucket]-
>Next;

free(Q);
t

>

-

Done=0;

P=D[Bucket];

while ((P->Next!=NULL) && (!
Done))

if (P->Next->Key==X)
Done=1;

else P=P->Next;

if (Done) { // If found
// Delete P->Next
Q=P->Next;
P->Next=Q->Next;
free(Q);
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Ki€ém tra rong

Verify if a bucket is empty

int emptybucket (int b) {
return (D[b] ==NULL ? 1:0);
}

Verify if the table is empty

int empty ( ) {

int b;
for (b = 0; b<B;b++)
1f(D[b] !'=NULL) return 0O;

return 1;
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X0a bucket

void clearbucket (int b){

Position p,q;

q = NULL;

p = D[b];

while(p I—NULL){
q _ pl
p=p->next;
free (q);

y
D[b] = NULL;

s
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X6a bang bam

void clear( )

{
int b;
for (b = 0; b<B ; b++)
clearbucket(b);

y
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Duyét bucket

void traversebucket (int b)
{
Position p;
p= D[b];
while (p '=NULL)
{
// Assume that the key is of int type
printf("%3d", p->key);
p= p->next;
b
b
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Duyét bang bam

void traverse()
{
int b;
for (b = 0;n<B; b++)
{
printf("\nBucket %d:",b);
traversebucket(b);

y
y
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Exercise 14.3

e Xay dung danh ba dién thoai

o Khal bao cau truc chu’a |t nhat “name,’

“telephone number,” va “e-mail address , Va luu
trir toi da 100 phan tu.

e (1) Boc 10 phan tu tu tép, luu trir trong bang
bam co “e-mail address” Ia khoa.

e (2) Binh nghia mét ham bam phu hgp
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MG tuyén tinh

e Tinh f(x)
e Kiém tra bucket
Nt[(f(x)+])%TABLE_SIZE]
0 <j<TABLE_SIZE
- Bucket chura x.
- Bucket chilra xau rong

- Bucket chlra xau khac x
— Return ht[f(x)]
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M& tuy

|

0 | do%¥

1 58 7
) (9% * v
3

4

5

6

7

8 | 18

9 | 89 |

én tinh - VD

M@ tuyén tinh f{i) = i.

Bang bam kich thudc

T =10, cac muc 89, 18,

49, 58, va 69 da duoc chen
Ham bam A(key) = key%010.

Chu y: Trong thuc té, kich thude bang bam N
thuong la so6 nguyén to



Exercise 14.4

e Cai dat bang bam vdi phudng phap
ma tuyén tinh
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Khai bao

#define NULLKEY -1
#define M 100 // size of hash table
struct node
{

int key;
ri
//Declare hash table as an array
struct node hashtable[M];

int NODEPTR;
iInt N = 0;
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Ham bam/Khdi tao

int hashfunc (int key)
{

return (key% 10); // or any number

vold i1nitialize( )

{

int 1i;

for (1i=0;1i<M; 1++)

hashtable[1i] .key=NULLKEY;

N=0;

//so nut hien co khoi dong bang 0
}
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Kiém tra trang thai
int full( ) {
return (N==M-1 ? 1: 0);
)

int empty( ) {
return (N==0 ? 1: 0);
}
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Tim kiém

int search (int k) {

int 1;
i=hashfunc (k) ;

while (hashtable[1] .key!=k &&
hashtable[1] .key !'=NULLKEY) {

//rehash :fi(key)=f(key)+1l) $ M
1=1+1;
1f(1i>=M) 1=1-M;

}

if (hashtable[i] .key==k) // found
return 1i;

else // not found

return M;
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Chen

int insert(int k) {
int 1, j;
if (full()) {
printf ("\n Hash table is full.

the key %d ", k):;
return;

}

i=hashfunc (k) ;
while (hashtable[i] .key

// Rehash

i ++;

if (i>M) i= i-M;
}
hashtable[1i] .key=k;
N=N+1;
return 1i;

Can not 1nsert

'=NULLKEY) {
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X6a mot khoa

vold remove (int 1) {
int j, r, a, cont=l;
do {
hashtable[i] .key = NULLKEY;
j = i;
do {
i=i+1;
if (i>=M) 1i=1i-M;
if (hashtable[i] .key == NULLKEY)cont = 0;
else {

r = hashfunc (hashtable[i].key);

a = (J<r && r<=1i) || (r<=1i && 1<3) || (1<3 && I<r);

}
} while (cont && a);

1f (cont) hashtable[]].key=hashtable[i].key;

} while (cont) ;
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Md& bac hai
e MG tuyén tinh co6 xu hudng phan cum
- Tim kiém cham
e Loai bo van dé phan cum
e dung ham xung dot bac hai, f(i) = i2
e khdng ddm bao tim thay cho trong

néu bang day hon mot nua tru khi
kich thudc bang la s6 nguyén to
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Exercise 14.5

e Cai dat bang bam vdi phudng phap
maJ bac hai
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Search

int search(int k) {
int 1, d;
1 = hashfunc (k) ;
d = 1;
while (hashtable[1] .key!=k && hashtable[1i].key
=NULLKEY) {
//Quadratic probing
1 = (i+d*d) % M;
d = d+1;
}
if (hashtable[i] .key==k) // found
return 1i;
else // not found
return M;

!
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Insert

int insert(int k) {
int 1, d;
1f(full()) {

printf ("\n Hash table is full. Can not insert
the key sd ",k);

return;
}
i=hashfunc(k); d = 1;
while (hashtable[1] .key !=NULLKEY) {
//Quadratic probing
i = (i+d*d) $ M;
d = d+1;
}
hashtable[1] . key=k;
N=N+1;
return 1i;



J y
Bam kep
e Bam kép sir dung moét e Ban do nén cua

ham bam th hai h,(k) \ o , _
va x IV xung dot bang  am bam thu hai
cach dat mot phantd'd Hh (k) = a — k m

vi tri con trong dau tién (K) q od
trong chuoi q

(i‘+ hZ{k)) m,od N o VGi
Ham bam thu hai

h,(k) ludn co gia tri -q <N
khac 0 —q la SNT

Kich thudc bang N phai
la s6 nguyén to dé ma
tat cacac 6

44



Exercise 14.6

e Cai dat bang bam vdi phudng phap
bam lai, s’ dung hai ham bam:

e fl(key)= key % M
e f2(key) =(M-2)-key % (M-2)
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Hash functions

int hashfunc(int key)

{
return(key%mM);

by
//Secondary function
int hashfunc2(int key)
{
return(M-2 - key%(M-2));
by
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Search

int search(int k) {
int 1, 7 ;
1 = hashfunc (k) ;
7 = hashfunc2 (k)

while (hashtable[1] .key!=k &&
hashtable[i] .key !=NULLKEY) {

//Rehashing
1 = (1+3) $ M ;

}

if (hashtable[i] .key==k) // found
return 1i;

else // not found

return M;



Insert

int insert (int k) {
int 1, 73,
1if(full()) {

printf ("\n Hash table is full.
key sd ", k);

return M;

i1f (search (k) < M) {
printf (“This key exist in the
return M ;
}
i = hashfunc(k); 7 = hashfunc? (k)
while (hashtable[1].key !=NULLKEY) {

//Rehashing
i = (i+3) % M;

}

hashtable[i] .key=k;
N=N+1;

return 1i;

Can not insert the

hash table") ;

°
14
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