Ch-ng 4
Ng'n xOp, hung ®ii vy danh s,ch mic néi
(stack, queue, link list)

4.1- KiOu d+ liGu ng'n xOp vp ong dong
4.1.1- §bnh nghUa vy khai b,o

Ng'n xOp (Stack) hay bé xOp chéng Ip mét kiOu danh s,ch tuyOn tYnh
®/c biOt mp phBp bae xung phCn t6 vy loti ba phCn t6 lu«n lu«n ®ic thuc
hiOn & mét ®Cu gai lu ®@nh (top).

Ca thO hxnh dung stack nh mét chang ®Ua ®ic xOp vpo hép hoAc
mét b'ng ®!n ®ic nip vpo khEu song lign thanh. Qu, trxnh xOp ®Ua hoZEc
nlp ®n ch@ ®ic thuc hiOn & mét ®Cu, chiOc ®Ua hoZc vidn ®!n cuei cing It
chiOm vb trY & ®@nh ®Cu ti?n cRn ®Ua ®Cu ho/c vizgn ®'n ®Cu Il é ®y
cfia hép (bottom), khi IEy ra thx ®Ua cuéi cing hoZEc vidn ®n cuéi cing 1% ®ic
IEy ra tric ti®n. Nguy2n t%c vuo sau ra tric ciia stack cBn ®ic gai dii mét tan
kh,c LIFO (Last- in- First- Out).

Stack ca thO rgng ho/&Ec bao gdm mét sé phCn t6. Ca hai thao t.c
chYnh cho stack Ip tham mét nét vpo ®@nh stack (push) v loti ba mét not tli
®@nh stack (pop). NOu ta muén tham mét nét vuo ®@nh stack thx tric ®4 ta
phTi kiOm tra xem stack ®: ®Cy (full) hay cha, nOu ta muén loi ba mét nét
cfia stack thx ta phfi kiOm tra stack c& r¢cng hay kh«ng. Hxnh 4.1 minh haa
su thay ®eei ciia stack th«ng qua c,c thao t,c thm v bit ®@nh trong stack.
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Gif so ta cA mét stack S lu tr+ ¢_c kY t0. Tring th,i b%t ®Cu ciia stack
®ic m« tf trong hxnh a. Khi ®3& thao t,c:

push(S,'G") (hxnh b)
push(S,'H’) (hxnh c)
pop(S) (hxnh d)
pop(S) (hxnh e)
push(S,’I") (hxnh f)

(hxnha)  (hxnhb)  (hxnhc)  (hxnhd)  (hxnhe)  (hxnhf)

> mOOommo
> | O|omme|T
>|mOommno
> oO|C/m|m

> moO|ommi—

> mO|O/mim

Ca thO lu tr+ stack dii ding mét vector S gam n thunh phCn lign tiOp
nhau. NOu T Iy In ®pa ch@ cfia phCn t6 ®@nh stack thx T si ca gi, trb biOn
®eei khi stack ho't ®éng. Ta gai phCn td6 ®Cu ti®n ciia stack In phCn t6 thg 0,
nh vEy stack rgng khi T ca gi, trb nha h-n 0 ta qui ic Iy -1. Stack trun khi T ca
gi, trb Ip n-1. Mci khi mét phCn t6 ®ic th®m vuo stack, gi, trb cfia T ®ic t'ng
12n 1 ®-n vb, khi mét phCn to bb loti ba khai stack gi, trb cfia T si gifm ®i
mét ®-n vp.

TOP T BOOTTOM
(_ 3
S1 | S2 S3 s ST ...
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8O khai b,o mét stack, chéng ta ca thO ding mét mng mét chiOu.
PhCn t6 thg O Iy ®,y stack, phCn to cuéi ciia ming Iu ®Jnh stack. Mét stack
teeng qu.t I mét cEu tréc gadm hai tréng, tréng top Ip mét sé nguy?n ch@
®@nh stack. Tréng node: Iu mét mIng mét chiOu gdm MAX phCn t6 trong
®a mci phCn to In mét not cfia stack. Mét not cfia stack ca thO In mét biOn
®-n ho/&Ec mét cEu tréc phfn .nh tEp th«ng tin vO not hiOn tii. VY db, khai
b.o stack ding ®O lu tr+ c,c sé nguy2n.

#define TRUE1

#define FALSE 0
#define MAX 100
typedef struct {

int  top;

int  nodes[MAX];

} stack;
4.1.2- C c thao t c vii stack

Trong khi khai b,0 mét stack ding danh s,ch tuyOn tYnh, chéng ta cCn
®bnh nghUa MAX ®# lin ®0 cé thO lu tr+ ®ic mai ®@nh cha stack. Mét
stack ®: bp trun (TOP = MAX- 1) thx na kh«ng thO thdm vuo phCn t6 trong
stack, mét stack r¢ng thx nd kh«ng thO ®a ra phCn t6. Vx vEy, chong ta cCn
x©y ding tham c,c thao t,c kiOm tra stack c& bb trun hay kh«ng (full) vu thao
t.c kiOm tra stack ca rgng hay kh«ng (empty).

Thao t,c Empty: KiOm tra stack cé r¢ng hay kh«ng:
int  Empty(stack *ps) {

if (ps ->top == -1)// liGu ®©y c& ph{l Iy danh s_ch lign kOt kh«ng. NOu
kh«ng ph{]l thx c,| nuy nd cd y nghUa gx ®©y?

return(TRUE);
return(FALSE);

}
Thao t,c Push: Th®m not mii x vio ®@nh stack v thay ®aei ®@nh stack.

void Push (stack *ps, int x) {
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if (ps ->top ==-1) {
printf(*\n stack full”);
return;
}
ps -> top = ps ->top + 1;
ps -> nodes[ps->top] = x;
}
Thao t,c Pop : Lol ba nét tti ®@nh stack.
int  Pop ( stack *ps) {
if (Empty(ps) {
printf(*\n stack empty”);
return(0);

}

return( ps -> nodes[ps->top --]);

4.1.3- gng dong ciia stack

VY db 4.1. Ch-ng trxnh ®fo ngic x©u KY tu: qu, trxnh ®fo ngic mét xCu
KY tu giéng nh viOc ®a vpo (push) tdng KY tu trong x©u vpo stack, sau ®a ®-
a ra (pop) c.c kY tu trong stack ra cho tii khi stack r¢ng ta ®ic mét xOu ®fo
ngic. Ch-ng trxnh sau sl minh haa c- chO LIFO ®fo ngic x©u KY ti sé déng
stack.

#include <stdio.h>

#include <stdlib.h>

#include <conio.h>

#include <dos.h>

#include <string.h>

#define MAX 100

#define TRUE1

#define FALSE 0

typedef struct{
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int top;
char node[MAX];
} stack;

[* nguyen mau cua ham*/
int  Empty(stack *);
void Push(stack *, char);
char Pop(stack *);
[* Mo ta ham */
int Empty(stack *ps){
if (ps->top==-1)
return(TRUE);
return(FALSE);
}
void Push(stack *ps, char x){
if (ps->top==MAX-1 ){
printf("\n Stack full");
delay(2000);
return;
}
(ps->top)= (ps->top) + 1;
ps->node[ps->top]=x;

}
char Pop(stack *ps){
it (Empty(ps){
printf("\n Stack empty");
delay(2000);return(0);
}
return( ps ->node[ps->top--]);
}

void main(void){
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stack s;
char ¢, chuoi[MAX];
int i, vitri,n;s.top=-1;clrscr();
printf("\n Nhap String:");gets(chuoi);
vitri=strlen(chuoi);
for (i=0; i<vitri;i++)
Push(&s, chuol[i]);
while('Empty(&s))
printf("%c", Pop(&s));
getch();
}
VY dé 4.2: ChuyOn ®eei sé t6 hO thEp ph©n sang hO c- sé bEt k.
8O chuyOn ®eei mét sé & hO thEp ph©n thunh sé & hO c- sé bEt ka,
chong ta IEy sé ®a chia cho ¢c- sé cCn chuyOn ®ai, lu tr+ I phCn d ciia
phBp chia, sau ®a ®fo ngic 1% d-y c.c sé d ta nhEn ®ic sé cCn chuyOn ®aei,
viOc lum npy giéng nh c- chO LIFO ciia stack.
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#define MAX 100
#define TRUE1
#define FALSE 0
typedef struct{
int top;
unsigned int node[MAX];
} stack;
int  Empty(stack *);
void Push( stack *, int);
int Pop(stack *);
int Empty(stack *ps) {
if (ps->top==-1){
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printf("\n Stack empty");
delay(2000);return(TRUE);

}
return(FALSE);

}
void Push(stack *ps, int p)}{
if (ps ->top==MAX-1){
printf("\n Stack full");
delay(2000);return;
}
ps->top=(ps->top) + 1;
ps->node[ps->top]=p;

}
int Pop(stack *ps ){
if (Empty(ps)!{
printf("\n Stack Empty");
delay(2000); return(0);
}
return(ps->node[ps->top--]);
}

void main(void){
int n, coso, sodu;
stack s;s.top=-1;
clrscr();
printf("\n Nhap mot so n=");scanf("%d",&n);
printf("\n Co so can chuyen:");scanf("%d",&c0so0);
while(n!'=0){
sodu= n % coso;
Push(&s,sodu);
N=n/Coso;
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while('Empty(&s))
printf("%X", Pop(&s));
getch();

}
VY dé 4.3- TYnh gi, trb mét biOu thgc ding hEu té.

XPt mét biOu thgc ding hEu té ch@ chga c,c phPp to.n céng (+), trd
(), nh©n (*), chia (/), loy thda ($). CCn phfi nh%c I%i r»ng, nhu logic hac
Lewinski ®: chgng minh ®ic r»ng, mai biOu thac ®0u ca thO biOu diOn dii
dtng hEu t& mp kh«ng cCn ding thdm c,c kY hiOu phd. VY db :

23+5%2$ = ((2 + 3) *5) 2 = 625

8O tYnh gi, trb cfia biOu thgc ding hEu té, chong ta sé ddng mét stack
lu tr+ biOu thgc qu, trxnh tYnh to,n ®ic thuc hiOn nh sau:

LEy to.n hing 1 (2) -> LEy to,n htng 2 ( 3) -> LEy phbp to.n ‘+ ->
LEy to,n hing 1 céng to,n hing 2 v ®Ey vpo stack (5) -> LEy to,n hing tiOp
theo (5), IEy phPp to,n tiOp theo (*), nh©n vii to,n hing 1 rdi ®Ey vuo stack
(25), IEy to,n hing tiOp theo (2), IEy phPp to n tiOp theo ($) vu thuc hiOn, IEy
luil thda r&i ®Ey vpo stack. Cuéi cing ta nhEn ®ic 25 2= 625. Ch-ng trxnh
tYnh gi, trb biOu thgc ding hEu té ®ic thac hiOn nh sau:

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <dos.h>
#include <string.h>
#include <math.h>
#define MAX 100
#define TRUE1
#define FALSE 0
typedef struct{

int top;

double node[MAX];
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} stack;
int  Empty(stack *);
void Push( stack *, double);
double Pop(stack *);
double Dinhtri(char *);
int lakyso(char);
double tinh(int, double, double);
int Empty(stack *ps) {

if (ps->top==-1){

printf("\n Stack empty");

delay(2000);return(TRUE);

}
return(FALSE);

}
void Push(stack *ps, double p){
if (ps ->top==MAX-1){
printf("\n Stack full");
delay(2000);return;
}
ps->top=(ps->top) + 1;
ps->node[ps->top]=p;

}
double Pop(stack *ps ){
if (Empty(ps)){
printf("\n Stack Empty");
delay(2000); return(0);
}
return(ps->node[ps->top--]);
}
double Dinhtri(char *Bieuthuc){

inti,c, vitri;
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double toanhangl, toanhang?2, giatri;
stack s;
s.top=-1,vitri=strlen(Bieuthuc);
for(i=0;i<vitri;i++){
if (lakyso(Bieuthucfi]))
Push(&s,(double)(Bieuthuc[i]-'0");
else {
toanhang2=Pop(&s);
toanhangl=Pop(&s);
giatri=tinh(Bieuthuc]i],toanhangl, toanhang?2);
Push(&s, giatri);

}
return(Pop(&s));

}
int lakyso(char kitu) {
return(kitu>='0' && kitu<='9");
}
double tinh(int toantu, double toanhangl, double toanhang2){
double ketqua=0;
switch(toantu){
case '+': ketqua=toanhangl+toanhang2;break;
case '-". ketqua=toanhangl-toanhang2;break;
case "*'. ketqua=toanhangl*toanhang2;break;
case '/'. ketqua=toanhangl/toanhang2;break;
case '$" ketqua=pow(toanhangl,toanhang2);break;
}
return(ketqua);
}
void main(void){
char c, bieuthuc[MAX];
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int vitri;clrscr();
printf("\n Nhap mot bieu thuc:");gets(bieuthuc);
printf("\n Gia tri = %f",Dinhtri(bieuthuc));

}
4.2- Hung ®ii (Queue)

4.2.1- Giii thiOu hung ®ii

Kh,c vii stack, hung ®ii (queue) Ip mét danh s,ch tuyOn tYnh mu thao
t.c bae sung phCn t6 ®ic thuc hiOn &€ mét ®Cu gai I 1&i vpo (rear). PhBp lodi
ba phCn td ®ic thuc hiOn & mét ®Cu kh_c géi Ip I&i ra (front). Nh vEy, c- chO
cfia queue gieng nh mét hung ®ii, ®i vuo € mét ®Cu vu ®i ra € mét ®Cu hay
FIFO (First- In- First- Out).

8O truy nhEp vuo hung ®ii, chéng ta s6 déng hai biOn con tra front
ch@ lei tric vu rear ch@ lei sau. Khi lei tric tring vii lei sau (g.rear = g.front)
thx queue & tring th,i rgng (hxnh a), ®0 thdm d=+ 1iOu vuo hung ®ii ¢.c phCn
to A, B, C ®ic thuc hiOn th«ng qua thao t_c insert(qg,A), insert(q,B), insert(q,C)
®ic m« tf € hxnh b, thao t,c loti ba phCn t6 khai hung ®ii ®ic m« t € hxnh c,
nh+ng thao t.c tiOp theo ®ic m« t ti hxnh d, e, f.

Tring th,i rgng cia queue (hxnh a)

g.front = -1; q.rear = -1
<_

insert(Q, A); insert(Q,B), insert(Q,C) : hxnh b

Q.re?r=2; Q.front=0;

v v

C ‘ B ‘ A
remove(Q): hxnh c

Q.rear=2 Q.front=1
v |

C B

insert(Q,D): hxnh d
Q.rear =3 Q.front=1

.



D C B

remove(Q): hxnh e

Q.rear =3 Q.front=2

D C

C,ch tee chgc nuy sl dEn tii tréng hip c,c phCn t6 di chuyOn kh3ap
kh«ng gian nhi khi thac hiOn bae sung v loti ba. VY dé: cg mgi phBp bee
sung kim theo mét phPp loti ba si dEn tii tréng hip

Q.front = Q.rear = MAXQUE-1; v phBp bae xung vy loti ba kh«ng thO
tiOp toc thuc hiOn. 80 kh3ac phéc txnh tring nuy, chéng ta ci thO tae chac
queue nh mét vi3ng trl3n, khi ®& Q[1] coi nh ®@ng sau Q[MAXQUE-1].

Trong nhiOu tréng hip, khi thuc hiOn tham ho/Ec loti ba phCn t6 cha
hung ®ii chdng ta cCn xbt tii mét thg tu u ti*n npo ®4&, khi ®a hung ®ii ®ic
gai Iu hung ®ii ca ®¢é u tien ( Priority Queue ). Vii priority queue, thx n6t npo
cd ®é u ti®n cao nhEt ®ic thuc hiOn loti ba tric nhEt, cRn vii thao t,c tham
phCn t6 vo hung ®ii tré thunh thao t,c thm phCn t6 vuo hung ®ii ca xbt tii
®eé u tien.

4.2.2- gng déng hpng ®ii

Mai VEn ®O cfia thic tO lien quan tii c- chO FIFO nh ¢- chO géi tion,
rét tion trong ng©n hung, ®4&t vb m,y bay . . .®0u ci thO gng dong ®1ic
b»ng hung ®ii. Hung ®ii cRn ca nh+ng gng dong trong viOc gifi quyOt c.c
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bpi to_n cfia HO ®iOu hunh vp ch-ng trxnh dbch nh bpi to.n ®iOu khiOn c,c
qu, trxnh, ®iOu khiOn nip ch-ng trxnh vpo bé nhi hay byi to n |Ep lbch. Sau
®Oy lp nh+ng vY dé minh haa vO gng dong ciia hung ®ii.
VY db 4.4- Gifi quyOt bpi to,n "Ngéi sfin xuEt vu nhy tiu ding “ vii sé c.c
ving ®Om htn chO.

Chong ta h-y m« t qu, trxnh sfn xuEt vu tidu ding nh hai qu, trxnh
riang biOt vu thuc hiOn song hunh, ngéi sfn xuEt ca thO sfn xuEt téi ®a n
mAt hung, ngéi tifu ding cong chd ®ic phbp s6 dong trong se n mAt hung.
Tuy nhi®n, ngéi sfin xuEt khi sfn xuEt mét mAt hung anh ta ch@ ca thO lu
tr+ vio kho khi v ch@ khi kho cha bb ®Cy, ®ang théi khi ®a, nOu kho hung
kh«ng reng (kho ¢ hpng) ngéi tidu ding ca thO tidu ding nh+ng mAt hung
trong kho theo nguy2n t3c hung npo nhEp vpo kho tric ®ic tidu ding tric giéng
nh c- chO FIFO cfia queue. Sau ®@y Iy nh+ng thao t.c chfi yOu tr2n hung ®ii
®0 gifi quyOt byi to,n:

§bnh nghUa hung ®ii nh mét danh s,ch tuyOn tYnh gdm MAX phCn

t& mci phCn t6 In mét cEu troc, hai biOn front, rear tra 18i vpo vp 1&i ra trong
queue:

typedef struct{
int mahang;
char ten[20];
} hang;
typedef struct {
int front, rear;
hang node[MAX];
} queue;

Thao t.c Initialize: thiOt |Ep tring th.i ban ®Cu ciia hung ®ii. é tring th.i npy,
font vu rear ca cing mét gi, trb :MAX-1.

void Initialize ( queue *pq){
pg->front = pg->rear = MAX -1;
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Thao t,.c Empty: kiOm tra hung ®ii ca é tring th,i rgng hay kh«ng. Hung ®ii
reng khi front == rear.

int Empty(queue *pq){
if (pg->front==pg->rear)
return(TRUE);
return(FALSE);
}

Thao t,c Insert: th®m X vuo hung ®ii Q. NC~)u~viC")c thdm X vpo hung ®ii ®ic
thuc hiOn & ®Cu hung thx rear ca gi, trb 0, nOu rear kh«ng ph{i € ®Cu hung
®ii thx gi, trb chia nd ®ic t'ng I2n 1 ®-n vb.

void Insert(queue *pg, hang x){
if (pg->rear==MAX-1)
pg->rear=0;
else
(pg->rear)++;
if (pg->rear ==pg->front){
printf("\n Queue full");
delay(2000);return;
}
else
pg->node[pg->rear]=x;
}
Thao t,c Remove: |0 ba phCn t6 &€ vb trY front khai hung ®ii. NOu hung ®ii

& tring th,i rgng thx thao t,c Remove kh«ng thO thuc hiOn ®ic, trong tréng
hip kh,c front ®ic t'ng [>n mét ®-n vb.

hang Remove(queue *pg){
it (Empty(pa)X{
printf("\n Queue Empty");
delay(2000);
}
else {
if (pg->front ==MAX-1)
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pg->front=0;
else
pg->front++;

}
return(pg->node[pg->front]);

}
Thao t.c Traver: DuyOt tEt c c,c nét trong hpng ®ii.
void Traver( queue *pq){
inti;
if(Empty(pa){
printf("\n Queue Empty");
return;
}
if (pg->front ==MAX-1)
i=0;
else
I = pg->front+1;
while (i'=pg->rear){
printf("\n %11d % 15s", pg->node[i].mahang, pg->node[i].ten);

if(i==MAX-1)
i=0;
else
i++:

}
printf("\n %11d % 15s", pg->node[i].mahang, pg->node[i].ten);

Sau ®©y Iy topn bé v'n bfin ch-ng trxnh:

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
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#include <dos.h>
#include <string.h>
#include <math.h>
#define MAX 50
#define TRUE1
#define FALSE 0
typedef struct{

int mahang;

char ten[20];
} hang;
typedef struct {

int front, rear,

hang node[MAX];
} queue;
/* nguyen mau cua ham*/
void Initialize( queue *pQ);
int  Empty(queue *);
void Insert(queue *, hang x);
hang Remove(queue *);
void Traver(queue *);

/* Mo ta ham */
void Initialize ( queue *pq){
pg->front = pg->rear = MAX -1;

}
int Empty(queue *pq){
if (pg->front==pg->rear)
return(TRUE);
return(FALSE);
}

void Insert(queue *pg, hang x){
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hang

}

if (pg->rear==MAX-1)
pg->rear=0;

else
(pg->rear)++;

if (pg->rear ==pq->front){
printf("\n Queue full");
delay(2000);return;

}

else
pg->node[pg->rear]=x;

Remove(queue *pq){

if (Empty(pa)){
printf("\n Queue Empty");
delay(2000);
}
else {
if (pg->front ==MAX-1)
pg->front=0;
else
pg->front++;
}

return(pg->node[pg->front]);

void Traver( queue *pq){

int i

if(Empty(pa){
printf("\n Queue Empty");
return;

}

if (pg->front ==MAX-1)
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i=0;
else
I = pg->front+1;
while (i'=pg->rear){
printf("\n %11d % 15s", pg->node[i].mahang, pg->node[i].ten);

if(i==MAX-1)
i=0;
else
i++:

}
printf("\n %11d % 15s", pg->node[i].mahang, pg->node[i].ten);

void main(void){
queue q;
char chucnang, frontl; char c; hang mh;
clrscr();
Initialize(&Q);
do {
clrscr();
printf("\n NGUOI SAN XUAT/ NHA TIEU DUNG");
printf("\n 1- Nhap mot mat hang");
printf("\n 2- Xuat mot mat hang");
printf("\n 3- Xem mot mat hang");
printf("\n 4- Xem hang moi nhap");
printf("\n 5- Xem tat ca");
printf("\n 6- Xuat toan bo");
printf("\n Chuc nang chon:");chucnang=getch();
switch(chucnang){
case ‘1"
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printf("\n Ma mat hang:"); scanf("%d",
&mh.mahang);

printf("\n Ten hang:");scanf("%s", mh.ten);
Insert(&g,mh);break;

case ‘2’:
if ("Empty (&)X
mh=Remove(&q);
printf("\n %5d %20s",mh.mahang, mh.ten);
}
else {
printf("\n Queue Empty");
delay(1000);
}
break;
case ‘3’:

frontl=(q.front==MAX-1)?0:q.front+1,
printf("\n Hang xuat");

printf("\n %6d %20s",q.node[frontl].mahang,
g.nodelfrontl].ten);

break;
case ‘4"
printf("\n Hang moi nhap");

printf("\n %5d %20s",
g.node[g.rear].mahang,q.node[q.rear].ten);

break;
case ‘5™
printf("\ Hang trong kho");
Traverse(&q);delay(2000);break;
}

} while(chucnang!="0");
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VY db 4.5: Bpi to_n IEp IPch ci u ti2n: Gif s6 ca n qu, trxnh thuc hiOn song
hunh trong hO théng, & mg¢i théi ®Om CPU ch@ ® p gng ®ic cho mét qu,
trxnh. H-y IEp Ibch ®) CPU ®,p @ng cho mgi qu, trxnh ®ang thic hiOn
trong hO, sao cho qu, trxnh npo ca ®é u tian cao nhEt ®ic ®,p gng tric nhEt.

8O gifi quyOt bpi to,n, chong ta tee chac ¢.c qu, trxnh ®ang ®ii CPU
®,p gng nh mét hung ®ii. Mc¢i phCn t6 cfia hung ®ii I|u mét qu, trxnh vu ca
thO ®ic HO ®iOu hunh quin ly b»ng mét khéi ®iOu khiOn c,c qu, trxnh PCB
( Proccess Control Block), m¢i PCB ®ic phin ,nh b»ng nh+ng th«ng tin sau:

Pointer Register

Memory Limited
I/O Driver
List Open File

Priority:

80 ®-n gifin, chéng ta coi tEt cf th«ng tin phfn ,nh vO qu, trxnh nh
mét sé nguy2n vl s€ nguy@n ®4 tring vii ®¢€ u ti2n cfia qu, trxnh. Khi ®3, viOc
thuc hiOn np qu, trxnh vpo hung ®ii nh nhEp mét sé nguy2n vu nip vuo
hung ®ii sao cho sé lin h-n sl ®ic nip vuo phCn t6 ®Cu ti?n, vii c,ch lum nh
vEy d-y c.c qu, trxnh si t ®éng s%p xOp theo thg th gifm dCn cfia ®¢é u tien.
Qu, trxnh CPU ®,p @ng giéng nh viOc loti ba qu, trxnh khai hung ®ii, qu,
trxnh npo ca ®é u tien lin nhEt si ®c CPU ®_p @ng sim nhEt. Sau ®©y Iy ch-
=ng trxnh gifii quyOt byi to,n IEp IPch ®-n gifin cho CPU:

#include  <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <dos.h>

#include <string.h>
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#include <math.h>
#define MAX 100
#define TRUE1
#define FALSE 0
typedef struct {

int rear,;

int node[MAX];
} pqueue;
void Pqinitialize(pqueue *pq){

pg->rear=-1;// vi khong xem hang doi giong mot vong tron nhu o truong
hop tren nen khi khoi tao rear = -1

}

int Pgempty(pqueue *pg){

if (pg->rear==-1)// do viec khoi tao rear = -1 nen khi no bang gia tri nay
thi queue rong

return(TRUE);
return(FALSE);
}
int Pqueuesize(pgqueue *pg){
return(pg->rear+1);?// day la gi
}
void Pginsert(pqueue *pq, int x){
inti, j;
if (pg->rear ==MAX - 1){
printf("\n Queue full");
delay(2000); return;
}
for (i=0;i<Pqueuesize(pqg) && pg->node[i]>=X; i++);
for(j=Pqueuesize(pq);j>i;J--)
pg->node[j] = pg->nodelj-1];
pg->nodeli]=x;
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pg->rear++;
}
int Pgremove(pqueue *pq){
int X, i;
if (Pgempty(pa)){
printf("\n Queue full");
delay(2000); return(x);
}
else {
x=pg->node[0];
for (i=0;i<pg->rear;i++)
pg->node[i]=pg->node[i+1]++;
pg-=rear--;
}
return(x);
}
void Pqgtraver(pqueue *pq){
inti;
if (Pgempty(pq)) {
printf("\n Queue Empty");
delay(2000); return;
}
for (i=0;i<=pg->rear;i++)
printf("%5d",pg->nodeli]);
}
void main(void){
pqueue *pq;
int douutien, chucnang;char c;
Pginitialize(pq);
do {
clrscr();
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printf("\n QUEUE PRIORITY");
printf("\n 1- Them nut uu tien");
printf("\n 2- Xoa nut uu tien");
printf("\n 3- Xoa hang doi");
printf("\n 4- Duyet hang doi");
printf("\n O0- Ket thuc");
chucnang=getch();
switch(chucnang){
case ‘1":
printf("\n Do uu tien:");scanf("%d",&douutien);
Pginsert(pg, douutien);
break;
case 2
Pgremove(pq); break;
case ‘3"
Pqinitialize(pq); break;
case ‘4":Pqtraver(pq); delay(2000); break;
}
} while(chucnang!="0");

}
4.3- Danh s_ch li2n kOt ®-n

4.3.1- Giii thiOu vy ®pPnh nghUa

Mét danh s,ch méac néi, hoZAc ng3n gan h-n, mét danh s,ch, lu mét d-y
cé thg ti c,c phCn t6 ®ic gai lu ®@nh. Danh s, ch ca ®iOm b3t ®Cu, géi Iy
tifu ®0 hay ®@nh ®Cu, mét ®Om cugi cing géai lu ®Znh cuéi. Mai ®2nh
trong danh s,ch ®0Ou ca cing kiOu ngay c{ khi kiOu nuy ca nhiOu ding kh.c
nhau.

Bfin chEt ®éng Ip mét trong nh+ng tYnh chEt chYnh cfia danh s,ch méc
nei. Ca thO thdm hoZEc bit ®@nh trong danh s ch vpo mai léc, mai vb tryY. Vx
sé ®@nh cfia danh s,ch kh«ng thO di kiOn tric ®ic, n2n khi thic hiOn, chong
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ta ph{i ding con tra mp kh«ng ding ®ic mfng ®0O bfo ®m viOc thic hiOn
hiOu qu{ vu tin cEy.

Mg¢i ®@nh trong danh s ,ch ®Ou gam hai phCn. PhCn thg nhEt chga d+
iOGu. D+ liOu ca thO ch@ Ip mét biOn ®-n hoZc Ip mét cEu tréc (hoZ&c con
tr& cEu tréc) ca kiOu nuo ®&. PhCn thg hai cfia ®@nh Iy mét con trd ch@ vuo
®pba ch@ ciia ®@nh tiOp theo trong danh s ch. Vx vEy ca thO dO dung s
déng c.c ®@nh cfia danh s ch qua mét cEu troc th tra ho&Ac ®O qui.

Xem nh mét thY dé ®-n gifn, ta h-y xBt tréng hip m¢i ®2nh ciia danh
s,ch ch@ lu gi+ mét biOn nguy2n. Ca thO ®pnh nghUa ®@nh nh sau:

*®@nh cfia danh s ,ch ®-n chd chga mét sé nguy2n*/

struct don {
int phantu;
struct don *tiep;
3
typedef struct don don_t;

Trong tréng hip npy, biOn nguy2n phantu cha tong ®Jnh chga d+ Ii(:)u
cf3n biOn con tra tiep chga ®Pa ch@ cfia ®Jnh tiOp theo. S- ®3& biOu diOn
danh s ,ch méac nei ®-n ®ic biOu diOn nh hxnh dii ®©y

PhCn_t6 —PRhCn_to phCn_to —.
Hxnh 4.3.1. Danh s,ch mac nei ®-n

Taeng qu.t h-n, m¢i ®@nh ciia danh s ch ca thO chga nhiOu phCn t6 d+

iGu. Trong tréng hip nuy, hip Iy h-n c{ Iy ®Pnh nghUa mét kiOu cEu troc t-

-ng @ng Vvii d+ liOu cCn lu gi+ tt m¢i ®Znh. Ph-ng ph,p nuy ®ic s6 dong

trong ®Pnh nghUa kiOu sau ®Cy:

*®@nh cfia danh s,ch teeng qu.,t */
struct tq {
thtin_t phantu;
struc tg*tiep;
3
typedef struct tq tq_t;
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KiOu cEu troc thtin_t phfi ®c ®pnh nghUa tric ®a ®0 t-ng @ng Vii
c,c d+ liOu sl ®ic lu tr+ ti tdng ®@nh. Danh s,ch ®ic t'o n2n td kiOu ®@nh
nuy giéng nh & s- ®3a trong Hxnh 4.3.1, ngoti trd viOc mci phantu Iy mét
bi®n nguy2n.

4.3.2- C c thao t,c tr*n danh s,ch mac nei

Thao t,c c,c danh s,ch méc néi bao gadm viOc cEp ph,t bé nhi cho c.c
®@nh (th«ng qua c¢.c hum MALLOC hoZc CALLOC) vu g.n d+ liOu cho con
tra. 80 danh s,ch ®ic tlo n?n ®bng ®%n, ta biOu diOn cho phCn t6 cuéi danh
s.ch Ip mét con trd& NULL. Con tra NULL Ip tYn hiOu th«ng b,o kh«ng cRn
phCn t6 npo tiOp theo trong danh s ch n+a.

TiOn h=n ¢ I chéong ta ®Pnh nghUa mét con tra tii danh s,ch nh sau:
struct node {
int infor;
struct node *next;
3
typedef struct node *NODEPTR; // Con tra tii node
CEp ph.t bé nhi cho mét node
NODEPTR Getnode(void) {
NODEPTR p;
P = (NODEPTR) malloc(sizeof( struct node));
Return(p);
}
Gifi phang bé nhi ciia mét node
NODEPTR Freenode( NODEPTR p){
free(p);

}
Chin mét phCn té mii vpo ®Cu danh s_ch
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C.c bic ®) chin mét phCn td mii vio ®Cu danh s ch cCn thac hiOn Iu:
% CEp kh«ng gian bé nhi ®f lu gi+ mét ®@nh mii;

% G.,nc,c gi, trb con tra thYch hip cho ®@nh mii;

< ThiOt IEp lizgn kOt vii ®@nh mii.

S- ®& biOu diOn phbp tham mét ®@nh mii vio ®Cu danh s,ch ®ic
thO hiOn nh hxnh 4.3.2.
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Hxnh 4.3.2. Th®m ®@nh mii vuo ®Cu danh s ,ch mac nei ®-n

infor next ¢ infor next o » infor next ..l .

[
»

infor next

S  Node cCn chin vpo ®Cu danh s.ch méac néi.

void Push_Top( NODEPTR *plist, int x) {
NODEPTR p;
p= Getnode(); // cEp kh«ng gian nhi cho ®@nh mii
p -> infor = x; // g,n gi, trb thYch hip cho ®@nh mii
p ->next = *plist;//dua con tro ve dau danh sach
*plist = p; // thiOt IEp lian kOt

}

Th*m mét phCn té6 mii vpo cuéi danh s ch

8O tham mét node vpo cuéi danh s ch, ta cCn thic hiOn qua c ¢ bic
sau:

CEp ph.t bé nhi cho node mii;

G.n gi, trb thYch hip cho node mii;

Di chuyOn con tré tii phCn t6 cuéi danh s_ch;
ThiOt 1Ep lizn kOt cho node mii.

S- ®4& thO hian phbp tham mét phCn t6 mii vpo cuéi danh s ch ®ic thO
hiOn nh trong hxnh 4.3.3.
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Hxnh 4.3.3. Th®*m node mii vuo cuéi danh s ch.

infor next o infor next o » infor next
A 4
infor | next NULL

void Push_Bottom( NODEPTR *plist, int x) {
NODEPTR p, q;
p= Getnode(); // cEp ph,t bé nhi cho node mii
p->infor = x; // g,n gi, trP th«ng tin thYch hip
g = *plist; // cho q bat dau di tu diem dau tien cua danh sac
while (g-> next != NULL)
q = -> next;
/Il sau khi xong vong while thi g se la diem cuoi cung
/I g Iu node cugi cing ciia danh s_ch lian kOt
g -> next = p; //node cuei bOy gié Iu node p;

p ->next = NULL; // de dam bao p la node cuoi thi node tiep theo
cua p phai la rong

}
Th®m node mii vpo gi+a danh s ch (tric node p)

80 tham node q vpo tric node p, chéng ta cCn luy node p phYi ca thic
trong danh s ch. Gif s6 node p Ip cé thuc, khi ®a xfy ra hai txnh huéng:
hoZc node p Ip node cuéi cing cfia danh s,ch li2n kOt tac p->next =NULL,
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ho/Ec node p cha phTi Ip cuéi cing hay p->next!=NULL. Tréng hip thg nhEt,
chéng ta ch@ cCn gai tii thao t,c Push_Bottom(). Tréng hip thg 2, chdng ta
thuc hiOn theo c_c bic nh sau:

CEp ph.t bé nhi cho node mii;

G.n gi, trb thYch hip cho node;

ThiOt IEp lian kOt node q vii node kO tiOp p;

ThiOt IEp litn kOt node node p vii node q;

void Push_Before( NODEPTR p, int x ){

NODEPTR q;

if (p->next==NULL)
Push_Bottom(p, X);

else {
g= Getnode(); // cEp ph,t bé nhi cho node mii
q -> infor = x; // g.n gi, trb th«ng tin thYch hip
g-> next = p-> next; // thiOt IEp lizn kOt node q vii node kO tiOp

p->next = q; // thiOt IEp litn kOt node p vii node q;

}
S- ®4& th®m node vpo gi+a danh s ch ®ic thO hiOn nh sau:

Hxnh 4.3.4. Phbp th®m phCn t6 vuo gi+a danh s ch li*n kOt ®-n.

P
infor next o » infor next o » infor next
v ®
Q NULL
infor next
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Xo, mét node ra khai ®Cu danh s ch

Khi loti ba node khai ®Cu danh s ch lizn kOt, chéng ta cCn cho y r»ng
nOu danh s,ch ®ang r¢gng thx kh«ng cCn phfi loti ba. Trong tréng hip cRn 14,
ta thuc hiOn nh sau:

Ding node p tra tii ®Cu danh s ch;
Dbch chuyOn vb trY ®Cu danh s,ch tii node tiOp theo;
Loi ba liegn kOt vii p;
Gifli phang node p;
void Del_Top( NODEPTR *plist) {
NODEPTR p;
p = *plist; // node p tra tii ®Cu danh s ch;
if (p==NULL) return; // danh s ch r¢cng
(*plist) = (*plist) -> next; // dbch chuyOn node géc 2n node kO tiOp
p-> next = NULL; //loti ba liagn kOt vii p
Freenode(p); // gifli phang p;
}
Lo'i b4 node &€ cuéi danh s ch
Mét node & cuéi danh s ch cé thO xfly ra ba txnh huéng sau:
Danh s,ch rgng: ta kh«ng cCn thuc hiOn loti ba;
Danh s,ch ch@ ca ®bng mét node: gng vii tréng hip Ioli b4 node
gec;
Tréng hip cRn I3 danh s ch c& nhiOu h-n mét node, khi ®4 ta phfi
dbch chuyOn tii node gCn node cuéi cing nhEt ®0 thuc hiOn lo?i
ba.
void Del_Bottom(NODEPTR *plist) {
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NODEPTR p, q;
if (*plist==NULL) return; //kh«ng Ipum gx
else if ( (*plist)->next==NULL)) // danh s ,ch cd mét node
Del_Top(plist);
else {
p = *plist;
while (p->next!=NULL){
q=p;
p = p->next; // q I|n node sau node p;
}
/I p In node cuei danh s ch;
g->next =NULL,; //node cuéi cing Ip q
Freenode(p); //gifli phang p;

}
Lo'i ba node é gi+a danh s ch (tric node p)

CCn ®0 y r»ng, nOu tric node p Ipn NULL (p->next==NULL) thx ta kh«ng thic
hiOn loti ba ®ic. Tréng hip cRn It chdng ta thuc hiOn nh sau:

Ding node q tra tii node tric node p;
Loti bé lizgn kOt chia g;
Gifli phang g.
void Del_before(NODEPTR p){
NODEPTR q;
if (p->next==NULL) return; // kh«ng Ium gx

q = p ->hext;
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p->next = g->next;
Freenode(q);

}
4.3.4- gng déng ciia danh s_ch li2n kOt ®-n

VY dé vidt ch-ng trxnh quin Iy sinh vidn sau sl minh ho! ®Cy ®fi cho
c,c thao t,c tr®n danh s,ch ®-n.
VY dé 4.6- ViOt ch-ng trxnh quqn ly sinh vi2n b»ng danh s,ch mac néi ®-n.
80 ®-n gifn, chéng ta ch@ quin Iy hai thuéc tYnh m- sinh vién (masv)
v ha tn sinh vien (hoten), c3n viOc mé réng bpi to_n coi nh mét bpi tEp thic
hunh.
#include  <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <dos.h>
#include <string.h>
#include <math.h>
#include <alloc.h>
#define TRUE 1
#define FALSE O
typedef struct {

int masv;
char hoten[20];

} sinhvien;

typedef struct node{
sinhvien infor;
struct node *next;

} *NODEPTR,;

void Initialize(NODEPTR *plist){// khoi tao danh sach
*plist=NULL;
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}
NODEPTR Getnode(void){// cap phat bo nho cho node

NODEPTR p;
p=(NODEPTR) malloc(sizeof(struct node));
return(p);

}

void Freenode(NODEPTR p){// giai phong node
free(p);

}

int Emptynode(NODEPTR *plist){// kiem tra danh sach rong
if(*plist==NULL)
return(TRUE);
return(FALSE);
}
NODEPTR Inserttop(NODEPTR *plist, sinhvien x){// them mot node vao dau
danh sach
NODEPTR p;
p=Getnode();
p->infor=x;
If(Emptynode(plist)){// truong hop la danh sach rong thi node ke tiep
cua node p them vao co gia tri null
p->next=NULL,
*plist=p;
return(p);
}
p->next=*plist;// truong hop khong phai la cay rong thi node them vao
dung dau
*plist=p;// hai cau lenh nay khong duoc hieu ro nghia lam nhung mang

mang co nghia la lien ket gia node p vao danh sach. Du sao list o day cung la
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gia tri dong chu khong phai la gia tri tinh nen khong nen xem list va list duoi
nhu nhau. Tot nhat phai hieu list la mot con tro chu khong phai la gia tri cua
mang hay struct dua ra
return(p);
}
int Bottomnode(NODEPTR *plist){// xac dinh | o cuoi danh sach
inti; NODEPTR p;
if(Emptynode(plist))
return(-1);
p=*plist;i=0;
while(p!=NULL){
i=i+1;
p=p->next;
}
return(i);
}
NODEPTR Insertbottom(NODEPTR *plist, sinhvien x){// them mot node vao
cuoi danh sach
NODEPTR p, g;int n,i;
n=Bottomnode(plist);// lay n la diem cuoi cung cua danh sach
if(n==-1){// neu n = -1 cay rong
Inserttop(plist,x);// them node cuoi chinh la them node dau
return(*plist);
}
p=*plist;i=0;q=Getnode();g->infor=x;//
// phan trong vong while thuc hien viec day con tro ve cuoi danh sach
while(i<n-1){
p=p->next;

i=i+1;
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}

p->next=q;q->next=NULL,;// them node q vao cuoi danh sach
delay(2000);return(q);
}
NODEPTR Insertafter(NODEPTR *plist, sinhvien x, int n){// them vao giua
danh sach
NODEPTR p,q; int i;
if(n<0){
printf("\n Vi tri khong hop le");
delay(2000);return(NULL);
}
p=*plist;i=0;
/[ doan trong vong while thuc hien viec dua con tro den ngay sau node p va
them node q vao vi tri do
while(p!=NULL && i<n){

i=i+1;
p=p->next;
}
if(p==NULL){
printf("\n Vi tri khong hop le");
delay(2000); return(NULL);
}

g=Getnode();g->infor=x;

g->next= p->next;// diem phia sau g chinh la diem phia sau p trong day
ban dau

p->next=q;// diem ngay tiep sau p chinh la diem g them vao

return(q);

}
void Deltop(NODEPTR *plist){// xoa bo diem dau danh sach
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}

NODEPTR p, q;
p=*plist;
If(Emptynode(plist)){
printf("\n Danh sach rong");
delay(2000); return;
}
g=p;p=p->next// gan cho node p la node tiep theo cua no ;*plist=p;
printf("\n Node bi loai bo");
printf("\n%-5d%-20s",g->infor.masv, g->infor.hoten);
delay(2000);Freenode(q);

void Delbottom(NODEPTR *plist){// xoabo node cuoi danh sach

NODEPTR p,q; inti,n;
n=Bottomnode(plist);
if(n==-1){
printf("\n Danh sach rong");
delay(2000); return;

}
if(n==1){
Deltop(plist);return;// khi n = 1 thi danh sach chi co mot node
}
p=*plist;i=0;
while(i<n-2){
p=p->next;
i=i+1;
}

g=p->next;p->next=NULL,;
printf("\n Node duoc loai bo");

printf("\n %-5d%-20s",g->infor.masv,g->infor.hoten);
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delay(2000); Freenode(q);
}
void Delcurrent(NODEPTR *plist, int n){// xoa node giua
NODEPTR p,q; int i;
If(Emptynode(plist)){
printf("\n Danh sach rong");
delay(2000);return;
}
if(n==0){
Deltop(plist); return;
}
p=*plist; i=0;
while(p!=NULL && i<n-1){
i=i+1;
p=p->next;
}
if(p->next==NULL){
printf("\n Node khong hop le");
delay(2000); return;
}
g=p->next;// q la node tiep theo cua p can duoc xoa bo
p->next=q->next;// gan node tiep theo cho p chinh la node tiep theo
cuaq
printf("\n Node duoc loai bo");
printf("\n %-5d%-20s",g->infor.masv, g->infor.hoten);
delay(2000); Freenode(q);
}
void Travenode(NODEPTR *plist){
NODEPTR p;
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If(Emptynode(plist)){
printf("\n Danh sach rong");
delay(2000);return;
}
p=*plist;
while(p!'=NULL){
printf("\n %-5d%-20s",p->infor.masv, p->infor.hoten);
p=p->next;
}
delay(2000);
}
void Sortnode(NODEPTR *plist){// danh sach duoc sap xep theo ma sinh vien
NODEPTR p,q;sinhvien temp;
for(p=*plist; p!=NULL; p=p->next){
for(q=p->next; q!=NULL; q=g->next){
if(p->infor.masv>q->infor.masv){
temp=p->infor; p->infor=qg->infor;

g->infor=temp;

}

printf("\n Danh sach duoc sap xep");
for(p=*plist// day la chi dau danh sach lien ket; p!=NULL; p=p->next}{
printf("\n %-5d%-20s",p->infor.masv,p->infor.hoten);

}
delay(2000);

}

void Searchnode(NODEPTR *plist, int masv){// tim kiem sinh vien theo ma

sinh vien

171



NODEPTR p;
p=*plist;// bat dau di tu dau danh sach
while(p!=NULL && p->infor.masv!=masv)// khi tim gap dung ma sinh
vien thi in sinh vien do ra
p=p->next;
if(p==NULL)
printf("\n Node khong ton tai");
else {
printf("\n Node can tim");
printf(*\n %-5d%-20s",p->infor.masv,p->infor.hoten);

}
delay(2000);

void Thuchien(void){

NODEPTR plist; sinhvien x,y;int vitri; char c;

Initialize(&plist);

do {
clrscr();
printf("\n THAO TAC VOI SINGLE LINK LIST");
printf("\n 1- Them node dau danh sach");
printf("\n 2- Them node cuoi danh sach");
printf("\n 3- Them node giua danh sach");
printf("\n 4- Loai bo node dau danh sach");
printf("\n 5- Loai bo node cuoi danh sach");
printf(*\n 6- Loai node giua danh sach");
printf("\n 7- Duyet danh sach");
printf("\n 8- Sap xep danh sach");
printf("\n 9- Tim kiem danh sach");
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printf("\n O- Tro ve");

c=getch();
switch(c){
case '1"
printf("\n Ma sinh vien:");scanf("%d", &x.masv);
fflush(stdin); printf("\n Ho va ten:");gets(x.hoten);
Inserttop(&plist,x); break;
case 2"
printf("\n Ma sinh vien:");scanf("%d", &x.masv);
fflush(stdin); printf("\n Ho va ten:");gets(x.hoten);
Insertbottom(&plist,x); break;
case '3"

printf("\n Vi tri tren:"); scanf("%d",&vitri);
printf(*\n Ma sinh vien:");scanf("%d", &x.masv);
fflush(stdin); printf("\n Ho va ten:");gets(x.hoten);
Insertafter(&plist,x,vitri-1); break;

case '4". Deltop(&plist);break;

case '5": Delbottom(&plist);break;

case '6"
fflush(stdin);printf("\n Vi tri loai bo:");
scanf("%d",&vitri);
Delcurrent(&plist,vitri-1);break;

case '7": Travenode(&plist); break;

case '8": Sortnode(&plist);break;

case '9"
fflush(stdin);printf("\n Ma sinh vien:");
scanf("%d",&vitri);
Searchnode(&plist, vitri);break;
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} while(c!='0";

}

void main(void){
Thuchien();

}

4.4- Danh s ch li2n kOt kbp

Mgi khi thao t,c tran danh s,ch, viOc duyOt danh s, ch theo ¢ hai chiOu
ta ra thuEn tiOn h-n cho ngéi s6 dong. §«i khi chéng ta ph{ji di chuyOn trong
danh s,ch td node cuéi I*n node ®Cu hoZc ngic It b»ng c,ch ®i qua mét lo't
c,c con tra. 8iOu nuy ca thO dO dung gifii quyOt ®ic nOu ta t'ng th«ng tin
chga tli tdng ®@nh ciia danh s,ch. Ngopi con tréa chga ®pba ch@ ®@nh tiOp
theo, ta thm con tra tric ®0 chga ®ba chd ®ang sau ®@nh nuy(cho ®@nh
®gng tric hay ®@nh ®gng sau ®©y — hxnh nh Iy ®Jnh ®gng tric n& mii
®0ng chg). Lum nh vEy, chong ta thu ®ic mét cEu troc d+ [iOu mii gai I
danh s,ch lian kOt kDp.

struct node {
int infor;
struct node *right;// con tra tii node sau
struct node *left; // con tra tii node kO tiOp
3
typedef struct node *NODEPTR; // ®pnh nghUa con tréa tii node
Hxnh 4.4.1 m« t mét danh s ch li*n kOt kBp.

Null L R¥I—, L R L R Null

»

C,c thao t.c tran danh s,ch li2n kOt kBp cong t-ng t0 nh danh s_ch lian
kOt ®-n. Nhng cCn chd y r»ng, mgi node p cfia danh s,ch lign kOt kBp cé hai
®eéng lian kOt Iy p-> left v p->right;

Thao t.c th®m node mii vpo ®Cu danh s_ch li2n kOt kbp

CEp ph,t bé nhi cho node mii;
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G.n gi, trb thYch hip cho node mii;
ThiOt IEp lizn kOt cho node mii;

void Push_Top(NODEPTR *plist, int x){
NODEPTR p;
p = Getnode(); //cEp ph,t bé nhi cho node
p ->infor = x; //g,n gi, trb thYch hip;
p -> right = *plist; // thiOt IEp liegn kOt phfi
(*plist) ->left = p; // thiOt IEp lidn kOt vii *plist
p-> left = NULL;// thiOt I1Ep lign kOt tr,i
*plist = p;

}

Thao t,c th®m node vpo cuéi danh s,ch

NOu danh s ch r¢ng thx thao t,c npy tring vii thao t,c thtm node
mii viuo ®Cu danh s ch.

NOu danh s ch kh«ng rgng chong ta thic hiOn nh sau:
CEp ph.t bé nhi cho node;
G,n gi, trb thYch hip cho node;
ChuyOn con tra tii node cuéi trong danh s_ch;
ThiOt IEp lian kOt tr i;
ThiOt IEp lian kOt phTi;
void Push_Bottom(NODEPTR *plist, int x){
NODEPTR p, q;
if (*plist ==NULL)
Push_Top(plist, x);
else {
p= Getnode();// cEp ph,t bé nhi cho node
p->infor =x; //g.n gi, trb thYch hip
//chuyOn con tréa tii node cuéi danh s ch
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g = *plist;
while (g->right!=NULL)
g = g->right;
//q In node cuéi cing trong danh s,ch
q -> right =p; // lian kOt ph{i
p->left = g; // liegn kOt tr |
p->right =NULL; //li2n kOt ph{i

}

Th®m node vpo tric node p:

Muén th®m node vpo tric node p thx node p phfi tan ti trong danh
s,ch. NOu node p tan tii thx ca thO xfy ra hai tréng hip: hoZ&c node p Iu
node cuei cing cfia danh s ,ch ho&c node p Iy node cha ph¥i Iu cuéi cing. Tr-
éng hip thg nhEt gng vii thao t,c Push_Bottom. Tréng hip thg hai, chdng ta
lum nh sau:

CEp ph.t bé nhi cho node;
G.n gi, trb thYch hip;
ThiOt IEp lizgn kOt tr,i cho node mii;
ThiOt 1Ep lizn kOt phYi cho node mii;
Qu, trxnh ®ic m« tY béi thii téc sau:
void Push_Before(NODEPTR p, int x){
NODEPTR g
if (p==NULL) return; //kh«ng Ium gx
else if (p->next==NULL)
Push_Bottom(p, X);
else {
q = Getnode(); // cEp ph,t bé nhi cho node mii
q ->infor = x; //g,n gi, trb th«ng tin thYch hip
q ->right = p->right; //thiOt IEp li2n kOt ph{i
(p ->right) ->left =q;
q -> left = p; //thiOt |Ep lian kOt tr i
p ->right = q;
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}

Lo'i ba node ®Cu danh s ch

NOu danh s,ch rgng thx kh«ng cCn loti ba;
Ding node p tra tii ®Cu danh s, ch;
ChuyOn géc I2n node kO tiOp;

Loti bé lizgn kOt vii node p;

Gifli phang p;

void Del_Top(NODEPTR *plist){

}

NODEPTR p:

if ( (*plist)==NULL) return; //kh«ng lum gx

p = *plist; //p In node ®Cu ti®n trong danh s,ch

(*plist) = (*plist) -> right; // chuyOn node géc tii node kO tiOp//
p ->right =NULL; // ng%at liegn kOt phi cha p;

(*plist) ->left ==NULL;//ng%at li2n kOt tr_i vii p

Freenode(p); //gifli phang p

Lo'i ba node é cuéi danh s .ch

NOu danh s_ch rcng thx kh«ng cCn loti ba;

NOu danh s ch c& mét node thx na Iy truéng hip loti phCn t6
é ®Cu danh s,ch;

NOu danh s ch c& nhiOu h-n mét node thx
ChuyOn con tra tii node cuéi cing;
Ng3at lizn kOt tr i ciia node;

Ng3at lian kOt phYli cfia node;
Gifli phang node.

void Del_Bottom(NODEPTR *plist) {

NODEPTR p, q;
if ((*plist)==NULL) return; //kh«ng lum gx
else if ( (*plist) ->right==NULL) Del_Top(plist);
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else {
p = *plist; // chuyOn con tréa tii node cuéi danh s ch
while (p->right!=NULL)
p =p->right;
// p lu node cuéi ciia danh s ch

q = p ->left; //q Iu node sau p ;// liOu ®@gng sau hay Iu
®gng tric (theo mxnh hiOu mét ¢,ch ®-n gifin nh s= ®4 tran thx Iy ®@ng tric
chg nh@)

q ->right =NULL; //ng%at li2gn kOt phYi chia  q//
p -> left = NULL; //ng%t lien kOt tri cha p
Freenode(p); //gifi phéang p

}

Lo'i node tric node p(hxnh nh ®gng tric ciia ha mxnh hiGu Iy
®gng sau hay sao Ey)

NOu node p kh«ng ca thuc thx kh«ng thO loti ba;
NOu node p Ip node cuéi thx cong kh«ng thO loti ba;
Tréng hip cRn It ®ic thac hiOn nh sau:

Ng3at lizn kOt tr.i vii node p ®ang théi thiOt IEp lian kOt phfi
vii node (p->right)->right;

Ng3at lizn kOt phfi vii node p ®ang théi thiOt IEp lizn kOt tr,i
vii node (p->right)->right;

Gifi phéang node p->right.
void Del_Before(NODEPTR p){
NODEPTR q, 1;
if (p==NULL || p->right==NULL) return;
I*kh«ng lpum gx
nOu node p Iu kh«ng ca thuic hoZc I node cuéi cing */
g = (p->right)->right; //q In node tric node p ->right
r = p->right; // r Iu node cCn Ioti ba
r -> left =NULL; //ng%t li2n kOt tr i ciia r
r->right ==NULL;//ng%t lizn kOt ph{i ciia r
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p->right =q; //thiOt 1Ep lizn kOt phYi mii cho p
q ->left = p; // thiOt |IEp lizgn kOt tr,i mii cho p
Freenode(r); //gifi phang node
}
Choéng ta ca thO x©y dung th®m c,c thao t,c loi b4 node ban tr.i, duyOt

tr,i, duyOt phfi trin danh s,ch méc nei kbp. Nh+ng thao t,c ®a ®ic thO hiOn
th«ng qua vY do sau.

VY db 4.7: Cung cEp th«ng tin vO tuyOn xe I6a. Bao gdm: th«ng tin vO
mci hunh trxnh, c,c hunh trxnh ®i xu«i, ¢,c hunh trxnh ®i ngic cfia m¢i ®oun
tyu.

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <dos.h>
#include <string.h>
#include <math.h>
#include <alloc.h>
#define TRUE1
#define FALSE 0
[* CEu tréc th«ng tin chung vO ®opn tpu */
typedef struct {
char gatruoc[20];
char gasau[20];
int chieudai;
int thoigian;
} doan;
[* CEu tréc cfia mét not trong danh s_ch lign kOt kbp*/
typedef struct node{
doan infor;
struct node *left,*right;
3
typedef struct node *NODEPTR,;
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/* CEp ph,t mét nét cho danh s_ch lian kOt kDp*/
NODEPTR Getnode(void){

NODEPTR p;

p =(NODEPTR) malloc(sizeof(struct node));

return(p);
}
[* Gifli ph@ng mét nét cfia danh s ch li2gn kOt kbp*/
void Freenode( NODEPTR p){

free(p);
}
[* Khéi ®éng danh s ch li2gn kOt kbp*/
void Initialize(NODEPTR *plist{

*plist=NULL;
}
[* KiOm tra tYnh r¢gng cia danh s ch li2gn kOt kbp*/
int Empty(NODEPTR *plist){

if (*plist==NULL)

return(TRUE);

return(FALSE);
}
[* x,c ®Pnh sé not trong danh s, ch lign kOt kbp*/
int Listsize(NODEPTR *plist){

NODEPTR p;int n;

p=*plist;n=0;

while(p!'=NULL){

p=p->right;

n++;

}

return(n);

}
/* x.c ®Pnh con tr4 ch@ nét thg i trong danh s,ch lian kOt kDp*/
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NODEPTR Nodepointer(NODEPTR *plist,int i){
NODEPTR p;int vitri;
p=*plist;vitri=0;
while (p!=NULL && vitri<i){
p=p->right;
vitri++;
}
return(p);
}
[* x_.c ®Pnh vb trY ciia nét p trong danh s,ch li2gn kOt kDp*/
int Position(NODEPTR *plist, NODEPTR p){
int vitri; NODEPTR q;
g = *plist;vitri=0;
while (gq!=NULL && q'=p){
g = g->right;
vitri++;
}
if (g==NULL)
return(-1);
return(vitri);
}
/* Them nét mii vpo ®Cu danh s,ch liagn kOt kDp*/
void Push(NODEPTR *plist, doan x){
NODEPTR p;p = Getnode();
p ->infor = X;
If(*plist==NULL){
p->left=NULL;
p->right=NULL;
*plist=p;
}

else {
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p->right = *plist;
(*plist)->left=p;
p->left=NULL;
*plist=p;

}
[* Th®m not mii vuo sau not p */
void Insertright(NODEPTR p, doan x){
NODEPTR q,r;
if (p==NULL){
printf("\n Nut khong co thuc");
delay(2000);return;
}
else {
gq=Getnode();// cEp ph,t bé nhi cho node q
g->infor=x;
r=p->right;// r |u node sau node p

_ r->left=q;// g,n node ben tr,| cfia r(hay Iu node tric na khi hiOu
theo nghUa th«ng théng) Iu q

g->right=r;// g,n node b@n ph{ll cia q lur
g->left=p;// g,n node bntr,l chia q Iy p
p->right=q;// g,n node b2n phyll cfiap lpq

}
[* thdm nét mii vpo tric not p*/
void Insertleft(NODEPTR *plist, NODEPTR p, doan x){
NODEPTR q, 1;
if (p==NULL) {
printf("\n Node khong co thuc");
delay(2000); return;
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if (p==*plist)// nOu p Ip node ®@ng ®Cu danh s ch
Push(plist,x);// thim vpo mét node & ®Cu danh s ch lizn kOt
else {
gq=Getnode();// cEp ph.t bé nhi cho node q
g->infor=x;// nhEp th«ng tin cho node g
r=p->left;// g,n node r Iy node tric cfia p
r->right=q;// g,n node g In node sau (ph{l ) char
g->left=r;// g,n node b2n tr,| (node tric) cha q In node r
g->right=p;// g,n node b2n ph{l (node sau) cia q Iu p
p->left=q;// g.n node b?n tr,| (node tric ) ciia p chYnh Ip g

}
/[* x0, n6t € ®Cu danh s ch*/
doan Pop(NODEPTR *plist){
NODEPTR p;doan x;
if (Empty(plist){
printf("\n Danh sach rong");
delay(2000);
}
else {
p = *plist;// cho p Iu node ®Cu danh s ch
x=p->infor;// g,n cho x th«ng tin cfia node p
if ((*plist)->right==NULL)// khi danh s,ch ch@ ca m«t node

*plist=NULL;// g,n gi, trb cfia danh s,ch Iy NULL hay nai
c.ch kh,c lu ®- xo, chYnh node ®a

else{

) *plist=p->right;// ®Om ®Cu danh s.ch déi xuéng ®Om
®@ng kO sau(b?n ph{ll ) cfu p

_(*plist)->left=NULL;// node cCn Xxo, chYnh lu node b2n tr |
(node tric cong chYnh Igp node ®Cu) cfia danh s,ch — chYnh Iy node p

}
Freenode(p);
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}

return(x);
}
[* xo, nét ca con tra Iu p trong danh s ch*/
doan Delnode(NODEPTR *plist, NODEPTR p) {
NODEPTR q, r;doan x;
if (p==NULL){// kh«ng ca node thuc
printf("\n Node khong co thuc");
delay(2000);return(x);
}
if (*plist==NULL){
printf("\n Danh sach rong");
delay(2000);
}
else {
x=p->infor;// g,n cho gi, trb x th«ng tin vO p
q = p->left;// g,n cho q Iu node tr | (node liOn tric) cfia p
r = p->right;// g.n cho r I node ph{l (node liOn sau) cha p

r ->left = g;// ban ®Cu node tr,I (®gng liOn tric r) chYnh Iy node
p nhng bay gié g,n node tr,|1 (®gng liOn tric r) Iu node q(lp node 1iOn tric p
nh ®- nai é trén)

q ->right=r;// ban ®Cu node phfl (®gng liOn sau) node g chYnh
Iu node p nhng bay gié g,n node ph{ll (®gng liOn sau) cfia node q chYnh Iu
node r

// nh vEy node p hopn topn bb xo, ba
Freenode(p);
}

return(x);
}
/* duyOt danh s ch t0 tr,i sang ph{i */
void Righttraverse(NODEPTR *plist){
NODEPTR p; int stt;
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if (Empty(plist)){
printf("\n Khong cos doan nao");
delay(2000); return;
}
p = *plist;// ®a con tra vO ®Cu danh s ch
stt=0;
while (p!'=NULL){
printf ("\n %5d %20s %20s %7d%7d", stt++,p->infor.gatruoc,
p->infor.gasau,p->infor.chieudai,p->infor.thoigian);

p=p->right;

}
* duyOt danh s_ch t6 ph{i sang tr i*/
void Lefttraverse(NODEPTR *plist){
NODEPTR p;int stt;
if (Empty(plist){
printf("\n Khong co doan nao");
delay(2000); return;

}
stt =0;p = Nodepointer(plist,Listsize(plist)-1);// ®a con tra vO cueéi danh
s.ch
while (p!=NULL){
printf("\n %5d %20s%20s%7d%7d", stt++, p->infor.gasau,
p->infor.gatruoc, p->infor.chieudai, p->infor.thoigian);
p = p->left;
}
}

/* txm th«ng tin vO ga tric */
NODEPTR Search1(NODEPTR *plist, char x[]){
NODEPTR p=*plist;// ®a con tra vO ®Cu danh s_ch
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_ while (strcmp(p->infor.gatruoc,x)!=0 && p!=NULL)// ®0 txm th«ng tin
vO ga tric ta duyOt danh s,ch 3 tr2n xuéng

p = p->right;
return(p);
}
[* Txm th«ng tin vO ga sau */
NODEPTR Search2(NODEPTR *plist, char x[]){
NODEPTR p=*plist;
while (strcmp(p->infor.gasau,x)!=0 && p!=NULL)
p = p->right;
return(p);

} /l &€ ®Oy ta cong duyOt danh s,ch t6 tran xuéng hay nai c,ch kh,c I t& tr,l
sang phTl

/* 1oti ba topn bé c,c n6ét cha danh s ch*/
void ClearlisttNODEPTR *plist){
while (*plist!=NULL){
Pop(plist);

}
/* B,o |é trxnh c_c tuyOn */
void Message(NODEPTR *plist, char noidi[], char noiden[], char c){
NODEPTR p, pl;int kc, tg;
if (c=="x"{
p=Searchl1(plist, noidi);
if (p==NULL){
printf("\n Khong co lo trinh");
delay(2000);return;
}
if (strcmp(noidi, noiden)==0){
printf("\n Noi di trung noi den");
delay(2000); return;
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}
pl= Search2(plist, noiden);
if (p1==NULL){
printf("\n Noi den khong co thuc");
delay(2000); return;
}
if (Position(plist,p)<=Position(plist,pl) ) {
kc=tg=0;
while(p!'=p1){
kc = kc + p->infor.chieudai;
tg = tg + p->infor.thoigian;
printf("\n %20s ->%20s: %7d km %7d gio",
p->infor.gatruoc,
p->infor.gasau, p->infor.chieudai,
p->infor.thoigian);
p = p->right;
}
kc= kc + pl->infor.chieudai;
tg=tg + pl ->infor.thoigian;
printf("\n %20s ->%20s: %7d km %7d gio",
pl->infor.gatruoc,
pl->infor.gasau, pl->infor.chieudai, p1->infor.thoigian);
printf("\n Tong chieu dai:% 7d Thoi gian:%7d", kc, tg);
delay(2000);

}

else{
printf("\n Khong di xuoi duoc");
delay(2000); return;

}
if (c=="n"){
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p=Search2(plist, noidi);
if (p==NULL){
printf("\n Khong co lo trinh");
delay(2000);return;
}
if (strcmp(noidi, noiden)==0){
printf("\n Noi di trung noi den");
delay(2000); return;
}
pl= Searchl(plist, noiden);
if (p1==NULL){
printf("\n Noi den khong co thuc");
delay(2000); return;

}

if (Position(plist,p)<=Position(plist,pl) ) {
kc=tg=0;
while(p!'=p1){

kc = kc + p->infor.chieudai;
tg = tg + p->infor.thoigian;
printf("\n %20s ->%20s: %7d km %7d gio",
p->infor.gatruoc,
p->infor.gasau, p->infor.chieudai,
p->infor.thoigian);
p = p->right;
}
kc= kc + pl->infor.chieudai;
tg=tg + pl ->infor.thoigian;
printf("\n %20s ->%20s: %7d km %7d gio",
pl->infor.gatruoc,
pl->infor.gasau, pl->infor.chieudai, p1->infor.thoigian);
printf("\n Tong chieu dai:% 7d Thoi gian:%7d", kc, tg);
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}

else{

}

delay(2000);

printf("\n Khong di nguoc duoc");
delay(2000); return;

void main (void){
NODEPTR plist,p, pl;doan ga;char c, noidi[20], noiden[20];
int vitri,chucnang;

Initialize(&plist);

do {

clrscr();

printf("\n QUAN SAT TREN TAU");

printf("\n 1- Them mot doan");

printf("\n 2- Loai bo mot doan");

printf("\n 3- Xem lo trinh1");

printf("\n 4- Xem lo trinh 2");

printf("\n 5- Xem thong tin doan i");

printf("\n 6- Hieu chinh thong tin doan i");

printf("\n 7- Bao lo trinh");

printf("\n 0- Ket thuc chuong trinh");

printf("\n Lua chon chuc nang:"); scanf("%d",&chucnang);

switch(chucnang){

case 1:

printf("\n Vi tri can them:");scanf("%d",&vitri);
printf("\n Ten ga truoc:"); scanf("%s",ga.gatruoc);
printf("\n Ten ga sau:"); scanf("%s",ga.gasau);
printf("\n Chieu dai:"); scanf("%d",&ga.chieudai);
printf("\n Thoigian:"); scanf("%d",&ga.thoigian);
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if (vitri==0)
Push(&plist,ga);
else
Insertright(Nodepointer(&plist,vitri-1),ga);
break;
case 2:
printf("\n Vi tri:"); scanf("%d",&vitri);
p=Nodepointer(&plist,vitri);
if (p==NULL){
printf("\n Vi tri khong hop le");
}
else {
if (vitri==0) Pop(&plist);
else Delnode(&plist,p);
}
delay(2000); break;
case 3:
printf("\n LO TRINH DUYET XUOI");
Righttraverse(&plist);delay(2000);break;
case 4:
printf("\n LO TRINH DUYET NGUOC");
Lefttraverse(&plist);delay(2000);break;
case 5:
printf("\n Vi tri:");scanf("%d",&vitri);
p = Nodepointer(&plist,vitri);
if(p==NULL)
printf("\n Vi tri khong hop le");
else {

printf("\n DOAN:%d Tu:%s Den:%s Chieu dai:
%d Thoigian :%d",

vitri, p->infor.gatruoc, p->infor.gasau,
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p->infor.chieudai,
p->infor.thoigian);
}
delay(2000); break;
case 6:
printf("\n Vi tri:"); scanf("%d",&vitri);
p=Nodepointer(&plist, vitri);
if(p==NULL)
printf("\n Vi tri khong hop le");
else {

printf("\n DOAN:%d Tu:%s Den:%s Chieu dai:
%d Thoigian :%d",

vitri, p->infor.gatruoc, p->infor.gasau,
p->infor.chieudai,

p->infor.thoigian);

printf("\n Ten ga truoc:%s"); scanf("%s",
ga.gatruoc);

printf("\n Ten ga sau:%s"); scanf("%s",

ga.gasau);
printf("\n Chieu dai:%d"); scanf("%d",
&ga.chieudai);
printf("\n Thoi gian:%d"); scanf("%d",
&ga.thoigian);

}

delay(2000); break;

case 7:

printf("\n Di xuoi:x Di nguoc: n:");c=getche();
printf("\n Noi di:");scanf("%s",noidi);
printf("\n Noi den:"); scanf("%s", noiden);
Message(&plist, noidi, noiden, c);
delay(2000); break;
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}

} while(chucnang!=0);
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Bui tEp ch-ng 4

4.1. X©u thuEn nghbch ®éc Ip x©u bYt nhb ph©n cd ®é dui n my khi ®fo
x©u ta VEn nhEn ®ic chYnh x©u ®&. H-y liOt k2 tEt ¢ ¢.c x©u thuEn nghbch
®éc ca ®é dpi n vu ghi Iti nh+ng x©u ®a vpo File thuang.out theo tdng dfi3ng,
dRng ®Cu tidn ghi It gi, trp cfia n, c,c dRng tiOp theo Ip nh+ng x©u thuEn
nghbch ®éc c& ®é dui n. VY do: vii n=4, ta cd ®ic nh+ng x©u thuEn nghbch
®éc ca dng sau:

4
0 0 0 0
0 1 1 0
1 0 0 1
1 1 1 1

4.2. ViOt ch-ng trxnh qufn ly ®Om thi cfia sinh vién b»ng single (double) link
list bao gadm nh+ng thao t,c sau:

- NhEp d= liOu;

- HiOn thb d+ liOu theo lip, xOp lo%i . . .;
- S%p xOp d+ liOu;

- Txm kiOm d+ liOu;

In En kOt quf.

Trong ®3, th«ng tin vO mgi sinh vién ®ic ®bnh nghUa th«ng qua cEu tréc
sau:

typedef struct {
int masv; // m- sinh vién;
char malop[12]; /Im- lip
char hoten[30]; //h& t2n sinh vi®n

float diemki; // ®Om teeng kOt ki 1
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float diemkii;// ®Om teeng kOt ki 2
float diemtk; // ®Om teeng kOt ¢ n"'m
char xeploai[12]; // xOp loti

} sinhvien;

4.3. BiOu diOn biOu thgc theo cé ph p Ba Lan. BiOu thac nguy2n I mét
d-y ®ic thunh IEp t6 ¢,c biOn kiOu nguy2n néi vii nhau b»ng c,c phBp to,n hai
ng«i (céng: +, trd : -, nh©n : *) vu c,c dEu mé ngo&c ®-n ‘(*, ®ang ngoAc
®-n ‘). Nguy?2n t%c ®/4t t2n biOn vy theg tu thic hiOn ¢ c phbp to n ®ic thic
hiOn nh sau:

Qui t¥%c ®/t t°n biOn: Ly d-y c,c kY tu ch+ in théng ho/c kY tu sé
®¢é dui kh«ng qu, 8, KY tu b3t ®Cu phfi Iu mét ch+ c.i.

Qui t%c thuc hiOn phbp to n: BiOu thgc trong ngoc ®-n ®ic tYnh
tric, phDp to,n Nnh©n *’ ca ®¢é u ti*n cao h-n so vii hai phbp to,n céng vy trd.
Hai phPp to,n céng ‘+ v trd ca cing ®¢é u ti2n. VY do : a * b + ¢ phfi ®ic
hiOu ly: (a *b) +c.

D'ng viOt kh«ng ngoAc Ba Lan cho biOu thoc nguy?n ®ic ®pPnh
nghUa nh sau:

NOu e Iu tn biOn thx ding viOt Ba Lan cfia nd chYnh lu e,

NOu e; vu e; Iu hai biOu thgc ¢ ding viOt Ba Lan t-ng gng Iy d; v d2
thx ding viOt Ba Lan cfia e, + e; Ip d; do+, cfia e; - e, Iy d; d,-, cfia er*e,
ln d; do* ( Gi+a d; v d2 c& ®6ng mét dEu ¢ ch, tric dEu phBp to.n kh«ng
cé dEu c,ch),

NOu e Ip biOu thec ca ding viOt Ba Lan Iy d thx ding viOt Ba Lan cfia
biOu thgc ca ngo/c ®-n (e) chYnh Iy d ( kh«ng cf3n dEu ngo4c n-+a) .
VY do: BiOu thgc (c+b*(f-d)) ca ding viOt Ba Lan [p : ¢ b f d-*+.

Cho file d+ liOu balan.in ®ic tee chgc thunh tdng dRng, mci ding kh«ng di
qu, 80 ky tu Ip biOu diOn cfia biOu thgc nguy2n A. H-y dbch c,c biOu thgc
nguy2n A thunh ding viOt Ba Lan cfia A ghi vpo file balan.out theo tdng
dRng. VY do: vii file balan.in dii ®®y sl cho ta kOt qu{ nh sau:

balan.in balan.out
a+b a b+

a-b a b-

a*b a b*
a-b)+c ab-c+

(
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(a+b)*c a b+ c*

(a + (b-c)) abc-+
(@ + b¥(c-d)) abcd-*+
((@a+b)*c- (d+e)*f) a b+c* d e+f*-

4.4. TYnh to,n gi, trb biOu thac Ba Lan. Cho file d+ [iOu balan.in gdm 2 * n
dRng trong ®&, dR3ng ci sé the ta [T (1, 3, 5, . . ) ghi IXi mét x©u Iu biOu diOn
Ba Lan cfia biOu thgc nguy2n A, dRng ci sé thg ti ch¥sn (2,4,6, . .) ghi It gi,
trb cfia ¢,c biOn xuEt hiOn trong A. H-y tYnh gi, trb cfa biOu thgc A, ghi I4i
gi, trb cfa A vpo file balan.out tdng dRng theo tha ti: DRng ca thg ta [T ghi I2i
biOu thac Ba Lan cfia A sau khi ®- thay thO c.c gi, trb t-ng gng cfia biOn
trong A, dBng ca thg th ch¥sn ghi I gi, trb cfia biOu thgc A.

VY db vii file balan.in dii ®@y s cho ta kOt qu{ nh sau:

balan.in balan.out
a b+ 3 5+
35 8
a b- 7 3-
73 4
a b* 43*
43 12
cab-+ 345+
345 2

4.5. LEp Ibch vii mgc ®é u ti*n. 80 IEp Ibch cho CPU ®,p @ng cho c,c qu,
trxnh ®ang ®i cfia hO théng, ngéi ta biOu diOn mci qu, trxnh b»ng mét bn
ghi bao gdm nh+ng th«ng tin : sé qu, trxnh(Num) Ip mét se tu nhi2n nha h-n
1024, t2n qu, trxnh (Proc) Iu mét x©u ky tu ®é dui kh«ng qu, 32 kh«ng chga
dEu tréng é gi+a, ®é u tin qu, trxnh Ip mét sé nguy?n d-ng (Pri) nha h-n 10,
théi gian thuc hiOn ciia qu, trxnh (Time) Ip mét sé thuc. C,c qu, trxnh ®ang
®ii trong hO ®ic CPU ®_p gng th«ng qua mét hung ®ii ®ic gai Iy hung ®fi c.c
qu, trxnh, hung ®ii c,c qu, trxnh vii ®é u ti*n ®ic x©y dung sao cho nh+ng
®iOu kiOn sau ®ic tho m-n:

- C,c qu, trxnh ®ic s%p theo thg tu u ti®n;
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- 8ei vii nh+ng qu, trxnh ca cing ®¢é u tin thx qu, trxnh nuo ca théi gian
thuc hiOn Yt nhEt ®ic xOp I2n tric nhEt.

Cho file d+ liOu lich.in ®ic tee ch@c nh sau:
- DRBng ®Cu ti#n ghi Ii mét se tu nhi®n n Iy sé c,c qu, trxnh;
- n dng kO ti®p, mci dBng ghi It th«ng tin vO mét qu, trxnh ®ang ®ii.

H-y x©y dung hung ®ii c,c qu, trxnh vii ®é u ti#n. Ghi % thg tu c,c qu,
trxnh mu CPU ®,p gng trin mét di3ng cia file lich.out, m¢i qu, trxnh ®ic
ph©n biOt vii nhau béi mét ho&c vpi ky ti tréng, dng kO tiOp ghi I4 sé gié
cCn thiOt mp CPU ¢Cn ®,p @ng cho c,c qu, trxnh. VY do vii file lich.in dii
®0y sl cho ta kOt qu{ nh sau:

lich.in

7

1 Data Processing 1 10

2 Editor_Program 1 20

3 System_Call 3 0.5
4 System_Interative 3 1

5 System_Action 3 2

6 Writing_Data 2 20
7 Reading_Data 2 10
lich.out

3 4 5 7 6 1 2
63.5

4.6. ThuEt to,n RR (Round Robin): ThuEt to.n SJF ® p gng ®ic téi ®a c,c
qu, trxnh hott ®éng trong hO, tuy nhign si ca nhiOu qu, trxnh c chi phY théi
gian lin phYi ®1i nhiOu qu, trxnh c& chi phY théi gian nha thuc hiOn. Vii thuEt
to,n SJF , tYnh c«ng b»ng ciia hO bb vi phtm. 80 kh3c phoc ®iOu tran,
thuEt to,n Round Robin thic hiOn chan mét ling to théi gian thYch hip, sau
®3& ®,p gng cho m¢i qu, trxnh theo tdng vi3ng vii Iing t6 théi gian ®- chan. ju
®iOm cfia RR Ip tYnh c«ng b»ng cfia hO ®ic ®m bfo, sé c.c qu, trxnh ®ic
CPU ®,p gng tr2n mét ®-n vb théi gian chEp nhEn ®ic. Nhic ®iOm lin nhEt
cfia thuEt to.n Iu viOc Iha chan ling to théi gian ® p @ng cho mgi qu, trxnh
sao cho téi u kh«ng phfi lu ®-n gifn. H-y viOt ch-ng trxnh m« phang thuEt
to,n IEp lbch RR.

4.7. Memory Management (Qufn ly bé nhi)
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Qufin Iy bé nhi Ip qu, trxnh ®iOu khiOn viOc nip c.c qu, trxnh vpo bé
nhi. Bé nhi c& thO ®ic coi Iu mét mng mét chiOu hoZc nhiOu chiOu, mgi «
nhi ®ic x,c ®Pnh th«ng qua ®Pa chd cfia na. 8ba ch@ cfia « nhi pho thuéc
Vupo phﬂng ph,p quin ly bé nhi, c,c ph-ng ph,p qufin ly bé nhi th«ng dong
hiOn nay In ph©n trang (Paging) ho/c ph©n ®o'n (Segmentation). € mgi
théi ®iOm, ca thO ca nhiOu qu, trxnh ®ic np vpo nh+ng ving bé nhi kh c
nhau Ium cho bé nhi ca& nh+ng Ic haeng d théa gai |n Hole. Bui to,n ®/t ra Ip
lum thO npo ®O cé thO nip tiOp c.c qu, trxnh vpo c.c Hole bé nhi. Nh+ng
thuEt to_n c- bfn sau sl giép chéng ta minh hda ®iOu ®4:

ThuEt to_n First Fit: DuyOt theo danh s,ch ¢ c I¢ haeng bé nhi, chan Ig
haeng bé nhi ®Cu ti2n ca thO ®O thuc hiOn viOc nip ch-ng trxnh. 'u ®Om
cia ph-ng ph,p npy Iu ph=ng ph,p cpi ®4Et ®-n gifin, teéc ®e nhanh. Nhic
®iOm lin nhEt cfia na In qu, trxnh nip ca thO to n2n ¢ c Hole mbn h-n.

ThuEt to,n Best Fit: DuyOt theo danh s ch c,c I¢ haeng bé nhi, txm Ig
haeng bé nhi ca kYch ci thYch hip nhEt ®0 thuc hiOn nip ch-ng trxnh. lu
®iOm cfia ph-ng ph.p npy Iu c.c I¢ heeng bé nhi ®ic so dong tridt ®0. Nhic
®iOm cha na Iy cpi ®4t phac tip, qu, trxnh duyOt ca thO mEt nhiOu théi
gian.

ThuEt to,n Worsd Fit: Lu«n IEy I¢ haeng bé nhi lin nhEt ®O thuc hiOn
viOc nip ch-ng trxnh. lu ®Om cfia na Iy ®-n gifn, dO cpi ®4t. Nhic ®iOm
cfia na In gOy I-ng phY bé nhi.

H-y viOt ch-ng trxnh m« phang It nh+ng thuEt to,n quin ly bé nhi tran.
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