Cau tric di liéu dong




- Muc tiéu

m Gidi thiéu khdi niém cau tric dir liéu dong.
™ m Gidi thi€u danh sach lién két:

01 Céc ki€u td chic dir liéu theo DSLK.
L) 01 Danh sdch lién k&t don: td chidc, cdc thuat todn, ung
dung.
L)
L)
L]
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Ki€u dii lieu tinh

m Khéi niém: Mot s6 d01 tugng dir liu khong thay thay doi
dugc kich thudc, cu tric, ... trong sudt qua trinh song
Cdc doi tugng dir liéu thuQc nhitng ki€u dir liéu goi 1a
ki€u dit liéu liéu tinh.

m Mot s6 ki€u dir liéu tinh: cdc ciu tric dit liéu dugc xAy
dung tir cic ki€u cd s nhu: ki€u thuc, ki€u nguyén, ki€u
ky tu ... hodc tif cic ciu tric don gidn nhu mau tin, tip
hgp, mang ...

= Céic ddi tugng dir liéu dugc xdc dinh thudc nhitng ki€u
dir liéu nay thudng cing ngit, gd bé = khoé dién td dudc
thuc t€ von sinh dong, phong phi.
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- Vi du thuc té

B M6 t3, quin 1y mot ddi tugng ‘con ngudi’ can thé hién

a cic thong tin toi thi€u nhu':
[0 Ho tén

. 0 S6 CMND
01 Thong tin vé cha, me

L

L

L
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Vi du thuc té

m Viéc biéu dién mdt ddi tugng cé nhi€u thanh phan thdong
tin nhu trén c6 thé st dung ki€u ban ghi. Tuy nhién, cin
luu ¥ cha, me clia mot ngudi ciing 12 cdc ddi tugng ki€u
NGUOI, do vidy vé nguyén tic can phdi cé dinh nghia
nhu sau:

typedef  struct NGUOI{
char Hoten[30];
int So CMND ;
NGUOI Cha,Me;

-

m Nhung v4i1 khai bao trén, cdc ngdn ngtt 14p trinh gdp kho
khdan trong viéc cair dat khong vugt qua dudgc nhu xac
dinh kich thudc cia doi tugng ki€éu NGUOI ?
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CTDL tinh — M6t sd han ché

m Mot s doi tugng dif liéu trong chu ky song clia né cé thé
thay ddi vé ciu tric, dd 16n, nhu danh siach cic hoc vién
trong mdt 16p hoc ¢é thé ting thém, gidm di ... Néu dung
nhifng ciu tric dif liéu tinh d3 bi€t nhu ming d€ bi€u
dién =» Nhitng thao tdc phic tap, kém tu nhién =>
chuong trinh khé doc, khé bdo tri va nhat 1a khé c6 thé
st dung bd nhé mdt cach cé hi€u qua.

m Di li€u tinh sé& chi€m ving nhé d3 danh cho ching sudt
qua trinh hoat ddng cia chuong trinh = st dung bd nhd
kém hi€u qua.
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Hudéng giai quyét

O C\?in xay dung ciu tric dir liéu ddp wng dudc cic yéu
cau:
O Linh dong han.
[0 C6é thé thay doi kich thudc, ciu tric trong sudt thdi
gian sOng.
= Ciu tric dit liéu dong.
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Kiéu di liéu

Con trd




! s
Bien khong dong

Bi€n khong ddng (bi€n tinh, bi€n nia tinh) 12 nhitng bi€n thda:

m Dudgc khai bao tuGng minh,

m Ton tai khi vio pham vi khai bdo va chi mit khi ra khdi
pham vi nay,

m Dudc cap phit vung nhé trong vung dir lieu (Data segment)
hoic 12 Stack (d6i véi bi€n nita tinh - cdc bi€n cuc bd).

m Kich thudc khong thay ddi trong sudt qua trinh séng.

m Do dugc khai bao tudng minh, cac bi€n khong dong c6 mot
dinh danh da du’/cjc ket n,(A)i v3i dia chi vung nhé luu trit bién
va dudc truy xuat tryc ti€p thong qua dinh danh do.

m Vidu:

int a; /a, blacdc bién khéng déng
char b[10];
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Kiéu di liéu Con tro

m Cho trudc ki€u dit liéu T = <V, O>.
m Kié€u con trd - ky hiéu “Tp”- chi d€n cdc phan t& ¢ ki€u
“T” dudc dinh nghia: Tp = <Vp, Op>, trong do:

0 Vp = {{cdc dia chi c6 thé luu trit nhitng ddi tugng c6
ki€u T}, NULL} (v61 NULL la mdt gia tr1 dac bi€t
tugng trung cho mot gia tr1 khong biét hodc khong
quan tam)

00 Op = {cdc thao tic dinh dia chi cila modt doi tugng
thudc ki€u T khi bi€t con tro chi dé€n ddi tugng do6}
(thudng gdm cac thao tac tao mdt con tro chi d€n mot
doi tugng thudc ki€u T; huy modt doi tugng dir li€u
thudc ki€u T khi bi€t con tro chi d€n doi tugng do).
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Kiéu di liéu Con tro

m Ki€u con trd 1a ki€u co sd dung luu dia chi cia mot doi
tuong dir li€éu khac.

m Bién thudc ki€u con trd Tp 1a bién ma gid tri cda nd 1a
dia chi cud mdt ving nhé &ng véi mot bién ki€u T, hoic
la gia tr1 NULL.
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Kiéu di liéu Con tro

m Kich thudc cta bi€n con trd tuy thudc vao quy udc sd
byte dia chi trong trng md hinh bd nhd cua ting ngdn
ngif 1ap trinh cu thé.

m Vidu:

[ Bié€n con trd trong Pascal c6 kich thudc 4 bytes (2
bytes dia chi segment + 2 byte dia chi offset)

01 Bi€n con tré trong C ¢6 kich thudc 2 hodc 4 bytes tuy
vao con tro near (chi luu dia chi offset) hay far (Iuu ca
segment 1an offset)
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Con tro — Khai bao

m Ci phdp dinh nghia mdt ki€u con trd trong ngdn ngit C :
typedef <ki€u co sé> * < ki€u con tro>;

m Vidu:
typedef Int *iIntpointer;
intpointer P;
hodc
int *p;

la nhitng khai bdo hgp 1€.
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Con tro — Thao tac can ban

m Céc thao tdc co ban trén ki€u con tré:(minh hoa bing C)
01 Khi 1 bi€n con trd p luu dia chi cia doi tugng x, ta ndi
‘p trd dén x’.
1 Gan dia chi cia mdt ving nhé con tro p:
p = <dia chi>;
p = <dia chi> + <gia tri nguyén>;
[ Truy xuat ndi dung ctiia doi tugng do p tréd d€n (*p)
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Bien dong

= Trong nhiu trudng hop, tai thdi di€ém bién dich khong
thé xdc dinh trudc kich thudc chinh xdc clia mdt s6 doi
tuong dir li€u do su ton tai va ting trudng cua ching phu
thudc vao ngit canh cua viéc thuc hién chudng trinh.
m Cic doi tugng dif liu c6 dic di€m ké trén nén dugc khai
bao nhu bi€n ddng. Bi€n dong 1a nhirng bi€n thoa:
[ Bi€n khong dugc khai bdo tudng minh.
0 Cé thé dugc cap phat hodc giai phong bd nhd khi
ngudi su dung yéu cau.
0 Céac bi€én nay khong theo qui tic pham vi (tinh).
[ Vung nhd ctia bién dugc cip phat trong Heap.
0 Kich thuéc cé thé thay doi trong qué trinh song.

Cau tric Di liéu - Cau trac dii liéu déng
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Bien dong

m Do khong dudc khai bdo tudng minh nén cdc bién dong
khong c6 mdt dinh danh dugc két budc vdi dia chi ving
nhé cAp phdt cho nd, do d6 gip khé khian khi truy xuat
dén mot bién dong.

m D€ gidi quyé€t van dé, bi€n con tré (1a bi€n khong dong)
duoc st dung d€ trdé dén bi€n dong.

m Khi tao ra mot bi€n dong, phdi dung mdt con tré dé Iuu
dia chi cua bi€n nay va sau d6, truy xuit d€n bi€n dong
thong qua bién con trdé da biét dinh danh.
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m Hai thao tic cd ban trén bi€n ddng 1a tao va hiy mot

a bi€n dOong do bi€n con tré ‘p’ trd dén:
[ Tao ra mot bién ddong va cho con tré ‘p’ chi d€n nd
. 01 Hiy mot bién dong do p chi dén
L]
L]
L
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Bien dong

m Taora mdt bi€n ddng va cho con tré ‘p’ chi d€n nd

void* malloc(size); /tra vé con tré chi dén vung nhé
// size byte vua dugc cdp phat.
void* calloc(n,size);/ tra vé con tré chi dén vang nhé
// via dugc cdp phat gém n phan ta,
// méi phan ti ¢6 kich thudc size byte

New / todn td cdp phat bé nhd trong C++

m Ham free(p) huy ving nhé cip phat bdi ham malloc hodc
calloc do p tro téi

m Toédnt delete p huy vung nhé cidp phdt bdi todn ti new
do p tro téi
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Bién dong — Vi du

int *pl, *p2;

// ¢dp phat viing nhd cho 1 bién déng ki€u int

pl = (int®)malloc(sizeof(int));

*pl = 5; //datgia tri 5 cho bién dong dang dudc p1 quan ly
// ¢8p phat bién déng kiéu mdng gém 10 phan ti kiéu int

p2 = (int*)calloc(10, sizeof(int));

*(p2+3) = 0; // dat gid tri 0 cho phan tU thu 4 cia mang p2
free(pl);

free(p2);
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Danh sach lién két

(List)




! V4
Danh sach lién két (List)
binh nghia

m Dinh nghia:

00 Cho T 1a mot ki€u dugc dinh nghid trudc, ki€u danh
sich Tx gdm cdc phin t& thudc ki€u T dudc dinh
nghia la: Tx = <Vx, Ox>
trong do:

0 Vx = {Tap hop c6 th tu cdc phan td ki€u T dude mée
ndi v4i nhau theo trinh ty tuyén tinh};

[ Ox = {Tao danh sich; Tim 1 phan t& trong danh sdch;
Cheén 1 phan tif vao danh sdch; Huy 1 phan ti khdi
danh sdch ; Liét ké danh sach, Sip x€p danh sich ...}
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Danh sach lién két (List)
binh nghia

m Vi du: HO so cdc hoc sinh cia mot trudng dugc t6 chic
thanh danh sdch gdm nhi€u ho so clia tirng hoc sinh; so
lugng hoc sinh trong trudng cé thé thay dodi do vy can ¢
cic thao tdc thém, hiy mot hd so; d€ phuc vu cdng tic
gido vu can thuc hién cdc thao tdc tim hd sd cia mot hoc
sinh, in danh siach ho so ...
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Danh séach lién két (List)
Cac hinh thtc t6 chtic danh sach

m Cic hinh thic t6 chifc danh sich:
01 M&i lién hé gitta cdc phan ti dugc thé hién ngdm
[0 M6i lién hé gitta cdc phan t& dudc thé hién tudng
minh
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Danh séach lién két (List)
Cac hinh thtc t6 chtic danh sach

m MJdilién hé gitta cdc phin ti dudc thé hién ngdm:
[1 Mdi phan t trong danh sidch dudc dic trung bing chi
sO.

0 Cdp phan t¢ x, x,,, dugc xdc dinh 1a k& cin trong
danh sach nhd vao quan hé giita cdp chi s6 i va (i+1).
01 Cac phan tif cia danh sich thudng bit budc phdi luu

trt li€n t1i€p trong bd nhd d€ co6 thé x4y dung cOng
thirc xac dinh dia chi phan tr thit i
address(1) = address(1) + (1-1)*sizeof(T)
[1C6é thé xem mdng va tap tin 12 nhitng danh sdch dic
bi€t dugc td chuc theo hinh thuc li€n két “ngdm” gitta
cac phan tu.
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Danh séach lién két (List)
Cac hinh thtc t6 chtic danh sach

B MJdi lién hé giita cidc phin ti dudc thé hién ngim:

01 Cho phép truy xuit ngau nhién, don gidn va nhanh
chéng dén mot phan tir bat ky trong danh sdch

01 Han ch€ vé mit st dung bd nhd.

0 P3di véi ming, s6 phan ti dudc xdc dinh trong thdi
gian bién dich va can cip phdt ving nhd lién tuc.
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Danh séach lién két (List)
Cac hinh thtc t6 chtic danh sach

m MJdilién hé gitta cdc phin ti dudc thé hién ngdm:

0 Trong trudng hop tdng kich thuéc bd nhé trong con du
dé chia toan bd mang nhung cic 6 nhd trong lai
khong nim k& cin nhau thi cling khong cap phdt ving
nhé cho mang dugc.

[1 Ngoai ra do kich thudc mang c¢d dinh ma s6 phan ti
cua danh sach lai khé du tru chinh xac nén cé thé gay
ra tinh trang thi€u hut hay lang phi bd nhd.

[ Céc thao tdc thém, hily mdt phan t& vao danh sdch
dugc thuc hi€n khdng ty nhi€n trong hinh thic td chic
nay.
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Danh séach lién két (List)
Cac hinh thtc t6 chtic danh sach

m MOoi lién hé giita cic phin i dudc thé hién tudng minh

[1 Mdi phan tif ngoai cdc thong tin v€ ban than con chita
mot lién két (dia chi) dén phan tr k€ trong danh sach
nén con dugc goi la danh sach mo6c nou.

0 Do lién k€&t twdng minh, vdi hinh thic ndy cdc phan ti
trong danh sach khong can phai luu trit k€ cdn trong
bd nhé

0 Khic phuc dudc cdc khuyét di€m cia hinh thic t6
chiic mang

0 Viéc truy xuat dén mot phan t& doi hdi phdi thuc hién
truy xuat qua mot sO phan tu khac.
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- 'Danh sach lién két (List)
“Cac hinh thic t8 chic danh sach

B MOoi lién hé gilta cdc phin ti dudc thé hién tudng minh
01 C6 nhiéu ki€u to chic lién két giita cdc phan ti trong
danh sach nhu :
m Danh sich lién két don
m Danh sich lién két kép
m Danh sdch lién k€t vong

b
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- 'Danh sach lién két (List)
“Cac hinh thic t8 chic danh sach

h

m Danh sich lién k&t don: mdi phan i lién két véi phan ti
~ ding sau no trong danh sach:

0 i B S £ G B3 Iy 10

Danh séch lién k&t kép: mdi phan t& lién két véi cic
phan t& ding trudc va sau né trong danh sich:

b
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- 'Danh sach lién két (List)
ac hinh thuc té chiic danh sach

m Danh sich lién k€t vOng : phan t cudi danh sdch lién két
- véi phan t& ddu danh sich:

) N i B i B0 G B3 i 2 &

A

L

L
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Danh sach dan -

SList (xau don)




SList — TO chuiic 1 phan tu

M®bi phan t& cia danh sach don gom 2 thanh phin :

0 Thanh phan dit liéu: luu trit cdc thong tin vé ban than
phan t .

0 Thanh phan mdi lién két: Iuu trif dia chi ctia phan ti k&
ti€p trong danh sich, hoic luu trit gid tri NULL néu la
phan t& cudi danh sach.

typedef struct NODE {

Data Infto; /Datali kiéu di dinh nghia trudc

struct NODE * pNext; /conuad chi dén ciu triic NODE

¥
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SList — TO chuiic 1 phan tu

m Vi du : Pinh nghia mdt phan t trong danh sidch don luu
trit ho sd sinh vién:
typedef struct SV {
char Ten[30];
int MaSyv,;
};
typedef struct SVNode {
SV Info;
struct SVNode * pNext;

|
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" ~"? s 2 s
SList — TO chuc, quan ly
m Mot phan t& trong danh sidch don 12 mdt bi€n dong sé
dudgc yéu cau cap phat khi can. Va danh sdch don chinh

la su lién két ciac bi€n dong nay v4i nhau do viy dat
dugc su linh ddng khi thay ddi s6 lugng cic phan ti

Cau tric Di liéu - Cau trac dii liéu déng
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SList — T4 chuc, quan ly

m D€ quin Iy mdt xau don chi can bi€t dia chi phan t& dau
XAu.

m Con trd Head sé& dudc dung d€ luu trit dia chi phan t& dau
xau, ta goi Head 1a dau xau. Ta c6 khai bdo:
NODE* pHead;

m D¢ tién I0i, c6 thé st dung thém mot con tré pTai l gitt dia
chi phan tif cudi xau. Khai bdo pTail nhu sau :
NODE* pTail;

pTail
ad \
Bailplglipii
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. 2 ’ ’
SList — TO chuc, quan ly
Khai b4o ki€u cta 1 phan tif va ki€u danh sich lién két don:

// kiéu cia mét phan ti trong danh sach
typedef struct NODE {

Data Info;

struct NODE * pNext;
}s
typedef struct SLIST // kiéu danh sach lién két
{

NODE* pHead;
NODE* pTail;

);
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_7 " ~n ~n ?
. SList— Tao mét phan tu
_u = Thi tuc GetNode d€ tao ra mot phan ti cho danh sich

. vGi1thdong tin chira trong x
- NODE* GetNode(Data Xx)

NODE *p;

— // C4p phat vang nhd cho phan tl

p = new NODE;

— if (p==NULL) {

. printfF("’Khéng da bé nhé'); return NULL;
+

a p->Info = x; // Gan théng tin cho phan tJ p

. p->pNext = NULL;

return p;
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" SlList — Tao mét phan tu

_I-)é? tao mot phan t& mdi cho danh sich, can thuc hién ciu 1énh:

o new_ele = GetNode(X);

- L% new_ele s& quan 1y dia chi ciia phan t mdi dudc tao.
_lw

B L[
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SList — Cac thao tac cqg so

Tao danh sdch rong

Thém mot phan ti vao danh sich
Tim ki€m mot gi4 tri trén danh sich
Trich mot phan tf ra khéi danh sdch
Duyét danh séch

Sap x&p danh sich

Huy toan by danh sach
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= SList — Khéi tao danh sach rong

pTail
i e

.
void Init(SLIST &)
. {
I.pHead = I.pTail = NULL;
. }
D
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. SList — Thém moét phan tu

3 vi tri thém phan t mdi vao danh sich:
0 Thém vao dau danh sich
00 NOi vao cudi danh sdch

i 1 Chen vao danh sidch sau mot phan ti q

Cau tric Di liéu - Cau trac dii liéu déng
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ﬁ SList — Thém mot phan tu

e
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ﬁ SList — Thém m6ét phan ti vao dau

pHead

new_ele

e _J

e
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SList — Thém m6t phan ti vao dau

/input: danh sdch (head, tail), phian tf mdi new_ele
Houtput: danh sdch (head, tail) voi new_ele & diu DS
m Néu Danh sdch rong Thi

0 Head =new_ele;

00 Tail = Head;
m Ngudc lai

00 new_ele ->pNext = Head;

0 Head =new_ele ;
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SList — Thém m6t phan ti vao dau

void AddFirst(sList &1, NODE* new_ele)

{
it (I.pHead == NULL) //X4u réng
I.pHead = l.pTail = new _ele;
else {
new_ele->pNext = I.pHead;
I.pHead = new _ele;
}
}
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SList
Thém mot thanh phan di liéu vao dau

/input: danh sdch (head, tail), thanh phan div liéu X
/Houtput: danh sdch (head, tail) vdi phan tf chita X & diu DS
m Tao phan t& méi new_ele dé€ chita dir liéu X
m Néu tao dudc:

Thém new_ele vao dau danh sach
m Ngudc lai

Bdo 16i
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SList

ODE* InsertHead(SLIST &I, Data Xx)

i {
NODE* new_ele = GetNode(X);
Ll IT (new_ele == NULL)
return NULL;
L] AddFirst(l, new _ele);
return new _ele;
-
-
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SList — Thém mét phan t& vao cuoi

e
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SList — Thém mét phan ti vao cudi

/input: danh sdch (head, tail), phian tf mdi new_ele
/output: danh sach (head, tail) voi new_ele & cuoi DS
m Néu Danh sdch rong Thi

0 Head =new_ele;

0 Tail = Head;
m Ngudc lai

00 Tail->pNext =new_ele ;

O Tail =new_ele ;
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SList — Thém mét phan ti vao cudi

void AddTanl(SLIST &1, NODE *new_ele)
{
1T (I.pHead==NULL)
I.pHead = l.pTail = new _ele;
else
I.pTail = L_pTail->pNext = new_ele;
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SList
Thém mot thanh phan di liéu vao cudi

/input: danh sdch (head, tail), thanh phan div liéu X
Houtput: danh sdch (head, tail) voi phan tif chita X & cuéi DS
m Tao phan t& méi new_ele dé€ chita dir liéu X
m Néu tao dudc:

Thém new_ele vao cudi danh sich
m Ngudc lai

Bdo 16i
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SList

NODE* InsertTainl(SLIST &l, Data x)

] {
L NODE* new_ele = GetNode(X);
1 iIT (new_ele == NULL)
return NULL;
L AddTarI(l, new _ele);
return new_ele;
- by
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jDD@‘hém mot thanh phan di liéu vao cudi
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ﬁ SList — Chén mét phan ti sau g

new_ele

e

Cau truc DU liéu - Cau truc dii liéu dong
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" -
SList — Chén mét phan ti sau g

/input: danh sdch (head, tail), g, phan tf mdi new_ele
Houtput: danh sach (head, tail) voi new_ele 0 sau g
Néu (q!=NULL) thi

new_ele -> pNext = q -> pNext;

q -> pNext = new_ele ;

Néu ( q == Tail) thi

Tail = new_ele;

Ngudgc lai

Thém new_ele vao dau danh sach
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" -
SList — Chén mét phan ti sau g

voild AddATter(SLIST &1,NODE *qg, NODE* new ele)
1
It (g!'=NULL) {
new_ele->pNext = g->pNext;
gd->pNext = new_ele;
1IT(qg == L.pTail)
I.pTail = new _ele;
}

else //thém vao diu danh sdch
AddFirst(l, new _ele);

Cau tric Di liéu - Cau trac dii liéu déng 55



ﬁ SList — Tim mét phan ti

P

pTail
pHead
IHII ol

Ok, found

e
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" -
SList — Tim mét phan t

/input: danh sdch (head, tail), dit liéu can tim X
Joutput: dia chi phan t chita X
m Budc I:
0 p = Head; //Cho p tré d€n phan ti dau danh sdch
m Budc 2: Trong khi (p != NULL) va (p->Info != x ) thuc
hi€n:
00 B21: p:=p->Next;// Cho p trd t6i phan tir k&
m BuGc 3:
01 N&u p !=NULL thi p trd téi phan tf can tim
0 Ngudc lai: khong c6 phan tif can tim.
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o SList — Tim mét phan ti

~NODE *Search(SLIST I, Data X)

o

return p;

by

-

-
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— Tor (p=I1.pHead; (p)&&(p->Info!=X);p=p->pNext);
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"
SList — Trich mét phan ti

3 trudng hop trich 1 phan t& ra khodi danh sich:
0 Trich phan ti dau
00 Trich phan tif sau mot phan ti q
0 Trich phan ti ¢6 gid tri X

m Luu y: Néu mudn hiy phan t& vira trich, cin goi
thém todn t& delete d€ gidi phdng bd nhd.
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59



ﬁ SList — Trich phan t& dau xau

%
o
5
5
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" -
SList — Trich phan t& dau xau

/nput: xdu (head, tail)
Houtput: xau da bi trich phin tf diu x4u
m Néu (Head !=NULL) thi
0 p=Head;  /pla phan tf can trich
Head = Head->pNext; // tach p ra khoi xau
p -> pNext = NULL;
Né&u Head=NULL thi Tail = NULL; #/X4u rong

O O O
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" A
L LSLiS’t — Trich phan t& dau xau
.. NODE* PickHead(SLIST &l)

{
1 NODE *p = NULL;
L] it (1.pH 1=
"ol ( ?_ead NULL) {
p = I.pHead;
™ I.pHead = 1.pHead->pNext;
— p->pNext = NULL:
. 1T(l.pHead == NULL)
— I.pTail = NULL:
. }
- return p;
N
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- SList — Trich & hQy phan ti dau xau

d Data RemoveHead(SLIST &1)

{
R if (1.pHead == NULL)
return NULLDATA;
- NODE* p = PickHead(l);
Data X = p->Info;
N delete p;
return X;
o +

.
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ﬁ SList — Trich phan ti sau g

pHead

e
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" -
SList — Trich phan ti sau g

/input: xau (head, tail), con tro q
Houtput: xau di bi trich phin tf sau phin tr g
m Né&u (q'= NULL)
0 p = g->pNext; // p la phan tF can trich
0 Néu (p!'=NULL) /#q khong phdila cudi xdu
m g->pNext = p->pNext; /tdch p ra khoi xau
m p->pNext =NULL;
m Néu (p==Tail)
0 Tail =q;
m Ngudgc lai:

m Trich phan t dau xau
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SList — Trich phan ti sau g

L

L

L

NODE *P;
iIT ( g = NULL) {
p = g ->pNext ;
iIT ( p = NULL) {
it (p == L.
g->pNext =
p->pNext =

else p = PickHead(l);
return p;

}
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:£JIFLODE * PickAfter (SLIST &1, NODE *q)
A

pTail) 1._pTail
p->pNext;
NULL ;
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m
!; SList — Trich phan ti ¢6 khoa K

Cau truc DU liéu - Cau truc dii liéu dong
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" -
SList — Trich phan ti c6 khoa K

/input: xdu (head, tail), khoa k
/output: xau di bi trich phan tf cé khoa k

m Budc 1:
0 Tim phan t p c¢6 khéa k va phan i q ding trude nd
m Budc 2:

[0 Néu (p!=NULL) thi// tim thiy k

m Trich p ra khéi x4u tudng tu trich phan ti sau g;
0 Ngugce lai

m B4do khong ¢6 k;
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-~ SList — Trich phan ti c6 khéa K
:jFFLODE * PickNode(SLIST &I, Data k)

NODE *p = l.pHead;

A NODE *q = NULL;

while ((p = NULL) && (p->Info != k))
5 {

q = p;

A p = p->pNext;

}
ol iT(p == NULL) return NULL;

return PickAfter(l, q);

"
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: .
SList — Duyét danh sach

m Duyét danh sach la thao tac thudng dudc thyc hi€n khi c6
nhu cau xu 1y cdc phan t cia danh sidch theo cuing mot
ciach thic hodc khi cdn 14y thdng tin tdng hdp tir cic
phan t ciia danh sdch nhu:

01 D&m cédc phan tf cia danh sdch,
01 Tim tat cd cdc phan ti thod di€u kién,
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"
SList — Duyét danh sach

m Bu6c 1:p = Head; #/Cho p 16 dén phin tir diu danh sdch
m Budc 2: Trong khi (Danh sdch chua hét) thuc hién
0 B21: Xt 1y phan it p;
0 B22: p:=p->pNext; #Cho p td tdi phan tuf ké
voild ProcessList (LIST &l)

{
NODE *P;
p = I.pHead;
while (p!'= NULL)
{
ProcessNode(p); /# xU ly cu thé tuy Ung dung
P = p->pNext;

}

}
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"
SList — Hay toan bd danh sach

m D€ huy toan bd danh sach, thao tac Xt Iy bao gdm hanh
dOong giai phéng mdt phan t, do vy phai cip nhit cac
lién két lién quan:

m BuGc 1: Trong khi (Danh sdch chua hét) thuc hién

OB11:
m p = Head;
m Head:=Head->pNext; #/ Cho p tré tdi phan tif ké
0O B12:
= Huy p;
m Budc 2:

0 Tail = NULL; #/Bdo dim tinh nhdt qudan khi xdu rong
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~ SList — Hay toan bd danh sach

:ffﬁj voild RemoveList(LIST &l)

{

L] NODE *p;
while (I.pHead!= NULL) {
L] p = I.pHead;
I _pHead = p->pNext;

. delete p;
n I.pTail = NULL;
- +
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Sap xép danh sach




" -
Sap x&p danh sach

Céch ti€p can:
0 Phuong 4n 1: Hodn vi ndi dung céc phan ti
trong danh sach (thao tac trén vung Info).
0 Phuong 4n 2: Thay ddi cic mdi lién két
(thao tac trén vung Next)
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" -
Sap xép danh sach
Hoan vi ndi dung cac phan ti trong danh sach
m Cai ddt lai trén xau mot trong nhirng thuat toan sdp x€p
da bi€t trén mang
m Diém khéc biét duy nhit 1a cdch thic truy xudt dén céc
phan ti trén x4au thong qua lién két thay vi chi s6 nhu
trén mang.
m Do thuc hién hodn vi ndi dung ctia cdc phan tif nén doi
hoi st dung thém ving nhd trung gian = chi thich hgp
vdi cac xau cé cdc phan tu cé thanh phan Info kich thuéc
nho.
m Khi kich thuéc cua trudng Info 16n, viéc hodn vi giad tri
clia hai phan t& s& chi€m chi phi ddng k€.
m Khong tin dung dudc cic vu di€m clia xiu!
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Slist — Sap xép

Hoan vi ndi dung cac phan ti trong danh sach
void ListSelectionSort (LIST &l)

{
NODE *min, *p,*q;
p = l.pHead;
whille(p = L.pTail) {
q = p->pNext; min = p;
while(g "= NULL) {
1T(g->Info< min->Info )
min = q; / ghi nhdn vi tri phan t&d min hién hanh
q = g->pNext;
}
Hoanvi(min->Info, p->Info);
p = p->pNext;
+
+
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"
Slist — S&p x&p Thay déi cac mai lién két

m Thay vi hodn d6i gid tri, ta sé tim cdch thay ddi trinh ty
moc ndi cua cac phan ti sao cho tao 1ap nén dugc thi tu
mong mudn = chi thao tac trén cadc mdéc ndi (pNext).

m Kich thudc cua trudng pNext:

[ Khong phu thudc vao ban chat dit liéu luu trong xau
[0 Béing kich thudc 1 con trd (2 hodc 4 byte trong moi
trudng 16 bit, 4 hoac 8 byte trong md1 truGng 32 bit...)

m Thao tic trén cdc méc ndi thudng phic tap hon thao tic
truc ti€p trén AU li€u.

=Can can nhic khi chon cdch ti€p cin: Néu dit liéu khong
qua 16n thi nén chon phuong 4n 1 hodc mot thuat toan
hi€u qua nao do.
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Slist — S&p x&p Thay déi cac mai lién két

m Mot trong nhifng cdch thay ddi méc ndi don gidn nhat la
tao moOt danh sdach mdi 1a danh sach cé thd ty gdm cdc phan
tu trich tir danh séch cii.

m Gid st danh sich méi s& dudc quan 1y bing con tré dau xau
Result, ta c¢6 thut todn chon tryc ti€p cua phuong 4n 2 nhu
sau:

0 B1: Khdi tao danh sdch mdi Result 1a rong;

[ B2: Tim trong danh sdch cii 1 phan t nhd nhat — min;
[0 B3: Tach min khoi danh sach cii;

1 B4: Chén min vao cudi danh sach Result;

0 B5: Lap lai budc 2 khi chwa hét danh sach cii;
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L

SList — Sap x&p chon truc ti€p

min pTail

pHead ﬁ
[ ooy E19 e 0 iy 0 Gy D i D

pHead?2

1 N

pTail2
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L

L

SList — Sap x&p chon truc ti€p

min pTail
]
pHead ’F
- IAII el
pHead? K
pTail2
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L

SList — Sap x&p chon truc ti€p

pHead

min

pHead?2

<$
i

{
Bl ‘I\I

‘

pTail
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L

SList — Sap x&p chon truc ti€p

pTail

()
ZiNBE iR ian}
|

pTail2
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L

L

SList — Sap x&p chon truc ti€p

.n’/%

pHead ( (/
DINGINE]

pHead?2

‘

pTail2
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" -
SList — Sap x&p chon truc ti€p
NODE* FindMinprev (LIST list)

{
NODE *min, *minprev, *p, *q;
minprev = q = NULL; min=p = list.pHead;
while(p '= NULL) {
iIT (p—>Info < min->Info) {
min = p; minprev = J;
+
q = p; P = p->pNext;
}
return minprev;
+
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. SList — Sap x&p chon tryc ti€p

:£f:Fioid ListSelectionSort2 (SLIST &list)

SLIST IRes;
™ NODE *min, *minprev;

IRes.pHead = IRes.pTail = NULL;

- while(list.pHead = NULL) {
minprev = FindMinprev(list);
min = PickAfter(list, minprev);

ol AddTarI(IRes, min);

L list = IRes;

+

L
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"
SList

Mot s6 thuat toan sip x&p hiéu qua

m  Thuat toan Quick Sort

m Thuat toan Merge Sort

m Thuat toan Radix Sort

o st
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"
SList —Quick Sort: Thuat toan

/nput: xdu (head, tail)

Houtput: xdu di dugc sdp ting din

m Budc 1: N€u x4u c6 it hon 2 phan ti

Dung; #xdu da co tha tr

m Budc 2: Chon X 13 phan tif dau xau L 1Am ngudng. Trich X
ra khoi L.

m Budc 3: Téch xau L ra lam 2 xau L, (gdm cdc phan t& nhd
hon hay bang X) va L, (gd0m céc phan tr 16n hon X).

m Budc 4: Sip x€p Quick Sort (L)).

m Budc 5: Siap x€p Quick Sort (L,).

m BuGc 6: Noi L, X, va L, lai theo trinh ty ta ¢6 xau L da
dugc sap xep.

Cau tric Di liéu - Cau trac dii liéu déng

88



ﬁ SList — Sap x&p quick sort

%
o
5
5
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-~ SList — quick sort: phan hoach

Chon phan ti dau xau lam ngudng
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-~ SList — quick sort: phan hoach

pHead
L]
L X
L]
L]
L]

Tach xau hién hanh thanh 2 xau
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. SList — quick sort: phan hoach

Tach xau hién hanh thanh 2 xau
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-~ SlList — quick sort: phan hoach

L&} '

o
5

I Tach xau hién hanh thanh 2 xau
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- SList — quick sort: phan hoach

Tach xau hién hanh thanh 2 xau
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. SList — quick sort

Sap xép cac xau pH1, pH2
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. SList — quick sort

jDDD PH1 Pua két qua vao pHead
1
pHead .I

Cau truc Dii liéu - Cau trac dii liéu déng 96



"
- SList — N6i 2 danh sach

_g void SListAppend(SLIST &list, LIST &list2)
Bl {

l iIT (list2.pHead == NULL) return;
T m iIT (list.pHead == NULL)
list = list2;
else {
pri _ _ _ qs _
list.pTail->pNext = list2.pHead;
~1 list.pTail = list2_pTail;
;L 3
Init(list2);
Ll }
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oild SLiIstQSort(SLIST &list) {
NODE *X, *p;

" SLIST listl, list2;
iIT (list.pHead == list.pTail) return;

Init(listl); Init(list2);

- X = PickHead(list);
whille (list.pHead = NULL) {
p = PickHead(list);
- it (p->Info <= X->Info) AddTail(listl, p);
else AddTarl(list2, p);
. }
SListQSort(listl); SListQSort(list2);
. SListAppend(list, listl);
AddTail(list, X);
- SListAppend(list, list2);

}
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L IST:
0 void QuickSort() {

NODE X, p;
MYLIST listl, list2;

iIf (Head == Tail) return;

X = PickHead();

Cau truc Dii liéu - Cau trac dii liéu déng

L while (Head '= NULL) {

list2.QuickSort();

p = PickHead();
. IT (p-Info <= X.Info)
else list2.AddTail(p);
}
L] listl.QuickSort();
Append(listl);
- AddTai 1 (X);
Append(list2);
ks
L

listl_AddTail(p);
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"
SList — Quick sort: nhan xét

= Nhén xét:

1 Quick sort trén xau don don gian hon phi€én ban cua
né trén mang mot chi€u

01 Khi dung quick sort sip x€p mdt xau don, chi c6 mot
chon Iua phan tif cAm canh duy nhit hgp 1y 12 phan ti
dau xau. Chon bat ky phan tif nao khdc ciing 1am ting
chi phi mdt cdch khong can thi€t do ciu tric tu nhién
cua xau.
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"
SList — Merge sort: thuat toan

/nput: xau L
Houtput: xau L da dugce sdp ting din
m Budc 1: N€u x4u c6 it hon 2 phan ti
Dung; #/Xadu da co tha tr
m Budc 2: Phan phoi ludn phién tirng dudng chay cta xiu L
vao 2 xau con L1 va L2.

m Budc 3: N€u L2 khdng rong

01 B31: Sdp x€p Merge Sort (L1).

01 B32: Sdp x€p Merge Sort (L2).

[1B33: Tron L1 va L2 @3 sip x€p lai ta c6 xau L da dugc
sdp x€p.

m Budc 4: Ngudgc lai: L=L1;
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SList — Merge sort: Vi du

m Phan phoi cdc dudng chay cial vao 11, 12:

pHead ;

pHead

é

'L"Ba"’ﬂa"’ﬂa"’ﬂa"’ﬂa"!a
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L

L

L

L

L

L

SList — Merge sort: Vi du

DDDDI Sip xép 11:

[ Phan phdi ciac dudng chay cua 1l vao 111, 112:

111

112

pHead

pHead

@

@ |

g B &

—ill

>
>

;

00 Tron 111,112 1a1 thanh 11:

pHead
1 @l fe
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L

L

L

L

L

L
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SList — Merge sort: Vi du

DDDD. Sip x&p 12:

[ Phan phdi ciac dudng chay cua 12 vao 121, 122:

121

122

pHead

pHead

L S

—il
—ill

@ |

0 Tron 121, 122 1a1 thanh 12:

pHead
> @ sk
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pTa|I
- pHead
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" A
. SList — Merge sort: cai dat

—Jvoid SListMergeSort(SLIST & list)

{
$£— BEIST 11, 12;
iIT (list.pHead == list.pTail) /da co thu tu
— return;
& 1 Init(d); Init(12);
//Phan phéi list thanh I1 va I2 theo tung duong chay
™ SListDistribute(list, 11, 12);
- if (12.pHead) {
3}l SListMergeSort(l11); //Goi dé qui dé sort I1
“ai= SListMergeSort(12); //Goi dé qui dé sort 12
/Tron 11 va 12 da co thu tu thanh list
L SListMerge(list, 11, 12);
Rl
else SListAppend(list, 11);
(I}
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SList — Merge sort: cai dat

:jFF%oid SListDistribute(SLIST &list,
SLIST &11, SLIST &l12)

1
L] NODE *p = PickHead(list);
AddTarl (11, p);
™ iIT (list.pHead)
iIT (p—>Info <= list.pHead->Info0)
n SListDistribute(list, 11, 12);
else
- SListDistribute(list, 12, 11);

.
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L

L

SList — Merge sort: cai dat

}

oid SListMerge(SLIST& list,
SLIST& 11, SLIST& 12)

NODE *P;
while ((11l.pHead) && (12.pHead))
{

1T(l1.pHead->Info <= 12.pHead->Info)
p = PickHead(l1);
else
p = PickHead(12);
AddTail(list, p);
+
SListAppend(list, 11);
SListAppend(list, 12);

Cau truc Dii liéu - Cau trac dii liéu ddéng

108



'ii!llllllllllllllll
. SList — Merge sort: cai dat
~LMYLIST:

j[_ void MergeSort()

MYLIST 11, 12;
— iIT (Head == Tail) /da co thu tu

[ return;

//Phan phéi list thanh I1 va I2 theo tung duong chay
™ Distribute(ll, 12);

- if (12.pHead) {
3l 11._MergeSort(); //Goi dé qui dé sort I1
"al= 12_MergeSort(); //Goi dé qui dé sort I2
/Tron 11 va 12 da co thd tu thanh list

u Merge(ll, 12);
el

else Append(l1);

ks
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SList — Merge sort: cai dat

-
AL IST:
[Eﬁfd Distribute(ref MYLIST 11, ref MYLIST 12)

L NODE p = PickHead();

11 _AddTarl(p);

™ iIT (Head)

iIT (p-Info <= Head.Info)

. Distribute(ll, 12);
else
- Distribute(l2, 11);
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SList — Merge sort: cai dat

Wl ST -
voild Merge(ref MYLIST 11, ref MYLIST 12)

NODE P;
- while ((11.pHead) && (12.pHead))
{
iIT(11l.pHead.Info <= 12.pHead. Info)
ol p = PickHead(ll);
else
™~ p = PickHead(l2);
AddTarl(p);
by
ol Append(ll);
Append(12);
- W
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"
SList — Merge sort: nhan xét

= Nhan xét:

[0 Merge sort trén xau don gian hon phi€n ban trén
mang mdt chiéu.

0 Khi dung Merge sort sip x€p mot xau don, khong
can dung thém vung nhd phu nhu khi cai dit trén
mang mdt chiéu.

0 Thu tuc Merge trén xau khdng phic tap nhu trén
mang vi chi phai trdn hai xau da co6 thi tu, trong khi
trén mang phai trOn hai mang bat ky.
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'.—
SList — Radix sort: thuat toan
/nput: xau L
/output: xdu L di duoc sdp ting din
/it liéu trung gian: muoi danh sdch rong By, By, ..., By
m Bl: + Khdi tao cdc danh sich (16) rong B, B, ..., Bo;
+k=0;
m B2: Trong khi L khdc rong:
+p € phan t dau xau cla L;
+ N6i p vao cudi danh sdch B, v3i d 1a chit s6 thit k cta p;
m B3:Noi By, By, ..., Bglai thanh L;
m B4: +k=k+I1;
+ Néu k < m: quay lai Budc 2
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SList — Radix sort: cai dat

INt M = 10; //sb chtt sb tbi da cua mdét phdn tu
voild SListRadixSort(SLIST & list)

.

SLIST B[10]; NODE *p; int k;

iIT (list.pHead == list.pTail) return;/da co thd tu
for (1 = 0; 1 < 10; 1++)

InitB[i1):
for (k = 0; k < M; k++) {

p = PickHead(list);
AddTairl(B[GetDigit(p->Info, k)], p);

for(n = 0; 1 < 10; 1++)

=
Am
- while(list.pHead) {
Am
am SListAppend(list, B[il); /#/Néi Bfi] vao cubi |

Cau truc Dii liéu - Cau trac dii liéu ddéng
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'_—
SList — Radix sort: cai dat

unsigned long base[10] = {
1, 10, 100, 1000, 10000,
100000, 1000000, 10000000,
100000000, 10000000000} ;

int GetDigit(unsigned long N, Int k)
{

return ((N 7/ base[k]) % 10);
+
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"
SList — Radix sort: nhan xét

= Nhan xét:

0 Radix sort trén xdu don gian hon phién ban trén
mang mdt chiéu.

01 Khi dung Radix sort sip x€p mdt xau don, khong can
dung thém vung nhé phu nhu khi cai dit trén mang
mot chiéu.

0 Khong cé thao tac chép dit liéu, chi ¢ thay doi cic
moi lién két.

Cau truc Dii liéu - Cau trac dii liéu ddéng

125



Mot sO cau truc di

lieu truu tugng

mStack
mHang dgi ( Queue)






'_—
Stack

m Stack 12 mot vat chita (container) cdc doi tugng lam viéc
theo cd ché LIFO (Last In First Ouf) = Viéc thém mot
doi tugng vao stack hodc lay mdt doi tugng ra khoi stack
dugc thuc hi€n theo co ché€ “ Vao sau ra truoc’.

m Cic doi tugng c6 thé dugc thém vao stack bat ky lic ndo
nhung chi ¢6 doi tugng thém vao sau cung mdi dudc
phép lay ra khoi stack.

m “Push”: Thao tic thém 1 d6i tugng vao stack

m “Pop”: Thao tiac lay 1 ddi twgng ra khoi stack.

m Stack c6 nhiéu ng dung: khir dé qui, to chic luu vét cic
qua trinh tim ki€ém theo chi€u sdu va quay lui, vét can,
ung dung trong cac bai toan tinh toan bi€u thuc, ...
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'_—
Stack

m Stack 12 mot CTDL tritu tugng (ADT) tuyén tinh hd trg 2
thao tac chinh:

0 Push(o): Thém doi tugng o vao dau stack

0 Pop(): LAy d6i tugng & dau stack ra khéi stack va
trd v€ gid tri clia nd. N€u stack rdng thi 16i s& x4y ra.

m Stack ciing hd trg mdt s6 thao tac khac:

0 isEmpty(): Ki€m tra xem stack c6 rong khong.

0 Top(): Trd vé gid tri clia phan t& nim & dau stack ma
khong hiy né khdi stack. Néu stack rOng thi 10i sé&
Xay ra.
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" -
Biéu dién Stack dung mang

m C6 thé tao mot stack bing cich khai bdo mot mang 1
chi€u véi kich thude to1 da 1a N (vi du: N =1000).

m Stack cé thé chira tdi da N phan tif ddnh s6 tor 0 dén N-1.

m Phan ti nim & dau stack sé c6 chi so t (luc d6 trong stack
dang chira t+1 phan tu)

m D€ khai b ¢ \, - Q )
nguyént¢ 5 o ; w1 )
bi€t kich thudc to1 da cua stack.

Data S [N];
int t;
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" -
Biéu dién Stack dung mang

m Lénht=0sé tao ra mot stack S rong.
m Gid tri cda t s& cho bi€t s& phan ti hién hanh cé trong

stack.
m Khi cai dit bing mang 1 chi€u, stack cé kich thudc toi da
nén can xay dung thém mdt thao tidc phu cho stack:
0 IsFul 1(): Ki€m tra xem stack c¢6 day chua.

01 Khi stack day, viéc goi dén ham push() s& phat sinh ra
101.
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" -
Biéu dién Stack dung mang

m Ki€m tra stack rong hay khong
char IsEmpty()
{ if(t == 0) // stack réng
return 1;
else
return O;

+
m Ki€m tra stack ddy hay khong
char IsFull(Q
{ if(t >= N) //stack day
return 1;
else
return O;

}
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" -
Biéu dién Stack dung mang

m Thém modt phan t x vao stack S
void Push(Data Xx)
{ if(t < N) // stack chua day
{S[t] = x; t++; }
else puts("'Stack day");

+
m Trich thong tin va huy phan ti & dinh stack S
Data Pop(Q)

{ Data X;
if(t > 0) // stack khdc rong
{ t--; x = S[t]; return Xx;}
else puts(''Stack rong')

ks
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.i
Biéu dién Stack dung mang

- m Xem thong tin ciia phan ti & dinh stack S
— Data Top(Q)
1 { Data X
- if(t > 0) // stack khdc rong
{ x = S[t-1];
- return X;
— }
else puts('Stack rong™)
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" -
Biéu dién Stack dung mang

= Nhan xét:

[ Céc thao tdc trén déu lam viéc véi chi phi O(1).

[ Viéc cai dit stack thong qua mang mot chiéu don
gian va kha hiéu qua.

[ Tuy nhién, han ch€ 16n nhit cua phudng dn cai dit
nay la gidi han vé kich thuéc cia stack N. Gi4 tri cua
N c6 thé qui nhd so véi nhu ciu thuc t& hoic qud 16n
s€ lam lang phi bd nhd.
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'.-—
Bieu dién Stack
dung danh sach lién két

m C6 thé tao mot stack bing cich st dung mdt danh sich
lién két don (DSLK).

m DSLK c¢6 nhitng dic tinh rdt pht hgp d€ dung lam stack
vi moi thao tic trén stack déu dién ra & dau stack.

BLIST * S5;
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'.-—
Bieu dién Stack
dung danh sach lién két

m Tao Stack S rong:
S.pHead=1_.pTainl= NULL;
m Ki€m tra stack rong :
char Isempty(LIST &S)
{ if (S.pHead == NULL) // stack réng
return 1;

else
return O;
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'.-—
Bieu dién Stack
dung danh sach lién két

m Thém mdt phan t x vao stack S
void Push(LIST &S, Data Xx)
{ InsertHead(S, x); }

m Trich thong tin va huy phan t & dinh stack S
Data Pop(LIST &S)
{ Data X;
1IT(1sEmpty(S)) return NULLDATA;
X = RemoveFirst(S); return Xx;

}

m Xem thong tin cia phan tit § dinh stack S
Data Top(LIST &S)
{ 1T(isEmpty(S)) return NULLDATA;
return I_Head->Info;

}
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" -
Ung dung clia Stack

m Stack thich hgp luu trt cac loai ditr li€u ma trinh tu truy
xudt ngudc vdi trinh tu luu triv

m Mot sO ing dung cta Stack:

1 Trong trinh bi€n dich (thdng dich), khi thuc hi€n cac
thd tuc, Stack dudc st dung d€ luu moi trudng clia cic
thu tuc.

0 Luu dif liéu khi gidi mot s6 bai todn cta 1y thuyét do
thi (nhu tim dudng di)

00 Khu dé qui

B ...
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Ung dung cua Stack

Vi du; thi tuc Quick_Sort dung Stack dé€ khit dé qui:
m ].left:=1; r:=n;
m 2. Chon phan ti gitta x:=a[(left+r) div 2];
m 3. Phan hoach (left,r) thanh (leftl,r1) va (Ieft2,r2) bing cach xét:
0 y thudc (leftl,r1) néu y<x;
0 y thudc (left2,r2) ngudc lai;
m 4. N&u phan hoach (Ieft2,r2) ¢6 nhi€u hon 1 phan tit thuc hién:
00 Cat (Ieft2,r2) vao Stack;
[1 Né&u (leftl,r1) c6 nhi€u hon 1 phan t thuc hién:
m left=leftl];
mr=rl;
m Goto 2;
0 Ngudc lai
m Lay (left,r) ra khdi Stack né€u Stack khdc rong va Goto 2;
s N€u khong dirng;
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" -
Hang dgi ( Queue)

m Hang dgi 12 mot vat chida (container) cdc ddi tugng 1am
viéc theo cd ché FIFO (First In First Ouf) = viéc thém
mot doi twgng vao hang dgi hodc 1y mot doi tugng ra
khdi hang dgi dudge thuc hién theo cd ché “Vio trudc ra
ruoc’.

m Cic d6i tuong c6 thé dugc thém vao hang dgi bat ky lic
nao nhung chi cé ddi tugng thém vao dau tién mdi dudc
phép lay ra khdi hang ddi.

m “Enqueue”:Thao tdc thém mot ddi twgng vao hang dgi

m “Dequeue”:Thao tic 14y mot doi tugng ra khdi hang dgi.
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" -
Hang dgi ( Queue)

92

m Viéc thém mot ddi tugng vao hang ddi ludn dién ra &
cudi hang dgi va mot phan to luén duge 1ay ra tor dau
hang dagi.

Front Rear

ofoloR

m Trong tin hoc, CTDL hang dgi c¢6 nhiéu &ng dung: khit
dé qui, t6 chic luu vét cic qud trinh im kiém theo chi€u
rong va quay lui, vet can, td chic quan 1y va phan phdi
ti€n trinh trong cdc hé di€u hanh, t0 chic bd dém ban
phim, ...
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Hang dgi ( Queue)

m Hang dgi 12 mot CTDL triru tugng (ADT) tuyén tinh
m Hang dgi ho trg cdc thao tic:
0 EnQueue(o):Thém doi tugng o vao cudi hang dgi
0 DeQueue(): LAy doi tugng & dau queue ra khdi hang
ddi va tra vé gid tri cia né. N€u hang dgi rong thi 15i
s€ xay ra.
0 1sEmpty(): Ki€m tra xem hang dgi cé rdng khong.
0 Front(): Trd v€ gid tri clia phan t& nim & dau hang
dgi ma khong hiy né. N€u hang dgi rong thi 16i sé
XAy ra.
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Biéu dién Queue dung mang

m Co6 thé tao mdt hang dgi bing cdch st dung mdt mang 1
chiéu véi kich thudc t6i da 1a N (vi du, N=1000) theo
ki€u xoay vong (coi phan t& a_, ké véi phan i a)) =
Hang ddi chita tdi da N phan tu.

m Phan t & dau hang ddi (front element) sé& c6 chi s6 f.

m Phan tif § cudi hang dgi (rear element) s& cé chisdr.
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" -
Biéu dién Queue dung mang

m D¢ khai bio mdt hang dgi, ta can:
[ mot mang mot chi€u Q,
0 hai bién nguyén f, r cho bi€t chi sd ctia dau va cudi
cua hang dgi
0 hiing s6 N cho biét kich thudc tdi da cua hang dgi.

m Ngoai ra, khi dung madng bi€u dién hang dgi, cin dung
mot gid tri dic biét, ky hiéu 1a NULLDATA, dé€ gin cho
nhitng 0 con trong trén hang dgi. Gia tri ndy 12 mot gid
tri nAim ngodi mi€n xdc dinh cda dit liéu Iuu trong hang
dgi..
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Biéu dién Queue dung mang

m Trang thai hang dgi luc binh thuGng:

0 \ - §

012 f ro N-1

m Trang thai hang dgi luc xoay vong:

0 N - §
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jjd_%ié"u dién Queue dung mang

m Khi gi4 tri f=r cho ta di€u gi?

m Lic nay hang ddi chi c6 thé § mot
trong hai trang thdi 12 réng hoic
day.

m Coil nhu mdt bai tadp cac ban hay tu
suy nghi tim cau tra 151 trudc khi doc
ti€p dé€ ki€m tra k&t qua.
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Biéu dién Queue dung mang

m Hang dgi c6 thé dudc khai bdo cu thé nhu sau:
Data QIN] ;
int T, r;

m Do khi cai dit bing mang mdt chi€u, hang ddgi c6 kich
thuéc t61 da nén can xay dung thém mot thao tdc phu cho
hang doi:

0 IsFul 1(): Ki€m tra xem hang dgi ¢6 diy chua.
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jdeié"u dién Queue dung mang

m Tao hang ddi rong

. void InitQueue()

{

f=r=0;
L for(int i = 0; 1 < N; i++)
Q[ 1] = NULLDATA;

- +
L
L
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" Biéu dién Queue dung mang

m Kiém tra hang dgi rong hay khong
— char IsEmpty()
il {

return (Q[f] == NULLDATA);

n

m Kiém tra hang dgi diy hay khong
L1 char IsFullQ)

i {
m [ return (Q[r] !'= NULLDATA);

}
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" Biéu dién Queue dung mang

m Thém mdt phan t x vao cudi hang dgi Q
— char EnQueue(Data x)

{

Rl
if(IsFull()) return -1; /Queue day
Qlr++] = Xx;

R ‘
1If(r == N) // xoay vong

| r = 0;
Rl
am
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" -

Biéu dién Queue dung mang

m Trich, huy phan ti § dau hang dgi Q
Data DeQueue()
{ Data Xx;
iT(1sEmpty()) return NULLDATA; /Queue réng
X = Q[Ff]; Q[Ff++] = NULLDATA;
iIf(f == N) f = 0; // xoay vong

return Xx;
}
m Xem thong tin cia phan tif § dau hang dgi Q
Data Front()
{

iT(1sEmpty()) return NULLDATA; /Queue réng
return Q[T];

}
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'.-—
Bieu dién hang dagi
dung danh sach lién két

m Co6 thé tao mot hang ddi sit dung mot DSLK don.

m Phan t¢ dau DSKL (head) sé 12 phan t& dau hang dgi,
phan tir cudi DSKL (tail) sé& 1a phan ti cudi hang dgi.

Cudi hang

Pau hang
EI I I .......................... I I
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Bieu dién hang dagi
dung danh sach lién két

m Tao hang ddi rong:
Q.pHead=Q.pTanl= NULL;
m Ki€m tra hing dgi rdng :
char IsEmpty(LIST Q)
{ if (Q.pHead == NULL) / hang dgi réng
return 1;

else
return O;
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Bieu dién hang dagi
dung danh sach lién két

m Thém mdt phan t p vao cudi hang dgi
void EnQueue(LIST Q, Data x)
{ InsertTail(Q, x);}

m Trich/Hly phan ti § dau hang ddi
Data DeQueue(LIST Q)
{ Data X;
1T (IsEmpty(Q)) return NULLDATA;
X = RemoveFirst(Q);return X;

¥
m Xem thong tin clia phan tif § dau hang dgi
Data Front(LIST Q)

{ 1T (IsEmpty(Q)) return NULLDATA;
return Q.pHead->Info;

}
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R, . 3 R :
Bieu dién hang dgi
dung danh sach lien ket
= Nhan xét:
0 C4c thao tic trén hang dgi bi€u dién bing danh sich
lién két 1am viéc vdi chi phi O(1).
00 N€Eu khdong quidn ly phan t& cudi xdu, thao tdc
Enqueue s€ c¢6 dd phuc tap O(n).
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Ung dung clia hang doi

m Hang dgi c6 thé dude st dung trong mot s6 bai todn:
[ Bai todn ‘sdn xudt va tiéu thu’ (¢ng dung trong cic hé
di€u hanh song song).
00 BO dém (vi du: Nhan phim = B0 dém = CPU xt 1y).

0 Xu 1y cac 1€nh trong may tinh (tng dung trong HPH,
trinh bién dich), hang dgi cdc tién trinh chd dudc xw
1y, ....
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Mot s6 cau truc di liéu

dang danh sach lién két
khac

Danh sich lién két kép

Hang ddi hai dau (double-ended queue)
Danh sich lién két c6 thit tu (Odered List)
Danh sach lién két vong

Danh sich c¢6 nhiéu mdi lién két

Danh sdch tong quat



" -
Danh sach lién két kép

m Danh sauch liedn keat keup lag danh sauch mag
moai phaan tdu trong danh sauch cou keat noai voui
1 phaan to0 Adung troduc vag 1 phaan to64 nAdung

sau noul.
Tol)m
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Danh sach lién két kép

m Dung hai con tro:
0 pPrev lién k&t véi phan ti ding trudc
01 pNext lién k€t v4i phan tir ding sau:
typedef  struct tagDNode

{
Data Info;
struct tagDNode* pPre; // trdé dén phan tu ding trudc
struct tagDNode* pNext;// tré dén phan t7 ding sau
}DNODE ;
typedef  struct tagDList
{
DNODE* pHead; //tré dén phan tl ding trudc
DNODE* pTail; //tré dén phan ti ding sau
IDLIST;
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Danh sach lién két kép

m Thu tuc khdi tao 1 phan t& cho danh sdch lién k&t kép:
DNODE* GetNode(Data x)
{ DNODE *p;
// Cdp phat viing nhé cho phan tJ
p = new DNODE;
if ( p==NULL)
{ printfC'Khong di bd nhé™);
exit(l);
+
// Gan théng tin cho phdn ti p
p->Info = X;
p->pPrev = p->pNext = NULL;
return p;

}
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Chen mdt phan tu vao
danh sach lién két kép

m Co 4 loai thao tac chen new_ele vao danh sach:
01 C4ch 1: Cheén vao dau danh sach
[1 Cach 2: Chén vao cudi danh sach
[1 Céach 3 : Chén vao danh sidch sau mot phan ti q
01 Cach 4 : Chén vao danh sich tru6c mdt phan tif q
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hén mo6t phan ti vao dau
jjﬁaanh sach lién két kép
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Chen mdt phan tu vao dau
danh sach lién két kép

void AddFirst(DLIST &1, DNODE* new_ele)
{ if (1.pHead==NULL) //X&u réng
{ Il.pHead = new ele; l.pTail = l_.pHead; }
else
{ new _ele->pNext = l.pHead;/” (1)
I _pHead->pPrev = new_ele;/ (2)
I _.pHead = new _ele; // (3)
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" -
. Chén moét phan tu vao dau
_danh sach lién két kép
. NODE* InsertHead(DLIST &I, Data x)
- { NODE* new_ele = GetNode(X);
I IT (new ele ==NULL) return NULL;

p AddFirst(l, new _ele)
return new_ele;

pTail~
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hén mo6t phan ti vao dau
jjﬁaanh sach lién két kép

L)
L)
L)
L]
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: ) A N 2 \ N
Chen mdt phan tu vao dau
danh sach lién két kép

void AddTan I (DLIST &1, DNODE *new_ele)
{ 1t (1.pHead==NULL)
{ I1.pHead = new ele; Il.pTail = l_.pHead; }
else
{ |I1.pTail->Next = new_ele; /(1)
new_ele->pPrev = l.pTail;/ (2)
I.pTail = new _ele; // (3)
+
} pHead

& |
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" -
- Chén mo6t phan tu vao cudi
.danh sach lién két kép
oLl NODE* InsertTail(DLIST &1, Data x)
- { NODE* new_ele = GetNode(X);
I IT (new ele ==NULL) return NULL;

B | AddTar (1, new_ele)
return new_ele;

" ms &[]
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hen vao DSLK kép
Dgfgau mot phan td g

L

L

L

L

L
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" -
Chen vao DSLK kép
sau mot phan td q

void AddAfter(DLIST &I, DNODE* q,DNODE* new _ele)

{ DNODE* p = g->pNext;
1T ( q!=NULL)
{ new _ele->pNext = p;
new_ele->pPrev = (;
g->pNext = new_ele;

1IT(p = NULL) p->pPrev = new_ele;
1IT(qg == L.pTail) I.pTail = new_ele;

}

else //chén vao diu danh sdch
AddFirst(l, new _ele);
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hen vao DSLK kép
j;Fgau mot phan td q

void InsertAfter(DLIST &1, DNODE *qg, Data Xx)

{ NODE* new_ele = GetNode(X);
. iIT (nhew ele ==NULL) return NULL;
AddAfter(l, q, new _ele)
- +
L
L
L
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hen vao DSLK kép
jjifjru’dc mot phan ti g

L

L

L

L

L
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" -

Chen vao DSLK kép
truéc mot phan ti q

void AddBefore(DLIST &I, DNODE q, DNODE* new_ele)

{ DNODE* p = g->pPrev;

1T ( q!=NULL)

{ new _ele->pNext = q;
new_ele->pPrev = p;
d->pPrev = new_ele;
1IT(p = NULL) p->pNext
1T(q == 1.pHead) I.pHead

}

else //chén vao diu danh sdch
AddTail(l, new _ele);
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/(1)
//(2)
/(3)
//(4)
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'_ ,
. Chen vao DSLK kép
¥fru’60 mot phan ti g

void InsertBefore(DLIST &1, DNODE g, Data x)
{

NODE* new_ele = GetNode(X);

iIT (new_ele ==NULL) return NULL;

DNODE* p = g->pPrev;

AddBefore(l, q, new _ele)

b
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-_.— - :
Huy mot phan tu khol
danh sach lién két kép

m C6 5 loai thao tdc thong dung hily mot phan tir ra khdi
danh sdch lién két kép:

[ Hiy phan tf dau xau

0 Hiy phan t cudi xau

0 Hiy mdt phan tir ddng sau phan t q
0 Hiy mdt phan tir déng trudc phan tf q
[ Huay 1 phan it c6 khéa k
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"
Danh sach lién két kép
Huy phan ti dau xau

Data RemoveHead(DLIST &l)
{ DNODE  *p;
Data X = NULLDATA;
iIfT ( I.pHead '= NULL)
{ p = bl.pHead; x = p->Info;
I .pHead = I.pHead->pNext;
I .pHead->pPrev = NULL;

delete p;
iIfT(l.pHead == NULL) l.pTail = NULL;
else I .pHead->pPrev = NULL;
+
return X;

}
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"
Danh sach lién két kép
Huy phan ti cudi xau

Data RemoveTairl(DLIST &l)
{ DNODE  *p;
Data X = NULLDATA;
it ( I.pTail = NULL)
{ p = L.pTail; x = p->Info;
I.pTail = L_pTail->pPrev;
I.pTail->pNext = NULL;

delete p;
iIfT(l.pHead == NULL) l.pTail = NULL;
else I .pHead->pPrev = NULL;
+
return Xx;
+
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" -
Danh sach lién két kép
Hay moét phan td ding sau phan ti g

void RemoveAfter (DLIST &1, DNODE *Q)
{ DNODE  *p;
iIf ( g '= NULL)
{ p =g ->pNext ;
iIfT ( p '= NULL)
{ g->pNext = p->pNext;

iIT(p == L.pTail) I._pTail = q;
else p->pNext->pPrev = (Q;
delete p;
}
}
else
RemoveHead(l);
+
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Danh sach lién két kép
Hay moét phan td ding truéc phan ti q

void RemoveBefore (DLIST &I, DNODE *q)
{ DNODE *p;
it ( g = NULL)
{ P =g ->pPrev;
1T ( p = NULL)
{ q->pPrev = p->pPrev;
iIT(p == l.pHead) l.pHead = q;
else p->pPrev->pNext = (q;
delete p;

}
}

else
RemoveTail(l);

}
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" Danh sach lién két kép
uy mot phan td cé khoa k (1/3)

int RemoveNode(DLIST &I, Data k)

{ DNODE *p = l.pHead;
. NODE *q;
while( p = NULL)
™) { 1f(p->Info == k) break;
P = p->pNext;
}
LR
+
L
- RemoveNode(2/3)
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" Danh sach lién két kép
_Hay mét phan ti c6 khoa k (2/3)

. int RemoveNode(DLIST &I, Data k)

O {
™ if(p == NULL) return 0; /Khdng tim thdy k
Ll q = p->pPrev;
— iT ( g = NULL)
- { p =g ->pNext ;
— 1T ( p = NULL)
R[] { g->pNext = p->pNext;
o 1IT(p == L.pTail) l._pTail = q;
- 3 else p->pNext->pPrev = (;
- +
L +
---------------------------------------- RemovveNode(3/3)
+
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"
Danh sach lién két kép
Hiy mot phan ti cé khoda k (3/3)

int RemoveNode(DLIST &I, Data k)

B e e e aeaaacaaaaaa
else //p la phan t0 dau xau
{ 0I.pHead = p->pNext;
iIT(l.pHead == NULL) l.pTail = NULL;
else I _.pHead->pPrev = NULL;
}
delete p;
return 1;
+
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Danh sach lién két kép
Sap xép danh sach

m Viéc sip x&p danh sdch trén xau kép vé€ co ban khong
khac gi trén xau don.

m Ta chi can lvu y mot di€u duy nhat 12 can bdo toan cdc
moi lién k€&t hai chi€u trong khi sip x€p.
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" Danh sach lién két kép
ﬁép Xx€p danh sach - DListQSort(1/2)

Ll \oid DListQSort(DLIST & 1)
{ DNODE  *p, *X; // X chi dén phan ti cdm canh
DLIST 11, 12;
iT(l.pHead == L.pTail) return;/da co thu tu
B I1.pHead == I11.pTail NULL; /khdi tao
12_pHead == 12.pTail NULL;
X = l.pHead; l.pHead = X->pNext;
while(l.pHead "= NULL) //Tach I thanh I1, I2;
{ p = l.pHead;
I .pHead = p->pNext; p->pNext = NULL;
iIT (p—>Info <= X->Info) AddTail(ll, p);
else AddTarl (12, p);

b s

I e PListQSort(2/2)
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Danh sach lién két kép
Sap x&p danh sach - DListQSort(2/2)

void DListQSort(DLIST & 1)

B e eecaemeaaaaan
DListQSort(11); //Goi dé qui dé& sort I1
DListQSort(12); //Goi dé qui dé sort 12

}

/NGi 11, X va 12 lai thanh | da sdp xép.

iIf(l11l.pHead !'= NULL)

{ 0Il.pHead = ll.pHead; ll.pTail->pNext = X;
X->pPrev = I1l.pTail;

} else l.pHead = X;

X->pNext = 12;

iIf(12.pHead '= NULL)

{ I1.pTail = 12_pTail;
12->pHead->pPrev = X;

} else L.pTail = X;
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" -«
Danh sach lién két kép

m XAau kép v€ miit cd ban c6 tinh chit gidng nhu xau don.
m Tuy nhién né c¢6 mdt s6 tinh chit khdc xau don nhu sau:

[ Xau kép c6 mdi lién k&t hai chi€u nén tr mot phan
bat k¥ c6 thé truy xudt mdt phan tf bat ky khic.
Trong khi trén xau don ta chi ¢6 thé truy xui't dén cic
phan t& ding sau mot phan t cho truéc. Pi€u nay
din dén viéc ta c6 thé dé dang hiy phan ti cudi xau
kép, cOn trén xau don thao tdc nay ton chi phi O(n).

0 Bu lai, xau kép ton chi phi gdp dodi so véi xau don cho
viéc luu trit cdc mdi lién két. Pi¢u nay khié€n viéc cip
nhat ciing ning né hon trong mot s6 trudng hop. Nhu
vay ta can cAn nhic lya chon CTDL hdp 1y khi cai dit
cho mot ng dung cu thé.
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" - .
Hang dgi hai dau
(double-ended queue)

® Hang dgi hai dau (goi tit 12 Deque) 12 mot vat chita cac
doi tugng ma viéc thém hodc hiy mot doi tugng dudc
thuc hi€n & ca 2 dau cua noé.
m Deque 12 mdt CTDL tritu tugng (ADT) hd trg cédc thao
tac chinh sau:
0 InsertFirst(e): Thém do6i tugng e vao dau deque
0 InsertlLast(e): Thém do6i tugng e vao cudi deque
0 RemoveFirst(): LAy d6i tuong & dau deque ra khoi
deque va trd vé gid tri ciia nd.
0 Removelast(): Lay ddi tugng & cudi deque ra khdi
deque va trd vé gid tri ciia nd.
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" - .
Hang dgi hai dau
(double-ended queue)

m Ngoaira, deque ciing hd trd cic thao tdc sau:
0 IsEmpty(): Ki€m tra xem deque cé rdng khong.
0 First(): Trd v€ gid tri cia phan t¥ nim & dau deque
ma khong huy né.
0 Last(): Trd v€ gi4 tri cia phan t& nim & cudi deque
ma khong huy né.
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'_— ;
Dung deque dé
cal dat stack va queue

m Dung Deque d€ cai dit Stack

STT | Stack Deque
1 FPush InsertLast
2 Pop RemoveLast
3 Top Last
4 [sEmpty [sEmpty

m Dung Deque dé€ cai dit Queue

STT | Queue Deque
1 Enqueue InsertLast
2 Dequeue RemoveF1st
3 Front First
4 IsEmpty IsEmpty
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" -
Cai dat deque

m Do dic tinh truy xudt hai dau cia deque, viéc xay dung
CTDL bi€u dién né phai phu hgp.

m C6 thé cai dit CTDL deque biing danh sich lién két don.
Tuy nhién, khi d6 thao tic RemoveLast hily phan ti &
cudi deque sé& tdn chi phi O(n). Pi€u nay Iam gidm hiéu
qua cua CTDL.

m Thich hdp nhat dé cai dit deque 12 dung danh sich lién
két kép. TAt ca cac thao tdc trén deque khi d6 sé& chi ton
chi phi O(1).
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! V4
Danh sach lién két co thu tu
(Odered List)

m Danh sich lién két c6 thit tv (goi tdt 12 OList) 12 mot vat
chita cdac doi tugng theo mot trinh tu nhat dinh.

m Trinh ty ndy thudng 12 mot khéa sip x€p nao d6. Viéc
thém mot doi tugng vao OList phdi bdo ddm tOn trong
thit tu nay.

m Ta cé thé cai dit OList bing DSLK don hoic DSLK ddi
vdi viéc dinh nghia lai duy nhdt mot phép thém phan ti:
thém bao toan thi tw. Nghia 1a trén OList chi cho phép
mot thao tdc thém phan tif sao cho thi tu dinh nghia trén
OList phai bao toan.
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! V4
Danh sach lién két co thu tu
(Odered List)

NODE* InsertNode(LIST & 1, Data X)
{ NODE* q = NULL, *p = I.pHead;
IT(IsEmpty(l)) return InsertHead(l, X);

while(p)
{ 1f(p->Info >= X) Dbreak;
qa = P,

P = g->pNext;
+
NODE* pT = new(NODE);
pT->Info = X; pT->pNext= p;
1T(9) g->pNext = pT;
else [1.pHead = pT;
1T(q == I->pTail) l.pTail = pT;
return pT;

}
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! V4
' Danh sach lién két co thu tu
dered List)

NODE* SearchNode(LIST 1, Data X)

{
NODE*p = 1.pHead;

while(p)

{ 1f(p->Info == X) Dbreak;
else 1Tf(p->Info > X) return NULL;
P = p->pNext;

}

return p;

}

b
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! V4
Danh sach lién két co thu tu
(Odered List)

m C6 thé dung OList d€ cai dit CTDL hang dgi ¢6 dd uu
ti€n.

m Trong hang ddi c6 dd uu tién, mdi phan t& dudc gan cho
mot d0 uu tién.

m Hang dgi c6 dd uu tién cling gidng nhu hang dgi binh
thudng & thao tic 14y mot phan t khdi hang dgi (1ay &
dau queue) nhung khic & thao tic thém vao. Thay vi
thém vao & cudi queue, viéc thém vao trong hang dgdi co
dd wu tién phdi bdo ddm phan ti ¢6 do uu tién cao ding
trude, phan ti c6 dd uu tién thap ding sau.

m Hang dgi c6 dd uu tién cé nhi€u tng dung, vi du nhu
dung quan ly hang dgi cdc ti€n trinh chd dugc xit 1y trong
cidc hé dieu hanh da nhiém.
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Danh sach lién két vong

m Danh sich lién k&t vong (xau vong) 12 mot danh sdch
don (hoic kép) ma phan ti cudi danh sdch thay vi mang
gid tri NULL, trd t8i phan t& dau danh sdch.

m D4i v6i danh sdch vong, ¢6 thé xuat phat tf mot phan ti
bat ky d€ duyét toan bd danh sich.
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;ﬁanh sach lién két vong

m D€ bi€u dién, cé thé st dung cic k§ thuit bi€u dién nhu

- danh sach don (hodc kép).

- Head Tal
Hérll-i DipBinfiia it

L

1 - Tail

L
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" -
Danh sach lién két vong
Tim phan td trén danh sach vong

m Danh sich vong khong c6 phan tit dau danh sdch rd rét,
nhung ta c6 thé dinh ddu mot phan tf bat ky trén danh
sach xem nhu phan t& ddu xau d€ ki€m tra viéc duyét da
qua hét cdc phan tif ctia danh sdch hay chua.

NODE* Search(LIST &l, Data Xx)
{ NODE *p;

p = l.pHead;

do

{ 1f ( p—>Info == xX) return p;

P = p->pNext;
} while (p '= l.pHead); / chua di giap vong
return p;

}
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Danh sach lién két vong
Thém phan tii dau xau

void AddHead(LIST &1, NODE *new_ele)
{

if(l.pHead == NULL) //X&u réng

{

I.pHead = I.pTail = new_ele;
I.pTail->pNext = l.pHead;

+

else

{
new_ele->pNext = I.pHead;
I.pTail->pNext = new_ele;
I.pHead = new _ele;

+

+
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"
Danh sach lién két vong
Thém phan t cudi xau

void AddTarn I (LIST &I, NODE *new_ele)
{

if(l.pHead == NULL) //X&u réng

{

I.pHead = I.pTail = new_ele;
I.pTail->pNext = l.pHead;

+

else

{
new_ele->pNext = I.pHead;
I.pTail->pNext = new_ele;
I.pTail = new _ele;

+

+
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"
Danh sach lién két vong
Thém phan t sau nut q

void AddAfTter(LIST &1, NODE *g, NODE *new _ele)
{

if(l.pHead == NULL) //X&u réng

{

I.pHead = I.pTail = new_ele;
I.pTail->pNext = l.pHead;
ks
else
{
new_ele->pNext = g->pNext;
q->pNext = new_ele;
1IT(q == L.pTail)
I.pTail = new _ele;
+
ks
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"
Danh sach lién két vong
Huy phan ti dau xau

voild RemoveHead(LIST &I)
{
NODE *p = I.pHead;
1IT(p == NULL) return;
iIT (1.pHead = I._pTail)
I.pHead = I.pTail = NULL;
else
{
I _pHead = p->Next;
iIT(p == L.pTail)
I.pTail->pNext = |.pHead;
+
delete p;

}
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Danh sach lién két vong
Huy phan ti ding sau nut g

void RemoveAfter(LIST &I, NODE *q)
{ NODE *p;
1IT(g = NULL)
{
p = q ->Next ;
iIT (p==q9g) Il.pHead = Il.pTail = NULL;
else
{
g->Next = p->Next;
1IT(p == L.pTail)
I.pTail = q;
ks
delete p;
+
ks
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" -
Danh sach co
nhieu moi lien ket
m Danh sich cé nhiéu méi lién k€t 12 danh sich ma mdi
phan t& c¢6 nhi€u khéa va ching dugc lién k&t vdi nhau
theo turng loa1 khoa.
m Danh sdch cé nhi€éu méi lién k€t thudng dudec x& dung
trong cac ung dung quan ly mdt cd sG dit li€u 16n véi

nhitng nhu cau tim ki€m dit liéu theo nhitng khod khic
nhau.
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" -
Danh sach co
nhieu moi lien ket
m Vidu: P& quin Iy danh muc dién thoai thuin tién cho
viéc in danh muc theo nhitng trinh ty khac nhau : tén
khéch ting dan, theo sd dién thoai ting dan, thdi gian lip

dit gidm dan, ta c6 thé td chidc dit liéu nhu hinh trén:
mot danh sdch voi 3 moi lién két:

[0 mOt cho ho tén khach hang,
[0 mot cho s6 dién thoai

1 mot cho thdi gian 1dp dat
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L

anh sach co

L
D,jfﬁhiéu mol lien két

B Vidu: quan ly danh muc dién thoai

Headl

Head?2

KH1

3354266 °

£ KH2 e
]
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" -
Danh sach téng quat

m Danh sich tong quit 12 mdt danh sich ma mdi phan ti
cla né c6 thé lai 1a mot danh sach khéc.

7 ”, . 7 ~ y 2 2 7
m Cac vi du sau minh hoa cac cau truc danh sach tong quat.

m Cac thao tac trén mot danh sach dugc xay dung dua trén
¢S s3 cdc thao tdc trén danh sdch lién két ching ta da
khao sat.
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. Danh sach téng quat

m Vidu 1:
™ typedef  struct tagNode
{
DATA Info;
B struct tagNode *pNext;
void *Sublist;
~ JINODE;
typedef NODE  *PNODE;
L
L
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L

anh sach téng quat

m Vidu 2:
typedef struct tagNguoi
{
char Ten[35];
char GroiTinh;
int NamSinh;

struct tagNguoir *Cha, *Me;
struct tagNguoir *Anh, *Chi, *Em;
INGUOI ;
typedef NGUOI *PNGUOI ;
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L

anh sach téng quat

m Vidu 3:

typedef  struct tagGNode

{
DATA Info;

struct tagGNode **pLink;
}GNODE ;
typedef GNODE *PGNODE ;
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