Bai 3: BANG BAM (HASH TABLE)

Phép bam dugc dé xuat va hién thyc trén mdy tinh tir nhitng nim 50 cua thé
ky 20. N6 duya trén ¥ tudng: bién doi gia tri khéa thanh mot sb (xir Iy bam) va st
dung s nay dé danh chi cho bang di liéu.

Céc phép toan trén cac cdu tric dir liéu nhu danh sach, cdy nhi phan,...
phan 16n duoc thyc hién bang cach so sanh céc phan tir clia ciu tric, do vy thoi
gian truy xuat khong nhanh va phu thudc vao kich thudc cia cau truc.

Trong bai nay ching ta s& khao sat mot cau trac dir liéu méi duoc goi 1a
bang bam (hash table). Cac phép toan trén bang bam s& giup han ché so lan so
sanh, va vi vay s& c¢b gang giam thiéu dugc thoi gian truy xuat. Do phirc tap cua
cac phép toan trén bang bam thuong c6 bac 1a 0(1) va khong phu thude vao kich
thudc cua bang bam.

Cdc khai niém chinh trén c4u tric bang bam:
- Phép bam hay ham bam (hash function)
- Tap khoa ctia cac phan tir trén bang bam
- Téap dia chi trén bang bam
- Phép toan thém phan tir vao bang bam
- Phép toan xoa mot phan tir trén bang bam
- Phép toan tim kiém trén bang bam

Thong thudng bang bam duge st dung khi can xtr 1y cac bai toan c6  di
liéu 16n va duoc luu trir & bo nhd ngoai.



1. PHEP BAM (Hash Function)
Dinh nghia:

Trong hau hét cac ing dung, khoa dugc dung nhu mot phuong thic dé truy
xuat dir liéu. Ham bam dugc dung dé anh xa gia tri khoa khoa vao mot day cac dia
chi ciia bang bam (hinh 1).
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Hinh 1
Khoa c6 thé 1a dang sd hay sé dang chudi. Gia str ¢6 2 khoa phan biét k; va
k; néu h(ki)=h(kj) thi ham bam bi dung d9.

Mét ham bam tét phai théa man cdc diéu kién sau:
Tinh toan nhanh.
Céc khod dugc phan bd déu trong bang.
it xay ra dung do.

Xt ly duogce céac loai khoa cod kiéu dit liéu khac nhau

Ham Bam s dung Phwong phap chia
Dung sé du: h(k) = k mod m

k 1a khod, m 1a kich thudc cua bang.
Nhu vay h(k) sé nhan: 0,1,2,...,m-1.
Viéc chon m s& anh hudng dén h(k).

Néu chon m=2P thi gia tri ctia h(k) s& 1a p bit cudi cung cua k trong biéu
dién nhi phan.

Néu chon m=10P thi gié tri ctia h(k) s& 1a p chit s6 cudi cung trong biéu dién
thap phan cua k.

Trong 2 vi du trén gia tri h(k) khong phu thudc ddy du vao khoa k ma chi
phu thudc vao p bit (p chir s6) cudi cung trong khoa k. Tét nhat ta nén chon m sao
cho h(k) phu thudc day di va khoa k. Thong thuong chon m 12 sé nguyén to.

VD: Bang bam c6 4000 muc, chon m = 4093



Ham Bam s dung Phwong phap nhan
h(k) =Lm*(k*A mod 1) |
k 14 khoa, m 1a kich thudc bang, A la hing s6: 0 <A <1
Chonmva A
Theo Knuth thi chon A béng gia tri sau:
A=(/5 -1)/2=0.6180339887...
m thuong chon m = 2P
VD: k=123456; m=10000
H(k)= 10000 (123456* 0.6180339887 mod 1) |
H(k)= 10000 (76300.0041089472 mod 1) |
H(k)= 10000 (0.0041089472) ]
H(k)=41

Phép bam phé qudt (unisersal hashing)
Viéc chon ham bam khoéng tt co thé dan dén xac suit dung do cao.
Giai phap:

- Lya chon ham bam h ngau nhién.

- Khoi tao mot tdp cac ham bam H phd quat va tir d6 h duoc chon ngiu
nhién.

Cho H 1a mot tap hop hiru han cac ham bam: anh xa cac khoa k tir tap khoa
U vao mién gia trj {0,1,2,..., m-1}. Tap H 13 phd quat néu véi moi V f e H va 2
khod phan biét k1,k2 ta c6 xac suat: Pr{f(k1) = f(k2)} <= 1/m

2. BANG BAM (Hash Table - Direct-address table)

Phan nay sé trinh bay cdc van dé chinh:

- M6 ta cu trac bang bam tong quat (thong qua ham bam, tap khoa, tap dia chi)
- Cac phép toan trén bang bam nhu thém phan tir (insert), loai bo (remove), tim
kiém (search), ...



a. M6 ta di¥ liéu
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Gia su
- K: tap cac khoa (set of keys)
- M: tap cac dia chi (set of addresses).

- h(k): ham bam dung dé anh xa mot khod k tur tap cac khoa K thanh mét dia chi
twong trng trong tap M.

b. Cac phép toan trén bang bam

- Khéi tao (Initialize): Khoi tao bang bam, cap phat ving nhé hay qui dinh s6 phan
tur (kich thudc) ctia bang bam

- Kiém tra rong (Empty): kiém tra bang bam c6 réng hay khong?

- Lay kich thudc ciia bang bam (Size): Cho biét s6 phan tir hién c6 trong bang bam
- Tim kiém (Search): Tim kiém mot phan tir trong bang bam theo khoa k chi dinh
trudc.

- Thém méi phan tir (Insert): Thém mot phan tir vao bang bam. Sau khi thém sb
phan tu hién c6 ctiia bang bam tang thém madt don vi.

- Loai bo (Remove): Loai bo mot phan tir ra khoi bang bam, va sd phan tir s& giam
di mot.

- Sao chép (Copy): Tao mdt bang bam madi tir mt bang bam cii da co.

- Xtr Iy cac khoa trong bang bam (Traverse): xir 1y toan bo khoa trong bang bam
theo thtr tu dia chi tir nhé dén 16n.



Cac Bang bam théng dung:

V6i mdi loai bang bam can thiét phai xac dinh tap khoa K, xac dinh tap dia
chi M va xay dung ham bam h cho phu hop.

*) Bang bam v&i phuong phap két ndi truc tiép: mdi dia chi ctia bang bim
tuong tmg mot danh sach lién két. Cac phan tir bi xung dot dugc két ndi voi nhau
trén mot danh sach lién két.

*) Bang bam v4i phuong phap két nbi hop nhat: bang bam nay duogc cai dat
bang danh sach ké, mdi phan tir c6 hai trudng: truong key chira khoa ciia phan tir
va truong next chi phan tir ké bi xung dot. Cac phan tir bi xung dot duogc két ndi
nhau qua trudng két ndi next.

*) Bang bam v6i phuong phap do tuan ty: Khi thém phan tir vao bang bam
néu bi dung d6 thi s& do dia chi ké tiép... cho dén khi gip dia chi trong dau tién thi
thém phan tir vao dia chi nay.

*) Bang bim v&i phuong phap do bac hai: vi du khi thém phan tir vao bang

bam nay, néu bam lan dau bi xung dot thi sé do dén dia chi méi, & lan do thir i sé

xét phﬁn tir cach 12 cho dén khi oap dia chi tréng dau tién thi thém ph?m tr vao dia
chi nay.
*) Bang bam vdi phuong phap bam kép: bang bam nay dung hai ham bam

khéc nhau, bim 14n diu véi ham bam thit nhit néu bi xung dot thi xét dia chi khac

bing ham bam thit hai.

Uu diém cuda cdc Bang bam:

Bang bam 1a mdt cau trac dung hoa giita thoi gian truy xuat va dung luong
b0 nho:

- Néu khong co su gidi han vé bd nhd thi chiing ta ¢ thé xay dung bang
bam voi modi khoa (mg véi mot dia chi voi mong mudn thoi gian truy xuét tirc
thoi.

- Néu dung luong bd nhd ¢ gidi han thi té chirc mot s6 khoa co cung dia
chi, khi d6 téc d6 truy xuat s& giam.

Bang bam dugc tmg dung nhiéu trong thuc té, rat thich hop khi to chirc dir
liéu c6 kich thudc 1on va dugc luu trir & bd nhd ngoai.



3. Cdac phwong phap tranh xay ra dung do

2.4.1. Bang bam v&i phwong phdp két néi trwee tiép (Direct chaining
Method)

Bang bam duoc cai dit bang cac danh sach lién két, cac phan tir trén bang
bam dugc “bam” thanh M danh sach lién két (tir danh sach 0 dén danh sach M—1).
Cac phﬁn tur b1 xung dot tai dia chi 1 dugc két ndi truc tiép v61 nhau qua danh sach
lién két i. Chéng han, v61 M=10, cac phﬁn tir ¢6 hang don vi 1a 9 s€ dugc bam
vao danh sach lién kéti=09.

Khi thém mot phén tor ¢o khoa k vao bang bam, ham bam f(k) s€ xac dinh
dia chi i trong khoang tir 0 dén M-1 g véi danh sach lién két i ma phan tir nay sé
duoc thém vao.

Khi tim mot phan tir c6 khoa k vao bang bam, ham bam f(k) cling s& xac
dinh dia chi i trong khoang tir 0 dén M-1 ting véi danh sach lién két i co thé chira
phan ttr nay. Nhu vy, viéc tim kiém phan tir trén bang bam s& dugc qui vé bai
toan tim kiém mot phan tr trén danh sach lién két.

Pé minh hoa ta xét bang bam co cu tric nhu sau:
- Tap khoa K: tap s ty nhién

- Tap dia chi M: gdm 10 dia chi (M={0, 1, ..., 9}
- Ham bam h(key) = key % 10.
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Hinh 1.6. bang bam vé6i phuong phap két ndi truc tiép

Hinh trén minh hga bang bam vira mo ta. Theo hinh v&, bang bam da "bam"
phan tir trong tp khoa K theo 10 danh sach lién két khac nhau, mdi danh séach lién
két goi 1a mot bucket:

- Bucket 0 gdm nhiing phan tir ¢6 khéa tan ctng bang 0.
- Bucket i(i=0 | ... | 9) gdm nhiing phan tir c6 khoa tan cing bang i.
- Khi khoi dong bang bam, con tro dau cua cac bucket 1a NULL.

Theo ciu trac nay, voi tac vu insert, ham bam h(k) s& dugc dung dé tinh dia
chi cua khoa k, tirc 1a xac dinh bucket chira phﬁn tr va dat phﬁn ttr cAn chén vao
bucket nay.

Vi tac vu search, ham bam s€ dugc dung dé tinh dia chi va tim phén tlr trén
bucket tuong tng

+ i=h(k) => thuoc danh sach thu I (bucket[i]
+ tim kiem khoa K tren danh sach bucket[i]

Cai dat bang bam dung phuong phap két ni truc tiép :



a. Khai bao cdu trac bang bam:
#define M 100
struct nodes
{ int key;
struct nodes *next };
typedef struct nodes *NODEPTR; //khai bao kieu con tro chi nut
/*khai bao mang bucket chua M con tro dau cua Mbucket */
NODEPTR bucket[M];
BT: xay dung bang bam theo PP ket noi truc tiep

b.Céac pheép toan:

- Tinh gia tri ham bam: Gia st chung ta chon ham bam dang %: h(key)=key %
M.

- Phép toan initbuckets: khai tao cac bucket bang Null.
- Phép toan emmptybucket(b): kiém tra bucket b c6 bi rong khong?
- Phép toan emmpty: Kiém tra bang bim c6 rong khong?
- Phép toan insert: Thém phan tir ¢6 khoa k vao bang bam.

+ i=h(k)

+ ktra bucket [i]: neu rong =>cc o nho cho bucket, gan khoa k

them phan tu co khoa k vao ds theo thu tu tang dan.

- Phép toan remove: Xo6a phan tir c6 khoa k trong bang bam.
- Phép toan clear: Xoa tat ca cac phan tir trong bang bam.
- Phép toan traversebucket: X 1y tat ca cic phan tir trong bucket b.
- Phép toan traverse: Xir Iy tat ca cac phan tir trong bang bam.
- Phép toan search: Tim kiém mot phan tir trong bang bam, néu khong tim thay

ham nay tra vé ham NULL, néu tim thdy ham nay tra vé dia chi ctia phan tir co
khoa k.

B1: Tim danh sach lién két c6 thé chira khoa k
b=nh(k); p=Dbucket[b];
B2: Tim khoéa k trong danh sach lién két p.



Nhan xét bang bam dung phwong phéap két néi truec tiép:

Bang bam dung phuong phap két ndi truc tiép sé& "bam” n phan tir vao danh
sach lién két (M bucket).

Dé tdc do thuc hién céc phép toan trén bang hi€u qua thi can chon ham bim
sao cho bam déu n phén tir ciia bang bam cho M bucket, lac nay trung binh mdi
bucket s& c6 n/M phan tir. Chiang han, phép toan search sé& thuc hién viéc tim kiém
tuan tu trén bucket nén thoi gian tim kiém lac nay c6 bac 0(n/M) — nghia 13, nhanh
gap M 1an so vé6i viéc tim kiém trén mot danh sach lién két c6 n phan tir.

Néu chon M cang 16n thi toc do thuc hién cac phép toan trén bang bam cang
nhanh, tuy nhién lai cang dung nhiéu bd nhé. Do vdy, can diéu chinh M dé dung
hoa gitra tc 46 truy xuat va dung luong bd nhé.

- Néu chon M=n thi ning xuat tuong duong vdi truy xUat trén mang (c6 bac O(1)),
tuy nhién ton nhiéu bo nhd.

2.4.2. Bang bam v&i phwong phdp két néi hop nhat

Mo ta:

- Cau trac dit liéu: Twong ty nhu trong trudng hop cai dit bang phuong phap két
ndi truc tiép, bang bam trong trudng hop ndy dugc cai dit bang danh sach lién két
dung mang, co M ph?m tir. Cac phﬁn tir bi xung dot tai mot dia chi duogc két ndi
nhau qua mot danh sach lién két. Mdi phan tir cia bang bam gom hai truong:

- Truong key: chtra khoa ctia mdi phan tir

- Trudng next: con trd chi dén phan tir ké tiép néu c6 xung dot.

- Khoi dong: Khi khai dong, tit ca truong key ctia cac phan tir trong bang bam
dugc gan boi gia tri NullKey, con tat ca cac truong next dugce gan —1.

- Thém m&i mot phan tir: Khi thém méi mot phan tir c6 khoa key vao bang bam,
ham bam hkey) s& xac dinh dia chi i trong khoang tir 0 dén M-1.

- Néu chua bj xung dot thi thém phan tr méi vao dia chi nay.

- Néu bj xung dot thi phan tir méi dugc cap phat 1a phan tir trong phia cudi
mang. Cap nhat lién két next sao cho cac phan tir bi xung d6t hinh thanh mét danh
sach lién két.

- Tim kiém: Khi tim kiém mét phan tir c6 khoa key trong bang bam, ham bam
h(key) s& gitip gidi han pham vi tim kiém bang cach xé4c dinh dia chi i trong



khoang tir 0 dén M-1, va viéc tim kiém phan ttr khoa c6 khoa key trong danh séch
lién két s& xuat phat tir dia chi i.

Pé minh hoa cho bang bam v&i phuong phap két ndi hop nhat, xét vi du sau:
Gia str, khao sat bang bam c6 cau trac nhu sau:

- Tap khoa K: tap s6 tu nhién

- Tap dia chi M: gdm 10 dia chi (M={0, 1, ..., 9}

- Ham bam f(key) = key % 10.

VD:

Key:1112 21 1 13

Hash:1 2 1 1 3

Add | Key Next Add | Key Next
0 NullKey | -1 0 | NullKey |-1
1 NullKey | -1 1 |11 9
NullKey | -1 2 12 -1
M-1 | NullKey | -1 3 13 -1
NullKey | -1
8 1 -1
9 21 8

Khai bdo cau triic bang bam:

#define NULLKEY -1

#define M 100

typedef struct node

{

int key; //khoa cua nut tren bang bam

int next; //con tro chi nut ke tiep khi co xung dot
} NODE;

10



NODE hashtable[M]; /Khai bao bang bam
Cai dat bang bam dung phwong phdp két néi hop nhat:

2.4.3. Bang bam véi phuwong phdp do tuan tw

Mo ta:

- Céu trac dir liéu: Bang bam trong trudng hop nay duoc cai dit bang danh sach ké
c6 M phan tir, moi phan tir cua bang bam 1a mot mau tin c6 mot truong key dé
chira khod cua phan tir. Khi khéi dong bang bam thi tat ca truong key duge gan
NullKey;

- Khi thém phan tir 6 khoa key vao bang bam, ham bam h(key) s& xac dinh dia
chi i trong khoang ttr 0 dén M-1:

- Néu chua bi xung dot thi thém phan tor médi vao dia chi nay.

- Néu bj xung dot thi ham bam lai 1an 1, ham h1 s& xét dia chi ké tiép, néu
lai b1 xung ddt thi ham bam thi ham bam lai 1an 2, ham h2 s€ xét dia chi ké tiép
nira, ..., va qua trinh ctr thé cho dén khi nao tim duogc dia chi trong va thém phan
tir mdi vao dia chi nay.

- Khi tim mét phan tir c6 khoa key trong bang bam, ham bam h(key) s& xéac
dinh dia chi 1 trong khoang tir 0 dén M-1, tim phan tir khod key trong bang bam
xuat phat tur dia chi 1.

Ham bam lai 1an i duoc biéu dién bang cong thirc sau:
f(key)=(f(key)+1) %M vai f(key) 1a ham bam chinh ctia bang bam.
Luu y dia chi do tim ké tiép la dia chi 0 néu da do dén cudi bang.
Gia st, khao sat bang bam c6 cau trac nhu sau:

- Tap khoa K: tap s6 ty nhién

- Tap dia chi M: gdm 10 dia chi (M={0, 1, ..., 9}

- Ham bam h(key) = key % 10.

11



Hinh thé hién thém cac nut 32, 53, 22, 92, 17, 34, 24, 37, 56 vao bang bam.

0  NULL I-|7 NULL 0 56
1 NULL 1 NULL
2 32 2132
3 53 3 53
4 22 4 22
3) 92 592
6 34 6 34
7 17 717
8 NULL 8 24
9 NULL 9 37

Khai béo cau tric bang bam:
#define NULLKEY -1

#define M 100

struct node

{

int key; //khoa cua nut tren bang bam
o
struct node hashtable[M]; //Khai bao bang bam co M nut

Cai dat bang bam dung phwong phap do tuyén tinh:



2.4.4. Bang bam véi phwong phap do bac hai

Mo ta:

- Bang bam trong trudng hop ndy dugc cai dit bang danh sach ké c6 M phan ti,
moi phan tr cia bang bam la mot mau tin ¢6 mot truong key dé chira khoa cac
phan ttr.

- Khi khoi dong bang bam thi tat ca truong key bi gan NULLKEY.

Khi thém phan tir ¢6 khoa key vao bang bam, ham bam h(key) sé& xac dinh dia chi
1 trong khoang tir 0 dén M-1.

- Néu chua bj xung dot thi thém phan tir méi vao dia chi i nay.

- Néu bi xung dot thi ham bam lai lan 1 h1 s& xét dja chi cach i 1a 12 néu lai
bi xung dot thi ham bam lai lan 2 h2 s& xét dja chi cachi22,..., qua trinh ctr thé
cho dén khi nao tim dugc trong va thém phan tir vao dia chi nay.

- Khi tim kiém mat phan tir c¢6 khoa key trong bang bam thi xét phan tur tai dia chi
i=f(key), néu chua tim thay thi xét phan tir cach i 12, 22, ..., qua trinh ¢t thé cho
dén khi tim dugc khoa (truong hop tim thay) hodc roi vao dia chi trong (truong
hop khong tim thay).

- Ham bam lai 1an tht i duoc biéu dién bang cong thirc sau:

fi(key)=(f(key) +i%) % M

voi f(key) 1a ham bam chinh cua bang bam.

Néu da do dén cudi bang thi tré vé do lai tir dau bang.

Bang bim minh hoa c6 ciu triic nhu sau:

- Tap khoa K: tap s tu nhién

- Tap dia chi M: gdm 10 dia chi (M={0, 1, ..., 9}

- Ham bam f(key) = key % 10.

Khai bdo cau triic bang bam:
#define NULLKEY -1
#define M 101
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/*

M la so nut co tren bang bam,du de chua cac nut nhap vao bang bam,chon M la so

nguyen to

*/

//Khai bao nut cua bang bam

struct node

{

int key; //Khoa cua nut tren bang bam
o

//Khai bao bang bam co M nut

struct node hashtable[M];

int N;

Cai dat bang bam dung phwong phap do bac hai:
Ham bam: Gia sir chung ta chon ham bam dang%: f(key)=key %10.
int hashfunc(int key)

{
return(key% 10);

}

Phép toan initialize

void initialize()

{

inti;

for(i=0; i<M;i++) hashtable[i].key = NULLKEY;
N=0; //so nut hien co khoi dong bang 0
}

Phép toan empty:

int empty()

{

return(N ==0 ?TRUE :FALSE);

}

14



Phép toan full:

int full()

{

return(N = = M-1 ?TRUE :FALSE);

b

Phép toan search:

Tim phan tir 6 khoa k trén bang bam,néu khong tim thay ham nay tra vé tri M,
néu tim thay ham nay tra vé dia chi tim théy.
int search(int k)

{

inti, d;

I = hashfuns(k);

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

//Bam lai (theo phuong phap bac hai)

i = (i+d) % M;

d =d+2;

¥

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

return(i);

}

2.4.5. Bang bam véi phwong phap bam kép

Mo ta:

Phuong phap bam kép dung hai ham bam bat ki, vi du chon hai ham bam nhu sau:
h1l(key)= key %M.
h2(key) =(M-2)-key %(M-2).

15



Bang bam trong trudng hop nay dugc cai dit bang danh sach ké co M phan
ttr, mdi phan tir cuia bang bam 13 mot mau tin c6 mot truong key dé luu khod céac
phan tu.

- Khi khoi dong bang bam, tat ca truong key dugc gan NULLKEY.
- Khi thém phan tir c6 khoa key vao bang bam, thi i=h1(key) va j=h2(key) s& xac
dinh dia chi i va j trong khoang tir 0 dén M-1:

- Néu chua bi xung dot thi thém phﬁn tor moi tai dia chi 1 nay.

- Néu bj xung dot thi ham bam lai 1an 1 h1 s& xét dia chi méi i+j, néu lai bi
xung dot thi ham bam lai 1an 2 h2 s& xét dia chi 1+2], ..., qua trinh cr thé cho dén
khi nao tim duoc dia chi trng va thém phan tir vao dia chi nay.

- Khi tim kiém mat phan tir c¢6 khoa key trong bang bam, ham bam i=h1(key) va
j=h2(key) s& x4c dinh dia chi i va j trong khoang tir 0 dén M-1. Xét phan tir tai dia
chi i, néu chua tim thay thi xét tiép phan tir i+j, i+2j, ..., qua trinh ctr thé cho dén
khi nao tim duoc khoa (truong hop tim thay) hodc bi roi vao dia chi trong (trudng
hop khong tim thay).

Bang bam dung hai ham bam khac nhau, ham bam lai ctia phuong phap
bam kép duoc tinh theo hai gia tri: i (két qua ham bam tha nhat) va j (két quia ham
bam thi hai) theo mot cong thirc bat ki. Néu da do dén cudi bang thi tro vé do lai
tir dau bang.

Bang bam minh hoa cé cau trac nhu sau:

- Tap khoa K: tap s ty nhién

- Tap dia chi M: gom 11 dia chi (M={0, 1, ..., 10}

- Chon ham bam f1(key)=key % 11 va f2(key)=9-key %9.

Khai bao
#define NULLKEY -1

#define M 101 /*M la so nut co tren bang bam,du de chua cac nut nhap vao
bang bam,chon M la so nguyen to */

struct node

{

int key;//khoa cua nut tren bang bam
b
struct node hashtable[M]; //khai bao bang bam co M nut
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