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® Cung cap :
- Céc kién thic co ban vé cau truc dir liéu
va thuat toan;
- KT nang xay dung, lua chon céac cau tric
d{r liéu va cac thuat toan hop li.



Gigi thieu moén hoc
_

Chuong | : Thuat toan va phan tich thuat toan
Chuong Il : Dé quy
Chuong Il : Cac d{r liéu c6 cau truc

Chuong IV : Danh sach

Chuong VvV : Cay

Chuong VI * : Bang bam

Chuong VII : Sap xép

Chuong VIII : Tim ki€ém

Chuong IX : DO thi

Chuong X : Cac ky thuat thié€t ké thua toan
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CHUONG I: THUAT TOAN VA PHAN
TICH THUAT TOAN

Giai bai toan trén may tinh
MO hinh d{ liéu

Cau trac dir liéu

Bai toan va thuat toan

R



1 Giai bai toan trén may tinh

Budc 1. Xac dinh bai toan
-Tap Input va Output

Budc 2. Lua chon/ thiét ké thuat toan
a) Lua chon/ thiét ké thuat toan

- Giai bai toan € nhiéu thuat toan
- Khéng gian ? Thoi gian ?; Cai dat ?



1. Giai bai toan trén may tinh

b) Dién ta thuat toan
e Input: Hai sO nguyén duong a va b;
e Qutput: gvar :a=bq+r.
e Y tuong:
-Néua<bthig=0var=a. Kétthic.

- Néu a > b thiagidm di b va qtang lén 1. Lap
cho dén khi a <b.



1. Gidi bai todan trén may tinh

*) Cach liét ké *) So' d6 khoi

Buc?’c 1: Nhap a va b; @

Budc 2: q [J0;

Budc 3: Néua<bthir[Ja q<v:0;
roi chuyén dén b. 5;

Budc4:alJa-b,qlq+1 Bang e
réi quay vé b.3;

. 1 Sai
Budc 5: buararvaq. Két A
va két thuc

thac.

q<—q+1;
a<=a—b;




® Chon CTDL
® Ngon ngr lap trinh

Budc 4. Hiéu chinh

® Xay dung cac bo
input (test) tiéu biéu

® Chay thu




S
Budc 5. Viét tai liéu
® Hudng dan sU dung
® Thuat toan, Cau trac dir liéu



2. M6 hinh dir liéu (Data model)

® | a cac truu tuong :d6 thi, tap hap,
danh sach, cay...

® Hai khia canh:
- Gia tri (ki€u d liéu)
— Cac phép toan ( operation)

® Chuong trinh co6 thé truy xuat dén céac
vung luu trur.



3. Cau truc dit liéu (Data structures)

® | 3 cic don vj cau tric (construct) cla
NNLT dung d€ bi€u dién cdc mo hinh
dir liéu

Vi du: mang, ban ghi, set, file, xau,..



4. Bai toan va thuat toan

4.1. Bai toan

Xac dinh ro Input va Output

Vidu:

Kiém tra xem N c6 phdi la sé nguyén té
hay khong?

- Input  : SO nguyén duong N

- Output : Trd 10i N la s6 nguyén t6?



4. Bai toan va thuat toan

4.2. Thuat toan

la mét day hiru han céc thao tac, sap xép
theo mot trat tu xac dinh, sau khi thuc hién,
tlr Input ta nhan duoc Output can tim.



4. Bai toan va thuat toan

Vidu

- Input:N nguyén duong, day a,,..., a

- Output : Tim Max cua day da cho.

Y tudéng

e Gia thiét Max = a,. VGi moi i, néu a >
Max thi thay gia tri Max= a.

nl



4. Bai todn va thuat toan

4.3. M6 ta thuat toan
2 Cach liét ké
Buoc 1. Nhap Nvaday a,, ..., a
Buoc 2. bat Max = a,, i = 2;
Budc 3. Néui> N thi dén B. 5;
Buoc 4.

4.1.N éu a, > Max thi Max = a.

4.2. Bat i=i+1 roi quay B.3;

n




4. Bai toan va thuat toan

b) Sa da‘ kh6i Nhap N va day a,, . ..,

® Dung: Ovan, Chr TETRET
nhat, Hin thoi,M{i "
tén,...

an

i Pua ra Max
roi két thuc




4. Bai toan va thuat toan

c)

Ngon ngt diéu khién

® Dung cac ky hiéu va quy tac

® CAch thiét lap th( tu cac thao tac
) c4u tric diéu khién (03 )




BIEU DIEN BANG CAU TRUC PIEU KHIEN

Trong khi m # n thi 1ap lai khoi

Int Horner(int af],int x)

Sau: -
Néu m > n thi {
B6t m di mot lugng la n Int result = a[n];
Néu nguac lai thi for (i=n-1; i>=0;--1)
BGt n di mot luong la m result= result*x+al[il;
return result;
Cho t6i khi m = n thi tuyén bd ]
USCLN chinh la gia tri chung cua
mvan

Chuaong trinh
trong C++




4. Bai toan va thuat toan

4.4. Cac dac trung chinh cua thuat
toan
Tinh két thuc (tinh déng)
Tinh xac dinh (don nghia)

C6 dung mot thao tac dé duoc thuc hién
hoac dung



4. Bai toan va thuat toan

Tinh chi tiét
Phu thudc vao doi tugng thuc hién
Tinh phd dung
vGi input thay doi
Pai luUong vao
Dal luong ra



4. Bai toan va thuat toan

Tinh hiéu qua
- Thoi gian: Toc do xu' ly
- Khéng gian: Dung luong luu trir



4. Bai toan va thuat toan

4.5. Do phuc tap thuat toan
Lua chon thuat toan
® Dé hiéu, dé cai dat va dé ghi chép ?
® Su dung cac tai nguyén hiéu qua.?
¢@mm dédc tinh cla bai toan




Phan tich theo kinh nghiém
® Thuc hién va kétluan > dé mac loi
® Kich thudc dir liéu la quan trong: T(n)



4. Bai toan va thuat toan

Ky phap
Gia su T(n) la thoi gian thuc hién TT va f(n),
g(n), h(n) l1a cac ham xéac dinh duong.

Ham Theta IGn:
T(n) Ia ham Theta I6n cua g(n): T(n) =©(g(n))
néu O cac hang s6é duong ¢, ,c, ,n, sao cho Vdi
moi n>=n, :
¢, 9(n) <=T(n) <= c, g(n)



4. Bai toan va thuat toan

Ham Omega I8n:

T(n) ham Omega IGn cua g(n): T(nN)=Q(g(n))
neu U c va n, sao cho vGi moi n>= n,

T(n) >= c.g(n)



4. Bai toan va thuat toan

Ham O 16n:
— T(n) ham Omega I&n cua g(n), T(n) =0 (g(n))
néu O cvan,saocho v&i moin>=n,:
T(n) <=c g(n)
- g(n) gidi han trén cua T(n).



Vi du, néu T(n) = n2 + 1 thi T(n) = O(n?).
Chon c=2 va n, =1, khi dé v&i moi
n>=1, ta co T(n)= n?+1 <= 2n2 =2g(n).



4. Bai toan va thuat toan

Cac tinh chat

(i) Tinh bac cau: néu f(n)= O(g(n)) va
g(n)= O(h(n)) thi f(n)= O(h(n))
(ii) Tinh phan xa: f(n)=0(f(n))



4. Bai toan va thuat toan

Xac dinh do phurc tap
Quy tac hang s
Néu P cé T(n)= O(c,f(n)) > P c6 do phuc
tap O(f(n)).
CM: T(n)= O(c,f(n)) nén ton tai c,>0 va n, >0 dé T(n) <= c,.c, f(n)

vGi moi n>=n,,.
Pat c=c,.c, ta c6 diéu can CM




4. Bai toan va thuat toan

® Quy tac lay Max
Néu P co6 T(n)= O( f(n)+g(n)) thi P cé d6 phirc
tap la O( max ( f(n), g(n))).

CM: T(n) = O( f(n)+g(n)) nén tdn tai n,>0 va ¢>0 dé T(n) <= cf(n)
+ cg(n), véi moi n>= n, vay T(n) <= cf(n) +cg(n) <= 2c max
(f(n),g(n)) véi moi n>=n,,

TU dé suy diéu can CM.



4. Bai toan va thuat toan

® Quy tac cong
Néu P1 c6 T1 (n) = O( f(n) va P2 c6 T2(n)=
O(g(n)), khi d6: T1(n) +T2(n) = O(f(n) +g(n)).

CM: Vi T1(n)= O(f(n)) nén O cac hang sb ¢, va n, sao cho T(n) <= c,.f(n)
[n: n>=n..
Vi T2(n) =O(g(n)) nén O cac hang so ¢, va n, sao cho T(n) <= c,.g(n)
[In: n>=n,
Chon c= max (c,,c,) van,=max(n,n,)ta co [In: n n>=n:
T(n) = T1(n) + T2(n) <= c,f(n) + c,g(n)
<= cf(n) +cg(n) = c(f(n)+g(n)).



4. Bai toan va thuat toan

® Quy tac nhan
Néu P cé T(n)= O(f(n)). Khi d6 néu thuc hién
k(n) 1an P véi k(n)=0(g(n)) thi d6 phuc tap la
O(f(n) g(n)).

CM: Thai gian thuc hién k(n) 1an doan chuong trinh P sé la k(n) T(n),
theo dinh nghta:
Oc,>=0 va n, >0 dé k(n) <= ¢ (g(n)) vGi moi n>=n,
(c,>=0 va n; >0 dé T(n) <= c,f(n) véi moi n>=n,
Vay vGi moi n >= max(n,,n,) ta cé k(n)T(n) <= c,c(f(n)g(n)).




4. Bai toan va thuat toan

Ap dung danh gia chuong trinh
* Cau lénh don thuc hién mot thao tac
j> QT hang s6
® Cau lénh hgp thanh la day cac cau Iénh
QT tdng
® Cau lénh ré nhanh dang If ..then..else.
QT Max
® Cac cau lénh 1ap j} QT Nhan




4. Bai toan va thuat toan

ﬁ

Vidu 1l Analysing an Algorithm

* Simple statement sequence
Spr Spr w1 Sy
* 0(1) as long as k is constant
* Simple loops
for(i=0;i<n;it++) { s; }
where s is 0(1)

* Time complexityis n0O(1) or O(n)
* Nested loops I

for(i=0;i<n;i++)
for(j=0;j<n;j++) { s; }
« Complexityis nO(m) or O(n}

This part is
O(n)



4. Bai toan va thuat toan

E

Vidu 2 Analysing an Algorithm

* Loop index doesn't vary linearly

h=1,;

while ( h<=n) {

S
h=2*h;
}

* h takes values 1,2, 4, ... until it exceeds n
* There are 1 +log,n iterations

« Complexity O(log n)



4. Bai toan va thuat toan

I

Vidu 3 Analysing an Algorithm

* Loop index depends on outer loop index
for(j=0;j<n;j++)
for (k=0;k<j; k++){
S;
}

* Inner loop executed

* 1,2,3,...,ntimes  pistinguish this case -
where the iteration count

E . _ n(ntl) increases (decreases) by a
i=11 S constant I O(n*)
from the previous one -

where it changes by a factor

1 Complexity O(n?
plexity () 0 O(log n)



4. Bai toan va thuat toan

Mot s6 dang ham

® Pa thuc bac k: P(n), O (n*).
® |og.f(n), O(log f(n)).

® Hang so, O(1)

® Ham mid O(2".)




4. Bai toan va thuat toan

Lgn n nign n? n3 2n

0 1 0 1 1 2

1 2 2 4 8 4

2 4 8 16 64 16

3 8 24 64 512 256

4 16 64 256 4096 65536

5 32 160 1024 32768 214748364

8



4. Bai toan va thuat toan

DO phtrc tap tinh toan va dir liéu
vao

- Truong hop tot nhat: T(n) la thoi gian it nhat

- Truong hop xau nhat: T(n) la thoi gian 16n nhat

Truong hop trung binh: d lieu vao tuan theo mot
phan bo xac suat nao do



4. Bai toan va thuat toan

Phép toan tich cuc
® Cac phép toan thuc hién nhiéu nhat
® Quytac ‘10-90’



CHUONG Il : BE QUY VA THUAT
TOAN PE QUY

1. Phép lap, quy nap va dé quy
2. Thuat toan dé quy



1. Phép lap, quy nap va dé quy

® |ap (interation): bién thé€ ctia ciing mot thao tac.

® Quy nap(induction): ki thuat chitng minh cadc ménh dé thuoc
dang véi moi n thi P(n) la dung.
Vi du: vGi moi n, tong n so 1é dau tién bang n2.
Budc co sd: Chira P(1) la ding , vi 12=1.
Budc quy nap: Ching minh néu P(n) la ding thi kéo theo P(n+1)
cting dung



1. Phép lap, quy nap va dé quy
S

Tong nso 1é lan2, cancm tong (n+1) s6 1é a
(n+1)2.

TOng n sO 1é: 1+3+5+....+ (2n-1)= n2.

Khi do: [1+3+5+....+ (2n-1)] +(2n+1) = n?+2n+1=
(n+1)2.



1. Phép lap, quy nap va dé quy
S

® Pé quy (recursion): la mot Ki thuat
dinh nghia mo6t khéi niém truc tiép
hodc gian ti€p theo chinh no.

i
p L
-
e




CHUONGII: o
PE QUY VA THUAT TOAN PE QUY

2. Thuat toan dé quy

a) Binh nghia

® Néu I0i gidi P dugc thuc hién bang 10
giai P’ c6 dang gidbng nhu P thi ta n6i do
la |01 gidi dé quy - thuat toan dé quy

® Chuy:
- P’ gibng P
- P’ “nh6 hon” P theo nghia nao dé



HUONG I : i o
PE QUY VA THUAT TOAN PE QUY

2. Thuat toan dé quy

® Dinh nghia mot ham hay thu tuc dé quy
gbm hai phan:
(i) Phan neo (anchor)
(i) Phan dé quy
Phan dé quy thé hién tinh “quy nap”
clUa loi giai. Phan neo dam bao cho
tinh dirng cua thuat toan.



CHUONGII: o
PE QUY VA THUAT TOAN PE QUY

2. Thuat toan dé quy

b) Vi du
Tinh giai thua: N!= N(N-1)!
Int fact ( Int n) {

If (n<=1)
Return 1: /* co sG*/
Else

Return n*fact (n-1); /* quy nap*/



CHUONGII: o
PE QUY VA THUAT TOAN PE QUY

2. Thuat toan dé quy

b) Vi du: Recursion - Example
Dﬁy 36 Fibonacci: » Fibonacci Numbers
F(n)= F(n-1)+F(n-2)
PN A Pseudo-code  fib(n)=if (n=0) then 1
(phan de quy) elseif (n=1) then 1
x < else fib(n-1) + fib(n-2)
-voin<=2 thi F(n)=1 _, _
A int fib( n ) {
( phan neo). if (n<2) retum 1
else return fib(n-1) + fib(n-2);
}

Simple, elegant solution!



2. Thuat toan dé quy

® Bai toan thap Ha ndi : Ngbi dén Benares co6
03 cai coc kim cuong, Thugng dé dat n chiéc
dia bang vang:
- C0O ban kinh khac nhau
- Chong lén nhau & mot chiéc coc

- Theo thr ty dia I6n ¢ dudi, dia nho G trén.
Cac nha su lan lugt chuyén cac dia sang mot
coc khac theo quy tac sau:



2. Thuat toan dé quy

® Khi chuyén mot dia phai dat vao mot trong 03
coc

® MOi lan chi chuyén ding mot dia trén cling tai
moOt coc va dat vao trén cung G coc chuyén
dén.

® Pia I&n hon khéng duoc phép dat 1én dia nho
hon.



Thap Ha noi
S

.




2. Thuat toan dé quy

® /i du, véi trudng hop n=2 ta co6 thé chuyén
nhu sau:

® Chuyén dia nhd sang coc 3
® Chuyén dia I6n sang coc 2
® Chuyén dia tUr coc 3 sang coc 2




2. Thuat toan dé quy

® Néu n=1 thi chuyén dia duy nhat dé tur
coc 1 sang coc 2. Két thc.

Gia thiét ta c6 cach chuyén (n-1) dia tu
coc 1 sang coc 3.

® Chuyén dia 16n nhat dang & coc 1
sang coc 2

® Chuyén (n-1) dia tU coc 3 sang coc 2.
® Két thuc.



2. Thuat toan dé quy

c) Banh gia vé dé quy
Uu diém:
- Manh, rd rang, chat che
- Thiét ké TT don gidn



2. Thuat toan dé quy

Nhuoc diém:
- L&i goi ham ton rat nhiéu thdi gian.
- Than trong dung dé chay vo han.



CHUONG Il :KiEU DU LIEU CAU
TRUC

1. CA&c ki€u d liéu chuan
2. Ki€u mang (array) va bién chi so
3. Kiéu xau (string)

4. Kié€u cau truc (struct)




1. C4c kiéu dir liéu chudn

® Ki€u dir liéu chuan: nguyén, thuc,
l0gic,
® \Vidu,

- Khai bao bién int x, float y,....

- V&i ki€u nguyén cd cac phép toan:
cOng, tru, nhan, chia x div y ( chia
nguyén ), x mod y ( lay phan du cla
phép chia).



2. Kiéu mang (array) va bién chi sé

2.1. Kieu mang mot chiéu

® D3y lién tiép cac phan ti cung kiéu.
® Dat tén va moi phan t& c6 mot chi so.
® Tham chiéu tén mang vachiso[].
® SO lugng cac phan tu cho trudc.



2. Kiéu mang (array) va bién chi sé

® Vidu
int a[10] : mang co tén la a, c6 10 phan
t(r c6 ki€u s nguyén
float b[20] : mang c6 tén la b, c6 20
phan t& co ki€u so6 thuc



2. Kiéu mang (array) va bién chi s6

2.2. Ki€u mang hai chiéu
® Bang nxm cac phan ti cung kiéu d{ liéu.
® Tham chiéu

Tén mang cung vdéi hai chi so, [].



2. Kiéu mang (array) va bién chi sé

® Vidu: intal0][15]:
float b[20][10]:



2. Kiéu mang (array) va bién chi sé

2.3. Cac ghi chu vé ki€u mang

® Dia chi cac phan tr la lién tiép nhau.
® Cac phan tir dugc sap xép theo hang.
® B0 nh& la co6 dinh sudt cé qua trinh



2. Kiéu mang (array) va bién chi sé

® Chi s6 mang khong duogc vuot qua
pham vi Vi du: a[5] * b[8][3] la hop I€&.

® Cau trac don gian, truy nhap nhanh.

® Thi€éu mém déo trong cac phép toan
nhu xoa, chen.

® C6 thé dung phép gan cho cd mang.




3. Kiéu xau (chudi - string)

® Ki€u mang dac biét ma ki€u phan tu
cUa mang nay la ky tu. Thong thuong
xau dugc dat trong cap dau ‘ va ',

Vi du: S='Tin hoc’

® C4c ky tu trong xau dugc viét lién ti€p
va c6 thé xuat hién nhiéu lan

® SO lugng céac ky tu la dd dai clua xau,
cO xau rong



3. Kiéu xau (chudi - string)

® Phép toan trén xau:

— Ghép xau: Char*strcat(char* s1, char s2)

— Copy (S,M,N): gia tri la xau con cUa sau S
gbm cac ky tu tur vi tri M dén N

- Delete (S,M,N): x6a lién tiép N ki tu cla S
bat dau tu ki tu thir M

- Phép chen Insert (S1, S2, N): Chen xau S1
vao trudc ky tu N cua xau S2



4. Kiéu cau truc (struct)

® Tap cac doi tugng cé cung mot so
thuoc tinh c6 thé coé cac ki€u du liéu
khac nhau.

® Moi doi twugng mo td bang mot cau
trdc.

® Moi thudc tinh tuong Ung véi mot
thanh phan .



4. Kiéu cau truc (struct)

® Khai bao ki€u cau trac:
STRUCT tén_ki€u cau trac {
Khai bao cac thanh phan

5



4. Kiéu cau truc (struct)

® Truy nhap:
- Xac dinh: viét tén cau triic, dau cham (.)
va sau cung la tén thanh phan.

- Thanh phan ctia mot cau tric cé thé la
mOt cau truc.



CHUONG IV: DANH SACH (LIST)

1. Khai niém danh sach

2. Bi€u dién danh séach trong may tinh.

3. MOt sO nhan xét.

4. Ki€u dir liéu con tré (pointer) va viéc cap
phat/thu hoi bo nhd dong.




1. Khai niém danh sach

a) Binh nghta

® Danh sach la moét tap sap th(r ty cac
phan tu cung kiéu.

® Cac phan t dugc sap theo th( tu
“trudc- sau”

® Danh sach con gbm cac phan t lién
tiép tUr a; dén a, cua danh sach.
- Néu i=1 goi la phan dau (prefix)
—NAI1 i=n aoni la nhan clidi (ho<tfiv)



1. Khai niem danh sach

® Diy con la m6t DS tao thanh bang
cach loai tr DS moOt s6 phan ti. Vi du,
DS = (a,b,c,d,e,f). Khi do:

- (c,d,e) la m6t danh sach con cua DS
- (a, b) [a m6t phan dau cua DS

- (c,d,e,f) la mot phan cudi cla DS

- (a,c,f) la mot day con cua DS




1. Khai niém danh sach

b) Cac phép toan

® Phép khdi tao tao ra mot danh sach rong.
® Xac dinh do dai

® Xoba

® Chen

® Tim kiém

Ki€m tra tinh trang thai rong

Ki€m tra trang thai tran

Duyét danh séach.

Sap xép




2. Biéu dién danh séach trong may tinh

2.1. Cai dat bang mang mét chiéu
e VD.DS=(A,B,C,D,E,F,G,H,I J,K)
® Mang M gom 11 phan tu:




2. Biéu dién danh séach trong may tinh

2.1. Cai dat bang mang mot chieu

a) Chen
-DON céc phan tu ttr vi tri P dén cudi sang phai mot vi
tri: P
AlB|lC|DJE]F GlH[I]J]K

-PatVvaovitri P

-Tangnlénl



2. Biéu dién danh séach trong may tinh

Xoa
-Mang ban dau

A B |C |D|E |F |G |H |I |J |K |L

-Chuyén tat ca cac phan tu tur vij tri P+1 dén cuodi
sang trai 1 vi tri

A B | C D |E |F |H |l |J |[K|L

.Giam n di 1.




® Néu khoéng can bao luu thir tu cac phan t&
sau khi x6a thi chi can trdo doi gia tri phan ti
can x6a cho phan ti cudi cung va gidm n di
1.



2. Biéu dién danh séach trong may tinh

Nhan xét

® Truy cap truc ti€p dén moi phan tu

® Chén va xb6a déu phai dich chuyén mot so
cac phan t

® Kich thudéc mang trong moi ngbn nglr lap
trinh déu la co dinh



2. Biéu dién danh séach trong may tinh

2.2. DS néi don

® DS cac phan tr dugc nbi véi nhau theo moét
chiéu.

® MoOi phan tir 1a mot Struct (ban ghi)
- MOt trudng con tré chilra thong tin lién két
- Cac truong chira théng tin

® Du (Head) va Cubi (Tail)

® Trudong NEXT cla phan ti cudi chlra gia tri dac
biét (Nill, Null)



2. Biéu dién danh séach trong may tinh

Linked Lists

Linked Lists

e Collection structure has a pointer to the list head * Flexible space use

- Initially NULL « Dynamically allocate space for each element as
- Add first item needed
* Allocate space for node * Include a pointer to the next item
- Set its data pointer to object R :
- Set Next to NULL O Linked list
- Set Head to point to new node « Each node of the list contains
Collection » the data item (an object pointer in our ADT)
E node « a pointer to the next node
Data | Next
®
A B e D E




2. Biéu dién danh séach trong may tinh

Linked Lists

e Add second item

Allocate space for node

Set its data pointer to object

Set Next to current Head

Set Head to point to new node
Collection

node

Data

Next




2. Biéu dién danh séach trong may tinh

b) Xoa Linked Lists - Delete implementation

| | e | e |,

* Implementation

E

b void *DeleteFromCollection( Collection c, void *key ) {
Node n, prev;

h = prev = c->head;

A B C E while ( n != NULL ) {
7 7 7 if ( KeyCmp( ItemKey( n->item ), key ) == 0 ) {
prev->next = n->next;
return n;
}
prev = n;

n = n->next;

} head
return NULL; E—DCXS» o |0
}

Minor addition needed to allow
for deleting this one! An exercise!




2. Biéu dién danh séach trong may tinh
G o s

« Add time

V4 I * Constant - independent of n
X d h « Search time
cAac din

« Worst case - n

* Tim kiém bat dau tu

Head
®

Head, Theo con tré cua ~_ =

Dz;ta Nﬁ"t Data | Next

truong NEXT | = ;

- duyét tuan tu.

while { n != HULL ) {
if ( KeyCmp( ItemKey( n->item ), key ) == 0 ) {
return n->item;
n = n-xnext;
1
return HULL;

}



2. Biéu dién danh séach trong may tinh

2.3. DS noi kép

® DS gom cac phan t& duoc ndi véi nhau theo
hai chiéu.

® Moi phan tr 1a m6t STRUCT c6 hai trudng
lién két (LINK) lién két t6i 2 phan tl trudc va
sau no va truong DATA (INFO) luu trir thong
tin.



WYy

TR .



2. Biéu dién danh séch trong may tinh

® C6 hai cach duyeét:
- Bat dau tu nat First, dua vao NEXT dé di
dén khi duyét qua nit Last;

- Hodc bat dau tir nit Last dua vao Prev dé
di dén khi duyét qua nut First.



Linked Lists - Doubly linked

e Doubly linked lists
e Can be scanned in both directions

struct t__node {
void *item;
struct t__node *prev,
*next ;
3 node;

typedef struct t__node *Node;
struct collection {
Node head, tail;
3, head rev rev rev

tail

Te] .




CHUONG IV: DANH SACH (LIST)
2. Bieu dien danh sach trong may tinh

Chén/x6a bang cach chinh lai cac lién két
cUa cac nut lién quan.



2. Biéu dién danh séach trong may tinh

2.4. DS ndi vong mot hudng
® Phan t(r cudi tré vé phan ti dau tién

=3

=a

=a

==



® Chi can xac dinh dugc mot phan t& nao do

® Chén/x6a bang cach chinh lai cac lién két
cUa cac nut lién quan.



2. Biéu dién danh séach trong may tinh

2.5. DS ndi vong hai hudng

® Tao tu DS noi kép, PREV cula n(t First trd téi
nUt Last, NEXT cUa nut Last tro téi First.

AV AT AT AT
5 O\ \p \8




CHUONG IV: DANH SACH (LIST)
2. Bieu dien danh sach trong may tinh

2.6. Ngan x&p va hang doi

Linked Lists - LIFO and FIFO

e Simplest implementation

- Add to head

[ ILast-In-First-Out (LIFO) semantics
e Modifications

e First-In-First-Out (FIFO)

- Keep a tail pointer head

= — =1 -
struct t_node { tail

void *item;

struct t_node *next; @

3 node; ) ) )
typedef struct t_node *Node; tail is setin
struct collection { the AddToCollection

Node head, tail; method if

}; head == NULL



CHUONG IV: DANH SACH (LIST)
2. Bieu dien danh sach trong may tinh

2.6. Ngan xép va hang doi

a) Ngdn xép (Stack)

® MOt ki€u DS

® BO6 sung thém va lay ra mot phan tu cting 6
cuoi DS.

® Hoat dong theo nguyén tac “vao sau-ra
trude” (LIFO)



Stacks

e Stacks are a special form of collection

with LIFO semantics
e Two methods

e int push( Stack s, void *item );
- add item to the top of the stack

- void *pop( Stack s );

- remove an item from the top of the stack

e Like a plate stacker
e Other methods

int IsEmpty( Stack s );
/* Return TRUE if empty
void *Top( Stack s );

/* Return the item at the top,

without deleting it

*/

*/

Push A

il




2. Biéu dién danh séach trong may tinh

Mo ta Stack bang mang

@ Thém (Push) vao Stack = thém vao cudi mang

iy Lay ra (Pop) khdi Stack = loai bd cudi mang

iy Overstack khi mang da day

(iv) EmptyStack khi trong mang khong cé phan to
nao ca.



2. Biéu dién danh séch trong may tinh

® M6 ta Stack bang DS néi don._
- Stack chi tran khi vung khéng gian nhd
dung cho céac bién dong khdng con du
- Khéng gian b nhé dung cho cac bién
dong la rat 16n nén bd qua viéc ki€m tra
tran Stack.



2. Biéu dién danh séch trong may tinh
S

b) Hang doi (Queue)

® MOt ki€u danh séch

® Thém mot phan tUr vao cudi danh sach (Rear)
va Lay ra mot phan t& & dau danh séch.

® Hoat dong theo nguyén tac vao trudc-ra
trudc (FIFO - First In First Out).



2. Biéu dién danh séch trong may tinh
S

® Cai dat Queue bang mang
S dung hai chi s6 Front dé€ Iuu chi s6 dau

va Rear dé luu chi sO cu0i. Khai tao dat Front
la 1 con Rear la 0.

() Them ( Push) vao Queue: tang Rear lén 1
va dua gia tri cla phan ti can b6 sung vao
phan tu c6 chi so la Rear.



2. Biéu dién danh séch trong may tinh

i) Lay ra (Pop) :l1ay gia tri phan t(r c6 chi so la
Front va sau do tang Front Ién 1.
(i) Khi tang chi s6 Rear 1én hét khoang cho
phép thiOverQueue
(iv) Khi Front > Rear thi EmptyQueue



2. Biéu dién danh séch trong may tinh

® Queue vong tron
— CAc phan t xép quanh vong tron theo mot
hudng.
~ Céc phan t& nam trén cung tron tir vj tri
Front dén Rear la thubc Queue.



2. Biéu dién danh séch trong may tinh

® Khi thém :dich chuyén chi sé Rear theo vong tron 1 vi tri roi dat gia tri can
them vao do.

® _Khildy ra: 18y phan tu cé chi sé la Front réi dich chuyén chi sé Front
theo vong tron 1 vi tri.




2. Biéu dién danh séch trong may tinh

® P& cai dat :
(i) I\/Iotphu’dng tién dé chia bo nhé thanh céac

nGt, moi nut c6 phan luu trt data, phan lUu
tr(t cac lién két (con trd) va cach cai dat cho

con tro

(i) Cai dat cac thao tdc dé€ truy nhap gia tri
(ca data va pointer).

(iii) M6t phuong tién nao do dé “danh dau”
vung bo nho



3. MOt s6 nhan xét

® Cai dat danh sach bang mang tao ra han
ché:
- DO dai cua danh sach.
- Kiém tra “tran” va “rong” khi thuc hién chén
va xoa.
- Khi thuc hién “chen“ va “Xéa” déu phai
thuc hién phép “dich chuyén”.



3. MOt s6 nhan xét

® Trong cac cau tric DS, dé thuc hién céac thao
tdc co ban can céc thao tac toi thiéu:

- Dinh vi phan t& dau tién clia DS

- Cho truéc vi tri cia moOt phan t bat ki
trong DS, xac dinh duoc phan tu tiép theo.



4. Kiéu dir liéu con tré va viéc cap phat/thu héi bé nhé déng

® P& khac phuc, can

- MOt thu tuc tién dinh dé cap phat bé nhé
( New (p) trong TP, trong C cO cac ham
Void * calloc, * void maloc ) va mot thu tuc
dé gidi phong bo nhd ( Dispose(p) trong Tp
va ham Void Free trong C)

- DUng bién con trd dé truy cap dén vung
nh& nay.



CHUONG YV cAu TRUC DU LiEU
BANG BAM

1. Bang bam md
1.1. Bang bam
1.2. Ham bam
1.3. Xung d6t
1.4. M6t s6 ham bam thong dung
1. Bang bam doéng
2.1. Bam lai tuyén tinh.
2.2. Bam lai binh phuong
2.3. Bam lai bang cach tao ving méi



CHUONG VI: ]
CAU TRUC DU LIiEU BANG BAM
1. Bang bdm mo

® Bang bam (Hash Table):

- Mang B gdm m phan t&

-Luu trit chi s6 dinh vij phan tir dit liéu c6 khoa
phan biét thudc tap s6 nguyén {0,1,2...m-1}



Hash Tables - Structure

- Simplest case:

- Assume items have integer keys in the range 1 .. m

e Use the value of the key itself
to select a slot in a
direct access table
in which to store the item
e To search for an item with key, k,
just look in slot k
e If there’s an item there,
you’ve found it

- If the tag is O, it’s missing.
- Constant time, O(Ll)

direct access table

collection

I3 I N
il 1] ‘1
il 1]

5




Hash Tables - Relaxing the constraints

- Keys are integers

Need a hash function

h( key ) — Integer

ie one that maps a key to

an integer

Applying this function to the
key produces an address

If h maps each key to a unique
integer in the range 0 .. m-1
then search is O(1)




1. Bang biam mo

® Ham bam
(Hash function):
H(x) cho gia tri 1a mo6t chi s6 phan tir clia B



1. Bang biam mo

® Xung dot (collision):
- x1<>x2 nhung H(x1)=H(x2)



1. Bang biam mo

Hash Tables - Collision handling

e Collisions

e Occur when the hash function maps
two different keys to the same address

e The table must be able to recognise and resolve this
e Recognise
e Store the actual key with the item in the hash table
e Compute the address
- k =h(key)
e Check for a hit
- if ( table[k].key == key ) then hit
else try next entry We’ll look at various
e Resolution ‘“try next entry” schemes
e Variety of techniques



1. Bang biam mo

Xung dot:
® Giai quyét:
- lién két cac danh sach c6 cac khoda khac

nhau nhung c6 cung gia tri ham bam thanh
moOt danh sach

- lién két trong bang bam B sé trd t6i danh
sach dau tién.



Hash Tables - Linked lists

e Collisions - Resolution

[COLinked list attached o i |
to each primary table slot Ii:l

- h() == h(il) o ]

- h(k) == h(kl) == h(k?2) i | | (1]
= Searching for il o

- Calculate h(il) i

 Item in table, i, k

doesn’t match i IEI:

- Follow linked list to il o =

e« If NULL found, i

key isn’t in table



CHUONG Vi:
CAU TRUC DU L|EU BANG BAM
1. Bang bim mo

Mot s6 ham bam thdng dung:

® Ham cat bo bd b6t mot phan nao do cla
khoa.
- Vi du: x=842615, bo bdét chang han cac

ch{r s6 hang lé (1 3,5...), sO con lai sé la
821. Vay H(x) = H(842615) 821.

- Nh@n xét: kho cé phan bo déu.



® Ham gap chia s6 nguyén dé thanh mét sé doan tuy chon, sau
do két hop
® \/i du: SO cac hang lé: 465 va sO cac hang chan:
821, vay H(x)=465+821=1286.
- Nhan xét. Tinh chat th(r hai c6 thé théda méan tot hon



1. Bang biam mo

® Ham phan du cta phép chia x/m
® Nén chon m la s6 nguyén to.

- Nhan xét: Cac cach lay phan du cho kha nang
tranh hién tugng xung dot



Hash Tables - Reducing the range to [ 0, m )
[CIDivision
e Use a mod function
h(k) = kK mod m
e Choice of m~?
e Powers of 2 are generally not good!

h(k) = k mod 2" | Kk mod 28 selects these bits

selects last n bits of k T
0110010111000011010

e All combinations are not generally equally likely

« Prime numbers close to 2" seem to be good choices
eg want ~4000 entry table, choose m = 4093



CHUONG VI: | ) 5
CAU TRUC DU LiEU BANG BAM
2. Bang badm dong

® Bang bam ma: chi dung dé luu trt cac lién
két tré dén cac thanh phan dir liéu c6 khoa
tuong Ung.

® Bang bam déng: bdng bam ma moi thanh
phan cla nd luu trlr chinh cac thanh phan di
liéu.



CHUONG ViI:
CAU TRUC DU LiEU BANG BAM
2. Bang bam d‘ong

Cac phuong phap xu ly:
a) Bam lai tuyén tinh
Hi (x) = (H(x)+i) mod m
- Nhan xét Cac gla tri ham bam xé&p thanh tu‘ng

doan con, nén viéc tim kiém vi tri rong sé rat
cham.



CHUONG VI: | ) 5
CAU TRUC DU LiEU BANG BAM
2. Bang badm dong

Hash Tables - Re-hash functions

[1 The re-hash function (k[ ]
 Many variations

e Linear probing k)
- h’(x) is +1 el

* Go to the next slot bl
until you find one empty / b1}
]

e Can lead to bad clustering

e Re-hash keys fill in gaps
between other keys and exacerbate
the collision problem

ﬂ—u'—:ﬂ




2. Bang badm dong

b) Bam lai binh phuong
Hi(x) = ( H(X)+i2) mod m

Hash Tables - Re-hash functions

[C1The re-hash function
- Many variations
e Quadratic probing
- h°(x) is ci? on the i probe
e Avoids primary clustering
e Secondary clustering occurs

e All keys which collide on h(x) follow the same
sequence

e First
= a=hg) = h®m
e Then a-+c, a+ 4c, a + 9c, ....
e Secondary clustering generally less of a problem



2. Bang badm dong

c) Bdm lai bang cdch tao ving moi

® Ngoai bang B can tao ra moét viing khéng gian méi

Hash Tables - Overflow area

[1Overflow area [ ]
 Linked list constructed o : ]
in special area of table \ ' rima
called overflow area [ hd[ k[ par:ear'-'"
- h(9) == h() G o :
- k stored first h(i) :l:i
e Adding j /__0' _L___t__
- Find k o ovgillow
- Get first slot in overflow area 5 +

e Putjinit
- k’s pointer points to this slot
e Searching - same as linked list



	CẤU TRÚC DỮ LIỆU  VÀ GIẢI THUẬT
	 Giới thiệu môn học
	Slide 3
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